Data handling with dplyR (part 2)

How to transform your data
mm  country | year | sex |cases)

Afghanistan 1999  female Afghanistan 1999  female 1

Afghanistan 1999 male 1 Afghanistan 1999 male

Afghanistan 2000  male 1 | Afghanistan | 2000 "male |1 = Afghanistan 2 T

Brazil 1999  female 2 Brazil 1999  female 2 Afgh nistan 2000 2 :
Afghanistan 4

Brazil 1999  male 2 * Brazil 1999  male * Brazil 1999 4 * _

Brazil 2000 female 2 _--- Brazil 2000 4 Bﬁ?z'l °

Brazil 2000 male 2 _--- China 1999 6 China 1

China 1999  female 3 1999  female China 1999 6

China 1999 male 3 1999 miale

China 2000 female 3 _---

China 2000  male 3 ~ China 2000 male 3

Abu Bakar Siddique
SLUBI, SLU, SE

Slides adapted from: Garrett Grolemund


https://github.com/rstudio/webinars/tree/master/05-Data-Wrangling-with-R-and-RStudio
https://github.com/rstudio/webinars/tree/master/05-Data-Wrangling-with-R-and-RStudio

Data sets contain
more 1nformation
than they display



dplyr

A package that helps transform
tabular data.

library (dplyr)
?select mutate
?filter ?summarise

7arrange ?group by



Ways to access information

B ., -



select()

storms

110

2000-08-12

45 1998-07-30
65 1995-06-04 —)
40 1997-07-01
50 1999-06-13
45 1996-06-21

storms %>% select(storm, pressure)



The pipe %>% or |>

operator

These do the

me thi
select (storms, storm, pressure) same thing

storms %>% select (storm, pressure)

¥

& O\

storms £$>2 select ( , storm, pressure)




Shortcut to type $>%

Cmd Ed Shiit E;
Ctrl B Shift E;




select()
storms

Storm | wina pressure date
verto 10 1007 20000812
w5 00 19900790
wison 65 1005 19950608 map

e a0 0 eErnor
were 501000 19660613
w4500 10960621

storms %>% select (—-storm)

# see 2select for more



select()
storms

Storm | wina pressure | date
verto 101007 20000812
R )
o 65 1005 19950004 mp

e a0 0 eErnor
were 501000 19660613
w4500 10960621

storms %>% select (—-storm)

storms %>% select (WiNATAaEtE)

# see 2select for more



filter()

storms

Alex 1009 1998-07-30

1013 1997-07-01

Ana

Arthur 1010 1996-06-21

I

storms %$>% filter (wind >= 50)




filter()
storms
storm | wind | pressure | date

Alex 1009 1998-07-30

---_ nd
Ana 1013 1997-07-01

Arlene 50 1010 1999-06-13
Arthur 45 1010 1996-06-21

storms %>% filter (wind >= 50, storm %1n%
c ("Alberto", "Alex", "Allison"))




logical tests In R

?Comparison ?base: :Logic
< Less than & boolean and
> Greater than | boolean or
== Equal to XOr exactly or
<= Less than or equal to | not
>= Greater than or equal to any any true
| = Not equal to all all true
%in%  Group membership
is.na  Is NA

lis.na Is not NA



t mutate()
mmmm mmmmm

Alberto 110 1 2000-08-12 Alberto 110 1 2000-08-12 9.15
Alex 45 1009 1998-07-30 Alex 45 1009 1998-07-30  22.42
Allison 65 1005 1995-06-04 # Allison 65 1005 1995-06-04 = 15.46
Ana 40 1013 1997-07-01 Ana 40 1013 1997-07-01 = 25.32
Arlene 50 1010 1999-06-13 Arlene 50 1010 1999-06-13 @ 20.20
Arthur 45 1010 1996-06-21 Arthur 45 1010 1996-06-21 = 22.44

storms %>% mutate (ratio = pressure/wind)



