Outline Defining visualization (vis) Why have a human in the loop?
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—Arrange Tables R e T e e T S S A e B S NS B P S S
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. . . . * summaries lose information, details matter . e i
* external representation: replace cognition with perception ’ * computational limits * abstraction
—confirm expected and find unexpected patterns . . _ f f : [A Nested Model of Visualization Design and Validation.
Expression color scale ) dP ’ o PI P — processing time translate from specifics of domain to vocabulary of vis ™ EEETYCG 15(69921-926, 2009 (o, o 20091
= b f A —assess validity of statistical mode 12 | 2 ] « what is shown? raction
7 —= 2.5 0 2.5 Y b C o] e — system memory s shown? data abstractio —
s em T imr O lsag ) sz 2 = [wesuzz.4 &) [wsuzz.2e 5 S . . < 84 oo %o . * why is the user looking at it? task abstraction 2
un o an o . - - — Anscombe’s Quartet 6 o7 6] o * human limits d abstraction
IR - ” ! e 1 : * idiom
hey i i 5 o7\ d . o . —human attention and memor
L, Lz . . 13 WY L2 Identical statistics 4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18 Y * how is it shown?
0 Gses Hew | P 8- NN CRRTNe o . X1 X2 o di imi idiom g
e ne im| AT AN ha e ! X me.an 9 + dISp|a)’ limits * visual encoding idiom: how to draw
= ] . . .
= —— =" =" =" = Avanance ;0 " N - —pixels are precious resource, the most constrained resource « interaction idiom: how to manipulate
- - = - mean _ . . . . . .
- y me ) 28 i s 84 ! ~ —information density: ratio of space used to encode info vs unused whitespace * algorithm
* - variance ol 1 ~ : ulti-Level ology of Abstract Visualization Tasks
. « y . j * j 8 « tradeoff between clutter and wasting space, find sweet spot between dense and sparse — efficient tati [A Muli-Level Typology of Abstract Visualzation Task
CerebratVisuatzing Maltiple Experimental Coniions on o Graph ; —— " : . x/y correlation |1 efricient computation Brehmer and Munzner. IEEETVCG 19(12):2376-2385, 2013 (Proc. InfoVis 2013).]
with Biological Context. Barsky, Munzner, Gardy, and Kincaid. IEEE SRV || ¢ LR ' (551 4 6 8 1012 14 16 18 4 6 8 10 12 14 16 18
TVCG (Proc. InfoVis) 14(6):1253-1260, 2008.] i v7ds 7ds 5 v " 6 7 8
Validation methods from different fields for each level Why analyze? SpaceTree TreeJuxtaposer et bt Dataset and data types
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How to encode: Arrange space, map channels

Targets
Encode Manipulate Facet Reduce Manipulate Facet Reduce Encode
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Further reading Outline Encoding visually Definitions: Marks and channels
. \Z/(i)slu:Iization Analysis and Design. Munzner. AK Peters Visualization Series, CRC Press, Nov « Session 1: Principles 9:30-//:00am * analyze idiom structure * marks @ Points @ Lines @ Areas
. _ ice —geometric primitives ° . @
— Chap I:What's Vis, and Why Do It? Analysis: What,Why, How o feete TN =l
— Chap 2:What: Data Abstraction —Marks and Channels ® Position ® Color
— Chap 3:Why:Task Abstraction —Arrange Tables ° ° Y Horizontal Vertical soth
. = Horizonta = Vertical = Botl
* A Multi-Level Typology of Abstract Visualization Tasks. Brehmer and Munzner. IEEE Trans. —Arrange Spatial Data ° ° ° channtels; A I IZ‘ / / /
A H : H H . —control appearance of marks .
Visualization and Computer Graphics (Proc. InfoVis) 19:12 (2013),2376-2385. — Arrange Networks and Trees I . . °®
* Low-Level Components of Analytic Activity in Information Visualization. Amar, Eagan, and Stasko.
) ’ ’ -M lor and Other Channel
Proc. IEEE InfoVis 2005,p | 11-117. ap Colo i: o es Channels ® shape ® it
* A taxonomy of tools that support the fluent and flexible use of visualizations. Heer and —Manipulate: Change, Select, Navigate
Shneiderman. Communications of the ACM 55:4 (2012), 45-54. —Facet: Juxtapose, Partition, Superimpose A ¥ / l /e
* Rethinking Visudlization:A High-Level Taxonomy. Tory and Méller. Proc. IEEE InfoVis 2004,p 151— —Reduce: Filter, Aggregate
158. ® Size
* Visualization of Time-Oriented Data. Aigner, Miksch, Schumann, and Tominski. Springer, 201 1. > Length > Area > Volume
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Accuracy: Fundamental Theory

