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* Data import / export
Data wrangling: getting your data into shape
dplyr & tidyr

pipes: %>%, now: |>

Data Import / Export

grouping & summarizing
Example: NASA data on solar radiation

Working with models: broom

® Example: gapminder data

Nice tables in R @

Writing & publishing

7
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* The readr package is the modern, tidy way to
import and export data
® Tabular data:

* comma delimited (read.csv)

“w,n

* any other delimiters (“;” = read.csv2; <tab> = read_tsv)

= Data types:

* specify column types or let functions guess

®* Other data formats

haven
readxl
DBI

rvest

SAS, SPSS, Stata

Excel files (.xls and xIsx)
Databases (SQL, ...)
HTML (web scraping)

o
haven

Ready for some heavy lifting?

New ideas, ways of thinking & working are on the table!

Data Import: RStudio

Environment istory Connections  Build fi Ie .

= H | 2 import Dataset ¥

% Globz
il From Text (base)... Import Text Data

From Text (readr}...

- File/URL:
From Excel... Environment it

| C:/Users/friendly/Dropbox/Documents/6135/R/drugs.txt

From SPSS...
Data Preview:
From SAS...
subject drugl drug2 drug3 drug4
From Stata... . § 7
(character) (double) (double) (ouble) (diowble)
subjl 20 34 38 44
subj2 1e 28 30 34
sub3 14 28 26 30
subj4 18 20 24 30
subj> 10 18 14 2z
Impart Options: Code Praview: co d €:
R ~ flibrary(readr)
Name: | drugs | First Row as Names ~ Delimitg | Whilespace v Escape: None hd drugs <- read_table2("r/drugs.txt")
Skip: 0] 7 Trim Spaces Quotes: | Defad v| Commen t | Default v view(drugs)
7 Open DataViewer  Locale: | Configure... | NA: Default v copy code to your
script

2 Reading rectangular data using readr I



Data transformation tools ok Janitor

janitor

Some common data types can be messy when imported. Tidy tools are there to help Unwanted header lllegal variable names
. . . . . Possibly duplicated rows ~ Weird Rows / cols with no data
dates/times lubridate read dates/times in various y,aup dates /
formats; extract components @
lubridate \
— A B C D E F G H 1 J K L
1 ta most recgntly refreshed on: Dec-27 2020‘
fa ctors fO rcats Ch 2 nge Ord er Of IeVeIS d ro p 2 [First Name Last Name Employee Status Subject Hire Date % Allocated Full time? do not edit! m:Certiﬁca)ic/n‘ Certification Active?
4 3 Jason Bourng] Teacher PE 39690 75% Yes /:}vslé\ed Theater YES
|eve|s Comb]ne Ievels 4 |Jason Bournd  Teacher Drafting 1/14/2019 25% Yes hysicaled Theater  YES
’ 5 |Alicia Keys | Teacher Music 8/15/2001  100% Yes |pot aternate Instr. music Vocal music YES
6 Ada Lovelage Teacher r #REF! 38572 100% Yes |certifications in PENDING Computers YES
7 |Desus Nice Administration Dean 2/25/2017 100% Yes |columns to right PENDING YES
. . 8 |Chien-ShiungWu Teacher Physics 11037 50% Yes Science 6-12 Physics YES
strings stringr detect matches, subset, L 9 |Chien-ShiungWu  Teacher Chemistry 11037 50%Yes Science 6-12 Physics  YES
10
replace 11 |James loyee |Teacher English 9/20/1999 50% No English 6-12 YES
. . . 12 Hedy Lamarr Teacher Science 27919 50% No PENDING YES
glue Interp0|ate Values into strlngs m 13 |Carlos Boozer  Coach Basketball 422217 #N/A No Physical ed YES
14 Young Boozer Coach 34700' #N/A No Political sci. YES
15 Micheal Larsen Teacher English 40071 80% No Vocal music English YES
16
Clean-up janitor Clean up variable names, find -
duplicate records ..F'_-,l library(janitor)

Jjanitor

Data <- read_excel(dirty.xIsx) |> clean_names() |> remove_empty() |>

Documentation: https://sfirke.github.io/janitor/

lubridate: Dates & times

hY stringr: Manipulating strings

lubridate
Detect Matches Subset Strings
PARSE DATE-TIMES (Convert strings or numbers to date-times) Dates & times come in so many forms! T g:::;:‘:ﬂ;’&&';‘:;;%?:meg :L;;;il:‘:s:m%;s;?‘:;b;&xy Extract
1. Identify the order of the year (y), month (m), day (d), hour (h), s - l 3 ector
minute (m) and second (s) elements in your data. b str_detectfiruig "a’) str_subffruit 1, 3} str_subifruit, -2)
2. Use the function below whose name replicates the order. Each H str_whichistring, pattern) Find the indexes of str_subset(string, pattem) Return ‘"‘15“"“
accepts a wide variety of input formats. R :g"ﬁglm;"“:'j a pattem match. - :';';ﬁ;f;?ﬁz"{??"a' pattem mal
d . . £ » g mn;:t{imﬂg, pattern) Count the number str. mrlctts:':ng, |;.me| nz.l?etum thefirst
2017-11-2% ymd_hms(), ymd_hm(), ymd_h(). # parse dates 1in various formats + 3 matches in a string. 'Rl pattern match found in each string, as a vector.
ymd_hms("2017-11-28T14:02:00") ymd("20210604") B str_countfiruit, "a) 1] Asostr ﬂ;‘:&,‘:ﬁ;fﬂgﬂ? pattem
n n s str_locate(string, pattern) Locate the
2017-22-12 ydm_hms(), ydm_hm(), ydm_h(). #> [1] "2021-06-04 s positions of patterm maches n 3 string, Also H ste atchisting, paticrn) Retum the fst
ydm_hms("2017-22-12 10:00:00") mdy("06-04-2021") v slemellar okl ") ] ?fﬁff.’:i;.l?.' . co'f.'ﬁ'nn'?o?iiaf‘:")?zﬁ‘.‘
n " attel
11/2%/2017 mdy_hms(), mdy_hm(), mdy_h(. #> [1] "2021-06-04 Do teroea S 8 1)
mdy_hms("11/28/2017 1:02:03") dmy("04/06/2021")
1 Jan 2017 dmy_hms(), dmy_hm(), dmy_h(). #> [1] "2021-06-04" Mutate Strings Join and Split
dmy_hms("1 Jan 2017 23:59:59")
H .;r ::;I;‘ﬂ 1ﬁ\:alueb:;‘place S;‘h;tﬂﬂgli l[:)y . | *rT;( I,iﬂ‘,ﬂ» c&llnpse | mé‘LL) Join
- a ent Lyl e sul INgs wi r_si an mul e INgs INtO a single string
20170131 ymd(), ydm(). ymd(20170131) # extract date components . ~1 B A At | T o SInBle TN
d PO minard_bday <- ymd("1781-03-27") str_sublfruit, 1, 3) < "str* . s ol
A i : " July 4th, w 5 str c(..,sep="" = €
July 000 mdy(), myd(). mdy("July ) xeaf&r]nlg?;il_bday) - : .m ,r ) pattem 0 Fp— a;eg?r;fegm" c:lmg-;:nglesngwse
o July 99 dmy(), dym(). dmy("4th of July '99") > ) a REP ace the ;slm;t!:: e pnﬁ:m in eac H str_c(letters, collapse =
J month.name[month(minard_bday)] = string. tr_replaceffruft,"2* str_dup{string, times) Repeat strings times
2001 3 yq() Q for quarter. yq("2001: Q3") #> [1] "March" [ ] str_replace_all(string, pattern, - times. str_dup(fruit, times =2)
a1 ] teplaoernent) Replace all matched patterns )
201 hms::hms() Also lubridate::hms)(). - in each string. str_replace_all(fruit, “a’, ™) *’c—l""':—&’.“‘”‘.“;"& P‘“t‘?“'sf“izgll'?‘

. ? 1 T + 3 vedctor of strings into a matrix of substrings
hm() and ms(), which return # date arithmetic: how old is Minard? AsTnG str_to_lower{string, locale = "en"}i Convert - {splitting at occurrences of  patter matzh).
periods.* hms::hms(sec =0, min=1, year(today()) - year(minard_bday) asting strings to lower case. Also str_split to return a list of substrings.
hours =2) #> [ 1 ] 244 - sir_to_lower{sentences) str_split_fixed(fruit, " n=2)

astring str_to_upper(string, locale = "en")1 Convert [ str_gluef...,.sep="", .enwir = parent.frame())
Agrfmg strings to upper case, I Create a stnng?um strm and {expressions}
str_to_upper(sentences) to evaluate. sir nrue{'Pm(pgj

Learn more at: http://lubridate.tidyverse.org

Learn more at: http://stringr.tidyverse.org




> library(stringr)

- glue: Interpolating strings

striﬁgr

> x <- ¢("house", "car", "plant", "telephone", "arm chair")
> print(x)
[1] "house" "car"  "plant" "telephone" "arm chair" A common problem: Interpolating the values of variables into a text string.
Changing case glue does this by embedding R expressions in {curly braces} which are evaluated and
> # how many letters? . . .
> str_length(x) > str_to_upper(x) inserted into the argument string. e corized
[1]153599 [1] "HOUSE" "CAR" "PLANT" "TELEPHONE" "ARM . glue Is vectorize -
CHAIR" llbrary(%lye) . . > food <- c("pizza", "burgers")
> # detecting characters > str_to_sentence(x) n?mZ(fl\_/l x;;za?l in;‘r’]z‘; <£ lPiéza > glue('My name is {name}. I like
> str_detect(x, "ar" [1] "House" "Car"  "Plant" "Telephone" "Arm chair" ?fgod}.\"l) . : * {food}." ) ) ) )
[1] FALSE TRUE FALSE FALSE TRUE > str_to_title(x) #> My name is Michael. I like pizza. My name is Michael. I like pizza.

