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Uncertainty is key for decision making 
and therefore for data analysis 

 
[Kay et al. 2016][Fernandes et al. 2018] 

[Potter et al. 2010] 



However in many cases it is ignored





What is Uncertainty Anyway?

• Error


• Accuracy


• Confidence Level


• Missing Data


• Randomness



What is Uncertainty Anyway?
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Data Modeled by Probability Distributions



Gaussian Cubes  
[Wang et al., 2016]

QDS  
[Pahins et al., 2019]

Data Modeled by Probability Distributions

Progressive Analytics  
[Moritz et al., 2017]



Pr(B>A)?

Current Methods do not Solve the Problem



Turning Tasks Probabilistic
Which bar is 

highest?

Is the first bar 
larger than 

1000?

Is the first bar 
larger than the 

second?

[Amar and Stasko 2005]



Which bar is 
likely to be the 

highest?

How likely is for 
the first bar to 
be larger than 

1000?

How likely it is 
for the first bar 

to be larger 
than the second?

Turning Tasks Probabilistic



Experts don’t fully get it



Most visualizations don’t help!



Current Methods do not Solve the Problem

[Correll and Gleicher 2014]



What about Geographical Data?



Uncertainty in Geographical Visualizations

[Anderson 2018]



Uncertainty in Geographical Visualizations

[Anderson 2018]



Uncertainty in Geographical Visualizations

[Scholz and Lu 2014] [Correll et al. 2018]



How to better support the use of uncertainty 
in visual data analysis?

How to improve analysts understanding of 
uncertainty visualizations?

Solution: 
Frequentist Approach 

Use Dynamics/Interaction



Quantile Dot Plots

• Shows evenly spaced quantiles as a dot plot


• Let to more accurate and consistent decisions 
compared to continuous depiction of the distribution


• The k-th dot represents the k-th quantile  
of the distribution 
 

[Kay et al. 2016]



Quantile Dot Plots

[Kay et al. 2016]



Hypothetical Plots

[Hullman et al. 2016]



Hypothetical Plots

[Hullman et al. 2016]
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• Easy to Interpret                                             

 
 
 

• Consistency across Task 

 
 

Quantile Dot Plots



• Retrieve Value

• Find Extremum

• Determine Range

• Ranking

A B C D

Selecting Tasks



• How likely is A larger than 
given value? 

• How likely is A in a given range?

• How likely is B larger than C?

• How likely is C the minimum?

• How likely C is in rank k?

• How likely A is in top-k?  A B C D

Selecting Tasks



Visual Design



• How likely bar larger than given value? 

Compare to Constant



• How likely bar is in a range?

Compare to Range



• How likely bar larger than another one?
Compare Distributions



• How likely is extremum?

Find Extrema



Ranking Distributions



Ranking Distributions



Ranking Distributions



Evaluation



Evaluation
• Initial User Study

•  7 Participants

• Goal: Compares 3 data exploration scenarios

• Neglected Uncertainty

• Error Bars

• Enhanced = Error Bars + Annotations

• Simulate real analysis environment

• Benchmark TPCH dataset used to generate study questions


 



Study Design
• Question of the type

• Is bin X larger than the constant c?

• Is bin X larger than bin Y?

• What are the most probable top 3 bins?

• 75 Questions (3 Scenarios x 5 Sample sizes x 5 Question Types)

• Data collected

• Answer (Multiple Choice)

• Time

• Confidence Report (1 – Completely Uncertain to 5 – Completely Certain)



Evaluation



Study Design
• Hypotheses


(H1) Users will give more accurate answers

(H2) Users will be more confident in their answers

• We expected that annotations would not be significantly slower 

than the other scenarios



Qualitative Results
• All subjects reported being comfortable with the system

• Users reported were positive with “not having to do much 

thinking”

• The rank/sort tool was considered complex

• Sample size greatly influenced confidence judgment



• Interactive annotations for better “reading” of uncertainty 
visualizations

• Initial study shows promising results

• Enhanced justified confidence

• Not significantly slower

Discussion



How these generalize to Geographical Data?



Dot Maps



Dot Maps



Hypothetical Outcome Maps



Interactive CDF Maps



Study Design
• Question of the type

• What is the probability of area X have value larger than the constant c?

• What is the probability of area X have value larger than area Y?

• What is the area most likely to be larger than constant c?

• What is the average of area X?

• Data collected

• Answer (From 0 to 100)

• Time

• Confidence Report (1 – Completely Uncertain to 5 – Completely Certain)



Study Design
• Initial User Study

•  60 Participants (each participant only tests one scenario)

• Goal: Compares 3 data exploration scenarios

• Dot Maps

• Hypothetical Outcome Maps

• Interactive CDF Maps

• Using two real datasets

• Taxis in NYC

• Rainfall in Pernambuco (Brazil) 



Relative Error - Pr( X < a ), Pr( X > a ), Pr( a < X < b )

• Relative error


• F1: Interaction


• F2: Dot Maps


• F3 Hypothetical Maps

F1 Melhor com Significância Estatística 
F3 Melhor que F1 com S.E.



Relative Error - Pr( X < Y )

• Relative error


• F1: Interaction


• F2: Dot Maps


• F3 Hypothetical Maps

F1 Melhor com Significância Estatística 
F2~F3



• Relative error


• F1: Interaction


• F2: Dot Maps


• F3 Hypothetical Maps

Mean Estimation
F3 Melhor com Significância Estatística 

F1~F2



• Interaction showed to be a promising approach, but more work needs to 
be done on other tasks


• Hypothetical outcome maps are very influenced by factors such as spatial 
distance and area size


• Dot maps were surprisingly not accurate as accurate and users spent too 
much time on it. We want to explore different dot sizes and spatial 
arrangement

Discussion



• Interaction: "Easy to use and helpful. However, I tried to always double 
check, since I have to trust that the system is doing the right thing."


• Hypothetical outcome maps: “Almost impossible to keep up with all the 
changing areas. It is very hard to compare areas that are far apart. After 
the fourth question I got tired and started guessing."


• Dot maps: “The process of counting requires a lot of effort and time 
consuming. A lot of extra interaction with zooming and panning are 
needed.”

Comments



• How can we get the unique features of the different approaches in a single 
system?


• Is it possible/worth it the generalize the ordering in quantile dot plots to 
the geographical scenario?


• Other types of data: Trajectory Simulations 

Future Work
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