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Visualization

* Quickly convey large amount of data/
information

 Create a visual representation of information
that may not have a spatial locality

 Take advantage of the high bandwidth of the
human visual system

* Give insights to relationships and interactions
not possible when looking just at the
“numbers”



Missing Qualitative Information

e Visualizations often lack uncertainty, error and
confidence info

e Often presented alongside as tables, charts
and graphs

 Should be incorporated into visualizations to
maintain fidelity to data



»s Area with high
levels of
uncertainty

* Add in qualitative information
 Annotate location and magnitude

* Typically modify a visual attribute
of the data



Problems with
Uncertainty Visualization

* Express syntax of uncertainty as
“unknown” through blur, noise

 Can create distracting, unreadable
visualizations

* Does not express the actual values of
measures categorized as uncertainty



Goals of This Work

1. Rather than rendering “uncertainty”
render specific, meaningful, known
values

2. Understand the various measures that
can describe uncertainty

3. Design visualization techniques to
express these measures



Given a data set {x;}"

where /N 1s the number of samples, (/1 1s the mean







Sample Density (histogram)

Cumulant Density (cumulative histogram)

. . (- fw__#
violinplot ——————  ——
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Why Add More Information?

 Multiple datasets can have the same
quartile description, but may not be the
same distribution

- I.e. multi-modal distributions
* Quartiles describe the density distribution

of the data, but not more subtle
characteristics



Box Plot
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Given a data set {x;}1"

1 N
e = % > (i — pa)"

1=0

where N 1s the number of samples, /¢1 1s the mean







Mean and Standard Deviation

Visualization

* Mean rendered as a red bull’ s eye
- Lines up with median when equal 5

e Standard Deviation rendered as blue
parenthesis

- equal # d moment, so 2 glyphs
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Fifth Central Moment

* Measures distribution asymmetry
farther away from the mean when
compared to the skew

* Rendered as a smaller, yellow triangle,
size and sharpness scaled by value,
placed pointing towards asymmetry
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Electric Potentials Example
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Given two data sets, {z; }/ ., {2;}1_,, || Given two data sets, {2}/ ., {2, }7_,,

N
. 1 I
Vi = =1 2= @ie = pa)(@g, — 1) QVimjn = — («’sz pi)"™ (5, = 1)
N 1 k=0 k=

where N is the number of samples where NV 1s the number of samples
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Covariance and Skew Variance

- all categories




Discussion

 [ssues arise with the sensitivity of the
higher order moments.

- Need more robust methods for computing
these measures

e Too much visual clutter
- Add a Ul

 Add other measures of uncertainty
- Error and confidence



Conclusion

* Visualizations should have associated
qualitative measures included in images

e Current uncertainty visualization
techniques could be improved by looking
at other measures of uncertainty

 Adding information into visualizations is
hard and requires good design