Encoding visually with marks and channels Channels Channels: Rankings
. analyze IdIOm structure - 3 Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes Steven's Psychophysical Power Law: S= IV
) . Position on common scale o Spatial region '. . Position on common scale o 4 Spatial region '. .
—as combination of marks and channels * * g N -
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51 g /5
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vertical position vertical position vertical position vertical position Color luminance OumEmE Color luminance Oeumm :',110 e mo; (:Im};or r; attributes wi S Srgnne
horizontal position horizontal position horizontal position g g ighest ranked channels E 14
color hue color hue Color saturation O m’ Color saturation 0 m"’ * expressiveness principle
slze (area L.
(area) Curvature 1)) . Curvature 1)) . —match channel and data characteristics 0 T T T T J
mark: line mark: point mark: point mark: point £ El = 0 1 2 3 4 5
. Volume (3D size) vy 2 Volume (3D size) vy 3 - Physical Intensity »
Accuracy:Vis experiments Discriminability: How many usable steps? Separability vs. Integrality Further reading
Cleveland & McGill’s Results
r Hﬂﬂﬂﬂ N A —— * must be sufficient for number of * Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC
Lo * attribute levels to show Positi . Width Red Press, Nov 2014.
BE T2 o1 ® li idth: few bi osftion Ize ot € — Chap 5: Marks and Channels
Bg - —e—i —linewidth: tew bins + Hue (Color) + Hue (Color) + Height + Green X
Positions - H@H]. T3 g - ——i * On the Theory of Scales of Measurement. Stevens. Science 103:2684 (1946), 677-680.
gg - " Y e ° ° . ® ° . . ° ° °° * Psychophysics: Introduction to its Perceptual, Neural, and Social Prospects.
B Crowdsourced Results ® °® . -, o 0o Stevens.Wiley, 1975.
o [F——t d ° . . . . .
L B8 - L] - ° ° ° ' ° . . o ° * Graphical Perception:Theory, Experimentation, and Application to the Development of
WH @ T6 Li = ——i ® L4 - o % Graphical Methods. Cleveland and McGill. Journ. American Statistical Association
e { %% B - — ol N < — P IYET— 79:387 (1984), 531-554.
el 7 gg = ] [Crowdsourcing Graphi ully separable ome interference ome/significant ajor interference Y
) g Graphical . .
@ et Perception: Using Mechanical Turk interference * Perception in Vision. Healey. http://www.csc.ncsu.edu/faculty/healey/PP
recungutnr | | = [l ™ Lo —e—i i‘?A“”ZVEﬁ"""i"'ﬁ" D;EiAg:- 2 ) 2 N s ' . ' * Visual Thinking for Design.Ware. Morgan Kaufmann, 2008.
s g leer and Bostock. Proc Toups eac. TOoups eac. oups total: oups total: . " L . . ..
O et E% T =h Conf Human Factors in g g intg(:gral area intg(:gral hue * Information Visualization: Perception for Design, 3rd edition.Ware. Morgan
Computing Systems (CH) 2010, mappamund ol Kaufmann /Academic Press, 2004.
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Outline How to encode: Arrange position and region Arrange tables Idioms: dot chart, line chart
* Session 1: Principles 9:30-11:00am Encode ® Express Values © Axis Orientation * one key, one value
— Analysis: What, Why, How b’ Arrange T Rectilinear Parallel Ra}d|a| —data
—Marks and Channels > Express > Separate A4 from categorical and ordered . . T T T .:\ /l, * 2 quant attribs
attributes (3 Separate, Order, Align Regions ‘/l\‘ .
— Arrange Tabl m. —mark: points Z
ange fables — ul > Separate > Order s
—A Spatial D: mu® > Color P * dot plot: + line connection marks between them z
rrange Spatial Data >Hue = Saturation > Luminance L‘.I u aul ® Layout Density g e
i (11} L . - s
—Arrange Networks and Trees > Order  Align mun = 5 Dense R channels z s
i i + aligned length I Yo
—Map Color and Other Channels Ll > Size, Angle, Curvature, .. > Align aligned Jengths to express quant value ISRRCIR RSN
. . al 1139 - « separated and ordered by key attrib into P P
—Manipulate: Change, Select, Navigate e ] horizontal regions Year
—Facet: Juxtapose, Partition, Superimpose > Shape —task 2 :2 .
_ CEi +oemaA z -~ ~
Reduce: Filter, Aggregate 3 1Key 22Kgs  d3Mos > Mayhs « find trend g0
2 Motion ld latrix Volume Recurs — connection marks emphasize ordering of items along =5
Direction, Rate, Frequency, ... a % key axis by explicitly showing relationship between Yoo
R} o o — m one item and the next KO
. R 2
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Idiom: glyphmaps

