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Introduction
Day job: Bank of America

Lead natural language processing (NLP) team

Chief Data Scientist Organization, Enterprise Data Strategy & Governance

This presentation: UNC Charlotte Ribarsky Center and School of Data Science

Taught Spring/Fall 2019 DSBA5122 Visual Analytics (dsba5122.com)

20+ peer reviewed publications with 20+ UNCC research collaborators

Human-computer interaction, visual analytics, information visualization, computational social science, cognitive
science, psychology
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https://dsba5122.com/
https://scholar.google.com/citations?user=F40SbCkAAAAJ&hl=en
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Why is uncertainty often ignored in data
analysis?
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Data journalism
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Data analytics
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Artificial intelligence (e.g., NLP)

Accuracy on Named Entity Recognition (NER) on CoNLL-2003 over time: Sebastian Ruder
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https://ruder.io/state-of-transfer-learning-in-nlp/


Why not visualize uncertainty?
Cognitively burdensome

User won't understand it

Implies inappropriate precision

Not integral to task

Undermines author's credibility

Hard to calculate

Lack of good visual techniques

Hard to evaluate (unclear goals)

Unclear if error in data vs uncertainty

Jessica Hullman, Why Authors Don't Visualize Uncertainty (TVCG 2019)
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https://ieeexplore.ieee.org/abstract/document/8805422


Can better uncertainty representations enable
better decision-making?

"People are very good at ignoring uncertainty... but it's especially true when we provide bad uncertainty
representations" - Matthew Kay
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Xiaoying Pu, Matthew Kay

Advances in communicating uncertainty in the fields information visualization, visual analytics, and human-
computer interaction provide opportunities to better incorporate uncertainty into data science for better decisions.
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https://www.notion.so/0c7c890ee6e44ac3886b28842c515df2?v=f5de2064ed60483da033f036de7ab52f
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Probabilities are hard
Ryan Wesslen
@ryanwesslen

Understanding uncertainty and probability is hard 

Keith Schnakenberg @keithschnak

A probability theory tweet to start off the day

12�09 PM · Mar 6, 2021

3 3 Copy link to Tweet
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https://twitter.com/ryanwesslen?ref_src=twsrc%5Etfw%7Ctwcamp%5Etweetembed%7Ctwterm%5E1368247469411287043%7Ctwgr%5E%7Ctwcon%5Es1_&ref_url=https%3A%2F%2Funcc-frontiers-uncertainty.netlify.app%2F61
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"Father of Intelligence Analysis"

bit.ly/vis-uncertainty



Barclay et al., 1977
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https://files.eric.ed.gov/fulltext/ED153329.pdf


Pherson and Pherson, 2013
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https://books.google.com/books?id=_X0FHYpHDzoC&pg=PA187&lpg=PA187
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Justin Gross (Washington Post)
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https://www.washingtonpost.com/news/monkey-cage/wp/2016/11/29/how-to-better-communicate-election-forecasts-in-one-simple-chart/?noredirect=on&utm_term=.aa4aba18cf7b


Frequency framing

Justin Gross (Washington Post)
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https://www.washingtonpost.com/news/monkey-cage/wp/2016/11/29/how-to-better-communicate-election-forecasts-in-one-simple-chart/?noredirect=on&utm_term=.aa4aba18cf7b


Icon arrays and Isotypes by Otto Neurath

"Understanding uncertainty: Visualizing Probabilities" by Pearson & Short
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https://plus.maths.org/content/understanding-uncertainty-visualising-probabilities


What Do Vaccine Efficacy Numbers Actually Mean? By Carl Zimmer and Keith Collins, March 3, 2021
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https://www.nytimes.com/interactive/2021/03/03/science/vaccine-efficacy-coronavirus.html


Statistics can be confusing
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Lucy D A̓gostino McGowan
@LucyStats

Proper confidence interval definition in the NYTimes, love to 
see it! 

“If scientists came up with confidence intervals for 100 
different samples using this method, the efficacy would fall 
inside the confidence intervals in 95 of them.”

