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BEFORE WE BEGIN...



LEARNING GOALS

1. Know the different windows in RStudio, and what the can be used for

2. Know how to write your own data into a data frame, and know how to combine
single variables into a data set

3. Know how to import data regardless of file formats

4. Know how to efficiently document everything you do in R/Rstudio, and how to
re-use your own procedures.

5. Manipulate data (recode variables, calculate new variables from raw data,
etc.)

6. Present data using graphs made in RStudio



TECHNICAL PREREQUISITES

If you do not have R and RStudio installed on your own device, go to view.uio.no
and open RStudio.

Data that we use for examples can be downloaded as a .zip file from the course
website. The file gapminder.ixt is from gapminder.org, via the Software Carpentry
website.

Try to do everything | do during the course. If you have questions or problems, just
shout out!
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R AND RSTUDIO

Why use R?

. . ?
What is it used for* « Open source

* Data analysis » Reproducable analyses

Code « Many "packages

. » Data visualization
e Functions

Well documented



WHEN YOU OPEN RSTUDIO

R is the actual software that does all the calculations and such, RStudio is the
interface where you work. You must have both. RStudio without R is about as
useful as Chrome or Firefox without an Internet connection.



WHEN YOU OPEN RSTUDIO

Rstudio

File Edt Code View Plots Session Buld Debug Profile Tools Help

The first time you open RStudio, it
looks like this. On the left hand

side you can do calculations and

write commands. On the right hand

ol = —ouars -o side you have several options. The

e | most useful (in my opinion) are
Environment in the top right panel,
and Help, Plots and Packages in
the bottom right panels.




THE BUILT IN HELP FUNCTION

Files Plots Packages Help Viewer -]
()]

R R Resources @ Rstudio Here you can search for functions and
ST A commands. If you have no idea what you
i are looking for, or what you should do, it

oo Freducts is usually better to do a google search

Manuals instead.

An Introduction to R

Writing R Extensions

R Data Import/Export R Internals

Reference



CHEAT SHEETS

Tools Window [T

& - Universitetet i Os|

Source

GO ® M % « 6s%@F Mon24Feb 12550 AnneBergsaker Q @ i=

Search
RHelp 200131 -
About Rstudio -
Check for Updates =

List

RStudio Docs
RStudio Community Forum
RStudio Support es

T Rstudio IDE Cheat Sheet

R Script =

= Data Transformation with dplyr
Keyboard Shortcuts Help XK pata Visualization with ggplot2
WL L i Package Development with devtools
Roxygen Quick Reference Web Applications with shiny
» | Interfacing Spark with sparklyr
> 00s. or ¢ variaou R Markdown Cheat Sheet
R Markdown Reference Guide

Diagnostics
wm

Files Plots Packages Help Viewer —
Jinstall @ Update i Packrat
Name Description Version
caTools Tools: moving window statistics, GIF, Base64, 1.17.1.4
ROC AUC, etc
cellranger Translate Spreadsheet Cell Ranges to Rows 1.1.0
and Columns
checkmate Fast and Versatile Argument Checks 1.9.4

Some topics have built in cheat
sheets, with lists of typical
commands/functions and what
they do. Examples include plotting
with the ggplot library and data
handling with the dplyr library.



RSTUDIO PROJECTS

o (B e e - To make life a little easier, it is
useful to tell R where our files will
be found. There are seveeral ways

¥ ew Project wizard

)} Create Project

R New Directory

of doing this, but the most
P ey 2 reproducible method is to create
N and open an Rstudio "project".




USING THE CONSOLE

The console works a bit like a calculator,

RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help

only it can do much more. Variables are °® -

Console  Terminal

1 3.4.3 (817-41:38) - “Kite-Catlog T

defined by using the symbols < —, i.e. x o e
< — 5 means that the variable x gets the o
value 5. Make sure that there is no

space between the < and the —. We can

Flles Plots Packages Help Viewer =

do simple calculations with variables, just | =%+ ’ =2
like with numbers. Notice that the S |
variables you define show up in a list in

Environment in the top right panel.



File > New File > R script (Ctrl+Shift+N)

The script is where we should do
most of our work. Here you can
write commands, comments, etc.
The script can be saved as a text
document. This makes it easy to
go back and check what we have
done, and to do the same things
over again, without the need to
type the commands again.

RStudio

File Edit Code View Plots Session Buld Debug Profile Tools Help
o -loplar- - Addins -

© Untitieal

1

Packages Help  Viewer —ic)

Flles  Plots
P

“help.start()’
Type 'a()' to quit R. R R Resources

© Rstudio

> 32
s
8%

[ 48
>x e

Manuals

OPENING A NEW SCRIPT

10



USING SCRIPT INSTEAD OF THE CONSOLE

3 Anything you do in the console can
LT e B - also be done from the script. To

run your commands, press
Ctrl+Enter (Cmd+Enter on Mac) to
run it. If you only press Enter,
e S nothing happens. Ctrl+Alt+R and
o Ctrl+Alt+Enter runs the entire
script from beginning to end. All
e commands you run are printed in
the console.

11



How DATA IS REPRESENTED IN R

RStudio x

File Edit Code View Plots Session Build Debug Profile Tools Help
°-m- - Addins -

‘ D Usually we have more than one
¥ .o W mwae measurement per variable. Using
| the function c(...), we can make
variables containing many values.
Ty T TR T These are usually referred to as
HHHHH vectors. ¢ is short for combine, i.e.
combine elements into one.

Manuals

12



How DATA IS REPRESENTED IN R

RStudio x

File Edit Code View Plots Session Buld Debug Profile Tools Help
° . > - - Addins -

You can select single values form a
variable by writing x[/] (selects
S P e value no /). You have to use
square brackets. Select several
— T values by using c(...) to combine

Hileon o values you want to select, i.e. write
o | xle(i.j, k). Select all values except
D, i by writing x[—1].

Manuals

13



How DATA IS REPRESENTED IN R

Get R to make sequences of numbers for

RStudio x

File Edit Code View Plots Session Build Debug Profile Tools Help

you using : e.g. 1:5is the same as 1, 2, CECICE
3, 4, 5. seq(/, j, k) will create a sequence ‘
starting at /, ending at j with k as the
interval between values. If you don’t give
k a value, the default is 1. seq(1, 7, 2)
will give 1, 3, 5, 7, seq(2,6,3) gives 2, 5.
rep(1,2) gives a sequence 1,1.

rep(c(1,2),2) gives 1,2,1,2, and e
rep(c(1,2), each=2) gives 1,1,2,2.

[ 46810

(198
> 1110

[ Environment History Connections =0

LLLLL

& Global Ens
Values
num [1:4] 1598

x
y int [1:4] 9 16 11 12
nun [1:4] 4.6 8 10

14



How DATA IS REPRESENTED IN R

If you add two vectors

together, R will add the first
item in one vector to the first
’ maasoas in the other vector, working
o through both vectors. If one
S vector is shorter than the
i - other, the shorter vector is
recycled. Note that the
length of the longer vector
must be divisible by the

length of the shorter vector.

15



DIFFERENT TYPES OF VARIABLES

» Character - Words or single letters. Usually such a variable has to be recoded
into a factor (see below).

16



DIFFERENT TYPES OF VARIABLES

» Character - Words or single letters. Usually such a variable has to be recoded
into a factor (see below).

» Date - R can handle dates as long as you tell R what kind of format the dates
have, e.g. 30/01/18 or 1. jan 2015.
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DIFFERENT TYPES OF VARIABLES

» Character - Words or single letters. Usually such a variable has to be recoded
into a factor (see below).

» Date - R can handle dates as long as you tell R what kind of format the dates
have, e.g. 30/01/18 or 1. jan 2015.

» Factor - Words or single letters that R interprets as categories, e.g. gender
(male, female), nationality (Norwegian, English, French,...). Often called a
categorical variable

+ Ordered factor - Word or single letters that R interprets as categories which
can be ordered in a meaningful order, e.g. age categories, education level

» Numerical - number, e.g. age, blood pressure, salary
* Logical - TRUE or FALSE, represented as 1 and 0.

16



CHANGING THE VARIABLE TYPE

The different variable types have different properties. We can change type using
functions such as as. < new type >, e.g. as.numeric, as.factor, as.character, and
SO on.

If you are not sure which type your variable is, you can "ask" R, using functions
such as is.numeric, is.character, etc.

17



How DATA IS REPRESENTED IN R

Logical statements are
represented as 0 and 1,
where 0=FALSE and
1=TRUE. Numerical and
logical variables can be
combined, but numerical and
logical variables cannot be
combined with factor
variables.

RStudio

File Edit Code View Plots Session Buld Debug Profile Tools Help
° .- H - Addins

.....

chr [1:4] "eple” "appelsin” “ban
Togi [1:4] TRUE FALSE FALSE TRUE
num [1:4]159 8

int [1:4] 9 16 11 12

nun [1:4] 4.6 8 10

z < 5eq(4,10,2)

>z
[1] 46810

> (v <- c(TRUE,
[1] TRUE FALSE FALSE TRUE

ms223 ¢
mzsss
> viu Manuals

Error in v + u : non-nuneric argunent to binary operator

18



FROM SINGLE VARIABLES TO A DATA SET

We can combine variables to

File Edit Code View Plots Session Buld Debug

a data set by using the cwe
Command B source onsave | Q= [) =Run | 54

data.frame(variable1,

patientId <- c(1,2,3,4)

age < c(25,38,24,46
diabetes < c(‘Typel”, "Type2", “Typel”, "Typel

status <- c("Poor”, "Inproved", "Excellent", "Poor")
patientdata <- data.frane(patientI0, age, diabetes,

patientdata

- Addins -

RStudio x
Profile Tools Help

) project: (None) +

[ Environment History Connections =
Source + | &2  Import Dataset - | & ust -

7 Gioval Environment «

Opatientdata 4 obs. of 4 varisbles
patientId: num 123 4
age : nun 25 38 24 46
diabetes : Factor w/ 2 levels "Typel","Type2": 1
status : Factor w/ 3 levels "Excellent”,"Inprove.

status. )

variable2, ...). A data frame :

is more or less the same as a
spreadsheet. Notice that the
variables status and diabetes
have been converted to
factor automatically.