[1] "House" "Car" "Plant" "Telephone" "Arm Chair" My name is Michael. I like burgers.
> # which ones match?

> xlstr_detect(x, "ar")] glue_data() is useful with pipes and data frames

[1] "car"  "arm chair”

> # replacing characters head(mtcars,4) |>

> str_replace(x, "ar", "**") glue_data("{rownames(.)} has {hp} hp & {cyl} cylinders")
[1] "house" "c**"  "plant" "telephone" "**m chair" #> Mazda RX4 has 110 hp & 6 cylinders

>x |>str_replace("ar", "**") #> Mazda RX4 Wag has 110 hp & 6 cylinders

[1] "house" "c**"  "plant" "telephone" "**m chair" #> Datsun 710 has 93 hp & 4 cylinders

#> Hornet 4 Drive has 110 hp & 6 cylinders
> # regular expressions: find vowels [aeiou]
> str_replace_all(x, "[aeiou]","_")
[1]"h_s_ " "c_r"  "pl_nt" "t_I_ph_n_""_rmch_r"

13 NB: paste() is the base-R version. glue() is much more powerful 14

> str(survey)

'data.frame": 200 obs. of 3 variables:

S marital: Factor w/ 5 levels "divorced","married",..: 24222 ...
S party : Factor w/ 4 levels "Green","Lib",..: 34224 ...

Sage :num 33.52431..

P
LoD

R represents categorical variables as factors, useful for analysis (e.g., ANOVA)

In graphics, we often want to recode levels or reorder them .
# default: Alpha order ’é
Factors wrea  awmes  Change the order of levels ggplot(survey, aes(x= party, fill = party)) +
b d_fli
i ) 11 1= eom_bar() + coord_fli
Gt o hfactor B3 2= | . 1[0 fet_relevel(S,.., ater=01) (oL IEN il
is an integer vector with a 33 bl =B 2=[1 _, pg2-E Manually reorder factor levels.
Ilwl:u?ﬂrlh.rlethatshmes levels — 1 b} il < | [b] 3= fet_relevel(f c*b", “c’, “a"))
et
:r::e mcxtegoncalwlues When you view a factor, R
displays not the integers, but the values associated with them. fet_infreq(f,ordered = NA)
. -[ Reorder levels bythefre
1 i‘r:::e{afa;r‘o;:r:hgclmxﬂ ; a_, E;: lﬂ#ﬁﬁ:’s‘r’e;i" F:::w # reorder by frequency — 2
= Jactor({x = er(), levels, ighes Ene; 3 =]
E > §= B W'E&‘:‘S “d"deu?f ordered E""'ﬁ;‘}'}'}"“?i"“ bk survely [> mutate(par';yII ct_infreq(party)) |> 5
= s = Convert (] = ill =
a:fse':tortoahc';n"r“;lsuu factor. e g8p Ot(BES(X party, fi Aparty)) +
f=-factor(c("a", "¢" "b"; "a"), geom_bar() + coord_flip()
levels = ‘f"ﬂ'" "5" "c"]) 1= [ 1=[1 fet_inorder(f, ordered = NA)
1= Return its levels with levels() =0, 2= mge‘;ll:;:khz?:gl':d.h
@280 —» I levels(x) Return/set the levels of a ft_inorder(22, '
M¥E B ot levelsfllevels(f) < oz
Use unclass{) to see its structure R
- - fet . =
g §fﬂ—~|_-1 §f52<‘ mfggimﬂ,,,a,,,,b,,,@,w # reorder by right - left
Inspect Factors -a EY fet_revil4) survey |> =
b |:| fet_count(( sort=FALSE) 1= 1=0 , fet_shitlf Shift levels o lef mutate(party = fct_relevel(party, g
R el T El Epeeremnd et c("PC", "Lib",
[c [ "NDP", "Green"))) |>

ggplot(aes(x= party, fill = party)) +
Learn more at: http://forcats.tidyverse.org 15 geom_bar() + coord_flip()




Tidy tools: overview

@ tidyr pipes

--=
— ->

pivot_longer()

%>%

-_» ||

pivot_wider()

ggplot2

dplyr

- | [ 1 1 | I - | [ [ ]
=

filter() celect()

-> ->

Reshape data to be tidy / Manipulate & summarize tidy data

Visualize me!

4

o 1 7 3 4
data geom coordinate
x=k system

=
color=F
size=A

o 7 2 3 &
plot

Tidy operations

gather(): Reshape wide to long spread(): Reshape long to wide
synonym: tidyr::pivot_longer() synonym: tidyr::pivot_wider()
— ] | |
| |
| |
| | [ |
] [

gather(cases, "year", "n", 2:4)
Gather columns into rows.

spread(pollution, size, amount)
Spread rows into columns.

|| HEE
—

separate(storms, date, c("y", "m", "d"))

Separate one column into several.

Separate parts of a value into
several variables

| 1 ]| ||
—

unite(data, col, ..., sep)
Unite several columns into one.

Join related variables into one

What is Tidy Data?

A dataset is said to be tidy if:

e observations are in rows

* variables are in columns

* each value isin its own cell.

Data wrangling with dplyr & tidyr

000000
000000
000000
000000

variables observations valu

o
3

A “messy” dataset: Survey of income by religion from Pew Research
* Values of income are in separate columns, not one variable

e Column headers are values, not variable names

* Cell values are frequencies--- implicit, not explicit

religion =~ <$10k = $10-20k  $20-30k

Agnostic | 27 34 60

Atheist 12 27 37

Buddhist | 27 21 30

Catholic 418 617 732
wide

$30-40k

81

52

34

670

$40-50k = $50-75k  Thjs organization is
76 137 easy in Excel
35 70 But, this makes data
- = analysis and graphing
hard
638 1116
Wide — Long

pivot_longer(wide,
cols = x:z,
names_to = “key”,
values_to = “val”)

Long — Wide

pivot_wider(long,
names_from = key,
values_from = val)

Image from:
https://www.garrickadenbuie.com/project/tidyexplain/




Tidying: reshaping wide to long

Using pipes: %>%, |>

We can tidy the data by reshaping from wide to long format using tidyr::gather() or
pivot_longer()

> pew <- read.delim( key value columns

file = "http://stat405.had.co.nz/data/pew.txt", l l l
>library (tidyr)

header = TRUE,
stringsAsFactors = FALSE, check.names = FALSE)

R / > gather(pewl, "income", "frequency", 2:6)

> (pewl <- pew([1l:4, 1:6]) # small subset religion income frequency

1 Agnostic <$10k 27

religion <$10k $10-20k $20-30k $30-40k $40-50k 2 Atheist  <S10k 12

1 Agnostic 27 34 60 81 76 3 Buddhist <$10k 27

2 Atheist 12 27 37 52 35 4 cCcatholic <$10k 418

3 Buddhist 27 21 30 34 33 5 Agnostic $10-20k 34

4 Catholic 418 617 732 670 638 6 Atheist $10-20k 27

7 Buddhist $10-20k 21

8 Catholic $10-20k 617

. . 9 Agnostic $20-30k 60

Another solution, using reshape2::melt() 10 Atheist $20-30k 37

11 Buddhist $20-30k 30

. 12 Catholic $20-30k 732

> llbra{cy(reshape% 13 Agnostic $30-40k 81

> pew_tidy <- melt( 14 Atheist $30-40k 52

data = pewl, 15 Buddhist $30-40k 34

id = "religion", 16 Catholic $30-40k 670
variable.name = "income", - - .

value.name = "frequency"

) NB: income is a character variable; we might want
to create an ordered factor or numeric version

* Pipes (|>) change the syntax to make this easier

> # use pipes
> x |> log() |> diff() |> exp()
[1] 3.29 1.75 1.58 0.52 0.28

* Basic rules

" x |> f£() passesobjecton left hand side as first argument (or .
argument) of function on right hand side
e x |> f£()
°x |> f(y)

is the same as £ (x)

isthe same as £ (x, V)
°cy %>% f(x, ., z) isthesameasf (x, y, z)

B x %<>% £ ()doesthe same, but assigns the result to x
* Shortcut for x <- x %>% f ()

NB: pipes (%>%) originally in magrittr pkg; native pipe (|>) introduced in R 4.1

Some things, like the “” work only with %>%

® Ris a functional language
= This means that f(x) returns a value, as in y <- f(x)
® — That value can be passed to another function: g(f(x))

= — And so on: h(g(f(x)))
" Eg,calculate: gllog(z:)—log(zi)]

> x <- c(0.109, 0.359, 0.63, 0.996, 0.515, 0.142)
> exp(diff(log(x)))
[1] 3.29 1.75 1.58 0.52 0.28

" This gets messy and hard to read, unless you break it down step by step

> # Compute the logarithm of “x°, calculate lagged differences,
> # return the exponential function of the result

> log(x)

[1] -2.216 -1.024 -0.462 -0.004 -0.664 -1.952

> diff(log(x)) #calculate lagged diffs

[1] 1.19 0.56 0.46 -0.66 -1.29
> exp(diff(log(x)))

[1] 3.29 1.75 1.58 0.52 0.28

# convert back to original scale

Using pipes: |> ggplot()

For the Pew data, mutate income — ordered factor and |> to ggplot

The result is piped to ggplot()

pew1 |>
gather("income", "frequency”, 2:6) |> # reshape
mutate(income = ordered(income, levels=unique(income))) |>  # make ordered
ggplot(aes(x=income, fill=religion)) + # plot
geom_bar(aes(weight=frequency)) # as freq bars
mutate() calculates or transforms 750-
column variables religion
ordered(income) levels are now ordered _ . [ Agnostic
appropriately. 2 B v
© I Budaist
250~ . Catholic

0-

. ' . ' '

<$10k  $10-20k  $20-30k $30-40k  $40-50k
income



Tidying: separate() and unite()

It sometimes happens that several variables are crammed into one column, or parts of
one variable are split across multiple columns

[ ] [ ][] NN [ |
—- —->
separate(storms, date, c("y", "m","d")) unite(data, col, ..., sep)
Separate one column into several. Unite several columns into one.

