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Which of these plots is better, A or B? Why?
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From a dataset of countries:

Mean GDP per capita [PPP USD], 
split by whether unemployment is <7%
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From a dataset of monthly 
temperature readings:

Average annual temperature [°C] in 
Cambridge



Which of these plots is better, A or B? Why?
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Average daytime speeds in central 
London, major roads
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PART I. Scales



Aesthetic mappings convert dataset feature scales 
to perceptual scales on a plot.

Sepal.
Length

Sepal.
Width

Petal.
Length

Petal.
Width Species

5.0 3.4 1.6 0.4 setosa

6.5 3.0 5.5 1.8 virginica

5.0 3.5 1.3 0.3 setosa

6.7 2.5 5.8 1.8 virginica
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EXERCISE: what are the data features and aesthetic scales?

6https://www.theguardian.com/world/ng-interactive/2018/nov/20/revealed-one-in-four-europeans-vote-populist



EXERCISE: what are the data features and aesthetic scales?

7/ƘŀǊƭŜǎ aƛƴŀǊŘΩǎ ƳŀǇ ƻŦ bŀǇƻƭŜŀƴΩǎ 1812 Russia campaign



FALSE TRUE

What perceptual scales are there?
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And how should we choose which to use?



According to On the theory of scales of measurement (Stevens 1946) there are four 
ǘȅǇŜǎ ƻŦ Řŀǘŀ ǎŎŀƭŜΦ ό¢Ƙƛǎ ƛǎƴΩǘ ǊŜŀƭƭȅ ǘǊǳŜ ōǳǘ ƛǘΩǎ ŀ ƎƻƻŘ ǇƭŀŎŜ ǘƻ ǎǘŀǊǘΦύ
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Nominal: no 
comparison is 
meaningful

Ordinal: we can ask 
which is greater, but not 
measure how much

Interval: we can 
subtract one value 
from another

Ratio: we can 
divide one value by 
another

from The Grammar of Graphics (Wilkinson 2005)

Why is military expenditure 
interval rather than ratio?

ê:ÏË ĉ ¾ó ËÏû U Û»ĉó¾lUÅ Ïð 
fundamental quantity. It is a 
measure of utility in the 
exchange of goods. Research 
by Kahneman and Tversky 
(1979) has shown that zero (no 
loss, no gain) is not an 
absolute anchor for monetary 
measurement. Individual and 
group indifference points can 
drift depending on the framing 
of a transaction or 
 ĈÛ Ëv¾ûĀð àë

Wilkinson, 2005.



The four data scales fit naturally with certain aesthetic scales.
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Nominal: no 
comparison is 
meaningful

Ordinal: we can ask 
which is greater, but not 
measure how much

Interval: we can 
subtract one value 
from another

Ratio: we can 
divide one value by 
another
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Designing 
colour scales 
is hard! 11
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Best to use a well-thought-out off-the-shelf colour scale.

Qualitative palette
nominal scale

Sequential palette
ordinal or interval scale

Divergent palette
ratio scale

© Cynthia Brewer, Mark Harrower, and the Pennsylvania State University
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You should only use an aesthetic scale that ŘƻŜǎƴΩǘ match your data scale
ǿƘŜƴ ȅƻǳΩǊŜ ƳŀƪƛƴƎ ŀƴ ŀǊǘƛǎǘƛŎ ƻǊ ǊƘŜǘƻǊƛŎŀƭ ǎǘŀǘŜƳŜƴǘΦ
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FALSE TRUE

Some more scales
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monthly 
distribution of 
wind direction



FALSE TRUE

Some more scales
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FALSE TRUE

Some more scales
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FALSE TRUE

Some more scales
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FALSE TRUE



FALSE TRUE

Some more scales
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FALSE TRUE

FALSE TRUE

FALSE TRUE
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Nominal: no 
comparison is 
meaningful

This is dumb!

How can we say 
άƴƻ ŎƻƳǇŀǊƛǎƻƴ 
ƛǎ ƳŜŀƴƛƴƎŦǳƭέ τ 
and at the same 
time render onto 
a ώ scale, inviting 
comparison?

Some more scales
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Minimum and maximum February temperatures [°C] 
at weather stations around the UK
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This scale is really an 
embedding of stations 
onto the ώ axis, based on 
alphabetic ordering of 
station name.

5ƻƴΩǘ ƭŜǘ ŀ ǎŎŀƭŜ Ǝƻ ǘƻ 
waste! How about a 
different embedding, 
based on other 
interesting features?