2
234 (fop Level) =

Console  Terminal

> patientId <

o "Type2”, "Typel", "Typel”)

status <- c("Poor”, "Inproved", "Excellen
> patientdata <- data. frane(patientid, age,
> patient

patientld age disbetes  status
1
2 2 38 Typez Inproved
3 3 24 Typet Excellent
4 4 46 Typel  poor

age num [1:4] 25 38 24 46
diabetes chr [1:4] "Type1” "Type2" "Type1" "
RScript = | patientId  num [1:4]123 4
o status chr [1:4] "Poor” "Inproved” "Excell
Flles Plots Packages Help Viewer =
(A}
Home -

Manuals

An Introductio

ntoR  The R Lanauage

19



FACTOR VARIABLES

RStudio x
File Edit Code View Plots Session Build Debug Profile Tools Help
OECIESE R often understands that a
s 20| ntrenment | sty | Connectons =
SourceonSave | Q4 /'  Run. Source ~ 2 # Import Dataset + & List + . . .
2 o G i, s S, S5 ] 3 cotmerrn- variable Cons|st|ng of words

o is a factor, but it will not know

33 status
- age : nun 25 38 24 46
g =tatus <- factor(status, ardered-TRl diabetes : Factor w/ 2 levels "Type1®,"Type2": 1

if it is ordered. This must be

3 e < e g, s, st st |
4 diabetes chr [1:4] "Type1" "Type2" "Typel" ".
391 (Top Level) ¢ R Script = patientld num [1:4] 1234

st Ondfactor v/ ) Leels “Foor"< e coded manua as must the
= ‘ nually, u

Pies pots packages e Viewer -0

il g soe T order. If the actual order is
not given, R will order the

38 Typez Inproved
20 Typet Excellent .
R R Resources @ RStu

a Type Poor
status <- factor(status, ordered=TRUE)

> status earning R

[1] Poor Inproved Excellent Poor -
s« e, o, S categories alphabetically.
+ ls = c("Poor”, "Improved”, "Excellent"))

[1] Poor Inproved Excellent Poor

Levels: Poor < Inproved < Excellent Manuals

> patientdata <- data.frane(patientID, age, disbetes, status)

20



SELECTING VARIABLES FROM A DATA SET

You can select single
- variables from a data set by
e i using $, by writing
data$variable, e.g.
g patientdata$age. You can
e — also use patientdata[2], or if

entd  num [1:411234
ord.factor w/ 3 levels "Poor"<"Inpr.

= [ [ e | e [oere IS you wish to select more than

S one variable,
i e e patientdata[c(2,4)].
Lo E patientdata[1,3] will give you

> patientdatalt
[1] Typet

Manuals

ot ot tamua the value of variable 3, row 1.

21



EXERCISES

We are creating a data set with four cases, each representing a person and how
they respond to a type of treatment.

1.

Create a variable containing the numbers 1-4 in ascending order, using the
seq function. Call the variable ID.

Create a variable containing the numbers 2,2,1,1 in that order, using the rep
function. Call the variable group.

Create a variable called response, where possible categories are poor,
medium and good. You can decide how each person responds as you want,
but remember that this variable must be changed into an ordered factor.
Combine all variables into a data frame

Print case no. 2, then variable 3, and finally the value of variable 3 only for
case no. 2.

Print all cases except case no 1. 22



IMPORT/OPEN DATA FILES



IMPORTING A DATA FILE

Rstudio
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
o -opia- - ot -

To import a data file, click
Import Dataset > From Text
(readr)/From CSV. This can
- be used to open/import .txt,
.csv, .tab, .dat and similar file
formats. You can also use
the option From Text (base).

23



IMPORTING A DATA FILE

Import Text Data

File/url:

Browse
Data Preview:

Click Browse and

select the appropriate !
file. The file should be
a simple text file.

Import Options:

Code preview: []
Library(readr)
Name: |dataset IFirst Row as Names  pelimiter: (Comma v | Escape:  [None < | | | dataset < reac
Skip: 0 I Trim Spaces (NULL
Quotes: [Default v | Comment: Default v | | | View(dataset)
/|Open Data Viewer
Locale: Confiqure... | NA: Default v —
% Reading rectangular data using readr Import et

24



IMPORTING A DATA FILE

In Data Preview you
will see the data from
the file. Check that it
looks right. If it doesn't,
you may have to
change the default
options under the
preview window, like
change the delimiter.

Import Text Data

o Filepurl

~[Documents/kurs/Rffiler/gapminder.txt

“| Data Preview:

country year pop continent lifeExp
(character) (integer) (integer) (character) tdouble)
Atohanistan 1952 8425333 Asia
Atghanistan 1957 9240934 Asia
Afghanistan 1962 10267083 Asia
Afghanistan 1967 11537966 Asia
Afghanistan 1972 13079460 Asia
Afghanistan 1977 14080372 Asia
Afghanistan 1982 12081816 Asia
Afghanistan 1987 13867957 Asia
Atghanistan 1992 16317921 Asia
Atghanistan 1997 22227415 Asia
Atghanistan 2002 25268405 Asia

Previewing first 50 entries
Import Options:

Name: | gapminder
skip: 0 7| Trim Spaces

Quotes:  [Default
I Open Data Viewer

Locale; Configure...

%) Reading rectangular data using readr

28.001
30332
31997
34.020
36.088
38.438
39.854
40.822
41674
41763
42129

|First Row as Names Delimiter: |Comma

gdpPercap

779.4453
20,8530
&53.1007
&36.1971
739.9811
786.1134
978.0114
852.3959
649.3414
635.3414
726.7341

Escape:  [None

Comment: |Default

NA: Default

Code Preview: []

Browse

library(reads
gapminder <-
read_csv("Doc

Jkurs R/ Filed

Jgapminder .ty

Import

Vi ew/ aanmi nde

Cancel

25



IMPORTING A DATA FILE

You should copy the .

File Edit Code View Plots Session Buld Debug Profile Tools Help

command lines that R
Filter 2 # Import Dataset + & List =
ShOW u in the COﬂSO|e “ country  year  pop ° continent ° IMeExp ° gdpPercap b Giobal Environment -
2 Aghamistan 1957 9240334 Asia o2 mossio || Ocapninder 1764 obs. of 6 variables

nI th bI n n .t 3 Alghanistan 1962 10267083 Asia 31997 853.1007
only the blue ones, no

e red). That way, the
next time you work on

Console  Terminal =0 write.table {utils} R Documentation I

this data set, all you Data Output

> gaprinder <- read_csv("Docunents/kurs/R/filer/gapninder. txt")
Parsed with colum specification:

have to do is re-run the oty =l e,

year = col_tnteger(), write. table prints its required argument x (after converting it
pop = col_double(), toa data frame if itis not one nor a matrix) to a file or
continent = col_character(), connection.

same few lines of code, e ooty

rather than go through Fi

fileEncoding = ")

the dialogue box again. e

Arguments

26



IMPORTING A DATA FILE

Factor variables are not

necessarily imported correctly, and
may need to be converted to
factors. You can check this in the
Environment window. If they are
designated as Char variables, they
need to be converted. Use variabel
<- as.factor(variabel). If you use
Import Dataset From Text (base)
instead, factors tend to be
converted to factors automatically. e e

27



IMPORTING A DATA FILE - XLS/XLSX

To import data from
Excel, select Import
Dataset > From Excel

Import Excel Data

g Filefurl:
i
| Browse...
Data Preview:
Import Options: Code Preview:
Library(readxl)
Name: [dataset Max Rows: /| First Row as Names dataset < read_excel(NULL)
View(dataset)
Sheet: |pefault | skip 7/ Open Data Viewer
Range: NA:
%) Reading Excel files using readx! Import Cancel

28



IMPORTING A DATA FILE - XLS/XLSX

Import Excel Data

File/Url

~/Documents/kurs/R/filer/gapminder_Excel xisx

Data Preview:
country
(character
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Afghanistan
Abania
Albania
Albaria

Previewing fir

year
(double)

5t 50 entries.

Import Options:

Name:
Sheet:

Range:

1952
1957
1962
1967
1972
1977
1982
1987
1092
1997
2002
2007
1952
1957
1962

gapminder_Excel

Default

pop
(character)

8425333
9240934

10267083
11537966
13079460
14880372
12881816
13867957
16317921
2227415
25268405
31889923
1282697

1476505

1728137

%) Reading Excel files using readx!

continent
(chara
ssia
asia
Asia
ssia
ssia
Asia
ssia
asia
Asia
ssia
ssia
ssia
Europe
Europe

Europe

Max Rows:

Skip:
NA:

[

liteExp
(characs

26801
30332
31997
3402

36088
38438
39854
20822
41674
aL763
42120
43828
5523

5928

6482

gdpPercap

(characten)
779.4453145
5208530296
85310071
836.1971382
739.9811058
78611336
s78.0114388
852.3959448
6493413952
635.341351
726.7340548
9745803384
1601056136
1942.284244
2312.888958

71 First Row as Names

710pen Data Viewer

Browse.

Here you can choose
different codes for missing
values, if certain rows or
columns should be omitted,
or if only a random selection
of the data are imported.

Code Preview:
Library(readxl)
gapninder_Excel <- read_excel
("Documents/kurs/R/filer/gapmind
xcel.xlsx")
memuaumnder,{xce\;

Import Cancel

29



IMPORTING A DATA FILE - XLS/XLSX

Check that the data have
been imported correctly, and
copy the commands into your
script. The procedures for
importing files from SPSS,
SAS, State, etc. are similar.