For example, for the pew data, we might want separate income into low & high

peW_long |> religion income frequency low high
mutate(inc = gsub("[\$k]", "", income)) |> 1 Agnostic  <$10k 27 0 10
- R N 2 Atheist  <$10k 12 0 10
e gsfb( 0 0 ’"m(":)I?' 3 Buddhist  <$10k 27 0 10
separate(inc, ¢("low", "high"), "-") |> 4 catholic  <$10k 418 0 10
head() 5 Agnostic $10-20k 34 10 20
6 Atheist $10-20k 27 10 20

NB: tidyr::separate() now superceded by separate_wider_{delim, position}()

dplyr: Subset observations (rows)

dplyr implements a variety of verbs to select a subset of observations from a dataset

- In a pipe expression, omit the

dataset name
filter(iris, Sepal.Length>7)

Extract rows that meet logical criteria. iris | > filter(Sepal.Length >7)
distinct(iris) iris | > filter(Species==“setosa”)
Remove duplicate rows.
sample_frac(iris, 0.5, replace = TRUE) iris |> sample_n(10)
Randomly select fraction of rows. iris |> slice(1:50) # setosa
sample_n(iris, 10, replace = TRUE)
Randomly select n rows. iris | > group_by(Species) |>
slice(iris, 10:15) slice_max(Sepal.Width, n=2)
Select rows by position.
top_n(storms, 2, date) After group_by() does

Select and order top n entries (by group if grouped data). operations w/in each group

dplyr: verbs for manipulating data

What it does

filter() extract rows e o e
select() extract columns -
-
arrange() sort rows e ————
.
L 1 | | 1
=T —[—] ESiEE T
mutate() make new columns e e
—
group_by() |[> calculate group summaries =~ eE——_ ==

summarize()

dplyr: Subset variables (columns)

| | Bl | [ 1 I |
=

select(iris, Sepal.Width, Petal.Length, Species)
Select columns by name or helper function.

Many helper functions in dplyr allow selection by a function of variable names:

contains(".") one_of{( )

Select columns whose name contains a character string. Select columns whose names are in a group of names.
ends_with( ) starts_with( )

Select columns whose name ends with a character string. Select columns whose name starts with a character string.
everything() :

Select every column. Select all columns between Sepal.Length and Petal Width (inclusive).

matches(".t.") - .
Select columns whose name matches a regular expression. Selectall columns except Species.
num_range( )

Select columns named x1, ¥2, X3, x4, X5.



dplyr: group_by() and summarise()

Example: NASA data on solar radiation

Surface meteorology and Solar Energy

* Fundamental operations in data munging are: Qe e aregyoemensboda Galaneh)
A sponsored by NASA's Applied Scieace Program in the Science Mission Directorate
® grouping a dataset by one or more variables _ _f’""’“‘”“’””‘m"’“*““""f"”"‘"”““‘*E""““"“"“"‘“’”‘
* calculating one or more summary measures i e '
® ungrouping: expand to an ungrouped copy, if needed P — ‘/'\‘/Bnthi‘\
dat . How does solar radiation vary with ‘ M ‘
ata  group  summarise latitude, over months of the year? ‘ 16 e | |
mtcars |> M Hom WNOQ)%& éowwm OOOQW MO
group_by(cyl) [> How to make this plot? by v g
." "‘... summarise(avg=mean(mpg)) 5 [— D [—
B mmm Q: e f H H Q
NE what are the basic plot elements? '% ¢ OMM MO WM “ OMW MAOMM?MO
—_ QO
data avg mtcars |> N % ”'\O = = - ¢ = \ ¢
. K
group_by(cyl) |> « x= Latitude, y= sol Al Wi Tt b |
summarise(avg=mean(mpg)) |> . ;eoni_lvliJolfn(\)/ sonar MWQG M Mm M qmo W Ml}?
= = ungroup()  panels: month

Latitude

NASA data: solar radiation

filter(abs(Lat) < 60) |>
mutate(Latf = cut(Lat, pretty(Lat, n=12))) |>

restrict latitude to [-60, 60]

ggplot(aes(x=Latf, y=Ann)) +

geom_violin(fill="pink", alpha=0.3) +

violin plot for each

labs(x="Latitude", y="Solar radiation G(0) (kWh/m?)")

bin Lat into ordered levels, using cut()

$ Ann:num 3.193.193.193.193.193.193.193.193.193.19. ..

ici L o . . Fe
This is easy to do for the total Annual This is complicated to do for the separate = = - —
solar radiation, a column in the data months, because the data structure is : W W (? M QT W 6 |
> str(nasa) o untidy--- months were in separate J mé w ?% 666 ?(m OMQ bo
'data.frame": 64800 obs. of 15 variables: variables (wide format) 21 65 Ob 6 [
$ Lat: int -90-90-90-90-90 -90 -90 -90 -90 90 ... R 0 I
$ Lon:int -180 -179-178 -177 -176 -175 -174 -173 172171 .. E Ma; fhn i Aug |
$ Jan: num 9.639.639.63 9.63 9.63 9.639.639.63 9.63 9.63 ... s | Lo
$ Feb: num 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28 .. s O L,
$ Mar: num 0.750.750.750.750.75 0.75 0.75 0.75 0.75 0.75 ... E > sir(nasa) H QM 0? M ﬁ QQ Q M ‘}
$ Apr:num 0000000000 .. § 'data.frame". 64800 obs. of 15 variables: > ] 66 (5 66 é O’ 4
$ May: num 0000000000 g, $ Lat: int -90 -90-90-90 -90 -90 -90 -90 -90 90 ... CEEEN 06 0 AO M2
$Jun:num 0000000000 .. 3 $ Lon: int -180-179-178 177 176 175 -174 -173 172171 .. 10 s 0 Lo
$Jul:num 0000000000 .. —  §Jan:num 9.63 9.63 9.63 9.63 9.639.639.639.63 9.63 9.63 .. Se Oct Nov Des
$ Aug:num 0000000000 .. $ Feb: num 5.28 5.28 5.28 5.285.28 5,28 5.28 5.28 5.285.28 ... ol |
$ Sep: num 0.10.10.10.10.10.1010.10.10.1 .. $ Mar: num 0.750.750.750.75 0.75 0.75.0.75 0.75 0.75 0.75 ... ¢
$ Oct: num 3.243.243.243.243.243.243.243.243.243.24 ... * $ Apr:num 0000000000... °7 m ? mw W QOO H QOQ I
$Nov: num 8.288.28 8.28 8.28 8.2 8.28 8.28 8.288.28 8.28 .. $May:num 0000000000... $¢¢ 06” é % Q
$Dec;num 1111111111 ... - $Jun:num 0000000000... 6
m 3.193.193.193.193.193.193.193.193.193.19 ... $.Jul:num 0000000000..
2- $Aug:num 0000000000...
(:60,-50] (-50,-40] (-40,-30] (-30,-20] (-20,-10] u'no]_ (010] (1020] (20.30] (30.40] (40.50] (50,60] $Sep:num 0.10.10.10.10.10.10.10.10.10.1 ...
Lattude $Oct:num 3.243.243.243.24 324 3.243.243.243.24324 .. Latitude
nasa |> $Nov: num 8.288.28 8.28 8.28 8.28 8.28 8.28 8.28 8.28 8.28 ..
— $Dec:num 1111111111 ...



tidying the data

To plot solar radiation against latitude by month (separate panels), we need to:
* remove the Ann column

* reshape the data for Jan:Dec to long format, so solar is all in one column

e restrict latitude to [-60, 60]

* bin Lat into ordered levels, using cut()

library(tidyr) |> “pipes” data to the next
library(dplyr) stage
library(ggplot2)

select() extracts or drops
nasa_long <- nasa |> columns
select(-Ann) |> gather() collafpses columns into
gather(month, solar, Jan:Dec, factor_key=TRUE) |> key-value pairs
filter( abs(Lat) <60 ) |>
mutate( Lat_f = cut(Lat, pretty(Lat, 12)))

filter() subsets observations
mutate() creates new variables

plotting the tidy data

Using geom_violin() shows the shapes of the distributions for levels of Lat_f

ggplot(nasa_long, aes(x=Lat_f, y=solar)) +
geom_violin(fill="pink") +
facet_wrap(~ month) +
theme_bw() +
theme(axis.text.x =

element_text(angle = 70, MOQM
hjust = 1)) Q

facet_wrap(~month) does the mgﬂ
right thing: 12 months — 3x4 grid OQO 0

| had to rotate the x-axis labels for o
Lat_f to avoid overplotting

Latf

tidying the data

> str(nasa_long)

'data.frame". 514080 obs. of 5 variables:

$ Lat :int -59 -59 -59 -59 -59 -59 -59 -59 -59 -59 ...

$Lon :int -180-179-178 -177 -176 -175 -174 -173 -172 -171 ... For ease of plotting, |

$ month: Factor w/ 12 levels "Jan","Feb","Mar",... 1111111111 .. created a factor version
$ solar: num 5.195.195.255.255.17 517 5.155.155.155.15 ... / of Lat with 12 levels

$ Lat_f: Factor w/ 12 levels "(-60,-50]","(-50,-40]",.: 1111111111 ..