Some more scales



PART II. Argument



Why do we even use plots?
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Fraction who survived

1st

2nd
3rd
Crew
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ÛǐƼǤŭǤņŁ‐‐®Ɯ‐ĉņǁ
;Ɔğǁǁ‐ÛņǬ‐‐‐‐ Şņ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
ớǁǊ‐‐‐­ğƆņ‐‐‐;ŨŭƆŁ‐‐‐‐‐‐‐‐‐‐‐‐Ớ‐‐‐ở
‐‐‐‐‐‐‐‐‐‐‐‐‐ŁǐƆǊ‐‐‐‐‐‐‐‐‐‐ớớỢ‐‐ởỡ
‐‐‐‐‐‐]ņƒğƆņ‐;ŨŭƆŁ‐‐‐‐‐‐‐‐‐‐‐‐Ớ‐‐‐ớ
‐‐‐‐‐‐‐‐‐‐‐‐‐ŁǐƆǊ‐‐‐‐‐‐‐‐‐‐‐‐Ở‐ớỞỚ
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‐‐‐‐‐‐]ņƒğƆņ‐;ŨŭƆŁ‐‐‐‐‐‐‐‐‐‐‐‐Ớ‐‐ớờ
‐‐‐‐‐‐‐‐‐‐‐‐‐ŁǐƆǊ‐‐‐‐‐‐‐‐‐‐‐ớờ‐‐ỢỚ
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Survivors of the Titanic

{ƻ ǘƘŀǘ ǿŜ Ŏŀƴ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ŀǳŘƛŜƴŎŜΩǎ ǇŜǊŎŜǇǘƛƻƴΣ ǊŀǘƘŜǊ ǘƘŀƴ Ƨǳǎǘ ǘƘŜƛǊ ŎƻƎƴƛǘƛƻƴΦ
ό5ƻƴΩǘ ƳŀƪŜ ȅƻǳǊ ŀǳŘƛŜƴŎŜ Řƻ ŀƭƭ ǘƘŜ ǿƻǊƪΗύ



EXERCISE: what does this scientist want us to perceive?

patient
ID

classification 
algorithm

accuracy 
score

p2 lasso 0.228

p3 owl 0.279

p3 crl 0.197

ể ể ể

DATASET: medical data for 10 
patients was processed by 4 
classification algorithms, and 
each algorithm was scored on a 
holdout dataset of size 30, to 
measure its prediction accuracy.

a
cc

u
ra

cy
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Á Plots invite the viewer to make comparisons 
(how does feature ὃ depend on ὄ, ὅ, or Ὀ?)

Á So decide what comparisons you want your 
audience to make, and put your primary 
comparators on the best-perceived scales



EXERCISE: what comparisons does this scientist want us to make?

patient
ID

classification 
algorithm

accuracy 
score

p2 lasso 0.228

p3 owl 0.279

p3 crl 0.197

ể ể ể

DATASET: medical data for 10 
patients was processed by 4 
classification algorithms, and 
each algorithm was scored on a 
holdout dataset of size 30, to 
measure its prediction accuracy.
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EXERCISE: what comparisons does this scientist want us to make?

patient
ID

classification 
algorithm

accuracy 
score

p2 lasso 0.228

p3 owl 0.279

p3 crl 0.197

ể ể ể

DATASET: medical data for 10 
patients was processed by 4 
classification algorithms, and 
each algorithm was scored on a 
holdout dataset of size 30, to 
measure its prediction accuracy.

Á tǊƻōŀōƭȅ ϦƘƻǿ ŘƻŜǎ ŀŎŎǳǊŀŎȅ ŘŜǇŜƴŘ ƻƴ ŀƭƎƻǊƛǘƘƳΚέ

Á So put this on ὼ and ώ scales, which are easier to perceive!

Á The lines group together the readings for a single patient, which 
helps with making between-patient comparisons.

Á Between-ǇŀǘƛŜƴǘǎ ƛǎ ƻŦ ǎŜŎƻƴŘŀǊȅ ƛƳǇƻǊǘŀƴŎŜΣ ǎƻ ǿŜΩƭƭ ǳǎŜ ƘǳŜΦ
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EXERCISE: what comparisons are we invited to make?

Wƻȅ 5ƛǾƛǎƛƻƴΩǎ ŀƭōǳƳ Unknown Pleasures, 1979
https://blogs.scientificamerican.com/sa-visual/
pop-culture-pulsar-origin-story-of-joy-division-s-unknown-pleasures-album-cover-video/

This plot shows signal 
strength from a 
pulsar. Each line 
spans a period in 
time, and the periods 
are arranged in order 
of time, with 
occlusion.



https://www.nature.com/articles/s41551-017-0079

This plot is 
annotated with 
hypothesis tests.