> gapninder <- read.csv("~/Docunents/kurs/R/iler/gapminder. txt")

> Vieu(gaprinder)
> library(readxl)

> gapninder_Excel < read_excel("Docunents/kurs/R/filer/gapninder_Excel.x
Tsx”

> View(gapninder_Ex

cel)

Rtudio x
Fle Edt Code View Plots Session Buld Debug Profie Tools Help
o .oy - « ddns - 8 project: tone) -
STearien ] [ omominie et |lomemisier =0 | Environment | History | Connactions -o
ter 2 import ataset + | o st -
“ country year ~pop  contimemt  Wetp  gappercap 1% Giobal Envronment -
1 agnansan 1952 8425333 Ak msor  7sassaes [ Date
2 Agnanstan 1957 9240934 Asia 3032 soessozse | Ogspminder 1764 obs. of  variables
3 Afghanistan 1962 10267083 Asia 31997 85310071 ©gapninder_Excel 1764 obs. of 6 vartables
country : chr “Afghanistan’ *Afghanistan “Afghanistan’ “Afghanista.
o Aghanistan 1967 11537966 sia w2 sionam
year : num 1952 1957 1962 1967 1972
5 Aghansan 1972 13079460 Asia sc0m 7309811058 e e
6 Momansan 1977 14880372 Ak ;as 7sana continent: Asta® “Asta® “Asia”
2 Aghansan 1362 12881816 A sosse  orsonemse lifebxp 30 1997 "34.02°
o rotenien | 1567 12067957 s oz mammonn adoPercap: chr "T73.4453145" "620.8530296" "653.10071" "636.1571362
5 Aghanistn 1992 16317521 Asia aem  sissams
10 aahanistan 1997 22227415 s s176 essauss
Showing 10 11 o 1,704 enires
Plots Packages Help | Viewer .
Consote | Terminal -0 = El
Bt -

30



IMPORTING A DATA FILE - XLS/X

Console  Terminal

Rstudio

File Edit Code View Plots Session Buld Debug Profle Tools Help

© .og - - Addins -
@ exampie R )
cansave | A /- Source -

5o pattentiata <. s, Frame(patientiD, age, sisbetes, stotes)

51 str(patientdata)

52

5 sex < €2, 1,2, 2

54 sex < factor(sex, levels=c(1,2), labels = c("Male", "F

55 patientdata <. data. frone(patientd, sex, e, diabetes, st

56 str(patis

ST satientiata

59 mydata <- data. frane(age-nuneric(o), gender-character(s),

wetght=nuneric(0)

8 miata < edte(ovdata

&

63 gapminder < read.csv("~/Docunents/kurs/R/filer /gapninder. txt

64 View(gapninder)

65

6

66:1 | (Top Level) = R Script =

> is.factor(gapninder_ExcelScountry)

[1] FALSE

> gepninder_ExcelScountry<-as.foctor (gapninder_Bielscoun)

1 project: (o

Environment  History  Connections. —
~import Dataset - & Lt -
7 Global Environment -
Data
gapninder 1704 obs. of 6 variables
© gapninder_Excel 1704 obs. of 6 variables
country : Factor w/ 142 levels "Afghanistan”,..: 111111111

Tifexp © chr "28.801" "30.332" "31 2"
adbPercaps chr *T75.4453145" "626.8536286" “853.10071° 836.1571382

Flles Plots Packages Help Viewer =

B export «

1

Factors should be recoded
from Character to Factor.
Use the same procedure as
previously, variable <-
as.factor(variable).

31



IMPORTING A DATA FILE - XLS/XLSX

Do the same for all
categorical variables that
have been imported as
‘char’, and for ordered
factors, make sure to declare
this and provide the order of
the levels you want.

Rstudio x|

File Edt Code View Plots Session Bulld Debug Profile Tools Help ]
° .oy - - Adains -

) example R 1 Environment History Connections

Source an Save | Q Source - - #import Dataset = | o

5o pottentiots <. data.Frane(potlentin, age, dlabetes, storss

51 str(patientdata)

@ bata

gapainder 1704 obs. of 6 variables

53 sex < <2, 1,2, 2)
56 sex < factor(sex, levelsc(1,2), labels = c("Male’, “Fenale

55 patientdata <- data. Frane(patientld, sex, age, diabetes, status
56 str(patientdata)

ST patientdata

58

59 mydata < data. frane(age-numeric(0), gender-character (0),

5 weight-nuneric(o)

61 nydata < edit(nydata)

&

63 gapminder <- read.csv("~/Docunents/kurs/R/filer /gapninder . txt"
64 View(gapninder)

65

66

661 | (TopLevel) + Rcript ¢

Console  Terminal =0

I Toctor Gapminder_BxcelScountrs)

[ F

 apminder_ExcelScountrye.ss. factor gapninder_Excelscountry)
> Binder_sxcelpop < 3 ieric(gapnnder ExclSpop)
> gapninder_|

> ganmn er. niner c(gapninder &
> gapminder_ExcelSgdpPercap <- as.nuneric(gapminder_ExcelSgdpPercap)

©gapninder_Excel 1704 obs. of 6 variables
country : Factor w/ 142 levels "Afghanistan’, ..
year : nun 1952 1957 1962 1967 1972 ...
Pop : nun 8425333 9240934 10267083 11537966 13075460 ...
continent: Factor w/ 5 levels "Africa”,"Anericas”,..:
UifeExp : num 28.8 30.3 32 34 36.1 ...
odpPercap: num 779 821 853 836 740 ...

]
7% Global Environment
111111111

3333333

Files  Plots Packages Help Viewer =0
5 Export -
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CHECK THE DATA SET

Rstudio x ‘

Fle Edt Code View Plots Sesson Buld Debug Profie Tools Help
© .o Ada

Check that your data set has
been imported as a data
frame, by using
class(dataset). If it hasn’t
there are many analyses that
will not run. Use the function
as.data.frame(dataset) if your
data set is not a data frame.
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GET AN OVERVIEW OF YOUR DATA SET

RStudio x |

Different functions can be used to
look at your data. View(dataset)
will show the spreadsheet. Clicking
the data set name in Environment
does the same. str(dataset) will
give information of the variables,
their types, etc. You get the same
information by clicking the symbol
next to the data set name in
Environment.

Fle Edt Code View Plots Session Buld Debug Profile Tools Help
B .
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GET AN OVERVIEW OF YOUR DATA SET

Rstudio x

Fle Edt Code View Plots Session Buld Debug Profie Tools Help

o .oy - - s B Priect (one)
 exampier 7 Environment Mistory Connections -0
i Dsouceonsave | R | % source - > ()| mportOaaset - | o et
6 Teulgapninder) % Gl Envronment -
& oata

© gaontnder 1784 obs. of 6 vartables

oy © Factor ] 42 \ovets “Mghamtster, 111::11.x1 To see the n f|rst rows:

vear : int 1352 1957 1362 1967 1572 1977 1362 1987 1352 1997

6 gapninderInternst <- read.table("https: //raw.githubusercontent..co
& . header-TRUE, sep-",

o
6 write. table(gapninderInternet, file = “gapnindernternet. tx
7 Sep - ", quote - FALSE, append - FALSE, na -

B r W) levels “Africa”,"Anericas”

76 head(gapninder, 10 japninder Internet obs. of 6 variables

" last rows: tail(dataset, n). If
81 (Top Level) ¢ R Script © - b -

— = e e = =

s o s you write head(dataset), you
B heaﬂ(qamwd 18) 3l
automatica et the firs
8 Afghanistan 1387 13867957  Asia 40.822 852.3953 roWS

1695 Zinbabue 1962 4277736 Africa 52.358
1696 Zinbbwe 1967 1995032  Africa 53,595 565.7551
1697 Zinbabue 1972 SHGI13S  Africs 55635 799.3622
1698 Zinbabue 1977 6642107  Africa 57674 6955977
1695 Zinbabue 1982 T636526  Africa 60,363 7888550
1700 Zinbabue 1987 9216418 Africs 62351 706,157
1701 Zinbabue 1992 10704340 Africa 60,377 693.4208
1702 Zinbabue 1957 11404548 Africa 46.805 752.4500
1703 Zinbabue 2002 11526563 Africs 39.985 672,038
1704 Zinhabue 2007 12311143 Africa 43,487 469.7093

35



GET AN OVERVIEW OF YOUR DATA SET

m m r d t t iv © .o - W ~ adains ~ Project: (Nor
summary(dataset) gives e  —
simple descriptive statistics. &l... - ot
70 sep = ",", quote = FALSE, append = FALSE, na = "NA] obs. of 6 variables
7 s Gaminer) b ciness saesss roneros issoee awrsso .

For categorical variables you v T T s

76 head gapninder, 10
7 tail(gapninder, 10) ofpPercap: nun 779 821 853 836 740

get the different categories - -

with correspodning = P —

frequencies For numerical A e e Logaritnms ana Exponentials
- ﬁiiik;m B St ord u. it omer Description

2 Log computes logarithms, by default natural logarithms, L0g10 computes
continent  Lifsbxp adppercap. common (i.c., base 10) logarithms, and 1og2 computes binary (i.¢., base 2)
23, 24

variables you get mean, iy PR

Aeta 1396 Median 0.1 Median i 3318
Europe 360 5 721513 Log1p(x) computes Iog(1+x) accurately also for x| << 1.
Oceanta : 24 3rd Qu.:70.85  3rd Qu.: 9325.5

median, quartiles, maximum
and minimum.

Loglp(x)
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EXERCISES

1. Based on the information you can get from str(data$variable) and
summary(data$variable), can you find out which years you have data from?

2. What happens if you combine the summary function with
as.factor(date$variable) for the variable year? Does this change the variable

itself?
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DESCRIPTIVE STATISTICS



THE DIFFERENCE BETWEEN A SAMPLE AND A POPULATION

We use statistics to say something about a population as a whole, based on
results from a sample.
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results from a sample.

Even though a sample is randomly chosen and representative of the population,
there will always be small individual variations, which can give rise to slightly
different results each time an experiment is carried out.
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THE DIFFERENCE BETWEEN A SAMPLE AND A POPULATION

We use statistics to say something about a population as a whole, based on
results from a sample.

Even though a sample is randomly chosen and representative of the population,
there will always be small individual variations, which can give rise to slightly
different results each time an experiment is carried out.

This means that our results can be a bit different from the true values of the
population.

The greater the sample, the closer we are likely to be to the true values. Rule of
thumb: have at least 30 cases, ideally many more. If there is much variation, or if
you are looking for small differences or effects, you need more cases.
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IMPORTANT STATISTICAL MEASURES
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» Frequency and relative frequency - how many have answered yes, no or
maybe, how many are men how many women, etc.
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IMPORTANT STATISTICAL MEASURES

» Frequency and relative frequency - how many have answered yes, no or
maybe, how many are men how many women, etc.

Mode - the most common value or category you measure. There can be more
than one mode.