mutate()
storms
mmmm mmmmm

Alberto 110 1 2000-08-12 Alberto 110 1 2000-08-12 9.15 0.11
Alex 45 1009 1998-07-30 Alex 45 1009 1998-07-30 @ 22.42 0.04
Allison 65 1005 1995-06-04 # Allison 65 1005 1995-06-04 | 15.46 0.06
Ana 40 1013 1997-07-01 Ana 40 1013 1997-07-01 25.32 0.04
Arlene 50 1010 1999-06-13 Arlene 50 1010 1999-06-13 | 20.20 0.05
Arthur 45 1010 1996-06-21 Arthur 45 1010 1996-06-21 22.44 0.04
storms %>% mutate (ratio = pressure/wind,

inverse = ratio”™-1)



Alberto
Alex
Allison
Ana

Arlene
Arthur

Storms

110
45
65
40
50
45

O O
5>%

storms

1009
1005
1013

summarise()

2000-08-12
1998-07-30
1995-06-04
1997-07-01
1999-06-13
1996-06-21

summarilse (median

9.15
22.42
15.46
25.32
20.20
22.44

0.11
0.04
0.06
0.04
0.05
0.04

median (pressure) ,variance

1010 7.4

var (pressure) )



Useful summary functions

* All take a vector of values and return a single value
** Blue functions come in dplyr

min(), max() Minimum and maximum values
mean() Mean value
median() Median value
sum() Sum of values
var, sd() Variance and standard deviation of a vector
first() First value in a vector
last() Last value in a vector
nth() Nth value in a vector
n() The number of values in a vector

n_distinct() The number of distinct values in a vector



"Summary"” functions

* All take a vector of values and return a single value

min(), max()

mean()

median()
sum()

var, sd()
first()
last()
nth()

n()
n_distinct()
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arrange()
storms
storm | wind _ pressure _date

Alberto 110 1007 2000-08-12
Alex 45 1009 1998-07-30
Allison 65 1005 1995-06-04
Ana 40 1013 1997-07-01
Arlene 50 1010 1999-06-13
Arthur 45 1010 1996-06-21

storms %$>%



arrange()
storms
storm | wind _ pressure _date mmmm

Alberto 110 1007 2000-08-12 I
Alex 45 1009 1998-07-30

1013 1997-07-01
Alex 45 1009 1998-07-30

Allison 65 1005 1995-06-04 Arthur 45 1010 1996-06-21

Ana 40 1013 1997-07-01 Arlene 50 1010 1999-06-13
Arlene 50 1010 1999-06-13 Allison 65 1005 1995-06-04
Arthur 45 1010 1996-06-21 Alberto 110 1007 2000-08-12

storms %>% arrange (wind)



arrange()

storms

Ana

1013 1997-07-01

1013 1997-07-01

Ana

storms %>% arrange (wind)



storms

1013 1997-07-01

Ana

storms %$>%

arrange()
storm | wind | pressure | date

Ana 40 1013 1997-07-01

arrange (desc (wind) )



arrange()
storms
storm | wind _ pressure _date mmmm

Alberto 110 1007 2000-08-12 I
Alex 45 1009 1998-07-30

1013 1997-07-01
Alex 45 1009 1998-07-30

Allison 65 1005 1995-06-04 Arthur 45 1010 1996-06-21

Ana 40 1013 1997-07-01 Arlene 50 1010 1999-06-13
Arlene 50 1010 1999-06-13 Allison 65 1005 1995-06-04
Arthur 45 1010 1996-06-21 Alberto 110 1007 2000-08-12

storms %>% arrange (wind)



arrange()
storms
storm | wind _ pressure _date mmmm

Alberto 110 1007 2000-08-12 I
Alex 45 1009 1998-07-30

1013 1997-07-01
Arthur 45 1010 1996-06-21

Allison 65 1005 1995-06-04 Alex 45 1009 1998-07-30

Ana 40 1013 1997-07-01 Arlene 50 1010 1999-06-13
Arlene 50 1010 1999-06-13 Allison 65 1005 1995-06-04
Arthur 45 1010 1996-06-21 Alberto 110 1007 2000-08-12

