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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-basedyisuglization systems provide visual representations ¢
designed to hel® people farry out tasks more effectively.

Visuaizé io is suitable h'n'fhe isa ed to auget human capa.biltiesv
I rather than replace people with computational decision-making methods. i

* 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 v
designed to help people carry out tasks more €T

bf datasets

en ttgo

* external representation: replace cognition with perception
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[CerebralVisualizing Multiple Experimental Conditions on a Graph ; 7 5
with Biological Context. Barsky, Munzner, Gardy, and Kincaid. IEEE R 2 LS | e NG
TVCG (Proc. InfoVis) 14(6):1253-1260, 2008.]

Why represent all the data?

Computer-based visualization systems provide visua
designed to help people carry out tasks more effective

* summaries lose information, details

—confirm expected and find unexpected patterns

—assess validity of statistical model 12
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Analysis framework: Four levels, three questions

¢ domain situation

—who are the target users!?

abstraction

—translate from specifics of domain to vocabulary of vis

* what is shown? data abstraction
* often don’t just draw what you're given: transform to new form

* why is the user looking at it? task abstraction

idiom

* how is it shown?

* visual encoding idiom: how to draw

* interaction idiom: how to manipulate

algorithm

— efficient computation

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

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

domain

abstraction

idiom

How?

6

Why is validation difficult?

« 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

Why is validation difficult?

« solution: use methods from different fields at each level

A Domain situation problem-driven

anthropology/ Observe target users using existing tools work
ethnography
Q Data/task abstraction
. Visual encoding/interaction idiom
design Justify design with respect to alternatives
Y desigl
computer Algorithm e
scienpce Measure system time/memory teChmque driven
Analyze computational complexity work
cognitive Analyze results qualitatively
psychology Measure human time with lab experiment (lab study)
anthropology/ Observe target users after deployment (field study)
ethnography  weasure adoption

[A Nested Model of Visualization Design and Validation. Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009).]
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How to encode: Arrange space, map channels