* Mean, also called expectation value. The mean does not have to be a value
you have actually measured

Median - the middle measurement when data are arranged in ascending order

39



IMPORTANT STATISTICAL MEASURES

» Standard deviation and standard error - the variation or spread in the data,
deviation from the mean
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» Standard deviation and standard error - the variation or spread in the data,
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» Skewness - deviation from symmetry
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IMPORTANT STATISTICAL MEASURES

» Standard deviation and standard error - the variation or spread in the data,
deviation from the mean

» Skewness - deviation from symmetry

Kurtosis - long tails and pointy distribution, or short tails and data mostly

found around or close to the mean

» Percentiles - value below which a certain percentage of the data are found,

e.g. the 25% percentile indicates the value marking the upper limit of the

lower 25% of the data

Interquartile Range (IQR) - the middle half of the data
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IMPORTANT STATISTICAL MEASURES

+ Standard deviation and standard error - the variation or spread in the data,
deviation from the mean

» Skewness - deviation from symmetry

 Kurtosis - long tails and pointy distribution, or short tails and data mostly
found around or close to the mean

* Percentiles - value below which a certain percentage of the data are found,
e.g. the 25% percentile indicates the value marking the upper limit of the
lower 25% of the data

* Interquartile Range (IQR) - the middle half of the data

» Confidence interval (Cl) - interval estimate rather than a point estimate of a
statistical measure. If we conduct the same experiment many times, then the
95% ClI for the mean will in 95% of the experiments contain the true mean of

the population 40



DESCRIPTIVE STATISTICS FUNCTIONS

° RStudio
© .oy - o o fle/function - Addins
0 RV21R gapminder il
Source | A /- » % Source -
51 library(readr
52 gapminder <- read_csv("gapminder.txt")
53 View(gapminder
54
55 gapr factor(gapr )
56 gapr Factor(gapr
57
58 head(gapminder, 10)
59 options("scipen” = 999)
60
61  mean(gapminders1ifeExp
62
63
64
751 | (Top Level) & R Script ¢
Console Terminal -~ Jobs =0

~/OneDrive - Universitetet i Osloj Presentations Presentations2/R kurs fler/
> mean(gapmindersLi fexp)
[1] 59.47444

&) Project: (None) =

Environment  History Connections Tutorial .
>  Import Dataset ~ | & st -
% Global Environment -

Data

© gapminder 1704 obs. of 6 variables

country : Factor w/ 142 levels "Afghanista.
year : num [1:1704] 1952 1957 1962 1967 19.
pop : nun [1:1704] 8425333 9240934 1026708,
continent: Factor w/ 5 levels "Africa”,"An
LifeExp : num [1:1704] 28.8 30.3 32 34 36.
1:1704] 779 821 853 836 74.

Files Plots Packages Help Viewer =
@

Home - | find in Topi

R R Resources @ RStudio

Learning R Online  RStudio IDE Support
CRAN Task Views  RStudio Community
R on StackOverflow ~ Forum
Getting Help with R RStudio Cheat Sheets
RStudio Tip of the
Day
RStudio Packages
RStudio Products

R has many built-in functions for
calculating descriptive statistics. To
calculate the mean you can use
the function mean(variable).
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DESCRIPTIVE STATISTICS FUNCTIONS

eoe Rstudio
o -0y - 1o fleffunc - Addins ~ & Project: (None) ~
0RV21R gapminder [ Environment History Connections Tutorial
source A /'~ + °%  #Source - - Import Dataset + o st e -
P y <- factor( % Global Environment -
56 gapminderscontinent <- factor(gapminderscontinent) Data
57
58 head(gopminder, 16 © gapminder 1704 obs. of 6 variables
59 optionsC'scipen” - 999) country : Factor w/ 142 levels "Afghanista.
60 year : num [1:1704] 1952 1957 1962 1967 19.
pop : num [1:1704] 8425333 9240934 1026708..

61  mean(gapminderslifetxp)
continent: Factor w/ S levels "Africa”,"An.

Just like mean(variable), we have R o i 3 e

. o 2 st oad adpbercap: nun [1:1704] 779 821 853 836 74
sd(variable) for standard deviation, s :
. . .  — pop s e ot Packages Help Viewer ~)
median(variable), range(variable). = >
~/OneDrive - Universitetet i Oslo/Presentations/Presentations2/R_kurs/filer/ Home -
T ey ersfebe) R R Resources @ RStudio
> median(gapminderslifeExp) CRAN Task Views RStudio Community
[1] 23.599 82.603 B : RStudio Tip of the

RStudio Packages

RStudio Product
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DESCRIPTIVE STATISTICS FUNCTIONS

o -loplar- - Addins
0RV2LR gapminder =0
Source O /'« 4 o+ bsource -

o neuuLgupILIET 0

59 options("scipen” = 999)

60

61 mean(gapminders1ifetxp)

62

63 sd(gapminderslifetxp)

64 median(gapmindersLifeExp

65 range(gapninderslifeExp)

66

67 var(gapminderslifeExp)

68 min(gapminderslifeExp)

69 max(gapmindersifeExp)

70 sun(gapminderslifeExp)

71 quantile(gapminderslifeExp)

761 | Cop Leve) 2 R script +
Console Terminal - Jobs =0

RStudio

~/OneDrive - Universitetet | Oslo/PresentationsPresentations2/R_kurs filer/

> var(gapminderSlifeExp)
[1] 166.8517
> minCgapminder§lifeExp)
[1] 23.599
> max(gapminder$1ifefxp)
[1] 82.603
> sum(gapminder$1ifeExp)
[1] 101344.4
> quantile(gapminderslifetxp)
0%  25%  sex 75k 100%
23.5990 48.1980 60.7125 70.8455 §2.6030

B Project: (None) =

Environment  History  Connections  Tutorial

o Import Dataset +
% Global Environment «
Data

' Uist -

© gapminder 1704 obs. of 6 variables
country : Factor w/ 142 levels "Afghanista..
year : num [1:1704] 1952 1957 1962 1967 19..
Pop : num [1:1704] 8425333 9240934 1026708,
continent: Factor w/ 5 levels "Africa”,"An
TifeExp : num [1:1704] 28.8 30.3 32 34 36
gdpPercap: num [1:1704] 779 821 853 836 74.

- attr(*, "spec’)=
.. cols(

Files Plots Packages Help Viewer

@

Home = | find In Topic

R R Resources @ RStudio

Learning R Online
CRAN Task Views

R on StackOverflow
Getting Help with R

RStudio IDE Support
RStudio Community
Forum

RStudio Cheat Sheets
RStudio Tip of the
Day

RStudio Packages
RStudio Products

var(variable) calculates variance,
quantile(variable, percentile) finds
the percentile(s) you ask for. If you
only write quantile(variable), you
will get the 0%, 25%, 50%, 75%
and 100% percentiles
automatically. Other useful
functions are e.g. sum(variable),
min(variable), max(variable).
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HANDLING MISSING VALUES

Most functions have a specific way ses e -

to handle missing values. The e ST o
66 # Global Environment +
. . 67 var(gapminders1ifeExp.
function mean(variable) where the & ey
num [1:1704] 1952 1957 19..

. . . H 71 quantile(gapminderslifeExp)

variable has missing values will g e e s s

74 A : continent: Factor w/ 5 levels "A

give the answer NA. You must use Lo st g, o - T e e o 7
o .. cols(

mean(vanable, na.rm=TRU E), ] -
fngola 12 Wean i1of0 Mean : 2001212 @
pirots o S s

which ’removes’ the missing values PR e
et R R Resources @ RStudio

Home -

. continent lifeExp gdpPercap
from the calculation. Some O
Asia :396 Median :60.71 Median : 3531.8 CRAN Task Views
functions require na.omit or deia 13 s QT o s o ST
> mean(gapminder$lifeExp, na.rm = TRUE) Sheets

na.exclude instead of na.rm. 1 5947k
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SUMMARY

° Rtudio
© .logia- - Addins -  project: (None) +
0jRV2LR gapminder = Environment History Connections . (=
Source on Save. A/ - “Run % Source = > # Import Dataset - & List -

et % Global Environment -

65 range(gapminderslifetxp)
66 Data

The summary functions gives you g — M e

68 min(gapminderslifeExp. country : Factor w/ 142 levels

” I .t fd H t 69 max(gapminderslifeExp)
sum i Slifexp) m ]

el el sl @1 lzeel i p i S on D on 7 8
information about all the variables 2 it : oo 1300 204 5.3
H H H [< I Terminal Job: P | s s(
in a set. It gives different types of ) v

. T country year 2
output for numerical and Mo B e el e

Algeria : 12 Median :1980  Median 702359
Angola : 12 Mean :1980 Mean 20601212 R R Resources @ RStudio

Argentina : 12 3rd Qu.:1993 3rd Qu.: 19585222
Learning R Online ~ RStudio IDE

categorical variables. P A ‘

continent Lifebxp gdpPercap R on StackOver
Africa :624 Min. :23.60 241
Americas:300  1st Qu.:48.20

2 "
Getting H thR o

Asia  :396  Median :60.71 3531.8 RStudio Cheat

Europe :360 Mean :59.47 : 72153

Oceania : 24  3rd Qu.:70.85 3rd Qu.: 9325.5 Rstudio Tip of
the Day

Mox. :82.60 Max. :113523.1
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DATA HANDLING



INSTALLING NEW PACKAGES

Install Packages

You can do a lot with the basic
Install from: ?) Configuring Repositories

packages that you get renositon (CRAN) .

automatically, but there are many

more options available through

additional packages. To install a Install to Library:

new paCkage go to TOOIS > Insta” /Library/Frameworks/R.framework/Versions/4.0/Resources/library ¥

Packages. Write the name of the 7 Install dependencies

package you want, and click /Install.

Packages (separate multiple with space or comma):

tidyverse

Install Cancel
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USING NEW PACKAGES

. RStu
© .o - o fle/funct - Addins - R Project: (None) =
0 RV21R" gapminder [ Envionment History Connections [

Sourceonsave 4 - Run % Source - -  Import Dataset - & — Uist -

69 max(gapminderslifeExp) 7 Global Environment ~ .
70 sun(gapminderslifeExp) > ']' t t EJ ti1 F) l( g;
== o start using the new package,
73 sunmary(gapminder) country : Factor w/ 142 levels ".. . . . "

e ther write library(
A e you can either write library("name
7

continent: Factor w/ S levels "A.