storms %>% arrange (wind, date)



select()

storms

storm | wind | pressure | date storm | pressure
Alberto 110 1007  2000-08-12 Alberto 1007
Alex 45 1009  1998-07-30 Alex 1009
Allison 65 1005  1995-06-04 _} Allison 1005
Ana 40 1013  1997-07-01 Ana 1013
Arlene 50 1010  1999-06-13 Arlene 1010
Arthur 45 1010  1996-06-21 Arthur 1010

storms %>% select(storm, pressure)



| filter()
storm | wind | pressure | date storm | wind | pressure | date

Alberto 110 1007 2000-08-12 Alberto 110 1007 2000-08-12
Alex 45 1009 1998-07-30 # Allison 65 1005 1995-06-04

Allison 65 1005 1995-06-04 Arlene 50 1010 1999-06-13
Ana 40 1013 1997-07-01

Arlene 50 1010 1999-06-13

Arthur 45 1010 1996-06-21

storms %$>% filter(wind >= 50)




storms

storm | wind | pressure | date storm | pressure.
---_ — R
Allson 1005

- 1998-07-30
---_ Arene 1010

1996-06-21

0
o

storms %>
filter(wind >=50) %>%
select (storm, pressure)




mutate()

storms
Alberto 110 - 2000-08-12
Alex 45 1009  1998-07-30 -
Alison 65 1005 ~ 1995-06-04 el
Ana 40 1013 1997-07-01
Arlene 50 1010  1999-06-13
Arthur 45 1010  1996-06-21
storms %>%
mutate (ratio = pressure / wind) %>%

select (storm, ratio)



t mutate()
mmmm storm | ratio

Alberto 110 - 2000-08-12 Alberto | 9.15
Alex 45 1009  1998-07-30 - Alex = 22.42
Allison 65 1005 ~ 1995-06-04 wmmfp  Allison = 15.46
Ana 40 1013  1997-07-01 Ana | 25.32
Arlene 50 1010 1999-06-13 Arlene = 20.20
Arthur 45 1010  1996-06-21 Arthur | 22.44

storms %>%
mutate (ratio = pressure / wind) %>%

select (storm, ratio)



Unit of

analysis






pollution

city particle | amount
size (ug/m?3)

New York large 23

New York  small 14

_ondon large 22 42 252 6

_ondon small 16
Beijing large

Beijing small 56




city particle | amount
size (ug/m?3)

New York  large 23 #

sum | n__
37 2

18.5
New York  small 14
19.0 38 2
Beijin
- 38.5 177 2

Beijing

group_by() + summarise()



group_by()

poHuﬁon
size (ug/m°) size (ug/m°)

New York large New York large 23
New York small 14 New York small 14
_ondon large 22 # London large 22
_ondon small 16 London small 16
Beijing large 121 Beijing large 121
Belijing small 56 Beijing small o0

pollution %>%
(c1

group by ty)



group by() + summarise()

ollution
particle | amount
size (Hg/m?)

New York large 23
New York small 14
_ondon large 22
_ondon small 16
Beijing large 121
Beijing small o0

pollution %>%
group by (cilty) 5>%
summarise (mean = mean (amount), sum = sum(amount), n = ni())



= _
size | (g mmn
New York large 23

New York 18.5

New York small 14
London large 22
# London 19.0 38 2
London small 16
Beijing large 121
# Beijin 88.5 177 2
Beijing small 56 =
pollution %>%
group by (cilty) 5>%
summarise (mean = mean (amount), sum = sum(amount), n = ni())



@Studio’
city particle | amount
size (ug/m?3)