* rectilinear good for linear vs

nonlinear trends

* radial good for cyclic patterns

(® Axis Orientation
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[Glyph-maps for Visudlly Exploring Temporal Patterns in Climate Data and Models.
Wickham, Hofmann,Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]

Idiom: heatmap

* two keys, one value
—data
* 2 categ attribs (gene, experimental condition)
* | quant attrib (expression levels)
—marks: area

* separate and align in 2D matrix
—indexed by 2 categorical attributes

—channels

* color by quant attrib
— (ordered diverging colormap)

—task
« find clusters, outliers
—scalability
* M items, 100s of categ levels, ~10 quant attrib levels

Idiom: cluster heatmap

* in addition
—derived data
* 2 cluster hierarchies
—dendrogram
* parent-child relationships in tree with connection line marks
* leaves aligned so interior branch heights easy to compare
—heatmap

* marks (re-)ordered by cluster hierarchy traversal

(® Axis Orientation

2 Rectilinear 2 Radial

xt A
“— —
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2 Parallel

T

Idioms: scatterplot matrix, parallel coordinates

* scatterplot matrix (SPLOM)

—rectilinear axes, point mark

—all possible pairs of axes
—scalability
* one dozen attribs

* dozens to hundreds of items

* parallel coordinates

—parallel axes, jagged line representing item

—rectilinear axes, item as point

* axis ordering is major challenge

—scalability
* dozens of attribs
* hundreds of items

Scatterplot Matrix
el ) S I

Physics

Parallel Coordinates

Math  Physics Dance Drama

=

-
[T

Dance

Drama

EiEie

wiE
e

Math  Physics  Dance  Drama

Table

Math  Physics Dance Drama

85 95 70 65
90 80 60 50
65 50 90 90
50 40 95 80
40 60 80 90

after [Visualization Course Figures. McGuffin, 2014.

Task: Correlation L ,!:.

* scatterplot matrix

— positive correlation

price

* diagonal low-to-high

—negative correlation

carat
* diagonal high-to-low

—uncorrelated 1912010,3-28]

* parallel coordinates
— positive correlation
* parallel line segments
—negative correlation
« all segments cross at halfway point

—uncorrelated

[Hyperdimensional Data Andlysis Using Parallel Coordinates.
Wegman. Journ. American Statistical Association 85:41 |

* scattered crossings P s

[A layered grammar of graphics. Wickham.
Journ. Computational and Graphical Statistics

price

Correlations of p = 1,.8,

Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating
2,0, - ind

Idioms: pie chart, polar area chart

* pie chart

—area marks with angle channel

W

—accuracy: angle/area much less accurate than line length o
-

* polar area chart -
—area marks with length channel ¥ .iif
—more direct analog to bar charts st

.