B o PR of the package"), or go to the list of

omn- el it | [  [] vor W packages on the right hand side,
Argentina 12 3rd Qu 3rd Qu.: 19585222 . - .
o T B find it in the list, and check the box

1632
continent  LifeExp gdppercap
tin 241.2 R R Resources @ RStudio

Amé 1300 1st .:48.20  1st ©o1202.1
orices:300 st Qo st G next to it.

3531.8

Asia 96 Median :60.71 Median ¥
Europe :360 Mean :50.47 Mean : 7215.3 CRAN Task Views ~ SuPport
Oceania : 24 3rd Qu.:70.85 3rd Qu.: 9325.5 R on StackOverflow RStudio
Communit
Max. :82.60 Max. :113523.1 Getting Help with R_GomH™®Y
> mean(gapminderSLife€xp, na.rm = TRUED Rstudlo Cheat
heets

[1] 59.47444

> Library(tidyverse) RStudio Tip of
> Day

the
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TIDYVERSE - A COLLECTION OF PACKAGES TO MAKE YOUR LIFE EASIER

Tidyverse is really a library
made up of mulitple libraries.
We have already used readr
to import our data, and later
we will use ggplot2 to make
graphs.
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PIPE % > %

Pipe (% > %, cmnd/ctrl + shift + m)
is a tool that allows you to "push” ses ‘ e o
an object (e.g. a dataset or a o == T ’ ‘
variable) to a function. Whatever :

comes out of the function can then
be pushed on further to a next step

with another pipe. Useful whenever

[1:1704] 779 821 ..
*, "spec”)=

you are performing multiple g
1962 10267083 Asia 853
1967 11537966 Asia 836 R R Resources @ RStudio
1972 13079460 Asia 740
g RO s

CRAN Task View

operations after each other and
don’t need to save the in-between Doy cx e ‘

o
23.5990 48.1980 60.7125 70.8455 82.6030
> gapninderSlifeExp %% quantile %% max

steps as separate datasets or ulte
variables.

1977 14880372 Asia
ifeExp %% mean

49



THE SUMMARIZE/SUMMARISE FUNCTION

The summarize/summarise RCECLE ! -
function lets you calculate as many v s
different summary statistics as you

wish. The input it needs is which ERE
function(s) you wish to use and on -0
which variable(s). In addition the m

caluclated value should be given a
name (not required, but L st - s, s it 10
recommended). e
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THE GROUP_BY FUNCTION

In order to work with groups B oo s e
82 gapminderslifeExp quantile Data
“ country : Factor w/ 142 levels "Afgh.

defined by a categorical variable o ot 3 semerissn - D i e i70) 1952 1957 15621
87 gopminder %% sumarise(nean = meonClifeExp), sd = sAClLfeEXD), N = pop : num [1:1704] 8425333 9240934 1

Uifebxp : num [1:1704] 28.8 30.3 32

you can use the function group_by. B gt S g vy || LS O 420 2

o | ot
) aterce, “spectye
If it is combined with e g consce [ R =0 countr = Pincal charactarCyTn
R ~/OneDrive - Universitetet | Oslo/Presentations Presentations2/R _kurs/fler/ Files Plots Packages Help Viewer ()
Aaanistan 1573 1500460 s PR s
H Afghanistan 1977 14880372 Asia 38.4 786.
summarise you can caicu ate Mghoniston 1962 12881816 Asia »s o
Mohaniston 1087 1087057 Asta 408 252
Mohaniston 1900 10317021 heta 417 69 R R Resources @ RStudio

descriptive statistics for each e ket st

continent mean

group.

Anericas  64.7
Asta .1
Europe 719
Oceania 743
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THE GROUP_BY FUNCTION

XY Rtudio
o .- - Addins -  Project hone) -
o Rv2LR aapminder ) Environment  History Comnections  Tutor . )

sourceonsave R /- aRun o> b Source - = mponDaases - s -
8 gapminder %% sumarise(nean - nean(LifeExp) 1% Giobal Environment -
8 gopminder %% sumnariseCnean - nean(LifeExp), sd - sd(lifeExp Secoldo o
87 gapminder %% summarise(mean ~ mean(lifeExp), sd = sd(lifeExp), n = n()) Lifetxp = [32ncol_doubleO[39m,
& gipPercap = [32ncol_double)[39m
8 gapminder %3 group_by(continent
90 gapminder %% group_by(continent) %% sumarise(nean - mean(LifeExp ©mean_year... 60 obs. of 3 variables
91 gapminder %% group_by(continent, year) %% sumarise(nean - neanCLifeEXD  continent: Factor w/ 5 levels "AFric
92 mean_year_continent < gapminder %% group_by(continent, year) year : nun [1:60] 1952 1957 1962 1%6..

mean : num [1:60] 39.1 413 43.3 45._
- attr(*, "groups’)= tibble [5 x 2] -

You can also use more than one

Console  Terminal - Jobs. = -8 .rows : listcint> [1:5]

Summar seCnean - nean(lifeExp))|

~/OneDrive - Universittet i Oslo/Presentations Presentations?

variable to create subgroups. O

continent year mean

ks fler]

Africa 1952 39.1
Africa 1957 413
Africa 1962 43.3 R R Resources @ Rstudio
Africa 1967 453 on .
Mrica 1072 475 Learning R Onlne RSt OF
Africa 1977 49.6 CRAN Task Views  SUPP
Arica 1982 5.6 Ron Stackoveriow KSudo
Africa 1987 53.3 Getting Help with R forgm
Africa 199 53.6 .
Arica 1997 53.6 Rstudio Chat
Sheets
> mean_year._continent <- gapminder %% group_by(continent, year) %% sumarise(n RStudio Tip of
ean = meanCli feExp)) the Day
summarise()’ has grouped output by 'continent'. You can override using the ".gr RStudio
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SORTING DATA - ARRANGE

If you wish to arrange or sort the
rows in your dataset according to
some criterion defined by one or
more variables you can do this with
o arrange. This can be especially
useful when looking for cases with
extreme values in one or more
variables.

dousleO[39m,
_double

ions2/R_kurs filer/
543

eExp gdpPercap

77,

sau 1952 580653 Africa 2.5 300
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SELECT SUBSETS - SELECTING CASES USING FILTER

You can select subsets based on a
condition using the filter function.
You can set different kinds of
conditions, either by selecting all

col_double()[39m,
adppercap = [32ncol _doubleOL39m
>

60 obs. of 3 variables
: Factor w/ 5 levels "Afric.
un [1:60] 1952 1957 1962 196

cases from a particular category in T
a variable, or by requiring cases to e
satisfy some numerical condition
(e.g. greater than/smaller than).
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SELECT SUBSETS - SELECTING CASES USING FILTER

You can combine conditions to
create a more complex filter. If you
want data to satisfy to different
conditions simultaneously, you

combine conditions using & (AND),

if you wish data to satisfy either
one condition or another you can
use| (OR)

°

Rstudio

-lop - - Addins -
o RV2LR gapminder
Sourceonsave A -
94 gapminder
95 gapminder
%

arrange(LifeExp:
arrange(continent, 1ifeExp

57 gapminder %% filterCcountry - “Argentina’
98 gapminder %% filter(year
99 gapminder %% filter gdPPer(uv 1000

100 gapminder %% filter(year - 2007 & gdpPercap < 1000

101 gapminder %% filter(year ~- 2007 | gdpPercap
102

10155 (Top Level) =

Console  Terminal - Jobs

~/OneDrive - Universitetet | Oslo/Presentations Presentations2/R kurs/fler/
Togo 2007 5701579 Africa
Zinbabne 2007 12311143 Africa

> gapminder %% filter(year == 2007 | gdpPercap < 1000)

country  year  pop continent lifeExp gdpPercap
Afghanistan 1952 8425333 Asia 8 7.
Afghanistan 1957 9240934 Asia 03 81
Afghanistan 1962 10267083 Asia 20 853
Afghanistan 1967 11537966 Asia 40 836
Afghanistan 1972 13079460 Asia w1 740
Afghanistan 1977 14880372 Asia 4 786
Afghanistan 1982 12881816 Asia 99 om
Afghanistan 1987 13867957 Asia w08 852
Afghanistan 1992 16317921 Asia a7 6
Afghanistan 1997 22227415 Asia X

aRun o

1000)  elle

Source -

883,
470

Rcript £

Environment  History  Connections  Tutor ., )
> ~import Daaset + o List -
1% Clobal Environment -
LifeExp = [32ncol_double()[39m,
. gdpPercap = [32ncol_double()[39m

©rmean_year.. 60 obs. of 3 variobles
continent: Factor w/ 5 levels "Afric.
year : num [1:60] 1952 1957 1962 196.
mean : num [1:60] 39.1 41.3 43.3 45.
- attr(*, "groups™)= tibble (5 x 2]
$ continent: Factor w/ S levels "A
S .rows : list<int> [1:5]
Files Plots Packages Help Viewer ()

Xenana(), salect(), slica(). sumarise()

Examples

# Filtering by one criterion
filter(starwars, species == "Human®)
filter(starvars, mass > 1000)

# Filtering by multiple criteria within
filter(starvars, hair_color == “none’ &
filter(starvars, hair_color == “none’ |

# then mltiple expressions are used, ¢
filter(starwars, hair_color == "
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SELECT SUBSETS - SELECTING VARIABLES USING SELECT

ece Rstudio

© .oy - Go to fesfunction - Addins -

gapminder
Sourceonsave | A/~ wRun 0w
97 gapminder %% Filter(country
98 gapminder %% filter(year

99 gapminder %% filter(gdpPercap < 1000
100 gapninder %% filter(year -~ 2007 & gdpPercap < 1000) #
101 gapminder %% filter(year - 2007 | gdpPercap < 1000

Argentina")
7

select(gdpPercap
select(Lifebxp, gdpPercap)
select(pop:gdpPercap)

103 gapminder
104 gapminder
105 gapminder

108

110:1 | (Top Level) &
Console  Terminal - Jobs.
/OneDrive - Universitete i Osloj Presentations Presentations2,R_kurs fler/

> gapminder %% select(pop:gdpPercap)

pop continent LifeExp gdpPercap

8425333 Asia 2.8 79
9240934 Asia 0.3 82
10267083 Asia 2.0 853
11537966 Asia 30 8%
13079460 Asia 36.1 740,
14880372 Asia 8.4 786
12881816 Asia 99 o7
13867957 Asia 0.8 852
16317921 Asia a7 e
22227415 Asia a8 63

Source =

Rcript ¢

Environment  istory Connections  Tutor — ]
20 mportDaaser + s -
% Global Environment -
Data
© gapminder 1704 obs. of 6 variables
country : Factor w/ 142 levels "Afgh
year : num [1:1704] 1952 1957 1962 1.
Pop : nun [1:1704] 8425333 9240934 1.
continent: Factor w/ 5 levels "Afric.
Tifebxp : num [1:1704] 28.8 30.3 32
gdpPercap: num [1:1704] 779 821 853
- attr(*, "spec'd=
.+ colsC
country = T3incol character()3om
Files Plois Packages Help Viewer ]
@ select
R:Subse columns using hei names and types -
()7 S st Vanaore, possioy
with an offset.
These helpers select variables by matching
patterns in their names:

* starts_with(); Starts with a prefix.

