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Defining visualization (vis)

Computer-based visualization systems provide visual representations of datasets
designed to help people carry out tasks more effectively.

Why?!...

Why have a human in the loop?

Computer-basedgi
desrgned to hel®

ation systems provide visual representations
{ arry out tasks more effectwely

'Vrsuahzatron is suitable when there isa need to augment human capa.brhtres :
4 rather than replace people wrth computational dec:sron-makrng methods. ]

* don’t need vis when fully automatic solution exists and is trusted

* many analysis problems ill-specified
—don’t know exactly what questions to ask in advance

* possibilities
—long-term use for end users (e.g. exploratory analysis of scientific data)
—presentation of known results
—stepping stone to better understanding of requirements before developing models
—help developers of automatic solution refine/debug, determine parameters
—help end users of automatic solutions verify, build trust

Why use an external representation?

Computer-based visualization systems provid ‘
designed to help people carry out tasks more €T

sbf datasets

* external representation: replace cognition with perception
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[CerebralVisualizing Multiple Experimental Conditions on a Graph
with Biological Context. Barsky, Munzner, Gardy, and Kincaid. IEEE
TVCG (Proc. InfoVis) 14(6):1253-1260,2008]
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Why have a computer in the loop?

Visualization systems provide visual representations of datasets
cip P eople carry out tasks more effectively.

* beyond human patience: scale to large datasets, support interactivity
—consider: what aspects of hand-drawn diagrams are important?

[Cerebral: a Cytoscape plugin for layout of and interaction with biological networks using subcellular localization annotation. Barsky, Gardy, Hancock, and Munzner. Bioinformatics 23(8):1040-1042, 2007 7

Why depend on vision?

Computer-based visualization systems provid ‘
designed to help people carry out tasks more €fi

epresentations of datasets

* human visual system is high-bandwidth channel to brain
—overview possible due to background processing

* subjective experience of seeing everything simultaneously
« significant processing occurs in parallel and pre-attentively

sound: lower bandwidth and different semantics
—overview not supported
* subjective experience of sequential stream

touch/haptics: impoverished record/replay capacity
—only very low-bandwidth communication thus far

* taste, smell: no viable record/replay devices

Why show the data in detail?

* summaries lose information
—confirm expected and find unexpected patterns
—assess validity of statistical model
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Idiom de5|gn space

' The desrgn space of possxhle vis 1d10ms is huge, and 1ncludes the consxderatlons of ]

b both how to create and how to 1nteract w1th vrsual representatrons_ o

—how to draw it: visual encoding idiom

* many possibilities for how to create

—how to manipulate it: interaction idiom
* even more possibilities
—make single idiom dynamic
— link multiple idioms together through interaction

[A layered grammar of graphics. Wickham. Journal of Computational and Graphical Statistics 19:1 (2010), 3-2

[Interactive Visualization of Large Graphs and Networks. Munzner. Ph.D. thesis, Stanford University Department

of Computer Science, 2000.]
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idiom: dlstlnct approach to creating or manipulating visual representatlon

Why focus on tasks and effectiveness?

Computer-based visualization system.
designed to help people carry oulta

epresentations of datasets

* tasks serve as constraint on design (as does data)
—idioms do not serve all tasks equally!
—challenge: recast tasks from domain-specific vocabulary to abstract forms

most possibilities ineffective
—validation is necessary, but tricky

—increases chance of finding good solutions if you understand full space of possibilities

what counts as effective?
—novel: enable entirely new kinds of analysis
—faster: speed up existing workflows

Resource I|m|tat|ons

Vis de51gners must take 1nto account three very dlfferent klnds of resource 11m1tat10ns E

1 those of computers, of humans, and of drsplays_ o

. computational Iimits
—processing time
—system memory
* human limits
—human attention and memory
* display limits
—pixels are precious resource, the most constrained resource

—information density: ratio of space used to encode info vs unused whitespace
« tradeoff between clutter and wasting space, find sweet spot between dense and sparse

Further reading

* Visualization Analysis and Design
—Chap [:What’s Vis, and Why Do It?

.Munzner. AK Peters / CRC Press, Oct 2014.
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Analysis:What, why, and how

what is shown?
—data abstraction

why is the user looking at it?
—task abstraction

How?

how is it shown?

—idiom: visual encoding and interaction

abstract vocabulary avoids domain-specific terms

—translation process iterative, tricky

what-why-how analysis framework as scaffold to think systematically
about design space
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£ Magnitude Channels: Ordered An}ibutes

3 Identity Channels: Categorical Attributes

Channels: Expressiveness types and effectiveness rankings

Effectiveness and expressiveness principles

effectiveness principle

Accuracy: Fundamental Theory

Steven'’s Psychophysical Power Law: S= IV

Accuracy:Vis experiments

Cleveland & McGill’s Results
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Relative vs. absolute judgements

* perceptual system mostly operates with relative judgements, not absolute
—that’s why accuracy increases with common frame/scale and alignment
—Weber’s Law: ratio of increment to background is constant
« filled rectangles differ in length by 1:9, difficult judgement
* white rectangles differ in length by 1:2, easy judgement
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Further reading

* Visualization Analysis and Design. Munzner. AK Peters / CRC Press, Oct 2014.
—Chap 5: Marks and Channels

* On the Theory of Scales of Measurement. Stevens. Science 103:2684 (1946), 677-680.

* Psychophysics: Introduction to its Perceptual, Neural, and Social Prospects.
Stevens.Wiley, 1975.

* Graphical Perception:Theory, Experimentation, and Application to the Development of
Graphical Methods. Cleveland and McGill. Journ. American Statistical Association
79:387 (1984), 531-554.

* Perception in Vision. Healey. http://www.csc.ncsu.edu/faculty/healey/PP