* data

count

— | categ key attrib, | quant value attrib v

|
* task ] Ill IW

dlarity

| vs2
|

—part-to-whole judgements
[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]
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Idioms: normalized stacked bar cha;t

* task
—part-to-whole judgements

* normalized stacked bar chart

—stacked bar chart, normalized to full vert height

—single stacked bar equivalent to full pie
* high information density: requires narrow rectangle

* pie chart

—information density: requires large circle

http://bl.ocks.orgimbostock/3887235,
http:/bl.ocks.orgimbostock/3886208,
http:/bl.ocks.orgimbostock/3886394.

Idiom: glyphmaps

* rectilinear good for linear vs

nonlinear trends

* radial good for cyclic patterns

/\/\/\\/
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[Glyph-maps for Visually Exploring Temporal Patterns in Climate Data and Modes.
Wickham, Hofmanin, Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]

Orientation limitations

* rectilinear: scalability wrt #axes
* 2 axes best
* 3 problematic
—more in afternoon

* 4+ impossible

* parallel: unfamiliarity, training time
* radial: perceptual limits

—angles lower precision than lengths
—asymmetry between angle and length
* can be exploited!

[Uncovering Strengths and Weaknesses of Radial Visualizations -
an Empirical Approach. Diehl, Beck and Burch. IEEE TVCG (Proc.
InfoVis) 16(6):935-942,2010.]

(® Axis Orientation
2 Rectilinear

> Parallel

T

> Radial
x I~

“«— —
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Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series,
CRC Press, Nov 2014.

— Chap 7:Arrange Tables
* Visualizing Data. Cleveland. Hobart Press, 1993.

* A Brief History of Data Visualization. Friendly. 2008.
http://www.datavis.ca/milestones

Outline

* Session 1: Principles 9:30-11:00am
—Analysis: What,Why, How
—Marks and Channels
—Arrange Tables
—Arrange Spatial Data
—Arrange Networks and Trees
—Map Color and Other Channels
—Manipulate: Change, Select, Navigate
—Facet: Juxtapose, Partition, Superimpose
—Reduce: Filter, Aggregate

http://www.cs.ubc.ca/~tmm/talks.html#vad | 5sydney .




Arrange spatial data
® Use Given
> Geometry

= Geographic
2 Other Derived

= Spatial Fields
= Scalar Fields (one value per cell)
> Isocontours

> Direct Volume Rendering

= Vector and Tensor Fields (many values per cell)
> Flow Glyphs (local)
> Geometric (sparse seeds)
> Textures (dense seeds)

> Features (globally derived)

R M2
RRA22
Rrr24
RRA2A

Idiom: choropleth map

use given spatial data

—when central task is understanding spatial
relationships

data
—geographic geometry

—table with | quant attribute per region
encoding htp:/lblocks.orglmbostock/4060606

—use given geometry for area mark boundaries

—sequential segmented colormap

Idiom: topographic map

* data

—geographic geometry

—scalar spatial field | \
* | quant attribute per grid cell o =
* derived data
—isoline geometry

* isocontours computed for ]
specific levels of scalar values Z g

Land Information New Zealand Data Service

Idioms: isosurfaces, direct volume rendering

* data

—scalar spatial field
* | quant attribute per grid cell

* task
—shape understanding, spatial relationships

[Interactive Volume Rendering Techniques. Kniss. Master's thesis,
University of Utah Computer Science, 2002.]