* ends_with();: Ends with a suffx.

« containg(); Contains a lteral string.
* matches (); Matches a regular expression.

« num_range(); Matches a numerical range
like 01, x02, X03.

It is also possible to create subsets
including all cases, but where you
only select some of the variables.
This is especially useful when you
have very large datasets. The
function select lets you choose
variables by listing the variable
names.
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SELECT SUBSETS - SELECTING VARIABLES USING SELECT

00
© -oplar-
0 RV2LR

o—yupmirer
99 gapminder
100 gapminder
101 gapminder

103 gapminder

106 gapminder

108 gapminder

gapminder
Souccnsen

.5}

FilterCgdppercap.

Filter(year - 2007 &

filter(year -~ 2007

select(gdpPercap)
select(LifeExp, gdpPercap:
select(pop: gdpPercap)
Select(!1ifeExp)

107 gapminder %% select(!

112:1 | (Top Leveh 2

Console  Terminal

Jobs.

L0
gdppercap
gdpPercap

Pop: gdpPercap)
select(IcClifeExp, gdpPercap))

Rstudio

- Addins -

SRun % Source -

1000)
1000) # ell

Rscript

~/OneDrive - Universitetet | Oslo/Presentations Presentations2/R kurs/fler/
> gopminder %% select(lc(lifeExp, gdpPercap))

country

Afghanistan
Afghantstan

Afghani stan
Afghani stan

Afghani stan

year  pop

1952 8425333
1957 9249934

1972 13079460
1977 14880372
1982 12881816
1987 13862957

1997 22227415

continent

Asia
Asia
Asia
Asia
Asia
Asia
Asia
Asia
Asia
Asia

2 Project: (None) =

# Import Dataset ~ & List + -
7 Global Environment =
© gapminder 1704 obs. of 6 variables
e L0 o e it You can also exclude variables with
e o (11700 7 21 15 l. You will then get all variables

o et v e 25 except the one(s) with ! written

T T before the variable name.

Thass heoers seect vraies by iy
patterns in their name:

+ Starts_uith(); Stats with a prefix
+ ands_uith(): Ends with a sufx

+ containg(): Contains a ieral sting

+ matches (): Matches a regulr exprassion

* nun_range(): Matches a numerical range
ko X01, X02, %03,
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SELECT SUBSETS - SELECTING VARIABLES USING SELECT

. Rtudio
o.lm - + addins - 8 Project: (None) -
o vaLR gapminder ) Enviromen:  History Connections | Tutor
Source onsave | o b source - = | mpo Daaser + | < Ust - -
101 gapminder %% Filt gdpPercap < 1000)  cllc GG o
102 -
103 gapminder ot
04 gominder 0% seleclifeb, oercap) © gapminder 1704 obs. of 6 variables

year : num [1:1704] 1952 1957 1962 1.
107 gapminder %% select( ! (pop:gdpPerca

SESNIENEL e In addition you can provide the

Gopminder. %% select(ends.with(+cop continent: Factor w/ 5 levels "Afric.
LifeExp : num [1:1704] 28.8 30.3 32
111 gapminder %% select(containsC

e B variable names using additional

m
11511 (Top Level) =

= ;:‘::'”,,;.I;‘?'“L.::"'::;:,"”“” = functions like starts_with(),

Fouban coor gt ramet s

YRR el ends_with() and contains().

Afghanistan 8425333 Asia These helpers select variables by matching
Afghanistan 9240934 Asia patterns in thelr names:

* atarts with(): Starts with a prefix.

+ ends_with(): Ends with a suffx
Afghanistan 14880372 Asia o

Afghanistan 12881816 Asia « contains(): Contains a iteral string.
Afghanistan 13867957 Asia

* matches (): Matches a regular expression.
Afghanistan 22227415 Asia

* nun_range (): Matches a numerical range
N Tike x01, x02, X03.
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SELECT SUBSETS - SELECTING VARIABLES USING SELECT

Source on Save AN/~ +Run % Source ~ #Import Dataset + & List + =
103 gapminder %% select(gdpPercap JCETEIEATI0
104  gapminder select(lifeExp, QdDPU‘cﬂD‘ Data
105  gapminder select(pop: gdpPer © gapminder 1704 obs. of 6 variables
1 gopniader 0% se <~~\-fm:‘ countey : Factor w/ 142 levels "Afgh. . . .
e o b o As with filter you can also combine
1 [ e iaEus + mm CLcTwR) 208 303 32 . . . .
IE0 omtrier tox sotecesearee meenchon®) & ends_mithy! sioPereas: oo [a1506e) 778 155 89 the selection criteria. eithe th &
0 e U G e wpercps e 1 10N criteria, el r wi

e e (meaning and) or with | (meaning

:Subse s usiog hl rames an
country

"LaaT Co.L1); St st vana, posSY Or
with an offset, .
Afghantstan These helpers select variables by matching
Afghant stan patterns n their names:
Afghant stan
Afghantstan « starts_with(); Starts with a prefx.
Afghan stan
« ends_with(): Ends with a suffx
Afghani stan 2 Ends with a suf
Afghantstan « contains (): Contains altera string
Afghant stan
Afghani stan « matches(): Matches a regular expression.
Afghan stan
« nun_xanse (): Matches a numerical range
fike X01, X02, 03,
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COMBINING DIFFERENT FUNCTIONS USING THE PIPE

You can combine all these
functions one after the other using
the pipe. Whatever was calculated
at the current step is then passed
on to the next step through the
pipe, for further processing.

er(year == 2007) %%
yCcontinent) %

0%
<Exp), n = n0)
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CREATING NEW VARIABLES

Rstudio x
Fle Edt Code View Plots Session Buld Debug Profile Tools Help
© - oyl ar- « s - B prject. (None)
O cxampieR | [ gopminder 7] Environment  Mistory  Connections -0
Sourceonsave QL /- [ bun | | souce - = < [ | 7 mpon Dataset - [
= 7% Giosal Envronment -
2

130 filzsdays < re gapmtnder 1794 obs. of 8 vartables

B data$NewVariabel <- <some

135 FAL3 < nerge(FEL, FIL3, by="Pas_1d", all = TRuE
3r}

f P expression> will create a new

135 gapntnderslglogdp < Logis gapainder g

B e variable in the data set. Using this,
’ OGRS 10 exponencas we can e.g. calculate new

variables, based on the old ones.

common (L., base 10) logarithms, an
logarithms. The general form Log(x, base] computes logarithms with base:
Log1p(x) computes log(1:+x) accurately also for x| << 1.

exp computes the exponential function.

expal(x) computes exp(x - 2 accurately also for x| << 1.

Usage

Tog(x, base = exp(1))

Togb(x, base = exp(1))

Togie()

tog2(x)

Loglpt)
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CREATING NEW VARIABLES WITH CBIND

Alternatively, you can calculate the
new variable (as a separate
vector), and combine it with your
data set usinng cbind(data set,
new variable).
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CREATING NEW VARIABLES WITH MUTATE

ece Rstudio
o .oy ar- lesfuncton - Addins - B Project: (None) +

0 RV21R" gapminder [ Environment Wistory Connections Tutor ()

Pin[elisen 2 @ 8 @i 1€ Bun:|S- Tidyverse also has a function for

Source on Save
setecey % Global Environment

112 gapminder %% se starts_w ends_with("y") ©gapminder 1704 obs. of 7 varicbles A H
it o % e § meindr JU10 ke of T eeiailes | creating new variables. e
a8 year : num [1:1704] 1952 1957 1962 1.

115 gapminder
106 select(lyear Pop : num [1:1704] 8425333 9240934 1.

- i T function is called mutate and

Data

::; :agmw:v \;w; 9dp qﬂnPTrt;:‘;nuv P gdpPercap: num [1:1704] 779 821 853
e Gl rutate ChodaiiM, gdp : num [1:1704] 6567086330 758544, B
i oo S, needs as input the name of the

Files Plots Packages Help Viewer [

B new variable and the mathematical

untr - tinent 1ifeExp gdoper g % Crote, ity anddelte colamns i
i by pop continent etxp gdpPercap o aNa arops existing ones. New Varianies overwrie

existing variables of the same name. Variables can

Pt <o S v b o b st thor s o expression needed to calculate the

Noponisean 136 10067083 Mot 320 8%, Daagsarer. vsage
Mopeniston 17 0Samo6e asta 300 . Seiapaerse
Afghanistan 1972 13079460 Asia 36.1 740. 9678553274. mutate(.data, ...) H 1 H
Mapanistan 1977 14880572 Asta e e, aleergsan bl t
i B e Bs oyl 4 55 oot o chase “dutatrae variable in question.
Afghanistan 1987 13867957 Asia 40.8 852. 11820990309. mutate(
Nopeniston 199 10310521 Asta 417 o, sosamuoes
Nopenioion 130y 1300035 peta s o, sraamars. et mesee, e

oSty
3 omminden < gapminder 1% mutate(sdp = opPercapepon) “pefors - i
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RECODE VARIABLES

Recode from a continuous to a
categorical variable. We use the
function cut(), which needs as
input the variable we want to
recode, and the limits between the
new categories. The lower and
upper limits define the max and
min, the others definne the cut
points.
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RECODE VARIABLES

’w pe—ea S e If you wish to change the codes in

© gopminder 1704 obs. of & variables

12 ovar sy e o v s an existing variable you can do this

122 gapminderslifeCat < cut(gapmindersif febxp, <(0, 50, 70, 100), labels pov & [1:1766] 8475333 82409%4 1 a .