> head(nasa_long)

Lat Lon month solar  Lat_f The data are now in a form
1-59-180 Jan 5.19 (-60,-50] where | can plot solar against Lat
-59-179 Jan 5.19 (-60,-50] or Lat_f and facet by month
-59-178 Jan 5.25 (-60,-50]

9-177 Jan 5.25 (-60,-50]
9-176 Jan 5.17 (-60,-50]
-59-175 Jan 5.17 (-60,-50]

e e o s e

plotting the tidy data: smoothing

ggplot(nasa_long, aes(x=Lat, y=solar)) +
geom_smooth(color="blue" ) +
facet_wrap(~ month) + = o ar e
theme_bw()

=

2

Here we treat Lat as quantitative.
geom_smooth() uses method = o
“gam” here because of large n

May Jun Jul Aug

The variation in the smoothed
trends over the year suggest

quite lawful behavior, shifting
over the year sen oot Nov Dec

Can we express this as a statistical
model ? )

2= g = § 22 8 © & 22 § ° g g2 & °© 8 =

solar




Build a model Visualize the model

What we saw in the plot suggests a generalized additive model, with a smooth, s(Lat).
Similar to loess in spirit, but this is a statistical model that can be tested.

Effect plots show the fitted relationship between the response and model terms,
averaged over other predictors.

The {mgcv} package has its own versions of these: termplot()

library(mgcv)

nasa.gam <- gam(solar ~ Lon + month + s(Lat), data=nasa_long)

summary(nasa.gam) plot(nasa.gam, cex.lab=1.25)

termplot(nasa.gam, terms="month", se=TRUE, Iwd.term=3, lwd.se=2, cex.lab=1.25)
termplot(nasa.gam, terms="Lon", se=TRUE, Iwd.term=3, Iwd.se=2, cex.lab=1.25)

Family: gaussian

Link function: ideny The violin plots suggest that variance is not

constant. I'm ignoring this here by using the

Formula: default gaussian model. ° ST : =
solar ~ Lon + month + s(Lat) F] / \ J s ° =
. & ° / A é 2 -

Parametric coefficients: Model terms: 5 / R ~ & -

Estimate Std. Error t value Pr(>[t]) * Lon wasn’t included before K= / £ 59 = = -
(Intercept) 4.691e+00 6.833¢-03 686.409 < 2e-16 *** « month s a factor, for the plots / s .
lon  -1.713¢-04 1.898e-05 -9.022 < 2e-16 *** . ’ P - . sl / “ ——

e s(Lat) fits a smoothed term in latitude, T

monthFeb  1.195e-01 9.664e-03 12.364 < 2e-16 ***

T T T T T T T
150 100 50 0 50 100 150 Jan  Mar  May Ji  Sep  Nov

averaged over other factors month
monthDec -8.046e-02 9.664e-03 -8.326 < 2e-16 *** t Lo
month should be modeled

as a cyclic time variable

effect of longitude is very
small, but signif. & maybe
interpretable

why the dip at the equator?
s(Lat, 9): gam used 9 df

There are other model choices, but it is

Signif. codes: 0 “*** 0.001 ** 0.01 * 0.05°0.1°"1
useful to visualize what we have done so far

e

|

broom: manipulating models

Visualizing models ot

* The broom package turns model objects into tidy data frames

= glance(models) extracts model-level summary statistics (R?, df, AIC,
BIC)

= tidy(models) extracts coefficients, SE, p-values

* R modeling functions [Im(), glm(), ...] return model objects,
but these are “messy”
= extracting coefficients takes several steps: data.frame(coef(mymod))
= some info (R?, F, p.value) is computed in print() method, not stored

= can’t easily combine models = augment(models) extracts observation-level info (residuals, ...)

* Some have associated plotting functions R o
(dplyn ;
= plot(model): diagnostic plots /> /><dpw>
= car package: many model plot methods Messy waying —>{ Tidy Data |~ "% _y teying —| Tidy Models

= effects package: plot effects for model terms

* But what if you want to:

®= make a table of model summary statistics

= fit a collection of models, compare, summarize or visualize them?

Image from: https://opr.princeton.edu/workshops/Downloads/2016Jan BroomRobinson.pdf

(tidyr)

data visualization
(ggplot2)

v

(broom)

model visualization
(ggplot2)

Model
Graphs



Example: gapminder data Example: gapminder data

ggplot(aes(x = log(gdpPercap), y=lifeExp, color=continent), data=gapminder) + Predict life expectancy from year, population, GDP and continent:
geom_point() +
geom_smooth(method = "loess") gapmod <- Im(lifeExp ~ year + pop + log(gdpPercap) + continent, data=gapminder)
summary(gapmod)
Call:

Im(f la = lifeE ~ + + 1 dpP + ti t, data = ind
How to model this? Difesespectancy s SOPBySonlinent m(formula ifeExp year pop og (gdpPercap) continent, data gapminder)

Residuals:
) Min 1Q Median 30 Max b . | |
How to extract & plot model -24.928 -3.285 0.314 3.699 15.221 +<——— Observation leve
statistics? - Coefficients:
S < ) Asbei0s | 1l6resor 2743 < ze1g ex level
. . . = n Intercept -4.58e+ .67e+ =27 o < 2e-
How to fit & display multiple g = Americas your D 801 B t1em03 2758 < e le was compc.)r.\ent eve
models for subsets? g =" pop 5.40e-09 1.38e-09  3.91 9.5e-05 *** (coefficients)
IE _Dce;a log (gdpPercap) 5.10e+00 1.60e-01 31.88 < 2e-16 *** o
5 - continentAmericas 8.74e+00 4.63e-01 1886 < 2e=16 =
continentAsia 6.64e+00 4.09e-01 16.22 < 2e-16 ***
continentEurope 1.23e+01 5.10e-01 24.11 < 2e-16 ***
continentOceania 1.26e+01 1.27e+00 9.88 < 2e-16 ***

| | | Signif. codes: 0 ‘***/ (0.001 ‘**’/ 0.01 ‘*’ 0.05 ‘.” 0.1 ' 1
1e+03 1e+04 1e+05
GDP Per Capita (USD)
Residual standard error: 5.79 on 1696 degrees of freedom
Multiple R-squared: 0.8, Adjusted R-squared: 0.799
F-statistic: 969 on 7 and 1696 DF, p-value: <2e-16

«—— model level

glance() gives the model level summary statistics

> glance (gapmod)
r.squared adj.r.squared sigma statistic p.value df logLik AIC BIC deviance df.residual
1 0.8 0.7992 5.789 969 0 8 -5406 10830 10879 56835 1696

* In many cases, we want to perform analysis for each subset of
tidy() gives the model component (term) statistics a dataset defined by one or more variables

> tidy (gapmod)

= dplyr::group_by(), summarise(), ungroup() is one way

term estimate std.error statistic p.value
1 (Intercept) -4.585e+02 1.671le+01 -27.433 1.982e-137 ° . . .
2 year 2.376e-01 8.613e-03  27.584 1.122e-138 tidyr::nest(), purrr::map(), tidyr::unnest() is more general
3 pop 5.403e-09 1.381le-09 3.912 9.496e-05
4 log (gdpPercap) 5.103e+00 1.601e-01 31.876 4.096e-175
5 continentAmericas 8.739e+00 4.635e-01 18.856 3.758e-72
6 continentAsia 6.635e+00 4.091e-01 16.219 4.167e-55
7 continentEurope 1.230e+01 5.102e-01 24.113 1.044e-110
8 continentOceania 1.256e+01 1.270e+00 9.884 1.943e-22 nest “lap Unnest
s 2 swl o o
selosa 51 35| 1.4 02
. . . . 49 30 1.4 0.
augment() gives the observation level statistics f(l:]) ==
4 . setosa [46 31/ 15 02
sevnn 50 86 14 02 mm setosa 50 36 1.4 02
> augment (gapmod) |> slice(1:5) oot  speces | messorements| ] - v 70 82 47 14
! 7 B i 643245 15
# A tibble: 5 x 12 ‘ ‘ _ ‘ ‘ N map( |—|, £ E> = ot ERIER A
lifeExp year pop log.gdpPercap. continent .fitted .se.fit .resid .hat .sigma it IR f(D) versi [EBIES|EGIBE
<dbl> <int> <int> <dbl> <fct> <dbl> <dbl> <dbl> <dbl> <dbl> versi 65 28 46 15
1 28.8 1952 8425333 6.66 Asia 46.0 0.408 -17.1 0.00496 5.78 f<|:|> vegin [ R
2 30.3 1957 9240934 6.71 Asia 47.4 0.390 -17.1 0.00454 5.78 :,“;:::= ==
3 32.0 1962 10267083 6.75 Asia 48.8 0.376 -16.8 0.00423 5.78 vigini 632956/ 18|
4 34.0 1967 11537966 6.73 Asia 49.9 0.372 -15.9 0.00413 5.78 virgini [65/[30[5:8/22|
5 36.1 1972 13079460 6.61 Asia 505 0.382 -14.4 0.00435 5.78
# . with 2 more variables: .cooksd <dbl>, .std.resid <dbl>

See: https://cran.r-project.org/web/packages/broom/vignettes/broom and dplyr.html




# group by Species, then nest
# nest all other cols

purrr::map() & friends

n_iris <- iris |> group_by(Species) |> nest()
n_iris <- iris |> nest(-Species)