What Do Vaccine Efficacy Numbers Actually Mean?
All of the F.D.A.-authorized vaccines offer strong protection against 
Covid-19, and assessing their efficacy isnʼt as simple as a head-to-hea…
nytimes.com

7�12 PM · Mar 4, 2021
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https://twitter.com/LucyStats?ref_src=twsrc%5Etfw%7Ctwcamp%5Etweetembed%7Ctwterm%5E1367629174672928770%7Ctwgr%5E%7Ctwcon%5Es1_&ref_url=https%3A%2F%2Funcc-frontiers-uncertainty.netlify.app%2F61
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Claus Wilke
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https://clauswilke.com/dataviz/visualizing-uncertainty.html


Issue with null hypothesis testing

Pierre Dragicevic's Fair Statistical Communication in HCI

Szucs and Ioannidis, 2017: "When Null Hypothesis Significance Testing (NHST) Is Unsuitable for Research: A
Reassessment"
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https://hal.inria.fr/hal-01377894/document
https://www.frontiersin.org/articles/10.3389/fnhum.2017.00390/full


Dichotomous thinking
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Ensemble hurricane paths

Liu et al. (2016); Padilla, Hullman, and Kay (2020)
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https://psyarxiv.com/ebd6r/download


Error bars are not enough

xkcd
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Correll and Gleicher, TVCG 2014
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https://graphics.cs.wisc.edu/Papers/2014/CG14/Preprint.pdf


Chocolate ratings by country

Source: Claus Wilke's ungeviz package
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https://wilkelab.org/ungeviz/articles/sampling-bootstrapping.html


How likely is it that B will be greater than A if many more draws are taken?

Hypothetical outcome plots

UW Interactive Data Lab / Hullman, Resnick and Adar, PLOS One 2015
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https://medium.com/hci-design-at-uw/hypothetical-outcomes-plots-experiencing-the-uncertain-b9ea60d7c740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0142444


Bootstrapping

Bradley Efron's 1979 "Bootstrap Methods: Another Look at the Jackknife"
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Claus Wilke
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https://clauswilke.com/dataviz/visualizing-uncertainty.html


Source: Seeing Theory Website by Kunin, Guo, Devlin and Xiang
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https://seeing-theory.brown.edu/frequentist-inference/index.html#section3


Source: Seeing Theory Website by Kunin, Guo, Devlin and Xiang
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https://seeing-theory.brown.edu/frequentist-inference/index.html#section3


Source: Seeing Theory Website by Kunin, Guo, Devlin and Xiang
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https://seeing-theory.brown.edu/frequentist-inference/index.html#section3


Source: Claus Wilke's ungeviz package
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https://wilkelab.org/ungeviz/articles/sampling-bootstrapping.html


Bayesian analysis

@john_t_ormerod
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xkcd
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xkcd
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https://projects.economist.com/us-2020-forecast/president/how-this-works


Dr. William (Bill) Ribarsky, former UNCC Bank of America Endowed Chair

Research at UNCC Ribarsky Center for Visual Analytics (viscenter.uncc.edu)

Joint work with Wenwen Dou, Alireza Karduni, and Doug Markant
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Correlation judgement

Karduni, Markant, Wesslen, and Dou (IEEE InfoVis 2020)
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https://arxiv.org/abs/2008.00058


Prior beliefs

Karduni, Markant, Wesslen, and Dou (IEEE InfoVis 2020)
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https://arxiv.org/abs/2008.00058


Line + Cone Elicitation
What is the relationship between income tax rate and poverty rate of cities?

Built with D3.js (javascript)
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Bayesian cognitive modeling

Karduni, Markant, Wesslen, and Dou (IEEE InfoVis 2020)
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https://arxiv.org/abs/2008.00058


Bayesian cognitive modeling

Karduni, Markant, Wesslen, and Dou (IEEE InfoVis 2020)
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https://arxiv.org/abs/2008.00058


Bayesian cognitive modeling

Karduni, Markant, Wesslen, and Dou (IEEE InfoVis 2020)
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https://arxiv.org/abs/2008.00058


Investing for Retirement

Wesslen, Karduni, Markant, and Dou (In Review)
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Wesslen, Karduni, Markant, and Dou (In Review)
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MTurk stock allocation decisions by visualization and evaluation period. Bayesian regression posterior means
and 66% / 95% credible intervals

Wesslen, Karduni, Markant, and Dou (In Review)

