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Quizz Time!
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Why visualize data?

Analysis Communication Decision making

There is a whole research 
community dedicated to DataVis, 
can be a course on its own!
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“The best plot ever”
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That plot sucks 
because X, Y, Z
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One Variable: Histograms

Potential options:

- Frequency (heights sum to )

- Percentage (heights sum to 1)

- Density (area sums to 1)

n

Bin sizes are consequential!

How to choose them?

• Let  be the height of 
the 75th largest tree;


• Let  be the height of 
the 75th largest tree;

P75

P25

Freedman–Diaconis rule: 
Choose the bin width equal to:


h = 2
P75 − P25

n1/3

Kernel density estimate: 
generate an smooth 

approximation of the 
distribution with a kernel 

function (a “window”).
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Why not pie charts?

How much bigger is the angle on the right?

A) 3.16× C) 4.12×B) 3.74×
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Why not pie charts?

A) 1.56× C) 2.99×B) 2.24×

How much bigger is the top bar?
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Perception of magnitudes
Position

Length

Slope

Angle

Area

Volume

Color

Most accurate

Least accurate

Cleveland & McGill (1984)

Graphical Perception: Theory, 
Experimentation, and Application 
to the Development of Graphical 
Methods
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One Variable: Box Plots

“The  Michelson–Morley experiment  was 
an attempt to measure the motion of 
the Earth relative to the luminiferous aether”
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https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Luminiferous_aether


One Variable: Box Plots
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One Variable: Box Plots
In the first experiment, what 
% of the samples were below 
850 km/s?


In the second experiment, 
what was the median speed of 
the samples?


In the third experiment, what 
was the sample with the 
lowest recorded speed?
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Box plots = high data-ink ratio

Data-ink ratio =
Data-ink

Total ink used
= proportion of ink devoted to non-redundant stuff
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Empirical CDF Function

• Another way of visualizing a 
distribution!





• Alternative: Complementary CDF 


Fn(x) = Pr(X ≤ x)

1 − Fn(x)
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Scales and Power Laws
• Power law distribution





• Tricky to visualize and describe! For 
small , mean, and variance are 


• Straight lines in log-log axes:


Pr(x) = Cx−α

α ∞

log(Pr(x)) = log(C) − α log(x)
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Visualizing Statistics

(Link)

• Error bars are employed to denote 
the uncertainty of an estimate!


• Usually underspecified:

- Standard error

- Standard error of the mean

- Prediction interval

- Confidence intervals
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https://www.anthropic.com/research/Evaluating-Claude-For-Bioinformatics-With-BioMysteryBench


Visualizing Statistics

https://logarithmic.net/2017/dance/
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https://logarithmic.net/2017/dance/


(Link)
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https://ieeexplore.ieee.org/document/6875915


         Label your axes!

Scatter plot

21Dinosaur Weight

D
in

os
au

r H
ei

gh
t



22

(Link)

https://www.scientificamerican.com/article/what-this-graph-of-a-dinosaur-can-teach-us-about-doing-better-science/


Scatter plot matrix
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Dimensionality Reduction
We are very bad at visualizing data in 

three dimensions (let alone four)
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(Link)

“Small multiples”

https://www.scientificamerican.com/article/what-this-graph-of-a-dinosaur-can-teach-us-about-doing-better-science/


Consider using small multiples
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Be consistent with color!



Line plots
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Moving Averages



LOWESS
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• Pick a specific point  on the -axis


• Look at the nearby data points 
within a window.


• Calculate their average value , 
weighted by their distance to .


• Plot a dot on 

p x

̂yp
p

⟨p, ̂yp⟩
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Heatmaps



They are everywhere!
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(Link)

Color matters!
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https://www.nature.com/articles/s41467-020-19160-7
https://ieeexplore.ieee.org/document/6875915


(Link)
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https://ieeexplore.ieee.org/document/6875915
https://www.nature.com/articles/s41467-020-19160-7


Why visualize data?

Analysis Communication Decision making

There is a whole research 
community dedicated to DataVis, 
can be a course on its own!
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Decision making
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Communication



Give us some 
feedback!

https://tinyurl.com/
reasoningwithdata

https://tinyurl.com/reasoningwithdata
https://tinyurl.com/reasoningwithdata

