
Prof. Gerald is studying the effect of the chemical compound 
commonly known as De Vries’ Extract on pupil radius on 
different closely-related species.

He collects four samples of compound intensity and pupil radius 
across four species: Bruxa, Striga, Basilisk, and Kikimore.

He suspects a positive linear relationship between intensity and 
radius: wider pupils as more of the compound is ingested.

Help him analyze the properties of each dimension and the 
relationships between them.



Statistical Property
Mean of 𝑥 9
Sample variance of 𝑥 ∶ 𝑠2 11
Mean of 𝑦 7.50
Sample variance of 𝑦 ∶ 𝑠2 4.125
Correlation between 𝑥 and 𝑦 0.816
Linear regression line 𝑦 = 3.00 + 0.500𝑥
Coefficient of determination of the linear 
regression 𝑅! 0.67

Are these datasets the same?



The importance of seeing your data



Same Stats; Different Graphs https://www.autodesk.com/research/publi
cations/same-stats-different-graphs

https://www.autodesk.com/research/publications/same-stats-different-graphs


Why do we visualize data?



Answer or discover 
questions
Make decisions
Contextualize
Expand memory
Aid cognition
Tell a story
Inform
Inspire
Find patterns
Collaborate
Revise
Find errors



Moreover, the result of this intervention (a before/after experiment
of sorts) was consistent with the idea that cholera was transmitted by
impure water. Snow’s explanation replaced previously held beliefs 
that cholera spread through the air or by some other means. In those
times many years before the discovery of bacteria, one fantastic theory
speculated that cholera vaporously rose out of the burying grounds of
plague victims from two centuries earlier.fl In 1886 the discovery of the
bacterium Vibrio cholerae confirmed Snow’s theory. He is still celebrated
for establishing the mode of cholera transmission and consequently the
method of prevention: keep drinking water, food, and hands clear of
infected sewage. Today at the old site of the Broad Street pump there
stands a public house (a bar) named after John Snow, where one can
presumably drink more safely than 140 years ago.

Why was the centuries-old mystery of cholera finally solved? Most
importantly, Snow had a good idea—a causal theory about how the 
disease spread—that guided the gathering and assessment of evidence.
This theory developed from medical analysis and empirical observation;
by mapping earlier epidemics, Snow detected a link between diVerent
water supplies and varying rates of cholera (to the consternation of 
private water companies who anonymously denounced Snow’s work).
By the 1854 epidemic, then, the intellectual framework was in place,
and the problem of how cholera spread was ripe for solution.‡

Along with a good idea and a timely problem, there was a good
method. Snow’s scientific detective work exhibits a shrewd intelligence
about evidence, a clear logic of data display and analysis:

1. Placing the data in an appropriate context for assessing cause and effect.
The original data listed the victims’ names and described their circum-
stances, all in order by date of death. Such a stack of death certificates 
naturally lends itself to time-series displays, chronologies of the epi-
demic as shown below. But descriptive narration is not causal explanation;
the passage of time is a poor explanatory variable, practically useless in
discovering a strategy of how to intervene and stop the epidemic.

visual and statistical thinking 7

fl H. Harold Scott, Some Notable Epidemics
(London, 1934), 3-4.

‡ Scientists are not “admired for failing 
in the attempt to solve problems that 
lie beyond [their] competence. . . . If 
politics is the art of the possible, re-
search is surely the art of the soluble.
Both are immensely practical-minded
aVairs. . . . The art of research [is] the 
art of making diYcult problems soluble
by devising means of getting at them.
Certainly good scientists study the most
important problems they think they can
solve. It is, after all, their professional
business to solve problems, not merely 
to grapple with them. The spectacle of 
a scientist locked in combat with the
forces of ignorance is not an inspiring 
one if, in the outcome, the scientist is
routed. That is why so many of the 
most important biological problems 
have not yet appeared on the agenda 
of practical research.” Peter Medawar,
Pluto’s Republic (New York, 1984), 
253-254; 2-3.
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Support Reasoning

In September 1854, a cholera outbreak 
resulted in 616 deaths in central London.

The prevailing theory of the time was 
that disease was airborne.
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Support Reasoning

John Snow’s scientific detective 
work aimed to establish causal-
effect between dirty water and 
the outbreak by plotting deaths 
and showing that they clustered 
around the broad street pump.

