Visualization Analysis & Design

Why have a human in the loop?
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Why use an external representation?

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

* external representation: replace cognition with perception

Expression color scale

ns f datasets

Why represent all the data?

Computer-based visualization systems provide visu
designed to help people carry out tasks more effecti

e summaries lose information, details matter
—confirm expected and find unexpected patterns
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Why analyze? SpaceTree TreeJuxtaposer Analysis framework: Four levels, three questions Why is validation difficult? Why is validation difficult?

space

—scaffold to help you think
systematically about choices

—analyzing existing as stepping stone
to designing new

—most possibilities ineffective for

particular task/data combination

What? How?

imposes structure on huge design

(o] )

[SpaceTree: Supporting Exploration in Large
Node Link Tree, Design Evolution and Empirical
Evaluation. Grosjean, Plasant, and Bederson.

Proc. InfoVis 2002, p 57-64]

[Treefuxtaposer: Scalable Tree Comparison Using Focus
+Context With Guaranteed Visibiity. ACM Trans. on
Graphics (Proc. SIGGRAPH) 22:453~ 462,2003.)
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2 Encode = Navigate = Select = Filter

= Aggregate

= Arrange

* domain situation

—who are the target users?

* abstraction

[A Nested Model of Visualization Design and Validation.

—translate from specifics of domain to vocabulary of vis
Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). ]

* what is shown? data abstraction

domain

abstraction

* often don’t just draw what you're given: transform to new form

* why is the user looking at it? task abstraction

* idiom

o

* how is it shown?

« visual encoding idiom: how to draw

« interaction idiom: how to manipulate
[A Multi-Level Typology of Abstract Visualization Tasks
Brehmer and Munzner. IEEETVCG 19(12):2376-2385,2013 (Proc. InfoVis 2013).]

* algorithm

—efficient computation .

« different ways to get it wrong at each level

A Domain situation
You misunderstood their needs

Q Data/task abstraction
You're showing them the wrong thing

@ Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow

« solution: use methods from different fields at each level

A Domain situation

anthropology/ Observe target users using existing tools
ethnography
Q Data/task abstraction
. Visual encoding/interaction idiom
design Justify design with respect to alternatives
Y desigl
computer Algorithm
science Measure system time/memory
Analyze computational complexity work
cognitive Analyze results qualitatively
psychology Measure human time with lab experiment (lab study)
anth I‘OPO|Og)’/ Observe target users after deployment (field study)
ethnography  Measure adoption

[A Nested Model of Visualization Design and Validation. Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009).]
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Three major datatypes

Types: Datasets and data
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Encode Manipulate Facet Reduce
® Arrange @ Map ® Change ® Juxtapose ® Filter
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How to encode: Arrange space, map channels
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Encoding visually

* analyze idiom structure

Definitions: Marks and channels
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How to encode: Arrange position and region Arrange tables Idioms: dot chart, line chart Choosing bar vs line charts “
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Idiom: glyphmaps Idiom: heatmap I Arrange spatial data Idiom: choropleth map
> 1Key £ > 2 Keys > Many Keys Use Given i i
* two keys, one value List Matrix e pason| & * use given spatial data
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—scalar spatial field * | quant attribute per grid cell * derived data (from field)
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specific levels of scalar values E —encode: color and opacity by cluster
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Arrange networks and trees Idiom: force-directed placement Idiom: adjacency matrix view Connection vs. adjacency comparison
i i . . Y cliques .
® Node-Link Diagrams * visual encoding . i * data: network * adjacency matrix strengths _ 7 D
- . . . ° .' 4 . . . . . . K pm
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. tasks * scalability ol —matrix best for large networks
® Enclosure —explore topology; locate paths, clusters — 1K nodes, IM edges o T E / « if tasks don’t involve topological structure!
Containment Marks EEEE EEE EE - ' [On the readability of graphs using node-link and matrix-based
* scalability {Points of view: Networks, Gehlenborg and Wong, Nature Methods 921 15 representations: a controlled experiment and statistical analysis.
—_nodel/edge density E < 4N Ghoniem, Fekete, and C liola. Information Visualization 4:2
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Idiom: radial node-link tree Idiom: treemap Connection vs. containment comparison How to encode: Mapping color
* data * data . (® Containment (3 Connection Encode
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—tree - e o0 o . ° o K
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—link connection marks g ‘ . . = + ex:all node-link diagrams =1 [ —_ LA > Color
—point node marks —area containment marks for hierarchical structure @ % % + emphasizes topology, path tracing : SHue  Saturation - Luminance
. . . . ™ . . ’ > > Ali ! (1] ] (1] [ T']
—radial axis orientation —rectilinear orientation j t}% —@—ﬁ « networks and trees Order Align L e
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* SCaIabIllt)’ —1IM leaf nodes [Elastic Hierarchies: Combining Treemaps and Node-Link > ,z\)/}ggi;: Rate, Frequency,
1K - 10K d Diagrams. Dong, McGuffin, and Chignell. Proc. InfoVis o o . o
-IK - nodes 2005, p. 57-64.] O e °
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Color: Luminance, saturation, hue