Encoding visually

Definitions: Marks and channels
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Encoding visually with marks and channels Channels Channels: Matching Types Channels: Rankings
. analyze Idlom structure (3 Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes 3 Magnitude Channels: Ordered Attributes . ® Identity Channels: Categorical Attributes
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—as combination of marks and channels 3
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How to encode: Arrange position and region Arrange tables Idioms: dot chart, line chart Idiom: glyphmaps
. . . = Many Keys
Encode ® Express Values © Axis Orientation * one key, one value Recursive Subdivision
o Giadah a s G > Rectilinear > Parallel > Radial .. .
E © Arrange E © Map —t ' —data _-. * rectilinear good for linear vs /\/\/\\/
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Idiom: heatmap I Idiom: cluster heatmap Arrange spatial data Idiom: choropleth map
> 1Ke; £ > 2 Keys > Many Keys . . i . .
* two keys, one value g o pocurive cubdivision | ® in addition ® Use Given * use given spatial data
—data § —derived data > Geometry —when central task is understanding spatial
8 SP:
. . - H . . 2 Geographic lationshi
* 2 categ attribs (gene, experimental condition) * 2 cluster hierarchies ) relationships
. ) [ ., | = Other Derived
* | quant attrib (expression levels) —dendrogram e data
—marks: area * parent-child relationships in tree with connection line marks = Spatial Fields —geographic geometry
* separate and align in 2D matrix * leaves aligned so interior branch heights easy to compare > Scalar Fields (one value per cell) —table with | quant attribute per region
—indexed by 2 categorical attributes _ heatmap > [socontours
. . ° enCOdIng http://bl.ocks.org/mbostock/4060606
—channels * marks (re-)ordered by cluster hierarchy traversal > Direct Volume Rendering . .
« color by quant attrib —use given geometry for area mark boundaries
— (ordered diverging colormap) = Vector and Tensor Fields (many values per cell) _ sequential Segmented colormap
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Population maps trickiness Idiom: topographic map Idioms: isosurfaces, direct volume rendering Idiom: similarity-clustered streamlines
* beware! * data * data * data
—geographic geometry T e —scalar spatial field — 3D vector field
—scalar spatial field \ N * | quant attribute per grid cell * derived data (from field)
* | quant attribute per grid cell i~ o task — streamlines: trajectory particle will follow
¢ . .
* derived data Q —shape understanding, spatial relationships * derived data (per streamline)
—isoline geometry « isosurface [y Rndrny T, s Mosers s —c.urvatur‘e, torsion,tor.tuosity o
« isocontours computed for : _ derived data: isocontours computed for D — signature: complex weighted combination
specific levels of scalar values ; 4 specific levels of scalar values — compute cluster hierarchy across all signatures
st . . E — encode: color and opacity by cluster
Y * direct volume rendering K
S5 el AN SN, ¢ . * tasks
iﬁmr'g’swwmmﬁ J D) 7 ) e —transfer function maps scalar values to find f h
GEOGRAPHIC PROFLE : Ve s - —find features, query shape
BROICALLY JUST POPULATION MAPS S N S I AR color, opacity labil e P [Similarity M for Enhancing Interactive Streamiine Seeding.
. ] « scalabilit iy Meosres fr e neracve Seanie Seedng,
[ httpsiixked.com!1 138 ] et i Mo Zecknd Dt e no derived geometry y it s e Mol e e, T
- : [Muttidimensional Transfer Functions for Volume Rendering. Kniss, Kindimann, and Hansen. In The Visualization Handbook, —_ mlllions of samples hundreds Of streamlines
37 38 edited by Charles Hansen and Christopher Johnson, pp. 1892 10. Elsevier, 2005.] 39 4 40
Arrange networks and trees Idiom: force-directed placement Idiom: adjacency matrix view A[ATH] TH]B AN Connection vs. adjacency comparison
* visual encoding « data: network 8 [B[0] [E E—B D « adiacency matrix strensths s cliques —
® Node-Link Diagrams ) ) ) At e : E = o \A/ | Y gt . 4 =
Connection Marks — link connection marks, node point marks 0] 72 —transform into same data/encoding as heatmap £ =] — predictability, scalability, supports reordering ' @::
+ NETWORKS | v TREES i i X4 o0 1 . lodeTrix: a ric isl.:rza ion of Social Networks. —_ i -
I EAT * considerations R o, * derived data: table from network e e e some topology tasks trainable NS
— i ition: i i o o e . . 13(6):1302-1309, 2007.] . . \—bicliques ¢
spatial position: no meaning directly encoded > — 1 quant attrib * node-link dlagram strengths
* left free to minimize crossings oYX J ) . ) clusters 47
o ) . * weighted edge between nodes : —topology understanding, path tracing “NK €
©® Adjacency Matrix ™ — proximity semantics? L ] I — e e e o s
Derived Table u mm + sometimes meaningful —2 categ attribs: node list x 2 iE T N / —intuitive, no training needed — ; ! ixprg
e +sometimes abitrary.artfact of hyout slgorith « visual encodi A gt i
EE = sometimes arbitrary, artifact of layout algorithm visual encoding - . : y,) R o emplrlcal study
- * tension with length —cell shows presence/absence of edge - P L, de-link best f I K
— long edges more visually salient than short P g .- . ! %ﬂ\w —node-link best tor small networks
. task * scalability - i PO —matrix best for large networks
tasks . - E / \\ \ : o 4 '
® Enclqsure — explore topology; locate paths, clusters — IK nodes, |M edges e BT « if tasks don’t involve topological structure!
Containment Marks EEEE EEE EE " [On the readability of graphs using node-link and matrix-based
. scalablllty [Points of view: Networks. Gehlenborg and Wong. Nature Methods 9:115.] ffrexntc;tit;(ns: a co;t;olled ?_x’per’in;ent ayd s\;gtist;;al gnaz:szis.
_ node/ed e density E < 4N ekete, an Information Visualization 4..
4 g 4 ‘hetp:l/mbostock.github.com/d3/exiforce.html 2 P (2005), 114-135.] “
Idiom: radial node-link tree Idiom: treemap Connection vs. containment comparison How to encode: Mapping color
* data * data . (® Containment (3 Connection Encode
t tree * marks as links (vs. nodes) e
—tree - e oo e e A e 9
. I ib at leaf nod e —common case in network drawing g... . @ Arange £ Map )
® encodlng — I 'quant attrib at leat nodes i . - Express > Separate from categorical and ordered
di D — I D case: connection attributes
—li i ¢ encodin E .
||n|‘( connection marks 4 . . . R m E « ex:all node-link diagrams L] — ..- ] > Color
—point node marks —area containment marks for hierarchical structure -ﬁi T * emphasizes topology, path tracing 5 ord Al 3 >Hue > Sauraton > Luminance
—radial axis orientation —rectilinear orientation e l:ﬁ [ « networks and trees rder Align . N s
« angular proximity: siblings —size encodes quant attrib Emaiis | | —2D case: containment o  guul  Size, Angle, Curvature, .
« distance from center: depth in tree * tasks « ex:all treemap variants ] ol 12— 1))
tplitulp labri Tuser m . ) . . > Use
* tasks —query attribute at leaf nodes brpdftutplabrifiD . il « emphasizes attribute values at leaves (size coding) o > Shape
i i - * only trees - + O N A
- underStandlng tOPOIOg)’, fOIIOWIng paths . Sca|abl|lt)’ y Node-Link Diagram Treemap E:}?
d Scalab”it)’ — | M leaf nodes [Elastic Hierarchies: Combining Treemaps and Node-Link > ,[\)/}g,gg: Rate, Frequency,
Diagrams. Dong, McGuffin, and Chignell. Proc. InfoVis o o
—IK - 10K nodes 2005, p. 57-64] SO .
http:/Imbostock.github.com/d3/exitree.html 45 46 47 M Q 48