Instead of plotting a time-series, which would simply report each day’s bad news, 
Snow constructed a graphical display that provided direct and powerful testimony about 
a possible cause-eVect relationship. Recasting the original data from their one-dimensional
temporal ordering into a two-dimensional spatial comparison, Snow marked deaths from
cholera (        ) on this map, along with locations of the area’s 13 community water pump-
wells (    ). The notorious well is located amid an intense cluster of deaths, near the d in
broad street. This map reveals a strong association between cholera and proximity to 
the Broad Street pump, in a context of simultaneous comparison with other local water
sources and the surrounding neighborhoods without cholera.

visual and statistical thinking 8
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 Rubber O-rings, nearly 38 feet
(11.6 meters) in circumference;
1/4 inch (6.4 mm) thick.
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The shuttle consists of an orbiter (which carries the crew and has power-
ful engines in the back), a large liquid-fuel tank for the orbiter engines,
and 2 solid-fuel booster rockets mounted on the sides of the central tank.
Segments of the booster rockets are shipped to the launch site, where

they are assembled to make the solid-fuel rockets. Where these segments
mate, each joint is sealed by two rubber O-rings as shown above. In the
case of the Challenger accident, one of these joints leaked, and a torch-
like flame burned through the side of the booster rocket.

Less than 1 second after ignition, a puV
of smoke appeared at the aft joint of 
the right booster, indicating that the 
O-rings burned through and failed to
seal. At this point, all was lost. 

On the launch pad, the leak lasted only about 2 seconds and then apparently was plugged by putty
and insulation as the shuttle rose, flying through rather strong cross-winds. Then 58.788 seconds after
ignition, when the Challenger was 6 miles up, a flicker of flame emerged from the leaky joint. Within
seconds, the flame grew and engulfed the fuel tank (containing liquid hydrogen and liquid oxygen).
That tank ruptured and exploded, destroying the shuttle.

The flight crew of Challenger 51-l. Front row, left to right: Michael J.
Smith, pilot; Francis R. (Dick) Scobee, commander; Ronald E. McNair.
Back row: Ellison S. Onizuka, S. Christa McAuliVe, Gregory B. Jarvis,
Judith A. Resnik.

As the shuttle exploded and broke up at approximately 73 seconds after
launch, the two booster rockets crisscrossed and continued flying wildly.
The right booster, identifiable by its failure plume, is now to the left of
its non-defective counterpart.

On January 28, 1986 
Challenger broke 
apart 73 seconds into 
its flight, leading to the 
deaths of its seven 
crew members.



Support Reasoning

What caused the 
failure?



Support Reasoning
JOHN SNOW AND THE CHOLERA EPIDEMIC

THE DECISION TO LAUNCH THE SPACE SHUTTLE CHALLENGER

EDWARD R. TUFTE

VISUAL AND STATISTICAL THINKING:

DISPLAYS OF EVIDENCE FOR MAKING DECISIONS

30º25º 35º 40º 45º 50º 55º 60º 65º 70º 75º 80º

4

8

12 

Temperature (˚F) of field joints at time of launch

O-ring damage
index, each launch

26˚-29˚ range of forecasted temperatures 
(as of January 27, 1986) for the launch 
of space shuttle Challenger on January 28

srm 15

srm 22

0

4

8

12 

0

85º

ISBN 978-1-930824 -18-8
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What caused the failure? Chilly temperatures on launch day
What is a damage index?
Which temperatures? O-ring? 
Outside?



Support Reasoning



Convey Information



Convey Information

Florence 
Nightingale’s 1856 
Crimean War 
Coxcombs: “to affect 
thro’ the Eyes what 
we fail to convey to 
the public through 
their word-proof 
ears”



Record Information

Blueprints, Floorplans, Maps Seismograms

ECGs

Satellite Images

Sightings Maps



How to make good 
visualizations?



What is a visualization?

McCormick et al, Visualization in 
Scientific Computing, Computer 
Graphics 21, 6 (November 
1987) 

Symbolic 
↓

Transformation
↓

Geometric

Gives an operational definition of visualization: 
It is the visual encoding of data variables



Design Criteria

A set of facts is expressible in a visual language if 
the sentences (i.e. the visualizations) in the 
language express all the facts in the set of data, 
and only the facts in the data.

A visualization is more effective than another 
visualization if the information conveyed by one 
visualization is more readily perceived than the 
information in the other visualization.

Effectiveness

Expressiveness

McKinlay, 1986

Tell the truth, the 
whole truth and 
nothing but the truth!

Use visual encodings 
that people can decode 
better (faster and 
more accurate).



Expressiveness
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Expressive?



Effectiveness
“Use visual encodings that 
people can decode better”



Outline

Task
Questions, goals, 
assumptions

Data
Physical data type
Conceptual data type

Domain
metadata
semantics
conventions

Processing

Mapping /
Visual Encoding

Image
Visual channel
Graphical marks

nominal, 
ordinal, 
quantitative?

sorting, log-scale, 
binning, grouping, 
aggregating …

points, bars, lines, …

position (x, y), color, shape, 
size, …

1. Learn about 
Data Models

2. Learn about 
Visual Encoding

3. Learn the 
Rules

4. Examples 5. Summarize 
with practical 
tips