Ly SOV THGLS", oy, onderedresule - T et factr w5 Ll ATic in Several dlfferent WayS. One
124 gopminder < gapminder %o¥ mutate(LifeCat = fet.recodeClifeCat JipParcop: mum [La7ed] 779 a2 853

5

Hiey"SHiddel =) dp : num [1:1704] 6567086330 758544

B s B T e option is to use the mutate function

Console  Terminal - Jobs o

Files Plots Packages Help Viewer )

/OneDrive - Universietet | Oslo/Presentations Presentations2/R_kurs/fler/

o mutate
g " e o along with a function called
Afghanist.. 1967 11537966 Asia 310 836.  9.65 9 Lav E oity/and deltelcolumnsll_fin ‘
Afghanist. 1972 13079460 Asia 36.1 740.  9.68c 9 Lav '
Afghanist.. 1977 14880372 Asia 38.4 786. 1.17¢10 Lav ## $3 method for class 'data.frame f t d (" I " " Id
Afghanist.. 1982 12881816 Asia 39.9 978, 1.26010 Lav mutate( =
weme femmnl: X oo (mal ClL_recoae( new vaiue" = 0
Afghanist.. 1997 22227415 Asia 41.8 635. 1.41¢10 Lav. ckeep = c("all”, "used”, "unused", "my

‘before = NULL,

S value”).

transmute(.data, ...)

> gapminder <- gapminder %% nutate(lifeCat = fct_recode(lifeCat, "Middels"
%)

cut(gopminderslifexp, (0, 50, 70, 100), labels = c("La

. "Hoy"), ordered_result = TRUE)

> gapminder <. gapminder %% mutate(lifeCat - fct_recode(lifeCat,
"Hoy"="Middels"))

Arguments

.data  Adataframe, data frame extension
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EXERCISES

1. Create a new variable called gdpPercap1000, which corresponds to the GDP
per capita in 1000 USD instead of USD.

2. Calculate the average population for 2007 group by the life expectancy
categories in lifeCat, and count the number of countries you have in each of
the categories (hint: n()).

3. Create a new dataset that only contains the data from Argentina, by choosing
those that have country=="Argentina". Call this set gpArgentina.
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FREQUENCY AND CONTINGENCY TABLES

Rtudio

The frequencies of different
categories can be presented for
one or two (or more) categorical
variables, using table(vari, ...). If
you include three variables, you will
get one table for each category in
the third variable. It is not
recommended to include more
than three variables at a time.

View Plots Session Buld Debug Profile Tools Help
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FREQUENCY AND CONTINGENCY TABLES

‘ Rstudo 0
Fie £ Code Vew Pl Sewion Buld e Frofe ool e
B —
71 Kortosis/gapainder<lifesss % Global Environment =
n Data
B ot s i z
guninder 470 o, of 3 variales
o e
75 gapminderslifecat] qlvm\r\der~\l!e[xv~7 country : Factor w/ 142 levels “Afghanistan”,.
S o g s e e e o e o . .
» o o) by £ im 200 8.3 T 34T marain le(variabl
% ablatasmindrscontiant, apno DI
B oo seoindrsecst) | o —— = -
. e 5 the total sum for each row and
Console  Terminal [ Userubrary
— — scepack  ACEand AUAS for selecing tple 141
) it Ao
e e maions column
backports. Reimplementations of Functions 112 -
o vt i
e S e
M mm sestonc oo o oenta coing
ol S randeries Tee
et 3 M W e Al Sl 8T
" St
. ;:;‘ Mediun High 5;: bitops Bitwise Operations 106
T e s v 045
o T owmons o a Gintn
s, i st T oy o s 06 1101
sum 491 726 493 1704 Base64, ROC
g T e e g 110
Tt s
dmmats ettt heds 105
a Vet e ot 108
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MERGING DATA SETS - ADD CASES

To merge two files, where we want
to add cases, both files MUST gave
the same variables. If they do not
have all the same variables, empty
dummy variables must be created
where needed. Use rbind(fil1, fil2)
to make a new set with all the
rows/cases from both sets.

Rstudio

Profie Tools

- s -

Fle Edt Code View Plots Session Buld Debug
© - oy -
sorceonsove | & - | amn |4
12
123 FLLISEKG < as.Date(FELISEKGL, “sn/3d/ 55"
128 FUIERGR < as.Date( FUISERGZ, “sn/5d/5y")

2
128 Tength(fiL2sFiL

125
126 Tength(FLLISFLL
ALSFL < repli, 1

29 AR < rep(ius, 10)
D0 Flzsdays < repli, 10,

31

ey

> Tength(FiLISFLL)
1] 16

> FULISFL < rep(ia,
> Tength(Fil2sFi12)
[ 10

S T2 < rep(ua,
> Fil2sdays < rep(i,
SRl < rbind(FiLL,

e
Pas_d Alder Kjom
16

1 Hale
2 2 % e
53 e e
41 77kl
s 5 6 Male
s 5 sremle
77 1 e
8 8 3 femle

122 < rbind(fiL, fi12)
12

)

)

1)

fi2)
Datom

2015-08-16

2016
206
2017
2017
206
207
2016
2016
2017
206
2016

1 2016

2017
207
2016
2017
2016
2016

DatouT Balanse Fil1
1201 1

1231
012
2.8
1218
o105
12120
246
0204
231
201
1231
012
2.8
e}
o1.05
12124
216

BEEEEEEE i m

==l

=0

Help

% Glonat Envronment -

onue 2 abs. of 9 vartables

547 ..
W/ 2 levels “Male",Fenale’: 1112121221
2015-06-1

days sClass 'difftine’ stonic [1:20) 473 761 611 283 124 454 56 615
attr(, unts")= chr “days’

o sea

References

Backer, R A, Chambers, | M. and Wilks, A R (1988) The New S Language.
Wadsworth & Brooks/Cole

See Also
The methods seq.0ate and seq.0SIXE
- rep, sequence, ra col.
Examples

seq(o, 1, length.out = 11)
seq(stats::rnom(26)) # effectively "along
by =2) end

# stays below ‘end”

seq(l; 6, )
<eq(1/575, 5.125, by = 0.05)
5eq(17) 4 sane 25 1:17, or even better seq len(17)

[Package base version 3.4.3 Index)
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MERGING DATA SET - ADD VARIABLES

There are several different "join"

INNER JOIN

operations that will merge datasets
eon  \AGEBS ) in slightly different ways
By using a FULL JOIN, you will get
@ @ all IDs, even if some of them only
. occur in one set originally.

Variables where data is missing
will be coded as NA.
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ADDING AND REMOVING SPECIFIED ROWS

patient_data patientdata

add_row(ID = 5, age = 22, diabetes = "Typel", status = "Poorly" YOU can add and remove/select
ttent dots o sticels rows using the add_row() and
patient data i slice(:s slice() functions respectively

patient_data
patient_data
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DEALING WITH MISSING VALUES

airquality

drop_na(0Ozone, Solar.R

airqualityS0zone

airquality
mutate(Ozone

replace_na(0zone,

You can remove rows with missing
using drop_na().

Alternatively, NAs can be replaced
using replace_na().

Another strategy is imputation, of
which R has many methods. But
that is out of the scope of this
course

72



MAKING GRAPHS



THE GGPLOT2 LIBRARY

With the ggplot?2 library you make

Tela e plots by creating layers that lie on
7 e et e e top of each other. This gives great
flexibility when it comes to what

Flles Plots Packages Help Viewer -

- e e L and how much information you

s T o - want to include in a single plot. If

we don’t ask for a specific type of

markers or lines, we only get an
s, - | | S —

 mapping = aes(x=lifeExp, y-gdpPercap))

gdpPer

lifeExp
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THE GGPLOT2 LIBRARY

The second layer specifies that we
want a scatter plot. First you
choose the dataset, and then
which variables within that dataset
that should be plotted. In this case G
you can choose if you set the data 5 o o s v v
set and variables inside ggplot() or z

inside geom_point(), but that is not
always the case. ggplot() is
common for the entire plot, ) =
geom_point() specifically relates to C e
the layer with the scatter points.

1704 obs. of & variables

adp fum [1:1704] 6.57e+09 7.59+09 8.76e+09.

fer, mapping = aes(x=lifeExp, y-gdpPercap))

gdpPercap
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THE GGPLOT2 LIBRARY

You can also define variables
inside the scatter point layer. The
T e e e s data set where the variables
=T should be taken from can also be

assigned in the point layer. This
can be useful if you want to include
data from multiple sets in the same
plot.

gdpPercap

“lifeExp, yegdpPercap))
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. ~/OneDrive - Universitetet | Oslo/Carpentry200131 - RStudio

© -0y - - Addins

© Untied1 -+ © kurs0S0319R =

Sourceonsave A/ - 4 5% source

To change the labels on the axes s

ff oromerintCmming = cusGolifeip, y-phpPercoe))

we add the layer /abs, and inside i ). e

this layer we specify x="Label on a T

the x-axis" and y="Label on the -
y-axis", with a comma between the
two.

Console  Terminal

Lpoint()
> ggplot(data = gapminder) +
ing = aes(xelifebxp, y=gdpPercap))

> gaplotO) +
+ geon_point(data = gapminder, mapping = Ges(x<lifeExp, y=gdpPer
<ap))
> ggplot(data = gapminder) +
+ geon_point(napping = aes(x<lifeExp, y=gdpPercap)) +
+ labsCx = "Life Expectancy [years]",
y = "GOP per capita [USD]")

¥ 200131 -
Environment  History  Connections. =0
 import Dataset - ust -
7% Global Environment -
Data
gapminder 1704 obs. of 8 variables
Values
adp num [1:1704] 6.57¢409 7.59e+09 8.76e409
Files  Plots Packages Welp Viewer =0
P z0om Fewon- O f %-

GDP per capita [USD]

Life Expectancy [years]
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EDITING PLOTS

gy 2o 52210 = . e To change the area shown in the
i omoms T — graph we can add two more layers,

16 lobscx

one for each axis: xlim and ylim.
The limits are specified by writing
xlim (start, stop) and ylim (start,

stop), where start and stop should
be numbers.