. A fundamental operation is doing something, f(), to vector £ D)
t| d r n est - each element of a vector, list, or column of a data.frame
cell
D
map(1:3, log) «—> list(log(1), log(2), log(3)) map( —1, ) |:> - |:|
)
setosa (
setosa 51 3.5 1.4 02 . .
s map (X, f) returns a I|st.of f() applied to each of x f(D)
setosa 4.7 32 13 0.2 n_irisSdata[[1]] Other variants, map_{dbl, int, chr} return vectors
setosa 4.6 3.1 15 0.2
setosa 5.0 36 14 02 nested data frame list
versi 7.0 3.2 47 14 7.0 3.2 47 1.4 Species 7.0 32 47 1.4
versi 64 32 45 05 versi 6.4 3.2 45 1.5 TR I 2 ST i [TT11 NSEEY
7 -> G 49 15
versi 69 3.1 48 15 versi 6.9 3.1 49 1.5 i 4 f(Dj:l)
versi 55 23 40 13 versi 55 23 4.0 1.3 S e 50 it [1TT]1 ¢ [:>
versi 6.5 2.8 46 1.5 versi 6.5 2.8 4.6 1.5 85 8 "F 5 map( [ ] » B £
virginica 6.3 3.3 6.0 25 virginica n_iris$data[[2]] (mEmp
virginica 5.8 2.7 5.1 1.9 virginica data_frame : df [ ] O
virginica 7.1 3.0 5.9 2.1 virginica Il Sepal.l SepalW | Petall | PetalW list : return
virginica 6.3 2.9 56 1.8 virginica = b .
virginica 6.5 3.0 5.8 2.2 virginica 1 10 mean( )
2 20 mean(| )
3 30
n_irisSdata[[3]] 4 40
map(df, mean)

F|tt|ng u|t|p|e Odels # view model summaries Model summary
models |[> statistics
select(continent, glanced) |>
There may be different effects by continent ( GDP x continent interaction) unnest(glanced)
* What if want to fit (and visualize) a separate model for each continent? # A tibble: 4 x 13
. H : H continent r.squared adj.r.squared sigma statistic p.value df logLik  AIC
—> nest by continent, then {flt’ tidy, glance' aUgment} <fct> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Asia 0.696 0.694 6.56 299. 5.27e-101 3 -1305. 2620.
2 Europe 0.797 0.795 2.46 466. 7.42e-123 3 -833. 1675.
models <- gapminder |> 3 Africa 0.500 0.498 6.48 207. 5.90e- 93 3 -2050. 4118@.
filter(continent != "Oceania") |> # only two countries 4 Americas 0.720 0.718 4.97 254. 1.39%e- 81 3 -904. 1819.
nest(data = -continent) |> # ... with 4 more variables: BIC <dbl>, deviance <dbl>, df.residual <int>,
mutate(
fit = map(data, ~ lm(lifeExp ~ year + pop + log(gdpPercap), data = .x)) L. .
tidied - map(fit, tidy), ’ ’ # model coefficients & tests Coefficients
glanced = map(fit, glance), models |>
augmented = map(fit, augment) select(continent, tidied) |>
) unnest(tidied)
ret P P b # A tibble: 16 x 6
What’s in this ObJeCt' continent term estimate std.error statistic p.value
<fct> <chr> <dbl> <dbl> <dbl> <dbl>
1 Asia (Intercept) -6.20e+2 4.00e+l  -15.5 1.34e-42
del 2 Asia year .23e-1 2.06e-2 15.7 2.41e-43
names (models) 3 Asia pop .13e-9  1.66e-9 3.09 2.15e- 3
4 Asia log(gdpPercap) .04e+0  2.76e-1 18.3  2.25e-54
[1] "continent" "data" "fit" "tidied" "glanced" "augmented" 5 Europe (Intercept) -1.72e+2  1.72e+1 -10.0 4.5le-21




Visualizing multiple models

# observation-level statistics

One visual summary might be a plot of R? values, ordered by continent

models |>
select(continent, augmented) |> OIS |5
unnest(augmented) select(continent, glanced) |> unnest(glanced) |>

ggplot(aes(r.squared, reorder(continent, r.squared))) +

geom_point(size=4) +
# A tibble: 1,680 x 10

continent lifeExp year pop "log(gdpPercap)” .fitted .hat .sigma .cooksd geom_segmer}t(aes(xend =0, yend = ..y..)) +
<fet> <dbl> <int>  <int> <dbl> <dbl> <dbl> <dbl>  <dbl> ylab("Continent™)
1 Asia 28.8 1952 8425333 6.66 43.7 0.0101 6.53 0.0133
2 Asia 30.3 1957 9240934 6.71 45.6 0.00822 6.53 0.0113
3 Asia 32.0 1962 10267083 6.75 47.4 0.00685 6.53 0.00957
4 Asia 34.0 1967 11537966 6.73 48.9 0.00616 6.53 0.00805
5 Asia 36.1 1972 13079460 6.61 49.9 0.00645 6.54 0.00727 Europe - Py
6 Asia 38.4 1977 14880372 6.67 51.9 0.00640 6.54 0.00678
7 Asia 39.9 1982 12881816 6.89 54.6 0.00607 6.53 0.00771
8 As%a 40.8 1987 13867957 6.75 55.5 0.00795 6.53 0.0101 z Americas PY
9 Asia 41.7 1992 16317921 6.48 55.8 0.0114 6.53 0.0134 qC’
10 Asia 41.8 1997 22227415 6.45 57.3 0.0138 6.53 0.0198 g
# ... with 1,670 more rows, and 1 more variable: .std.resid <dbl> o .
o Asia - 9
y Y
predictors diagnostics Africa 1 *
0.0 0.2 0.4 0.6 0.8
r.squared

Visualizing coefficients Visualizing model fits

Coefficient plots are often useful, but these are on different scales. models |> select(continent, augmented) |> unnest(augmented) |>
ggplot(aes(x="log(gdpPercap)’, y=.fitted, color=continent, fill=continent)) +

models |> select(continent, tidied) |> unnest(tidied) # get model stats . o _
filter(term !="(Intercept)") |> # ignore the intercept geom_point(size = 0.8, al[;')lha:O.S) i
mutate(term=factor(term, levels=c("log(gdpPercap)", "year", "pop")) |>  # reorder terms sensibly geom_smooth(method = "Im", alpha=0.5) +
ggplot(aes(x=term, y=statistic, color=continent, group=continent)) + ylab("Fitted Life Expectancy")

geom_point(size=5, alpha=0.5) +
geom_line(size=1.5) +

geom_hline(yintercept=c(-2, 0, 2), color = ¢("red", "black", "red")) + # hlines for non-significance continent
ylab("t statistic") + .
theme_minimal() + theme(legend.position=c(0.9, 0.8)) . > 801 Afncg
The slope for the Americas c ~ Americas
is noticeably larger than for *g 704 23'3
continent . 1) ~ Europe
other continents o
Here, | plot the t-statistics, 20 ® 2::2:035 m
t=b,/se(b;) for all terms in 15 —_— & Asia Q 601
all models. = e 3
B 10 _8 504
Any values outside ~ +2 are k2 5 =
significant, p < 0.5! \ e -
0 AN
log(gdpPercap) year pop é é 1l0

term

log(gdpPercap)



Tables in R: xtable

Nice tables in R

* Not a ggplot topic, but it is useful to know how you can Just a few examples, stolen from xtable: vignette(“xtableGallery.pdf”)
produce beautiful tables in R
® There are many packages for this: See the CRAN Task View on fml < aov(tlimth - sex + ethnicty + grade + disadvg, data = £1i)
xtable(fml)

Reproducible Research

Df  Sum Sq Mean Sq F value  Pr(>F)

= xtable: Exports tables to LaTeX or HTML, with lots of control sox 1 7537 7537 0.38 05417
I | cthnicty 3 257215  857.38 127 0.0072
gt: the ggplot of tables! grade 1 36.31 3631 018  0.6717
. . lisac 1 59.30 59.30 0.30  0.5882

= flextable: similar to gt, but with themes 1:\11?5,]:, 93 18682.87 200.89

= stargazer: Well-formatted model summary tables, side-by-side

" M: Generate APA Tables fOr MS Word fm3 <- glm(disadvg ~ ethnicty*grade, data = tli, family = binomial)
. . xtable(fm3)
= tinytable: Simple yet powerful tables for HTML, LaTeX, Word, Markdown
Estimate  Std. Error x value  Pr(>|z|) .
(Intercept)  3.1888 15066 200 0.0458 Too many decimals are
cthnicty HISPANIC ~ -0.2848 24808  -0.11 0.9086 used here, but you can
cthnictyOTHER 2121701 22122.7093 0.01  0.9923 control all that
cthnictyWHITE ~ -8.8150 33355 264 0.0082
grade  -0.5308 0.2802  -1.81  0.0665
cthnicty HISPANIC:grade 0.21418 0.4357 0.56 0.5712
cthnictyOTHER:grade  -32.6014  3393.1687 -0.01 0.9923
cthnicty WHITE:grade 1.0171 0.5185 1.96 0.0498
Tables with {gt} {gt} workflow
* The {gt} package aims to provide a grammar of tables * Data table -> gt_tbl object
just as ggplot2 does for graphs
= Designed to be simple to use, yet powerful iris | > gt() |>
tab_header(...) |>
iris | S gt() tab_options(...) |> gtsave()
The Parts of a gt Table .
. A Typical gt Workflow
HEADER SUBTITLE ...................
SPANNER COLUMN LABEL B
agxg STUBHEAD LABEL i || i CLoké’E"f_N E/?II?,-ILEJITASN n
LABEL LABEL %
row croupLasEL MMM
ROW LABEL Cell Cell cell TABLE
STOB ROW LABEL cell cell cell BODY
SUMMARY LABEL Summary Cell | Summary Cell | Summary Cell | TABLE DATA gt OBJECT gt TABLE
tibble or data frame modify with gt's functions HTML, LaTeX, or RTF
FOOTNOTES TABLE
SOURCE NOTES FOOTER

