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a ruler, a thermometer, a scale and
a tally sheet all measure, but what
you may do with their numbers is
not the same.
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part 1

observations and variables

what a row and a column mean



one row per game, one column per fact

game prize_door contestant_choice monty_opens decision
1 2 2 1 stay
2 1 3 2 switch
3 3 1 2 stay
4 3 1 2 switch

an observation is one game, and a variable is one fact that can differ from game to game.

after Doring (2023), p. 577, and R for Data Science, chapter "data tidying"

observations and variables


https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2
https://r4ds.hadley.nz/data-tidy.html
https://r4ds.hadley.nz/data-tidy.html

one row per game, one column per fact

game prize_door contestant_choice monty_opens decision

1 2 2 1 stay

[ 2 1 3 2 switch ] observation (row)
3 3 1 2 stay
4 3 1 2 switch

an observation is one game, and a variable is one fact that can differ from game to game.

after Doring (2023), p. 577, and R for Data Science, chapter "data tidying"

observations and variables


https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2
https://r4ds.hadley.nz/data-tidy.html
https://r4ds.hadley.nz/data-tidy.html

one row per game, one column per fact

game | prize_door | contestant_choice monty_opens decision

1 2 2 1 stay

[ 2 1 3 2 switch ] observation (row)
3 3 1 2 stay
4 3 1 2 switch

variable (column)

an observation is one game, and a variable is one fact that can differ from game to game.

after Doring (2023), p. 577, and R for Data Science, chapter "data tidying"

observations and variables


https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2
https://r4ds.hadley.nz/data-tidy.html
https://r4ds.hadley.nz/data-tidy.html

one row per game, one column per fact

game | prize_door | contestant_choice monty_opens decision
1 2 2 1 stay
[ 2 1 3 2 switch ] observation (row)
3 3 1 2 stay
4 3 1 2 [switch ] value (cell)

variable (column)

an observation is one game, and a variable is one fact that can differ from game to game.

after Doring (2023), p. 577, and R for Data Science, chapter "data tidying"

observations and variables


https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2
https://r4ds.hadley.nz/data-tidy.html
https://r4ds.hadley.nz/data-tidy.html

a variable varies

decision number_of_doors
stay | , 3
switch : 3
stay | 3
switch | 3
switch , 3
variable constant
differs from game to game the same in every game

a fact that is the same in every game is a constant, and a constant needs no column.

observations and variables




part 2

four scales

what the numbers may mean



types of variables

[ types of variables ]

[ categorical ] [ numerical ] [ qualitative ]

after Doring (2023), chapter 8.4

four scales


https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2

types of variables

[ types of variables ]

[ categorical ] [ numerical ] [ qualitative ]

[ nominal ] [ ordinal ] [ interval ] [ ratio ]

after Doring (2023), chapter 8.4
four scales



https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2

types of variables

[ types of variables ]

[ categorical ] [ numerical ] [ qgualitative ]
[ nominal ] [ ordinal ] [ Interval ] [ ratio ]
eye_colour shirt_size temp_celsius height_cm comment
"blue”, "brown" “st, "M", "L" -3.5, 21.0 162, 185 free text

after Doring (2023), chapter 8.4
four scales



https://doi.org/10.1007/978-3-662-64762-2
https://doi.org/10.1007/978-3-662-64762-2

what each scale allows

equal or not order differences ratios example

nominal v — —_ — eye_colour

each scale keeps everything the one above it allows and adds one more question you may ask.

four scales




what each scale allows

equal or not order differences ratios example
nominal v eye_colour
ordinal v/ v shirt_size

each scale keeps everything the one above it allows and adds one more question you may ask.

four scales




what each scale allows

equal or not order differences ratios example
nominal v eye_colour
ordinal v v/ shirt_size
interval v v v temp_celsius

each scale keeps everything the one above it allows and adds one more question you may ask.

four scales



what each scale allows

nominal
ordinal
Interval

ratio

equal or not

v

C X

order

\\

differences

ratios

example

eye_colour

shirt_size

temp_celsius

height_cm

each scale keeps everything the one above it allows and adds one more question you may ask.