D

* isosurface

—derived data: isocontours computed for
specific levels of scalar values
. . F
* direct volume rendering
—transfer function maps scalar values to
color, opacity
* no derived geometry

[Multidimensional Transfer Functions for Volume Rendering. Kniss, Kindimann, and Hansen. In The Visualization Handbook,
edited by Charles Hansen and Christopher Johnson, pp. 189-210. Elsevier, 2005.]

Idioms: vector glyphs

* tasks
—finding critical points, identifying their
types
—identifying what type of critical point is
at a specific location

— predicting where a particle starting at a
specified point will end up (advection)

%
7 /W
/ // /
/u’;” h"’”
\\ il "\\\
H

/
\\\\h
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[Comparing 2D vector field visualization methods:A user study. Laidlaw et al. IEEE Trans.
Visudlization and Computer Graphics (TVCG) | 1:1 (2005), 59-70.]

+©@Xk

[Topology tracking for the of time-depends

flows. Tricoche,

Wischgol, Scheuermann, and Hagen. Computers & Graphics 26:2 (2002), 249-257] s

Idiom: similarity-clustered streamlines

* data
— 3D vector field
* derived data (from field)
— streamlines: trajectory particle will follow
* derived data (per streamline)
— curvature, torsion, tortuosity
— signature: complex weighted combination
— compute cluster hierarchy across all signatures
— encode: color and opacity by cluster

tasks

—find features, query shape

[Similarity Measures for Enhancing Interactive Streamline Seeding.
McLoughlin, Jones, Laramee, Malki, Masters, and. Hansen. IEEE Trars.
Visualization and Computer Graphics 19:8 (2013), 1342-1353]

scalability
—millions of samples, hundreds of streamlines

Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC
Press, Oct 2014.
— Chap 8:Arrange Spatial Data

* How Maps Work: Representation, Visualization, and Design. MacEachren.
Guilford Press, 1995.

* Overview of visualization. Schroeder and. Martin. In The Visualization
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 3-39.
Elsevier, 2005.

* Real-Time Volume Graphics. Engel, Hadwiger, Kniss, Reza-Salama, and Weiskopf.
AK Peters, 2006.

* Overview of flow visualization.Weiskopf and Erlebacher. In The Visualization
Handbook, edited by Charles Hansen and Christopher Johnson, pp. 261-278.
Elsevier, 2005.
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Arrange networks and trees

3 Node-Link Diagrams

Connection Marks

« NETWORKS | « TREES

(3 Adjacency Matrix ]
Derived Table H EN

I |
-H-H
|
® Enclosure
Containment Marks EEEE HEEE EHBR

Idiom: force-directed placement

visual encoding

— link connection marks, node point marks O .
J
.
* considerations o UPKE s
— spatial position: no meaning directly encoded o e e °
. [

* left free to minimize crossings N ¢
— proximity semantics?

* sometimes meaningful

* sometimes arbitrary, artifact of layout algorithm

* tension with length
— long edges more visually salient than short

tasks

— explore topology; locate paths, clusters
scalability

— node/edge density E < 4N

http:/Imbostock.github.com/d3/ex/force.html

Idiom: adjacency matrix view ABCDE
alel Z | N\,
B B
* data: network c c \| /
—transform into same data/encoding as heatmap 2 = E]

[NodeTrix: a Hybrid Visualization of Social Networks.
Henry, Fekete, and McGuffin. IEEETVCG (Proc. InfoVis)
13(6):1302-1309, 2007.]

derived data: table from network
— | quant attrib

* weighted edge between nodes :
—2 categ attribs: node list x 2

\\\

visual encoding
—cell shows presence/absence of edge

‘.
7

/W\k\

scalability
— 1K nodes, |M edges

[Points of view: Networks. Gehlenborg and Wong. Nature Methods 9:115.]