56 See: https://gt.rstudio.com/




iris_tab <- iris_tab <-

iris |> iris |>

slice(1:5) |> Sample 5 rows slice(1:5) |>

gt() |> pipe to gt() gt() |>

tab_header( tab_header(
title = "Anderson's Iris Data", add header title = "Anderson's Iris Data",
subtitle = "(Collected in ...)") subtitle = "(Collected in ...)")

iris_tab <-
iris_tab |>

Anderson's Iris Data Anderson's Iris Data

tab_spanner(
label = "Sepal",
columns = c(Sepal.Length,

(Collected in the Gaspe Penninsula) (Collected in the Gaspe Penninsula)

Sepal.Length Sepal.Width Petal.Length Petal.Width Species Sepal Petal

6.4 31 55 1.8 virginica Sepal.Length Sepal.Width Petal.Length Petal.Width Species
Sepal.Width)) |>
6.9 31 54 2.1 virginica tab_spanner( 64 31 55 18 virginica
44 32 13 0.2 setosa |a|;e| = "Petal", 6.9 31 54 21 virginica
7.7 2.8 6.7 2.0 virginica columns = C(Peta|.Length, 44 32 13 0.2 setosa
0 23 13 1.0 versicolor PetalWidth)) [> 77 28 67 20 virginica
5.0 23 33 1.0 versicolor
Add table column spanning headers
iris tab <- iris_tab <- iris_tab |> t-l nyt ab-l e
AT cols_label( Re-label columns
iris |> — .
slice(1:5) |> Sepal.Length - L?ngtr‘ ’ tinytable is a lightweight but full-featured tinytable
t() |> Sxoelieldn =l table generator
8 Petal.Length = "Length", . o lei f |
tab_header( Petal Width = "Width") |> Colorize headings snm!) e interface, easy to learn
title = "Anderson's Iris Data", tab_options( * flexible output for all formats
subtitle = "(Collected in ...)") heading.background.color = "#c6dbef",
column_labels.background.color = "#edf8fb")
|r.|s__tab < Anderson's Iris Data
|r|s_tab |> (Collected in the Gaspe Penninsula)
tab_spanner(
label = "Sepal", Seeel Fe) library(tinytable mpg cyl disp hp drat
y(tiny pg cCy P Ihp
columns = c(Sepal.Length, Length Width Length Width Species x <- mtcars[1:5, 1:5] 21.0 6 160 110 3.90
Sepal.Width)) |> tt(x)
tab_spanner( 6.4 3.1 55 1.8 virginica 21.0 6 160 110  3.90
label = "Petal", 6.9 31 54 2.1 virginica 22.8 4 108 93 3.85
columns = c(Petal.Length, 214 6 258 110 3.08
Petal.Width)) |> 44 3.2 13 0.2 setosa
18.7 8 360 175 3.15

7.7 2.8 6.7 2.0 virginica

5.0 2.3 33 1.0 versicolor
See: https://vincentarelbundock.github.io/tinytable/




Writing & publishing

tinytable

A few simple functions for constructing nice tables:

A variety of R packages make it easy to write and publish research reports, slide
presentations in various formats (HTML, Word, LaTeX, ...), all within R Studio

# basic table

# format columns: significant digits, decimal points,
# align, colors,

# themes for LaTeX, HTML,

# spanning labels for groups of rows/ columns

data |>tt() |>
format_tt() |>
style_tt() |>
theme_tt() |>
group_tt()

Write R scripts or documents comprising reproducible
code and text

Special format for books, blogs, websites,

.png, .pdf, .tex, or render in Rmarkdown

save_tt(x, filename) # save to .docx, .html,

Organize your work with:

* R Studio projects
¢ Github for version control & collaboration

Publish online with github-pages, Netlify, ...

R Studio projects

R Studio projects

e o broi R Fi i ; “ ”
R Studio projects are a handy way to An R Studio project for a research paper: R files (scripts), Rmd files (text, R “chunks”)
£ Psychological Methods Paper = organize your work
Environment | History ~ Build & Mew Project... {3 C:/Dropbox/Psychological Methods Paper - Rtudio [E=nEeR
[ | #mportDataset ¥ & Open Project... — File Edit Code View Plots Session Build Debug Profile Tools Help
= - { @l - B2 -] Adains - & Prychological Methods Paper ~
) Global Emvironment Open Project in Mew Session.. G b =
Close P 3] @ parentingRma x | 0 © socialCogRmd x | ] o » Environment  History  Build New Project.
lose Project ,
g R Newdirectory a Y Q| akit - & - ‘a E#Run - | * [ | 2 Import Dataset + | & Open Project..
a tins ing di | I-F-- ~ | mtroduction 2} Global Environment ~ en Project in New Session.
ke b 2 title: “Graphical wethods for Multivariate Linear Models in oroemen und Open Projectin New
histdata £ psychological Research: An R Tutorial” e Close Project
= 3 shorttitle: “Graphical Methods for MLMs" e ot
matlib & - R = direct 4 author: mm“m e Psychological Methods Paper 21
5 - name: michael Friendly oo ot istdata a
WordPools a 6 affiliation:
, Version Control 7 corresponding: yes # Define only one corresponding authol Graphical liethod matlib a
EqCov o ol S—— s St esa: Paychology Departnent, York Umiversity, Toranto, ontario, Deta lipsoids
ke jeec il - Canada, M371P3 HE plots: Visual WordPools =
Lahman a enail: friendlyeyorku.ca Sinifcance s £qCov o
T 10 - name: matthew s5igal Example: Fath .
- heplots 4 1 affiliation: 1 Viuaizing co ahman o
Files Plots Packages Help Viewer - 12 afﬁhamun Low-D views: heplots a
55 ew Proje 13 1 Examples. Files Plots Packages Help Viewer
@] New Folder | @ | Delete (5] Rename | { RS 7 Sl 14 msm(umun york university Wt b || G e plder | O peete (5 R { candise a
H M e Jach 15 MANOVA designs. Eodnd | Jecee T vedbxra al
C: - Dropbox - Psychological Methods Paj - ; Back Create New Project 16 abstract: MANCWM": E] C - Dropbox > Psychological Methods pa‘
Hame = 17 This paper is designed as a tutorial to highlight some — Name | e 4
~y Erani 18 recent developments for visualizing the relationships among
B Clear Project List R_ 19 response and predictor variables in multivariate linear o Clear Project List
T FriendlySigal2017-TQMP,pdf P————— Create project s subdirectoryof 11 Graphical Methads for Multivariate Lincar Models in Psychological Research: An R Tutorial Rivarkdown = | [J T FriendlySigal2017-TQMPpdf Project Opions
- ject Options.. (s s H B peychologica Methods PaperRproj Lemr S —
R psychological Methods PaperRproj —zars- VOV TZzuTTrED AT Console
(Create s gt repository COPYITYHC (L) ZUL0 1M K FOUNUAL (0F 1 OF SCAL TS TICaT Conputing ~ O 13 ToMPpaperzip 0462KB 016, 8:23 AM
] TQMPpaperzip 9462 KB Nov7, 2016, 8:23 AM Platform: x86_64-w64-mingu32/x64 (64-bit) 1 & Makefile 33K8 7,2016, 821 AM
] Makefile 33KB Nov7, 2016, 8:21 AM R 45 free software and comes with ABSOLUTELY NO WARRANTY. [ 1) Makeflebak 34K8 Nov6, 2016, 10:50 AM
i oo You are welcome to redistribute it under certain conditions. = ¢ 103 4
1 Makefile.bak 34KB Nov 6, 2016, 10:50 AM Type "license()' or 'licence()’ for distribution details. U AeusT 918 v6, 2016, 10:43 AM
& = (SR} TQMPdep 951B Nov6, 2016, 10:16 AM
] FIGLIST 5918 Mov 6, 2016, 10: R is a collaborative project with many contributors. B P,
. - e [Cl0penin new sesson ((Crteprejet] | cancel Type " contributars()’ for more information and O 3 TaMPpaperaux 147 KB Nov6, 2016, 953 AM
1 TQMP.dep 9518 Nov 6, 2016, 10: "citation()” on how to cite R or R packages in publications. = B 3 ToMPpaperiog 803 KB Nov6, 2016, 9:53 AM
1 TQMPpaperaux Nov Type demo()’ for some demos, ‘help()’ for on-line help, or O 13 TomPpaperout 6KB Nov6, 2016, 3:53 AM
6, 2016, 8:53 £ A f *help.start()" for an HTML browser interface to help. = e 006, 2016, 5553 A
_] TQMPpaperlog Nov 6, 2016, 9:53 AM - The .Rproj item opens the project AL 0 P P [ "3 ToMPpaperpf B198KB  Novt, 2016, 5:53 AM
Lahman.Rproj . . [ L ToMPpapersynctex.gz 2861KB  Nov6, 2016, 9:53 AM
in R Studio > || 5 ® wior L5k Nevs,miss3AM
v




Organizing an R project

* Use separate R files for different steps:

= Data import, data cleaning, ... — save as an RData file

Organizing an R project

* Use a separate folder for each project

* Use sub-folders for various parts

& ()=[00 » Compuer » LocalDisk (©) » Dropbex » Documenss » 6135 w

File Edit View Tools Help

Organize ¥ Includeinlibrary »  Sharewith »  Bum  New folder

& Downloads
£ Recent Places

% Dropbox | |

I VCDR i i . wl

DDAR (V] (V]
VCD course data doc figures notes analysisR
data files: figures: R files:
* raw data (.csv) e diagrams ¢ dataimport
* saved R data e analysis plots e analysis
(.Rdata)

This project, saved in a Dropbox folder automatically syncs with all my
computers & collaborators. | use Git & GitHub for more serious work.