New York large 23
New York small 14
mmn
New York 18.5
London large 22
ond | ' London 19.0 38 2
. Beiing 885 177 2
Beijing large 121
Beijing small 316
pollution %>%
group by (cilty) 5>%
summarise (mean = mean (amount), sum = sum(amount), n = ni())



pollution
AR Eaxar
New York large New York large
New York small 14 New York small 14
London large 22 # London large 22
London small 16 London small 16 London  19.0
Beijing large 121 Beijing large 121 Beiing  88.5
Beijing small 56 Beijing small o560
pollution %>%
group by (city) %>5%
summarise (mean = mean (amount))



pollution
AR Eaxar
New York large New York large

New York small 14 New York small 14 mm

London large 22 # London large 22 # large 53.3
London small 16 London small 16 small  23.6
Beijing large 121 Beijing large 121
Beijing small 56 Beijing small o560
pollution %>%
group by (size) 3%>%
summarilse (mean = mean (amount))



tb
oL er | Lce S oy | v |_ovxJewer

Afghanistan 1999 female Afghanistan 1999 female

Afghanistan 1999 male 1 Afghanistan 1999 male

Nohansian 2000 ferale 1 Cdgrom 20 mee 1

Afghanistan 2000 male 1 _--- Afghanistan 1999 2
Brazil 1999 female 2 Brazil 1999 female Afghanistan 2000 2
Brazil 1999 male 2 » Brazil 1999 male » Brazil 1999 4
Brazil 2000 female 2 _--- Brazil 2000 4
Brazil 2000 male 2 _--- China 1999 6
China 1999 female 3 China 1999 female China 1999 6
China 1999 male 3 China 1999 male
China 2000 female 3 _---
China 2000 male 3 ~ China 2000 male 3

th %>%

group by (country, year) 5>%

summarise (cases = sum(cases))



tb
oL er | Lce S oy | v |_ovxJewer

Afghanistan 1999 female Afghanistan 1999 female
Afghanistan 1999 male 1 Afghanistan 1999 male
Afghanistan 2000 male 1 _--- Afghanistan 1999 2 m
coun
Brazil 1999 female 2 Brazil 1999 female Afghanistan 2000 2 L
Afghanistan
Brazil 1999 male 2 » Brazil 1999 male » Brazil 1999 4 » E— .
razi
Brazil 2000 female 2  Brazl Brazi 2000 4
llllllﬂll T
China 1999 female 3 China 1999 female China 1999 6
China 1999 male 3 China 1999 male
@) Q
tbh %>%
b t >%
group by (country, vear) 5>%
: . O~ O
summarilise (cases = sum(cases)) 35>%

summarilise (cases sum (cases) )



Hierarchy of information

" country | yoar | sex _cases

Afghanistan 1999 female 1
Afghanistan 1999 male 1
Aghanisan 2000 fomale 1 country | yoar | cases.
country
R e cases
Afghanistan 4 m
Brazil 1999 male 2 Brazil 1999 4 E— - >
razi
2 . Brazil 4
_ Brazl 2000 female - 2000 —
. Brazl 2000 male 2 China 1999 6
China 1999  female 3 ~ China 2000 6
China 1999 male 3
3
3

Larger units of analysis



Recap: Information

=== == Pjck variables and observations with
select() and filter()

N Make new variables, with mutate().

%_’ Make groupies observations with group by() and
s summarise().



rename , relocate, &
sample n






dplyr::bind cols()

Z
x1 x2 [ x1 x2  x1 | x2
, B 2 A 1 B %
B % C 3 B 2 C 3
C 3 D 4 C 3 D 4

bind cols(y, 2z)

or
cbind (y, z)



dplyr::bind rows()
x1 . x2

VY Z
IR EIE2S B
A 1 N B 2 - B 2
B 2 C 3 - C 3
C 3 D 4 B 2
C 3
D 4

bind rows(y, 2z)
or
rbind (v, 7)



