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Doubt 
Risk 
Variability 
Error 
Lack of Knowledge 
Hedging 
…
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Measurement Uncertainty: 
"We're not exactly sure what the values in the data are."

What does uncertainty mean?

?
?



Forecast Uncertainty: 
"We're not exactly sure what will happen to the data next."

What does uncertainty mean?

?



Model Uncertainty: 
"We're not exactly sure how the data fits together."
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Decision Uncertainty: 
"We're not exactly sure what to do with the data."
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Precision and Bias

Precision Accuracy

Variability

{Bias



Uncertainty Visualization Pipeline

"Approaches to Uncertainty Visualization." Pang et al. The Visual Computer, 1997.



Any one of a number of potentially interconnected 
quantitative, qualitative, or factors that affect the 
quality, reliability, or utility of your data or data-
driven decisions. Anything that can cause you to be 
unsure about your data or how to use it.
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LOTS OF THINGS

What does uncertainty mean?



How should I visualize uncertainty?



Uncertainty Visualization Zoo

[Jena et al. '20]





Which point is more likely?



Within-the-bar Bias
Values "within" the bar are considered more likely



Intervals [Correll et al. '14]
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Intervals [Kay et al. '16]



Hypothetical Outcome Plots

https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html
https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html


Missing Data [Song et al. '18]



Missing Data [Song et al. '18]



Encoding Uncertainty
Given some geographic data with some level of 
uncertainty, how should we visualize it?



Encoding Uncertainty: Juxtaposition
Data Map Uncertainty Map



Encoding Uncertainty: Superposition



Value-Suppressing Uncertainty Palettes



Semiotic of Uncertainty

[MacEachren et al. '12]



Semiotic of Uncertainty

[MacEachren et al. '12]



"Sketchiness" [Boukhelifa et al. '12]
[Wood et al. '12]



Polling Data
Candidate A is ahead of Candidate B in the polls, 
with 55% of the likely voters*
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with 55% of the likely voters* 

*poll of 100 people, margin of error +/-5 
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Bubble Swarm

https://projects.fivethirtyeight.com/2020-election-forecast/
https://projects.fivethirtyeight.com/2020-election-forecast/


Building models is necessary to quantify uncertainty  

It is important to communicate the variability in 
model outcomes (what results are possible) 

Dynamic or ensemble displays can help 
communicate complex models

Model Visualization



Choose an appropriate visual variable based on the 
domain, literacy, and expertise of your audience. Be 
mindful that any display of uncertainty inherently 
increases the complexity of your visualization, and 
that there is a preference/performance gap.

How should I visualize uncertainty?
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IT DEPENDS



What can go wrong?



The Error Cone [Cox et al. '13]



The Error Cone [Cox et al. '13]

😎 😰



Ensemble Plots [Cox et al. '13]



Curve Boxplot [Mirzargar et al. '14]



1. People confuse uncertainty with certainty

Things that can go wrong



Obama's Approval Rating



a b c

d e f

g h i





Graphical Inference [Wickham et al. '10]

Distance vs. angle for 3 point shots by the LA Lakers.  
One plot is the real data. The others are generated 
from a null hypothesis of quadratic relationship.
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from a null hypothesis of quadratic relationship.



Which stock should you buy?



Neither!



Pareidolia
Perception of object or pattern as meaningful



1. People confuse uncertainty with certainty 

2. People confuse signal with noise

Things that can go wrong



Uncertainty can be difficult to understand and 
require a statistical background and high 
numeracy. Additionally, cognitive and perceptual 
biases can result in people making poor or error-
prone decisions from uncertain data.

What can go wrong?
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IT DEPENDS

A LOT



Uncertainty can happen at all stages of the analysis process, 
from data collection to final decision-making 

Variables like blur and transparency can be intuitive for 
showing uncertainty, but hard to decode. 

Consider using discrete samples to show variation and 
uncertainty in a model 

Consider when uncertainty is high enough that doing 
nothing is the right thing to do.

Summary