Organizing an R project

* Use separate R files for different steps:

® Analysis: load RData, ...

analyse.R

#' ## load the data
load("data/mydata.RData")

# ## do the analysis — exploratory plots
plot(mydata)

# ## fit models
mymod.1 <- Im(y ~ X1 + X2 + X3, data=mydata)

# ## plot models, extract model summaries
plot(mymod.1)
summary(mymod.1)

[ 43|[ search myproject

NB: # ## is a special R
comment for a H2 heading
in an R “notebook” script

read-mydata.R

# read the data; better yet: use RStudio File -> Import Dataset ...

Teadt mydeta mydata <- read.csv("data/mydata.csv")
# data cleaning:
# filter missing, make factors, transform variables, ....

# save the current state
save("data/mydata.RData")

mypaperRmd

Write up files will
go here (.Rmd,
.docx, .pdf)

Reproducible analysis & reporting

R Studio, together with the knitr
and rmarkdown packages provide
an easy way to combine writing,
analysis, and R output into
complete documents

.Rmd files are just text files, using
rmarkdown markup and knitr to
run R on “code chunks”

A given document can be
rendered in different output
formats:

8 7 Q &kt -
@1 Knit to HTML
2 Knit to PDF
] Knit to Word

Knit with Parameters



Output formats and templates Writing it up

* |n R Studio, create a .Rmd file to use R Markdown for
The integration of R, R Studio, knitr, your Write-up

(L rmarkdown and other tools is now * |ots of options: HTML, Word, PDF (needs LaTeX)

highly ad d. i
[PDF] ighly advance = templates for various pub types
w BTEX

My 2" |ast book was written
entirely in R Studio, using .Rnw

TUFTE syntax — LaTeX — PDF — File] Edit Code View Plots Session Build Debug Profile Tools Help New R Markdown
I!I camera ready copy New File ' R Script Crl+Shift+N Document Title: mypape]
A g
= : o N R Notebook / T Presentation Author: | Michael Friendly
Open File -0 R Markdown. < i Shiny Default Output Format:
Reopen with Encoding... N F\
. N Shiny Web App... From Template ® HIML
HTML The ggplot2 book was written Recent Files b Rzi\a‘m;wzntd:dthm;aﬁ;rautharmg (you can switch to PDF
X [ or Word outpat anytime
using .Rmd format. Open Project... R voF
SR =i PDF output requires TeX (MiKTeX on Windows, MacTeX
e Recent Projects L3 R Sweave 2013+ on OS X, TeX Live 2013+ on Linux).
— The bookdown package makes — o
. . Import Dataset 3 © Wore
it easier to manage a book- R Presentation oo el pen Otcn o b oM
!!.Iu.!uilmhlu length project — TOC, fig/table EMA Ctrl+S R Documentation
ave As..
#s, cross-references, etc.
Also: blogdown, posterdown, ... oK Concel

Templates are available for APA papers,
slides, handouts, entire web sites, etc.

Writing it up

°* Use Simple Markdown to write text Rmarkdown uses simple formatting for all standard document elements

* Include code chunks for analysis & graphs rye— LD

ABC O P i Open in Browser
£ OO, @ KnitHTML - - @
1~ # Header 1

mypaper.Rmd, created from a template Help -> Markdown quick reference 2 H d 1
3 This is an R Markdown document. Markdown is a ea er
Slanabsiskx | O read-mydataRx | @] mypaperRmd Files Plots Packages Help Viewer =0 simple formatting syntax for authoring webpages. . ”
WA | e kit - . PN - This is an R Markdown document. Markdown is a
1+ —-- . " i
2 title: "mypaper” Matkdown Quick Reference = 5 Use an asterisk mark to provide emphasis, such simple formatting syntax for authoring web pages.
3 author: "Michael Friendly” B * ics* or **bold*
4 date: "January 29, zom”y yaml header Markdown Quick Reference o asi *italics* or **hold**. Use an asterisk mark to provide emphasis, such as
& outpur: Arml_docunent R Markdoun s an easy-o-write plain text format for creating dynamic 7 Create lists with a dash: italics or bold.
e documents and reports. See Using R Markdown to leam more_ - reate lists with a dasl \
8- """{r setup, include=FALSE} Emphasi 1 8 Create lists with a dash:
9 knitr::opts_chunkSset(echo — TRUE) mphasts 9 - Item1
ig R 10 - Ttem 2 o ltem 1
12+ ## R Markdown Header 2 e et 11 - Ttem 3 o ltem2
13
14 This is an R Markdown document. Markdown is a simple formatting Headers 12 o Item 3
details on using R Markdown see <http://rmarkdown.rstudio. com-. « neager 1 135
) cader 14 Use back ticks to
16 when you click the **knit** button a document will be generated #4 eader 2 ;
R code chunks within the document. vou can embed an R code chunk e peater 3 15 create a block of code Use back ;-‘;Cki t‘; .
17 16~ " create a ocC: of code
18- " {r cars} Lists 17
19 summary(cars) output code chunk Unorcerea st ) o
3(1: + tten 1 18 Embed LaTex or MathML equations, e———————3 Embed LaTex or MathML equations, = g
22- ## Including Plots i 19  $\frac{1}{n} \sum_{i=1}A{n} x_{i}$
23 el2cealen) 20 Or even footnotes, citations, and a bibliography.
3‘; You can also embed plots, for example: Ordered List 21 Or even footnotes, citations, and a
26+ " {r pressure, echo=FALSE} ooEla bibliography. [A1]
57 plot(pressure) plot code chunk B o
H lhe . 1. Markdown is great.«
e 23 [A1]: Markdown is great.

24
oI Header 1 R Markdown +




The R Markdown Cheat Sheet provides most of the details
https://www.rstudio.com/wp-content/uploads/2016/03/rmarkdown-cheatsheet-2.0.pdf

R code chunks

R code chunks are run by knitr, and the results are inserted in the output document R Markdown Cheat Sheet  ®@ 2 P — B o o
> g
)studio e @
@] chunks.Rmd =3 | BOO RStudio: Preview HTML
o : — There are many e
WE Q[ @ KnitHTML = | 2% [ Chunks~ || Preview u ni | 41| [ SaveAs | @ publish A ) e 3 : 4 5 e R
1 R Code Chunks options for controlling : : ey > e
: ) e maian e B
3 R Code Chunks the details of chunk R Markd & e oe
4 With R Markdown, you can insert R code With R Markdown, AR coda chunks including plots: _ arkdown/ i styacts
| i mﬂudmg 91“5: i arkdown, you can inse ‘code chunks including plof output nUmberS’ H|_¢ ::‘:“mmwm
s # i ry and plot
6- "'[r golot, Fig.width=4, fig.height=3, ity tables, graphs R Markdown
| message=FALSE} summary(cars)
7 # quick summary and plot
8 library(ggplot2) =
## speed dist
9 summary(cars) i 5 1 i
10 gplot(speed, dist, data-cars) + b ety hlalal Choose the output
g geon_smoath() ## Median :15.0 136 format:
12 # Mean :15.4
13 # 3rd Qu.:19.0
## Max. :25.0 Max. :120 | A3 Y Q| & Knit
@7 Knit to HTML

gplot(speed, dist, data = cars) + geom_smooth()

-] Knit to PDF
¥ Knit to Word

An R chunk: 00- Knit with Parameters...

cacha path . scha (sl co » fgcap g ca

{r name, options} B - [
£ chisd i hight. fig width t 0 e Sugt e i
E\R code here = ol AT o e .
(nnn:nnk Inchde e o waming 5 2

N

Posters with posterdown RIE

File — New file — R markdown... YAML header:

Often, you just want to “compile” an R script, and get the output embedded in the

result, in HTML, Word, or PDF. Just type Ctrl-Shift-K or tap the Compile Report button
Document Template: ) T A S title: My Awesome Poster
/ Document . .

T Presentation Paged HTWIL Document
& Shiny APA-style manuscript (6th edition) - name: Michael Friendly
Revision letter (PDF) .
O Rstudio - From Template Posterdown Betterland affil: 1
Fle Edt Code View Plots Sesion Buld Deflig Profle Tools Help 1 .
TETS i . Posterdown HTHIL orcid: '0000-0002-3237-0941'
Inverse of a matrix Posterdown HTML Betterport

affiliation:

013 demarx | Oi3ddemoind | 0imved - ﬂ\l.;"rﬂ_e_\'\t t\t\e Michael Friendly reprex (lots of features) frep
i - ?.f Po¢ = 07 Sep 2016 This template contains multiple files. Create a new directory -num:1
title: "1 matrix e basic for these files: A i
. srinesenis address: Psychology Dept, York University

Load the matlib package
column_numbers: 3

logoright_name: psy6135-hex.png

This defines. 2z () . Zaverse () . he standard funclion for matrxnverse s saive )

the inver

C/Dropbox/Documents/6135 Browse.. logoleft_name: psy6135-hex.png
" headef - output:
#H o posterdown::posterdown_html:
3, nrows3, byrow=TRUE) o1 st Empty Bocament o - .setlf_contamed: false '
—> | 1. det(A) I= 0, so inverse exists bibliography: packages.bib

1 1} = 15 or
@ MyAwesomePaster.Rmd

2 Q| 4kt - .

T = Smaths Render: rmarkdown: : render (“MyAwesomePoster.Rmd")
Type “demo()” Tor some demos, “help()” Tor on=line help, or 2. Definiton of the invefse: A 1A = AA =T or
“help.start()’ for an HTML browser interface to help. AI * A = diag(nrow(a))

Type 'q0" to quit R.