Color: Luminance, saturation, hue

* 3 channels

Luminance
—identity for categorical
* hue Saturation
—magnitude for ordered Hue

* luminance
* saturation

* RGB: poor for encoding

* HSL: better, but beware  Cornersofthe RGB
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O OmO

color cube
—lightness # luminance
L from HLS
‘ All the same

Luminance values

< EEEEDC

Categorical color: Discriminability constraints

* noncontiguous small regions of color: only 6-12 bins
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[Cinteny: flexible analysis and visualization of synteny and genome

in multiple organisms. Sinha and Meller. BMC Bioinformatics, 8:82, 2007.]
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Ordered color: Rainbow is poor default

* problems
— perceptually unordered
— perceptually nonlinear
* benefits
— fine-grained structure visible
and nameable
* alternatives

— fewer hues for large-scale
structure

— multiple hues with
monotonically increasing
luminance for fine-grained

— segmented rainbows good for

categorical, ok for binned

™

[Transfer Funcions in Direct Volume

Interface, Interaction. Kindl

IGGRAPH 2002 Course Notes]

Manipulate Facet

Reduce

® Arrange ® Map
> Express > Separate from categorical and ordered
attributes
—— L
LI > Color
3 Order > Allgﬂ -)HL:-. k4 Sarum:on > Lum::ﬂ(e
(] ]
\L L_l_l_l_l 2 Size, Angle, Curvature, ...
2 Use sl 1— 1)))D
\@P) = Shape
+O0H A
= Motion

Direction, Rate, Frequency,
© .
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How?

