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Announcements
Final Project prototype due Monday.

Final Project video due the Monday thereafter.

Lecture next Thurs. is Final Project peer feedback.

FAQs:

1. What is required for the final project prototype? See the website 
for full rubric.
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What is being visualized?

What are the strengths 
and weaknesses of this 
visualization?
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What is being visualized?

What are the strengths and 
weaknesses of this 
visualization?

How does it compare to the 
needle?
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https://www.youtube.com/watch?v=0L1tGo-DvD0


Uncertainty
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What does it mean?

How should I visualize it?
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What does it mean?

How should I visualize it?



Uncertainty
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What does it mean?

How should I visualize it?

Doubt
Risk
Variability
Error
Lack of knowledge
Hedging
etc...



Sources and Types of Uncertainty

10Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.



Sources and Types of Uncertainty

11Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.

Measurement Uncertainty

How and how much should we sample the data?

Precision Accuracy
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Measurement Uncertainty

How and how much should we sample the data?

Precision Accuracy

}Bias

Variance



Sources and Types of Uncertainty

13Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.

Model Uncertainty

How does the data fit together?



Sources and Types of Uncertainty

14Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.

Decision/Forecast Uncertainty
How do I assess the risk or error?

🌧 ☀

☂

☂



🌧 ☀

☂ 👍

☂ 👍
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Decision/Forecast Uncertainty
How do I assess the risk or error?



🌧 ☀

☂ 👍
Type I
False 

Positive

☂ 👍
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Decision/Forecast Uncertainty
How do I assess the risk or error?



🌧 ☀

☂ 👍
Type I
False 

Positive

☂
Type II

False 
Negative 👍

Sources and Types of Uncertainty

17Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.

Decision/Forecast Uncertainty
How do I assess the risk or error?



Sources and Types of Uncertainty

18Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.



Uncertainty
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What does it mean?

How should I visualize it?

Lots of things!



Uncertainty

20

What does it mean?

How should I visualize it?
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What do you think these error bars 
are implying?
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Expressiveness?

❌ Error bars aren’t consistently 
used to visualize the same 
measure (standard error, IQR, 95% 
CI, etc.).
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[Newman & Scholl, 2012]
[Correll & Gleicher, 2014]

Expressiveness?

❌ Error bars aren’t consistently 
used to visualize the same 
measure (standard error, IQR, 95% 
CI, etc.).

❌ Within-the-bar bias: people 
perceive points falling within the bar 
as more likely than those that lie 
outside.
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Expressiveness?

❌ Error bars aren’t consistently 
used to visualize the same 
measure (standard error, IQR, 95% 
CI, etc.).

❌ Within-the-bar bias: people 
perceive points falling within the bar 
as more likely than those that lie 
outside.

❌ Binary bias: people perceive 
values to either be in or out of the 
margins of error.

[Newman & Scholl, 2012]
[Correll & Gleicher, 2014]

😀

☹



29

What is being visualized?

What are the strengths 
and weaknesses of this 
visualization?
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What is being visualized?

What are the strengths 
and weaknesses of this 
visualization?
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https://en.wikipedia.org/wiki/Hurricane_Dorian%E2%80%93Alabama_controversy
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https://www.washingtonpost.com/weather/2019/08/28/how-hurricane-cone-uncertainty-can-be-cone-confusion-what-do-about-it/
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For uncertainty, use visual variables 
instead of visualizing point estimates
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For uncertainty, use visual variables 
instead of visualizing point estimates

[Correll, Moritz, & Heer, 2018]

Data Map Uncertainty Map
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For uncertainty, use visual variables 
instead of visualizing point estimates

[Correll, Moritz, & Heer, 2018]

Bivariate Map (Data + Uncertainty) Value-Suppressing Uncertainty Map
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For uncertainty, use visual variables 
instead of visualizing point estimates

[Wood et al., 2012]
[Boukhelifa et al., 2012]

https://www.gicentre.net/handy/


38[Kay et al., 2016]

"Set of draws" technique

https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
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"Set of draws" technique

https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
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https://www.dl.begellhouse.com/download/article/7d41c3a64ba14ca8/IJUQ-3966.pdf
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https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
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https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
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http://www.nytimes.com/newsgraphics/2014/senate-model/index.html
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Uncertainty
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What does it mean?

How should I visualize it?

Building models is necessary 
to quantify uncertainty.

It is important to communicate 
the variability in model 
outcomes.

Dynamic or ensemble displays 
can help communicate 
complex models.



Why Authors Sometimes Don't Visualize 
Uncertainty

48
Hullman, 2019

A visualization expresses a signal
Authors simplify, crystallize, abstract the complexity of data.

Process validates signal
Authors decide whether process has "low enough" uncertainty.

Uncertainty obfuscates signal
Could distract, or require too much work from the reader.

http://users.eecs.northwestern.edu/~jhullman/Value_of_Uncertainty_Vis_CR.pdf


Uncertainty
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What does it mean?

How should I visualize it? It depends!

Lots of things!