four scales



door 3 is not three times door 1

1 2 3

game 1 | car | mean(prize_door) — 2
game 2 [ car ]
game 3 _oar table(prize_door)
game 4 | car

i [ ] ‘ : 1T 2 3
ame car
) 212
cars 2 1 2

a number used as a name is still a name, so count it instead of averaging it.

four scales



ten degrees are not twice as warm as five

temperature price
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- water freezes
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5°C 10 °C

10 Is twice 5 2 IS twice 1

ratios need a true zero, which a price has and a temperature in celsius does not.

four scales



ten degrees are not twice as warm as five

temperature price

104 A A

36
68
50
32
14

[ 100 ct ] [ 200 ct ]

water freezes

@ @
41°F 50 °F

50 is not twice 41 200 is still twice 100

ratios need a true zero, which a price has and a temperature in celsius does not.

four scales




IS a rating scale ordinal or interval?

organic_share

as an ordinal scale
median(organic_share) # 2

as an interval scale

1 2 3 4 5 mean(organic_share) # 2.366667
hardly any almost all

| ® O I I I
median mean

if in doubt, compute both, and say which one you report.

four scales




part 3

scalesin R

from a scale to a data type



every scale has its type in R

[ types of variables ]

[ categorical ] [ numerical ] [ qualitative ]

[ nominal ] [ ordinal ] [ interval ] [ ratio ]

a factor is how R remembers that a column is categorical.

scales in R




every scale has its type in R

[ types of variables ]

[ categorical ] [ numerical ] [ qualitative ]
[ nominal ] [ ordinal ] [ Interval ] [ ratio ]
<chr> <lgl> <fct> <ord>

a factor is how R remembers that a column is categorical.

scales in R




every scale has its type in R

[ types of variables ]

[ categorical ] [ numerical ] [ qualitative ]
[ nominal ] [ ordinal ] [ Interval ] [ ratio ]
<chr> <lgl> <fct> <ord> <dbl> <int> <dbl> <int>

a factor is how R remembers that a column is categorical.

scales in R




every scale has its type in R

[ types of variables ]

[ categorical ] [ numerical ] [ qgualitative ]
[ nominal ] [ ordinal ] [ interval ] [ ratio ]
<chr> <lgl> <fct> <ord> <dbl> <int> <dbl> <int> <chrs>

a factor is how R remembers that a column is categorical.

scales in R




telling R what a column is

library(dplyr)

monty_hall <- monty_hall |>
mutate(decision = factor(decision, levels = c("stay", "switch")))

survey <- survey |>
mutate(organic_share = factor(organic_share, levels = 1:5, ordered = TRUE))

factor () marks a column as nominal, ordered = TRUE as ordinal, and numbers stay double or integer.

scales in R



what you may compute

count location spread ratios picture

nominal count() bar chart

the scale tells you which function makes sense, while R will run all of them anyway.

scales in R




what you may compute

count location spread ratios picture
nominal count() bar chart
ordinal count () median() quantile() ordered bars

the scale tells you which function makes sense, while R will run all of them anyway.

scales in R




what you may compute

count
nominal count()
ordinal count ()
interval count()

the scale tells you which function makes sense, while R will run all of them anyway.

location

median()

median()

WEERT®)

spread

quantile()

quantile()

sd()

ratios

picture

bar chart

ordered bars

histogram

scales in R



what you may compute

nominal

ordinal

interval

ratio

count

count()
count ()
count()

count()

the scale tells you which function makes sense, while R will run all of them anyway.

location

median()
median()

median()

WEERT®)

mean()

spread

quantile()
quantile()

quantile()

sd()

sd()

ratios

new / old

picture

bar chart

ordered bars

histogram

histogram

scales in R



the scale of a variable decides what you may
compute with it, and R's type should say so.




the scale of a variable decides what you may
compute with it, and R's type should say so.

to read on: Doring (2023), Forschungsmethoden und Evaluation, chapter 8.4, and R for Data Science, chapter
"factors”



https://doi.org/10.1007/978-3-662-64762-2
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https://doi.org/10.1007/978-3-662-64762-2
https://r4ds.hadley.nz/factors.html
https://r4ds.hadley.nz/factors.html
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