(rorkapace londed from =/ soace) : e Wiki: https://github.com/brentthorne/posterdown/wiki




Introduction ;

‘Welcome to posterdown ! This is my attempt to provide a semi-smooth
workflow for those who wish to take their R Markdown skills to the |
conference world. Most features from R Markdown are available in this |

package such as Markdown section notation, figure captioning, and even

citations like this one (Allaire et al. 2024). The rest of this example poster |
will show how you can insert typical conference poster feaures into your |

own document.

Objectives

1. Easy to use reproducible poster design.

2. Integration with R Markdown.

3.Easy tramsiton fom posterdown to pagedown report or
manuscript documents (Xie et al. 2025).

T o ]

This package uses the same workflow approach as the R Markdown you |
Know and love. Basically it goes from RMarkdown > Knitr > Markdown |
> Pandoc > HTMLICSS > PDF. You can even use the bibliography the |

same way (Thorne 2019).

e ]

Usually you want fo have a nice table displaying some important resulfs
that you have calculated. In posterdoun this i as easy as using the |
kable table formatting you are probably use to as per typical R |

Markdovn formatting.

You can reference tables like so: Table @ref{tab-mytable). Lorem ipsum |
dolor sit amet, consectetur adipiscing elit. Aliquam placerat augue at velit |
tincidunt semper. Donec elementum porta posuere. Nullam interdum, odio

at tincidunt feugiat, turpis nisi blandit efos, eu posuere risus felis non

quam. Nam eget lorem odio. Duis et aliquet orci. Phascllus nec viverra |

est
(#abmytable)Table caption.

My Awesome Poster

Michael Friendly!- ®

1 Department of Psychology, York University

Or with figures: Figure @reflfigistandard-plot),
@reflfig-morefigs).

‘Spal Wt (e

o Figue |

. . oo 000 o o
0 s 2 s »
o
(#Bgstantard plot)Great igure!
gy

laoreet, faculis mi at, auctor odio. Praesent sed elementum justo. Aenean
consectetur risus thoncus tincidunt efficitur. Praesent dictum mauris at

 diam maximus maximus (Thorne 2019).

Conclusion

| Try posterdoun out! Hopefully you like itt

: References

+ Allaire, J1, Yihui Xie, Christophe Dervieux, Jonathan McPherson, Javier
! Luraschi, Kevin U
 Documents for r. hitps://github.com/rstudiormarkdown.

 Thorne, Brent. 2019. Posterdown: Generate PDF Confeverce Posters Using
: r Markdown. hitps:/github com/brentthome/posterdonn.

| Xie, Yihui, Romain Lesur, Brent Thome, and
' Pagedown: Paginate the HTML Output of r Markdown with CSS for Print.
1 http:

Aron Atkins, et al 2024, Rmarkdown: Dynamic

Xianying Tan 2025.
b com/tstudio/pagedown.

Summary

* tidyverse thinking
® data import — clean — make tidy
= often need to reshape, wide <> long
= tools for dates, factors, strings

* Models:

= broom to extract tidy results
" nest — map trick to fit/plot multiple

models

* Writing it up
= Learn to use table tools
= Use Rstudio projects
= Learn to use reproducible reporting

(.Rmd)

Using posterdown to generate reproducible conference posters via

RMarkdown > Knitr > Markdown > Pandoc > HTML/CSS > PDF workflow

e

‘Welcome to gosterdoun | This is my attempt to provide
a semi-smooth workflow for those who wish (o take
arkdown skills 1 the conference world. Many
ure comforts from Farkdoun are available in this

thel
package such as Markdoun section notation, figure
captioning, and even citations like ihis one (Allaire,
Xie, McPherson, et al. 2018). The rest of this example
poster w

puster [eatures into your own document.

L1 Study Site

Here is a map made (o show the siudy site using
auplot2, ggspatial, and 51 and you can even reference
dhis with a hyperlink, this will take you o Figure L1
(Dunnington, nd.; Amold, nd.; Pebesma 2018).

Figre L1 Mapof Loog Lake sample
1.2 Objectives

1. Easy to use reproducible poster design.

2. Integration with ftar

3 Easy transition from 1o thesisdvan or
ictes (Alire, Xie, R Foundaton, et al. 2010
Suloman 2019).

2 Methods

This package uses the same workflow approach as the
Filarkdown you know and love, Basically it goes from
RMarkdown > Knitr > Markdown > Pandoc
HTML/CSS > PDF. You can even use the bibliography
the same way (Turner et al. 2014).

Lorern ipsum dolor sit amet, consectetur adi
Quisque auctor lorem ex. Pellentesqu
accumsan nulla, nec eleifend erat rhoneus vel. Ut
COMIMOK Mers Ipsum, sed ACCUMSan risus placerat ut

ggviolin(df, x =

show how you can insert typical conference |

"dose”, y =
palette = ¢("#00AFBB", "#E7B800", "#FC4EQ7"),

"Depariment of Earth Science, Brock Universiy

Lorem ipsum dolos sit amet, consectetur adipiscing elit
Aliquarm placerat augue at velit incidunt sempes, Donee
elemenium porta posuere. Nullam interdum, odio at
wincidunt feugiat, turpis nisi blandit eras, ey posuere
risus felis non quam. Nam eget lorem odio. Duis et
aliquet orci. Phasellus nec viverra est. Praesent odio

orel, mattis vel maurls nec, comsectetur fermentum |

ris. Etiam eu hendrerit tortor. Danec mi tellus,

| efficitur et portitor eu, auctor en tellus, Quisque |

fancibus vestibulum sapien vel lacinia. Ut auctor lorem

o interdum blandit

Usually you want to have a nice table displaying some |

important results that you have calcualaied. In
pusterdown this is a5 easy as using the kable table
formarting you are probably use to as per typical

Atachdown formatting. | sugaesting checking oul the |
| kablextra package and its in depth documentation on |

customizing these tables found here (Zhu 2019)
Hophlly 1 can make this it an e efemce ke,
Table

Table 1.1 Tuble captie

SepalLength Sepal.Width Petal. Length Petal Widih

51 a5 14 02
48 30 14 02
a7 12 13 02
a8 a1 15 02
50 36 14 02

Look a this animation (Pedersen and Robinson 2017)
| Figure 3,1 |

Tibearytos

PraTm—

| non interdum blan

| Vestibulum ~sem;

. CoR
¢ L)

Figure 1.1: WOW THIS 1S AN AWESOME CIF

Lorem ipsum dolor sit amet, consectetur adipiscing elit

| Aliquam placerat augue at vell tincidunt semper, Dane

elementum porta posuere. Nullam interdum, odio at
tincidunt feugiar, trpis nisi blandit erus, ey posuere
visus.felis non quam, Nam eget lorem odio, Duls et

+ aliquet orci. Phasellus nec viverra est. Praesent odio

orcl, mars vel maurls nec, consectetur fermentum
mauris. Etiam eu hendrerit tortor. Donec mi tellus,
efficiur et pormtitor e, auctor en tellus, Quisque
faucibus vestibulum sapien vel lacinia. Ut auctor lorem

Aliquam sed faucibus risus, quis efficiiur erat
mauris quis tempus e

Aliquam sagittis dictum ipsum, quis. viverra hg\llw
eleifend ut. Curabitur sagitlis vilae arcu eget Faucibus.
In non elementum Felis. Duis et aliquam nunc. Nun
pulvinar sapien nunc, vel pretium i efficitur in. Fusce
fringilla maximus leo o maximus. Fusce at ligula
laoreet, faculis mi a, aucior odin. Praesent sed
elementum justo. Aenean consectetur risus chomcus

ggpubr

The ggpubr package provides some easy-to-use functions for creating and customizing
publication ready plots.

"len”, fill = "dose",

add = "boxplot", add.params = list(fill = "white"))

stat_compare_means(comparisons = my_comparisons, label =

stat_compare_means(label.y = 50)

see the examples at

http://www.sthda.com/english/rpkgs/ggpubr/

"p.signif') +

rdown

Eilld

tincidunt efficitur. Praesent dictum mauris at diam
maximus maximus (Thorme 2019),

T

Lorem ipsum dolor sit amet, consectetur adipiscing elit
Aliquam placerat augue at velit tincidunt semper, Donec

elementum porta. posuere. Nullam interdum, odio at
wincidunt feuglat, turpis nisi blandic eros, eu posuere
risus felis non quam. Nam eget lorem odio. Duis et
aliquet orci. Phasellus nec viverra est, Praesent odio
orei, mattis vel mauris nec, consectetur fermentum
maurls. Etlam eu hendrerit tortor. Donec mi tellus,
efficiiur et portiitor eu, aucior eu tellus, Quisque
faticibus vestibulum sapien vel lacinia. Ut auctor loem
non interdum blandit

dose [os[]+ 2

50 Kruskal-Wallis, p = 1.5e-09
40
30
c
o
20

dose



ggseg: plotting brain atlases

side

hemisphere

# install.packages( "remates”)

# remotes::install_github("LCBC-Ui0/ggseg"”)
library(ggseg)

# install.packages("ggplot2”)

library(ggplot2)

ggplot() +
rd ventricle CC anterior cerebellum corlex putame eom_brain(atlas = ase +

geom_| 4

th ventricle . CC central . cerebellum white matter . thalam thgma_void() +
mygdala . ©C mid anterior . hippocampus . ventral theme(legend.position = "bottom”,
rain stem . CC mid posterior . Iateral venfricle . NA legend.text = element_text(size = 8)) +
audate . CC posterior . pallidum guides(fill = guide_legend(ncol = 4))

87



