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Why visualize data®?

IEEE TRANSACTIONS ON

VISUALIZATION AND There Is a whole research
COMPUTER GRAPHICS

A publi f

son o e Gt community dedicated to DataVis,
canh be a course on Iits own!




“The best plot ever”
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OBAMACARE ENROLLMENT
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One Variable: Histograms

Kernel density estimate:
generate an smooth o
approximation of the T

distribution with a kernel
function (a “window”). 00 —

6
|

Frequency
4
|

Potential options:

- Frequency (heights sum to n)
- Percentage (heights sum to 1)
- Density (area sums to 1)

0
|

Heights of Black Cherry Trees

e Let P,5 be the height of
the 75th largest tree;

¢ Let P,s be the height of
the 75th largest tree;

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

Bin sizes are consequential!

>

How to choose them?
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Why not pie charts?

B

How much bigger is the angle on the right??

A) x3.16  B)x3.74  C)x4.12
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Why not pie charts?

How much bigger is the top bar?

A x1.56 B)x2.24  C)x2.99
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Perception of magnitudes

Most accurate ®  Position <«
= Slope
-~ Length
@ Angle — < Cleveland & McGill (1984)

Graphical Perception: Theory,
o® Area Experimentation, and A,o,olica.tion
to the Development of Graphical

@I m Volume Methods

| east accurate ®@® Color
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“The Michelson—-Morley experiment was
an attempt to measure the motion of
the Earth relative to the luminiferous aether”
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Speed of light (km/s minus 299,000)

Variable: Box Plots
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https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Luminiferous_aether

Interquartile Range
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Speed of light (km/s minus 299,000)

ariable: Box Plots
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One Variable: Box Plots

In the first experiment, what —
% of the samples were below :
850 km/s?

1000 -

900 -

In the second experiment,
what was the median speed of

o0
-
o

Speed of light (km/s minus 299,000)

the samples?

700 =

In the third experiment, what

was the sample with the .
lowest recorded speed? Experiment No
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Box plots = high data-ink ratio

Data-ink
Data-ink ratio = —————
Total ink used

= proportion of ink devoted to non-redundant stuft

ory

a categoryb category c categoryd categorye catego yf




Empirical CDF Function

Histogram of x

* Another way of visualizing a

by
000 005 010 015 020
\

distribution! 8 o /
A
L e
Fn(x) = Pr(X < x) S
» Alternative: Complementary CDF -

1 — Fn(x) 5 S
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Scales and Power Laws

e Power law distribution

E 0003—5\\
PI’(X) — Cx‘“ § 0001—; M
=
e Tricky to visualize and describe! For ’

small &, mean, and variance are oo

e Straight lines in log-log axes:

percentage of cities
=
uuu] ]

1Og(Pl‘()C)) = lOg(C) — alog(x) 103 e

10" 10° 10° 10’

population of city
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Visualizing Statistics

* Error bars are employed to denote st
the uncertainty Of an eStimate! Human-solvable set (76 problems)

e Usually underspecified:
- Standard error

- Standard error of the mean

SSSSS

- Prediction interval

- Confidence intervals

18


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

Visualizing Statistics

ty
=
o
=

Probability densi

0
0 10 20 30 40 50 60 70 80 90 100

Error bars show 95% confidence intervals.

The population mean is contained within 95% of intervals.

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

Error Bars Considered Harmful:
Exploring Alternate Encodings for Mean and Error

Michael Correll Student Member, IEEE, and Michael Gleicher Member, IEEE
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City A City B City A City B City A City B City A City B
Margin of Error +/- 15 Margin of Error +/- 15 Margin of Error +/- 15 Margin of Error +/- 15

(a) Bar chart with error bars: the (b)Modified box plot: The whiskers are (c) Gradient plot: the transparency (d) Vieolin plot: the width of the col-
height of the bars encodes the sample the 95% t-confidence interval, the boxis of the colored region corresponds to ored region corresponds to the probabil-
mean, and the whiskers encode a 95% t- a 50% t-confidence interval. the cumulative density function of a t- ity density function of a t-distribution.
confidence interval. distribution.

Fig. 1. Four encodings for mean and error evaluated in this work. Each prioritizes a different aspect of mean and
uncertainty, and results in different patterns of judgment and comprehension for tasks requiring statistical inferences.

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

Scatter plot

o0- /§/ Label your axes!

80
60
40

20

Dinosaur Height

| | | | I
0 20 40 60 80 100

Dinosaur Weight
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All of the following 13 graphs have the
same summary statistics:

Mean, x-axis = 54.26
Mean, y-axis = 47.83

Standard deviation, x-axis = 16.76
Standard deviation, y-axis = 26.93

Correlation =-0.06
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https://www.scientificamerican.com/article/what-this-graph-of-a-dinosaur-can-teach-us-about-doing-better-science/

IX

Scatter plot matr
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Dimensionality Reduction

We are very bad at visualizing data in
three dimensions (let alone four)

24
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https://www.scientificamerican.com/article/what-this-graph-of-a-dinosaur-can-teach-us-about-doing-better-science/

Media Attention
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Consider using small multiples
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Line plots
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Moving Averages

The 10-Day MA Moves
l I Down While the longer
Day MA Move Higher

e 10 and 50 Day MA
M ves Down While the

longer Day MA Move Higher

p—
_/_—’--’ \_ﬁ.‘ _.. -
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LOWESS

Pick a specific point p on the x-axis

1.5

1.0

Look at the nearby data points
within a window.