Combine Data Sets

a o)
x1 | x2 x1| x3
A1 B
B 2 B F  m
C 3 Fil T
I\/Iutating Joins LEFT JOIN

?E{'E dplyr:left_join(a, b, by ="x1")
E. § ﬂ Join matching rows from b to a. T IO
EE@ dpl){r::right_!'oin(a, b, by ="x1")
5 - Joinmatching rows fromatob.
?Eﬂg dplyr:inner_join(a, b, by ="x1")
B 2 WEY  Joindata. Retain only rows in both sets.
CREAEEE  dplyrfull_join(a, b, by ="x1") oo
s ﬂ Join data. Retain all values, all rows. '
D NnA



Recap: Best format for analysis

111 Variables in columns

«—> Observationsin rows

D S—
D S—

~ Separate all variables implied by law,
= formula or goal

Unit of analysis matches the unitof analysis

=== == = implied by law, formula or goal

@ Single table



Howito
leaarn more



Data transformation with dplyr : : CHEATSHEET

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

Each variableisin Each observation, or x |>f(y)
its own column case, is in its own row becomes f(x,y)

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

summary function

summarize(.data, ...)
Compute table of summaries.

-ars |= summarize{avg = mean(mpg

- B

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

counticyl

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.

meanimpg

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.

B =t

EXTRACT CASES

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

> filter(.data, ..., .preserve = FALSE) Extract rows
that meet logical criteria.
mtcars | filter{mpg = 20

distinct(.data, ..., .keep_all = FALSE) Remove

- rows with duplicate values.
mitcars |> distinct{gear,
slice(.data, ..., .preserve = FALSE) Select rows
by position.
mitcars | slice(10:15
-+ . .
slice_sample(.data, ..., n, prop, weight_by=
NULL, replace = FALSE) Randomly select rows.
Use n to select a 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 5

slice_head|.data, ..., n, prop) and slice_tail()
Select the first or last rows.

mtcars |= slice_head(n=5

Logical and boolean operators to use with filter()
== < <= is.nal)  %in% | xor()
I= = = lis.na() ! &

See ?bhase::Logic and ?Comparison for help.

ARRANGE CASES

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

-

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 [> pull(wt
..) Extract columns as a table.

> select(.data

mtc npg, wt
relocate(.data, ..., .before = NULL, .after = NULL)
Bt Move columns to new p:

Use these helpers with select() and across()

e.g mtcars |> selectmpg

contains{match) num_range(prefix, range) X, e.g., 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 =- tibblelx_1=c(1,2), x_2=c(3,4), y=c(4, 5
,Eum across(.cols, .fqns, ..., .names = NULL) Summarize
B or mutate multiple columns in the same way.
] c_across(.cols) Compute across columns in
- row-wise data.
H df |>

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
m mutate(.data, ..., .keep = "all", .before = NULL,
- .after=NULL) Compute new column(s). Also

add columnil.

https://rstudio.qgithub.io/cheatsheets/data-

OREILLY &,

R for Dat
Science

Import, Tidy, Transform, Visualize,
and Model Data

Hadley Wickham,
Mine Cetinkaya-Rundel
& Garrett Grolemund

https://r4ds.hadley.nz/data-

transformation.pdf

transform#dplyr-basics
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Other great resources

R for Data Science (online book): https://r4dds.hadley.nz/

Data Wrangling Cheat sheet (pdf file) (https://www.rstudio.com/wp-

content/uploads/2015/02/data-wrangling-cheatsheet.pdf

Introduction to dplyr (online documentation): https://dplyr.tidyverse.org/

Data wrangling with R and Rstudio (online video) :

https://www.rstudio.com/resources/webinars/data-wrangling-with-r-and-rstudio/

Exercises: https://carpentries-incubator.qgithub.io/open-science-with-r/04-

dplyr/index.html#4-all-together-now
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Garrett

PPT & PDF: https://qgithub.com/rstudio/webinars/tree/master/05-Data-Wrangling-with-R-and-
RStudio
Video: https://posit.co/resources/videos/data-wrangling-with-r-and-rstudio/

copyright (CC-BY-4.0 https://creativecommons.org/licenses/by/4.0/).
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Thank you

Let’s do the lab &
exercise (see: lab_dplyr)
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