EXERCISE: what comparisons are we invited to make?

An individual's monthly activity (3 categories) and sleep quality 
(1 category), normalized by the monthly maximum in each category. 
All differences between means withp < 0.01 are indicated (within the same category and across categories).##, p < 
0.01, for SepςDec 2016 and any time interval before May 2016; ***,p < 0.001; ****, p < 0.0001; two-tailed pairedt-
tests.

If your plot does 
not depict the 
comparisons you 
want to make, 
find a better plot.
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New York Times
https://www.nytimes.com/interactive/2019/08/24/world/americas/amazon-rain-forest-fire-maps.html

EXERCISE: what comparisons are we invited to make?

Detected fires in the Amazon using data from NASA satellites Terra 
and Aqua (which can detect the infrared radiation emitted by fires)

¢Ƙƛǎ ƛǎ ŀ άǎƳŀƭƭ ƳǳƭǘƛǇƭŜέ 
plot, useful for making 
comparisons between 
multidimensional 
outputs. 

(The medical example 
was a badly-done 
small multiple plot.)



²Ƙŀǘ ŘƻŜǎ άōŜǎǘ-ǇŜǊŎŜƛǾŜŘ ǎŎŀƭŜέ ƳŜŀƴΚ
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data 
scale

perceptual 
scale

aesthetic mapping

scale perception

ά5ŜŎƛŘŜ ǿƘŀǘ ŎƻƳǇŀǊƛǎƻƴǎ ȅƻǳ ǿŀƴǘ ȅƻǳǊ ŀǳŘƛŜƴŎŜ ǘƻ ƳŀƪŜΣ
άand put your primary comparators on the best-ǇŜǊŎŜƛǾŜŘ ǎŎŀƭŜǎέ



Exercise: what is the data ᵶ aesthetic mapping?
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FALSE TRUE

What perceptual scales might I use to convey quantity?
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FALSE TRUE

FALSE TRUE

Information visualization: perception for design by Colin Ware
Why scientists need to be better at data visualization  https://www.knowablemagazine.org/article/mind/2019/science-data-visualization

Area is dangerous
Stevens exponent: perceived area = (drawn area)0.8
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Total column density of ozone above the southern hemisphere 
(Why Should Engineers and Scientists Be Worried About Color? Rogowitz and Trienish, 1998)

Hue (c) conveys broad differences,
while brightness (b) conveys fine differences. 
They can be combined (d).

(Rainbow palettes (a) should only be used for 
drawing rainbows.)

(a) (b)

(c) (d)

What colour scale might I use to convey quantity?



How are the different perceptual scales perceived?
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Lines banked around 45° 
are easiest to read.
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We can see colour 
differences more easily 
than shape differences.

How are the different perceptual scales perceived?

Is there a red dot?



36

We notice differences 
relative to the field

How are the different perceptual scales perceived?

Where is the red dot?
Fraction who survived, among 
people on the Titanic

1st

2nd
3rd
Crew

0.25

0.50

0.75

1.00

Female Male



PART III. 
The atomic theory 

of plotting

In the best plots, every dot of ink is a datapoint.
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Each bar is a 
person who died 
from cholera. The 
bars have been 
stacked.

John Snow, 1854 https://www.theguardian.com/news/datablog/

2013/mar/15/john-snow-cholera-map
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NASA earth observatory
https://earthobservatory.nasa.gov/images/87551/london-at-night

Our brains are wired to understand how 
ŘŀǘŀǇƻƛƴǘǎ ƭƻƻƪ ǿƘŜƴ ǘƘŜȅΩǊŜ ŀƎƎǊŜƎŀǘŜŘ



40

Our brains are wired to understand how 
ŘŀǘŀǇƻƛƴǘǎ ƭƻƻƪ ǿƘŜƴ ǘƘŜȅΩǊŜ ŀƎƎǊŜƎŀǘŜŘ
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This is why histograms are so easy to understand

Dataset: miles per 
gallon (mpg) for a 
variety of cars
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South China Morning Post
https://www.scmp.com/infographics/article/1284683/iraqs-bloody-toll



In the best plots, every dot of ink is a datapoint 
with its own story.
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The New York Times makes great use of 
interactive dotplots, to tell stories.



In the best plots, every dot of ink is a datapoint 
with its own story.
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It's too easy to lie with aggregated data.

Beyond Bar and Line Graphs: Time for a New Data Presentation Paradigm
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1002128

Show the dots in plots
https://www.nature.com/articles/s41551-017-0079