0.5

0.0

-0.5

Calculate their average value yp,

-1.0

weighted by their distance to p.

-1.5

0 20 40 60 80 100 120

Plot a dot on (p, y,,)
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Heatmaps
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They are everywhere!

MNEXRAD LEVEL-II

KEUF - BUFFALO, MY
10/12/2006 00:03:10 GMT
LAT: 42/S6/56 N

LON: 78/44/13 W

ELEV: 693.0 FT

YCP: 21

REFLECTIVITY
ELEY ANGLE: 0.44
SCAN TIME: 00:03:09

Legend: (Category) dBZ

=+ 75
+ 70
+ 65
+ 60
+ 55
+ 50




olor matters!

Original

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

Sequential
Diverging

Class
Multi-sequential
Cyclic

Type
Continuous Discrete
batlow batlow10
roma romall
oleron oleron10
romao romaol0
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Categorical

batlows

(Link)
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CHOOSING COLOUR MAP CLASS AND TYPE

CHOOSING COLOUR COMBINATION

CLASS Diverging

TYPE Continuous Discrete

Given dataset

i N
Ordered £ Has the data an order?
(e.g., temperature range)
Yes I
X No
Centric value Has the data a central value?
(e.g., zero in vertical velocity)
Yes I
. ] ] Als the data ordered
Yes Diverging/ Circular/ No relative to a central value?

converging A periodic B (e.g., residual temperature)

B |s the data periodic

Yes : :
(e.g., orientation)

No

Multi- _ _
sequential Cyclic Sequential

h - 4 h_d4 P

Important small
variations?

Should small data
variations be visible?

Categorical

| . ... Laalaki

Yes
Empty values

Does the data contain
Prevent colour map empty values like NaNs?

No containing the figure (e.g., measured surface
background colour temperature)

Is there an intuitive

The data parameter No colouring for the
i s parameter? (e.g., blue to
has intuitive colours red for temperature)
Yes I
No

Has the data a central
value? (e.g., zeroin
vertical velocity)

Centric value

Yes I

Light figure
background

Light figure Is the plot

background background
light?

Use light
coloured
centre
colour map

Use dark Use colour
map with
parameter-
intuitive
colours

Use dark
part for
high values

coloured
centre
colour map

Use light
part for
high values



https://ieeexplore.ieee.org/document/6875915
https://www.nature.com/articles/s41467-020-19160-7
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Why visualize data®?

IEEE TRANSACTIONS ON

VISUALIZATION AND There Is a whole research

COMPUTER GRAPHICS . . .
community dedicated to DataVis,
canh be a course on Iits own!
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Home Members Join Us
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The Humans and Machines Lab is a research group within the
Princeton CS department led by Manoel Horta Ribeiro. We are
affiliated with the Center for Information Technology Policy and with
Princeton HCI. We do research at the intersection of Computational
Social Science, Human-Computer Interaction, and Artificial
Intelligence.

Our research seeks to understand, design, and improve
sociotechnical systems in the age of generative Al.

wilak

Publications Teaching Press

Bulletin Board

Next

2026-04-04 ™ Paper accepted at Findings of the ACL
2026: "The lllusion of Insight in Reasoning Models" (link)

2026-03-15 ™ Paper accepted at ICWSM 2026: "Short-
form video platforms drive mobile overuse" (link)

L3

Intentional and Personalized Social Media Feeds" (link)

2025-12-04 ™ Paper accepted at USENIX 2026:

"Chameleon Channels: Measuring YouTube Accounts
Repurposed for Deception and Profit" (link)

2026-01-17 ™ Paper accepted at CHI 2026: "Bonsai:

2025-11-10 'Y Manoel was commended for his teaching at
Princeton! (link)

2025-10-18 & The very first cohort of Postdocs, PhD
students, and MSc students joined the lab!
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FiveThirtyEight

The winding path to 270 electoral votes

A candidate needs at least 270 electoral votes to clinch the White House. Here's where the race
stands, with the states ordered by the projected margin between the candidates — Clinton’s
strongest states are farthest left, Trump's farthest right — and sized by the number of electoral
votes they will award.
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The candidate who gets N\
more than 269 electoral votes —
«— Bigger Clinton margins enough to cross this line — wins Bigger Trump margins —

KEY — ONE ELECTORAL VOTE
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https://tinyurl.com/reasoningwithdata
https://tinyurl.com/reasoningwithdata