Life Expectancy [years]
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EDITING PLOTS

. ~/0neDrive - Universietet | Oslo/Carpenty/200131 - RStudio
© -opla- - Addins - % 200131 -
O goplotkursR* O Untited] «  © | kurs0S0319.R ) Environment  Mistory Connections =0
Sourceonsave A /' - 4 o4 eSoure “ import Dataset - & st -
22 GOP per capita [USD]") % Global Envronment «
23 xlin(20, 99) + ylin(0, 40000) o

24 gapminder 1704 obs. of 8 variables

To change the colour of the points, B e e it voppcs, | i e

you can specify this inside the e

point layer, i.e. inside : R
geom_point(aes(x,y), color="some

Console  Terminal

colour). L -, e

> gaplot(data = gapminder) +
+  geon_point(napping = aes(xelifeExp, y=gdpPercap), colour = "re

GDP per capita [USD]

@)+
+ labs(x = "Life Expectancy [years]",
“GOP per capita [USD]") +
L xnG0, 90> + y1inco, 40000) .
Warning message: oy
Removed 14 rons containing missing values (geon_point).

Life Expectancy [years]
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EDITING PLOTS

There are a lot of colours you can
choose from in R. By typing
colours() in the console you can
get an overview. There are for
instance over 100 different shades
of grey.

Fie Edit Code

° .o

b
168 xin

View Plots Session Buld Debug Profil

nsave QA /-

arl apita (57,

clas
red;

i ='ct. daose,

5 U o
m unnmmuer«mzx», r—

Expectancy ve GOP/cant

Life Boeciony |
@ cata 51,

m raty
o b -
m b
174 Xin - c

e <o, snos0),
=,

75 g
176 plot(gapatnderslifebxp, gapaindersodppercap,
7 " mmtn it

Expettancy v QPJcapita’

178 L ncy [ye
75 Yiab - "@F/ capita [T,

130 xlin = c(20, %9), ylin = <(o, 50080),
181 ol - red' peh - 18, cex -

182 tyoe

183
21227 (op teven

fsss]

[589] sk
[592] "skyblues
[595] "slatebluer
[598] "slatablues
[601] "slategray2
[504] "stategrey”

[so7]
[s16]
f63]
[s16]

[649] “whe ead
652] *yellow

[655] “yellows
-1

Slategrays’

o
*springareent

springgreens’
steelbluez’
tan”

yellowreen

Rstudio

Tools

Help

Environment  Mistory  Connections =)
B
1952 1957 1902 196/ 1972 917 1982 1981
o rom 825353 338934 1026788 11527965 120345
“Africs”, merteas”,

H
s

5 obs. of 2 varibles

ttable! int (115, 1:3] 373 28 88 2 0
Ixtabs’ int (15, 133, 15120 50 9 22

& ot

R Quantic-Quantie Piots -
S e ——

istribution.
provs. Pumeric vector of length
Tebresanting pobabiies Coresponding
quantile pairs define the line drawn.

atype the type of quantile computation used in
yiin, graphical parameters.
Value

For qanorm and qaplot. a st with components

X The x coorainates of the points that were/would be
plotted

y The original y vector. ... the corresponding y
coordinates including

l References

79



EDITING PLOTS

You can also change how
transparent the points should be
with the option alpha, which is a
relative number between 0 and 1,
where 1 means completely solid
and 0 is completely transparent.
This can be assigned the same
way as colour, inside geom_pointy().

num [1:1704] 6.57¢+09 7.59€+09 8.76e409..

Plots  Packages Help Viewer =0

§
4
BREETRE

Life Expectancy [years]
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MULTIPLE LAYERS

In the same way that we use
geom_point() to create points, we
can use similar functions to create
other types of plots. One option is
geom_line(). The benefit is that we
can easily ask for separate lines for
e.g. different countries.

174 obs. of & variables

nun [1:1704] 6.57€409 7.59€+09 8.76e+09_
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MULTIPLE LAYERS

We can also ask for different colour
lines for the countries from different
continents. If you want to control
the text in the legend (the colour
indicator on the side), you can do
this with colour="alternative text"
inside the labs layer.
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MULTIPLE LAYERS

If we want to highlight the data
points we can add a layer of points :
on top of the layer of lines.

Fles Plois Packages Help  Viewer

tancy [years]

Expect

Life
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MULTIPLE LAYERS

We can also define other
properties for this layer, like change
the colour of the dots, but keep the
colours of the lines as they were.
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HISTOGRAM

gggggggggggggggggggg

% 20031 -
©kurs050319R
R /-

To show how the data in a
continuous variable are distributed
you can use a histogram. You can

Febxp), binwidth - 2)

make such a diagram with a layer
like geom_histogram(aes(variabel), -
binwidth=<column width>) ety L
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HISTOGRAM

. ~/OneDrive - Universittet | Oslo/Carpentry/200131 - RStudio
© .oy - - Addins + * 200131 -
©ggplot kursR* « © | Untied1 « @ kurs0S0319.R (7 Environment History Connections ==l

Sourceonsave | A/ - + ) oa | psource  Import Dataset + | & st -
80 % Clobal Environment -
81 #histogran &
82 ggplot(gapminder) + i
85 geon_histogranCaes(lifeExp), binwidth = 2) gapminder 1704 obs. of 8 variables
8 Values
85 ggplot(gapminder) adp num [1:1704] 6.57¢+09 7.59e+09 8.76e409.

geon_histogran(aes(LifeExp), binwidth = 2, colour
black™

7.1 (Top Leve) = Rcript

Console  Terminal —

ntry, colour=continent)) +
+ geon_lineQ) +
+ geon_point(colour="black") +

+ labs(x = "Years”,

+ y = "Life Expectancy [years]",

. colour = "Continent")

> #histogran

> ggplot(gapminder) +

+  geon_histogran(aes(lifeExp), binwidth = 2)

> ggplot(gapminder) +

+  geon_histogranCaes(lifeExp), binwidth = 2, colour = "black")

You can change the colour of the
S Fowe® column contours with colour, inside
the histogram layer.

count

@
lifeExp
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HISTOGRAM

To change the colour of the
columns themselves, you asign a g T

% 200131 -

colour to the fill, by including L
fill="wanted colour" inside the ST
histogram layer. To change the - - o
label on the x-axis you can do this

the same way as before, with a :

labs layer where you set x="the

text you want".
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HISTOGRAM

~/OneDrive - Univers

1704 obs. of 8 variables

Life Expectancy [years]

You can also separate the columns
into different categories defined by
a categorical variable, creating a
stacked histogram, where e.g.
each continent gets its own colour.
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A different way to present 7
continuous variables, especially

when you want to group the

variable, is with a box plot. This

plot also shows the median and

the quartiles.The command that
creates such a layer is
geom_boxplot(aes(categoricalVariable,
continuousVariable)).

.....

fum [1:1704] 6.57€+09 7.59+09 8.760+09.

=

Files Plots Packages Melp Viewer
P 20om Fegorn- O
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BoxPLOT

. ~/OneDrive - UnivrsitetetOslo/Carpentry200131 - RStudio
- Addins - % 200131 -
[ Environment History Connections. =0

' goplotkurs R < © | Untided] < © | kurs00319.R S
st -

- e Source - “Import Dataset ~
;) If you do not wish to divide the

97 ool ouiersize = 15, outer:stroke = 0.5, <..iruncated...

continuous variable into separate
= 2amldeeie (Lt groups defined by a categorical

o variable,you can simply define this
spot as empty.

Console  Terminal =0

1= "white +
+ labs(x = "Life Expectancy [years]",
g

. Lour = “Continent”
> #oxplot
> agplot(gapminder) +
+ geon_boxplot(aes(continent, LifeExp)) +
labs(y = "Life Expectancy [years]")

> agplot(gapminder) +

+ geom_borplotCaes(*, 1ifetxp)) +

+ labs(y = "Life Expectancy [years]”,

"y

Life Expectancy [years]

90



BAR CHART

200131 -

ust -

i To show frequencies for the
different categories of a categorical
variable you can use a bar chart.
For this we must add a layer
geom_bar().
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STACKED BAR CHART

A stacked bar chart presents the TS
frequencies of two categorical g i 8770w S 2
variables. You do this by specifying ol ki

that the fill of the bars should be
coloured according to a second
categorical variable, like here with
fill=continent. This is assigned
along with the first categorical
variable inside aes().

odhum
lifeCat
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CLUSTERED BAR CHART

~/OneDrive - Universistet OsifCarpentry/200131 - RStudio

.
20k [Jsowrceonsave | Q /- N Source = # Import Dataset - List +
1 jeom_bar (aes(x=continent)) 7 Global Environment ~ H
B By adding an extra command

gapminder 1704 obs. of 8 variables

R o R s e L1700 6,570 7536109 8. 7600 inside geom_bar(_._), we can get
= the bars clustered next to each

113 ggplot(gapminder
4 geo

15 lob

Stack, ., wid
16 NA, inherit.ag
117 ggplot(gapminder) +
118 geon_bar(aes(fill-continent, x - lifeCat), position

position_dodge(preserve = 'single’))+
119 labsCFill="Continent™)

other on the x-axis instead. Use
- position = position_dodge(preserve
> ggplot(gapminder) + € 200- [ Americas
8 W o

imZﬁ‘ZZ;?Xfii’ff"‘Ji;ﬂf};i"' x = lifeCat), position = position ol — ’Single’)

+ lobsCFill="Continent™)

> ggplot(gapminder) + 100 = |
+ geon_bar(aesCfill-continent, x - lifeCat)s

+ labs(Fill="Continent")

> ggplot(gapminder) +

+  geon_bar(aes(fill=continent, x = lifeCat), position = position

0-

Oceania

dodgeCpreserve = *single’ s )
+ labsCFill="Continent™) Low Wedum
lifeCat
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EXPORTING DATA

o - Save a data set to file with
write.table(...). Inside the
' parenthesis you give the name of

the data set, the file name you
want it to have (file=), which
symbol should separate columns
(sep=), what indicates missing
’ data, etc. append=FALSE decides

that this should not be added to an

existing file, quote=FALSE means

that string values are saved without
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FURTHER HELP WITH R

Workshops in R offered by the Carpentries. More information can be found here
—> https://www.ub.uio.no/english/libraries/dsc/carpentry-uio/

Ask Google
Ask us: statistikk@usit.uio.no

Sign up for our course announcement email list:
https://sympa.uio.no/usit.uio.no/subscribe/task-kurs
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