* 3 channels

—identity for categorical

* hue

—magnitude for ordered

* luminance
* saturation

* RGB: poor for encoding
* HSL: better, but beware Comersofthe RGB

—lightness # luminance

Luminance

Saturation

Hue

color cube

L from HLS
All the same

Luminance values

Categorical color: Discriminability constraints

* noncontiguous small regions of color: only 6-12 bins

Scale (mb)
0 40 80

112 12 3 4 56 7 8 9 10

"IN
™ S A 1
o

I I | —
I I | N
NN -

°H

~IEE
LBl
B ||
I -

o

10

=
EfgEr=.
n=EN
I I i=l==
= E=ENER
13 14 15 16 17 18 19 20 21 22 X Y 11 12 13 14 15 16 17 18 19 X Y
Human Mouse

Ordered color: Rainbow is poor default

* problems

—perceptually unordered

—perceptually nonlinear
* benefits

—fine-grained structure visible
and nameable

Ordered color: Rainbow is poor default
HE W =N

* problems

—perceptually unordered

—perceptually nonlinear
* benefits

—fine-grained structure visible
and nameable

* alternatives

—large-scale structure: fewer
hues

[Cinteny: flexible analysis and visualization of synteny and genome in multiple org . Sinha and Meller. BMC Bioinformatics, 8:82, 2007.] [Why Should Engineers Be Worred Abaut Color? Treiish and Rogowitz 1998 [Why Shoud Engineers Be Worred Abat Color? Treinish and Rogowicz 1998
» % [Transfer Functions in Direct Volume. Interface, Interaction. Kindlr SIGGRAPH 2002 Course Notes] o [Transfer Functions in Direct Volume Interface, Interaction. Kindlr IGGRAPH 2002 Course Notes] 52
Ordered color: Rainbow is poor default Viridis L . - Ordered color: Rainbow is poor default . o
: - S Facet Red
 robles E ¢ mam + colorl,percepualy unform, -  roblens E ¢ mam '
. . “ 3 Arrange ® Map £ 3 Change 3 Juxtapose @ Filter
—perceptually unordered - . colorblind-safe, monotonically e —perceptually unordered . . >Express > Separate from categorical and ordered £ o N
. ; g - . . . — . ! $ attributes E DAL FRM T
_ - - N _ ) - m e ; —
perceptually nonlinear B oD Y increasing luminance — perceptually nonlinear E BN . e e .
* benefits i : _ * benefits : > Order > Align O o 2 L @ Partition © Aggregate
—fine-grained structure visible —fine-grained structure visible and Lannm |uam > Size, Angle, Curvature, .. 'EE =
and nar.neable nameal.>|e > Use ull e 1)) ® Superi ® Embed
« alternatives - « alternatives B K4 > shape
—large-scale structure: fewer o —large-scale structure: fewer hues > toma R
hues —fine structure: multiple hues with *>Motion
) h . - irection, Rate, Frequency,
—fine structure: multiple hues monotonically increasing & e
with monotonically increasing luminance [eg viridis R/python] c G

luminance [eg viridis R/python]

[Why Should Engineers Be Worried About Color? Treinish and Rogowitz 199,

[Transfer Functions in Direct Volume Rendering: Design, Interface, Interaction. Kindimann. SIGGRAPH 2002 Course Notes]

hps// an.r-piec.orgwe/ paages/
viridis/vignettes/intro-to-viridis.html

—segmented rainbows for binned
or categorical

- _ [Why Should Engineers Be Worried About Color? Treinish and Rogowitz 998,

[Transfer Functions in Direct Volume Rendering: Design, Interface, Interaction. Kindimann. SIGGRAPH 2002 Course Notes]

How to handle complexity: 3 more strategies

Manipulate Facet Reduce

3 Change ® Juxtapose ® Filter
el =

® Select ® Partition ® Aggregate
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® Navigate ® Superimpose @ Embed
e Ll
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|
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= Derive

change view over time
facet across multiple
views

reduce items/attributes
within single view
derive new data to
show within view
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More Information

« this talk
http://www.cs.ubc.ca/~tmm/talks.html#vad | 6bryan

book page (including tutorial lecture slides)
http://www.cs.ubc.ca/~tmm/vadbook

—20% promo code for book+ebook combo:
HVNI17

— http://www.crcpress.com/product/isbn/97814665089 10
—illustrations: Eamonn Maguire

papers, videos, software, talks, full courses
http://www.cs.ubc.ca/groupl/infovis

http://www.cs.ubc.ca/~tmm

* grad vis course Jan ’17: CPSC 547,Tue/Thu 3:30

- students from outside CS are welcome
http://www.cs.ubc.ca/~tmm/courses/547-17
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