3 Juxtapose @ Filter

@ Partition

L

@ s

® Aggregate

3 Embed

am
S e

How to handle complexity: 3 more strategies + | previous

How to handle complexity: 3 more strategies + | previous

Manipulate

Idiom: Animated transitions

smooth transition from one state to another

How to handle complexity: 3 more strategies

+ | previous

<
I

Manipulate Facet Reduce > Derive Facet Reduce > Derive Manipulate Facet Reduce > Derive
i ;) —alternative to jump cuts ;
® Change ) © Juxtapose ® Filter ’/i. L @ Change @ Juxtapose @ Filter \,/)\'. —support for item tracking when amount of change is limited @ Change . § @ Juxtapose @ Filter
Lol | ‘ A i | ‘ . * example: multilevel matrix views e
Bt —scope of what is shown narrows down
® Select ® Partition * change view over time ® Select ® Partition 3 Aggregate * change over time * middle block stretches to fill space, additional structure appears within ® Select * facet data across
L »BB " facet across multiple »BB - most obvious &.ﬂeXib|e * other blocks quuiéh‘ down r;o increasingly aggregated representations l_ multiple views
views of the 4 strategies il
® Navigate ® Superimpose ® Embed * reduce items/attributes ® Navigate ® Superimpose 3 Embed Jfﬂjr 1l ' ‘L ® Navigate
< M within single view <o M i fﬂgbuf‘ B, <
P (A * derive new data to P (A b P
show within view R . [Using Muttilevel Call Matrices in Large So;ware ijer.t‘s. van Ham. Proc. IEEE Symp. Information Visualization (InfoVis), pp. 227-232, 2003.] .
Facet Idiom: Linked highlighting System: EDV System: Google Maps

® Juxtapose (3 Coordinate Multiple Side By Side Views

= . = Linked Highlighting
" | [ 1.
® Partition =

,E"ﬂ = Share Data: All/Subset/None

> Share Encoding: Same/Different

® Superimpose

1 o

= Share Navigation

) ||I|||)

see how regions
contiguous in one view
are distributed within
another T

[=[EoptTsSan

:]H.‘Juzﬂ;b

[cHits/Years - €

—powerful and pervasive [EZEEEERRIS
interaction idiom

¥ ore,
EIPRTE

encoding: different
—multiform

|

\ Position

-UD[]ED;_D;

\ “[Position
(W TRikaE |

[Visual Exploration of Large Structured Datasets WI”S Proc New Technlques
and Trends in Statistics (NTTS), pp. 237-246.10S Press, 1995.]

data: all shared

Idiom: bird’s-eye maps

encoding: same

data: subset shared

navigation: shared
—bidirectional linking

differences
—viewpoint
—(size)

e overview-detail

National Park) ViEEEIIVersum e
{ " Sateliite H\/hnd

Westport (3

Reefton 2,

Greymouth Durallie

Hammer
Spiings

Hokitika ' gz
x Cheviot

Oxford  Rangipra

Darfield - sin,

Methven Rolleston | Chnstehurch

100 km ©2007 Googlel- Map data ©200Z kanbeta Sciences Pty L2122

[A Review of Overview+Detail, Zooming, and Focus+Context Interfaces.

7 Blenheim

Kaikoura

R

Cockburn, Karlson, and Bederson. ACM Computing Surveys 41:1 (2008),

1-31]

Idiom: Smnall multiples

System: Cerebral

;Emaqqaﬁ (e

o

encoding: same

LPS_1 25| [LpsLi3z_1 &2

data: none shared

—different attributes for
node colors

— (same network layout)

navigation: shared

£ psLLzz_2 £

[Cerebral:Visualizing Multiple Experimental Con

59 Visualization and Computer Graphics (Proc. InfoVis 2008) 14:6 (2008) 1253-1260.] 60
Coordinate views: Design choice interaction Why not animation? Partition into views Partitioning: List alignment
. - . . . . . * single bar chart with grouped bars * small-multiple bar charts
Data * disparate frames and e * how to divide data between views (3 Partition into Side-by-Side Views g ) ) . group ) P. )
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