R packages used ggdist, tidybayes, and brms packages
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https://mjskay.github.io/ggdist/
http://mjskay.github.io/tidybayes/
https://paul-buerkner.github.io/brms/


Final thoughts
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Ben Schneiderman: Human-Centered Artificial Intelligence
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https://hcil.umd.edu/human-centered-ai/


Ben Schneiderman: Human-Centered Artificial Intelligence
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https://hcil.umd.edu/human-centered-ai/


Bhatt et al., 2021

"Uncertainty is crucial yet often overlooked in the
context of ML-assisted, or automated, decision-making

(Schum et al. 2014; Kochenderfer 2015)"

"We seek to encourage researchers to study
uncertainty as an alternative form of algorithmic
transparency and practitioners to communicate

uncertainty estimates to stakeholders."

"We posit uncertainty can be useful for obtaining
fairer models, improving decision-making, and

building trust in automated systems."
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https://arxiv.org/abs/2011.07586


Be thoughtful about uncertainty

- Speed vs precision

- Don't automatically sweep under the rug; learn and experiment!

Think beyond your college (Frequentist) stats class

- Computational methods (bootstrap and Bayesian) can be very helpful

- New uncertainty open source packages emerging and easier to use

Better communicate uncertainty, better human-AI collaboration?

- Uncertainty is typically overlooked in AI/ML

- Likely very important in future for trust and transparency in AI
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Packages / tools

R Python

Bootstrap rsample bootstrapped
DABEST

Bayesian Statistics
rstan
brms
tidybayes

PyMC3

Uncertainty
Visualizations ggdist uncertainty-

toolbox

Helpful references

Padilla, Kay, and Hullman (2020): Uncertainty
Visualization

Hullman et al. (2019): In Pursuit of Error: A Survey
of Uncertainty Visualization Evaluation

Bhatt et al. (2021): Uncertainty as a Form of
Transparency: Measuring, Communicating, and
Using Uncertainty

Thank you and questions!
UNCC Collaborators: Wenwen Dou, Alireza Karduni, Doug Markant

Vis Researchers: Matthew Kay, Jessica Hullman, Lace Padilla, Alex Kale, Michael Correll, among others!
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https://rsample.tidymodels.org/
https://pypi.org/project/bootstrapped/
https://acclab.github.io/DABEST-python-docs/index.html
https://mc-stan.org/users/interfaces/rstan
https://paul-buerkner.github.io/brms/
http://mjskay.github.io/tidybayes/
https://docs.pymc.io/
https://docs.pymc.io/D
https://github.com/uncertainty-toolbox/uncertainty-toolbox
https://psyarxiv.com/ebd6r/
https://idl.cs.washington.edu/files/2019-UncertaintyEval-InfoVis.pdf
https://arxiv.org/abs/2011.07586
https://webpages.uncc.edu/~wdou1/
https://www.karduni.com/
http://www.markantlab.org/
http://www.mjskay.com/
http://users.eecs.northwestern.edu/~jhullman/
http://space.ucmerced.edu/home
http://students.washington.edu/kalea/
https://correll.io/


Appendix
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Karduni, Wesslen, Markant, and Dou (In Review)

Alireza Karduni
@don_kordeone

Replying to @don_kordeone

We created an interface to elicit users' 
judgments and uncertainties using a 
visual technique. Users would 1) assess 
how biased tweets from a specific 
(anonymized) source are and 2) rate how 
credible that source is. They would also 
write down their rationale 

5/16

GIF

8�52 PM · Mar 1, 2021
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Kale, Kay, and Hullman, "Visual Reasoning Strategies for Effect Size Judgments and Decisions", IEEE Vis 2020 Best
Paper
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https://arxiv.org/abs/2007.14516


No progress bar (control) "Fast-to-slow" progress bar

A / B Evaluation in UI/UX
Which design reduces survey "drop-off"? Villar, Callegaro, and Yang (2013)
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https://journals.sagepub.com/doi/10.1177/0894439313497468


Kay, Nelson, and Hekler, "Research-Centered Design of Statistics: Why Bayesian Statistics Better Fit the Culture and
Incentives of HCI", ACM CHI 2016 Best Honorable Mention
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https://mucollective.northwestern.edu/files/2016-BayesIncentivesHCI-CHI.pdf