Connection vs. adjacency comparison

“u . cliques ——

adjacency matrix strengths
— predictability, scalability, supports reordering
—some topology tasks trainable

node-link diagram strengths
—topology understanding, path tracing

clusters "
§

—intuitive, no training needed y ’ song

empirical study
—node-link best for small networks
—matrix best for large networks

« if tasks don’t involve topological structure!
[On the readability of graphs using node-link and matrix-based
representations: a controlled experiment and statistical analysis.
Ghoniem, Fekete, and C liola. Information Visualization 4:2
(2005), 114-135] o

Idiom: radial node-link tree

* data

—tree

encoding
—link connection marks
—point node marks
—radial axis orientation

* angular proximity: siblings

« distance from center: depth in tree
* tasks

—understanding topology, following paths

* scalability
—IK - 10K nodes

=

ittp:/Imbostock.github.com/d3/exitree.html 6l

Idiom: treemap
* data
—tree
— | quant attrib at leaf nodes s
* encoding - = [

—area containment marks for hierarchical structure

—rectilinear orientation H 53:2 l:ﬁ @

. . — L
—size encodes quant attrib Ensiis | ‘
* tasks
http://tulip labri fr/De 3_7lusert html

—query attribute at leaf nodes

* scalability
—IM leaf nodes

6

Connection vs. containment comparison

(® Containment (3 Connection

marks as links (vs. nodes)
—common case in network drawing

— ID case: connection

« ex:all node-link diagrams
* emphasizes topology, path tracing

7

 networks and trees

—2D case: containment
« ex:all treemap variants &
« emphasizes attribute values at leaves (size coding) o
« only trees
Node-Link Diagram Treemap

[Elastic Hierarchies: Combining Treemaps and Node-Link
Diagrams. Dong, McGuffin, and Chignell. Proc. InfoVis
2005, p. 57-64.]

Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC Press,
Nov 2014.

— Chap 9:Arrange Networks and Trees

Visual Analysis of Large Graphs: State-of-the-Art and Future Research Challenges. von
Landesberger et al. Computer Graphics Forum 30:6 (2011), 1719-1749.

Simple Algorithms for Network Visualization: A Tutorial. McGuffin. Tsinghua Science and
Technology (Special Issue on Visualization and Computer Graphics) 17:4 (2012), 383-398.
Drawing on Physical Analogies. Brandes. In Drawing Graphs: Methods and Models, LNCS
Tutorial, 2025, edited by M. Kaufmann and D.Wagner, LNCS Tutorial, 2025, pp. 71-86.
Springer-Verlag, 2001.

http://www.treevis.net Treevis.net: A Tree Visualization Reference. Schulz. [IEEE Computer
Graphics and Applications 31:6 (2011), I I-15.

Perceptual Guidelines for Creating Rectangular Treemaps. Kong, Heer, and Agrawala. |IEEE
Trans.Visualization and Computer Graphics (Proc. InfoVis) 16:6 (2010), 990-998.




Outline

* Session 1: Principles 9:30-11:00am
— Analysis: What,Why, How
—Marks and Channels
—Arrange Tables
—Arrange Spatial Data
—Arrange Networks and Trees
—Map Color and Other Channels
—Manipulate: Change, Select, Navigate
—Facet: Juxtapose, Partition, Superimpose
—Reduce: Filter, Aggregate

http://www.cs.ubc.ca/~tmm/talks.html#vadl5sydney

How to encode: Mapping color

Encode
® Arrange ES Map '
= Express > Separate 3 from categorical and ordered
B attributes
— L]
mmE > Color
2 Hue > Saturation = Luminance
= Order 2 Align _ mmm coAm o rEE
- guHl = Size, Angle, Curvature, ...
How? . amul
a2 1))
> Use
= Shape
R rema
= Motion

Direction, Rate, Frequency, ..
Rv) o o
.
° G
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Color: Luminance, saturation, hue

* 3 channels

Luminance . . . I. |:| |:|

—what/where for categorical
« hue Saturation |:| |:| I:' . . .
—how-much for ordered Hue . . . . I:‘ I:I

* luminance
* saturation

* other common color spaces

. . . Corners of the RGB
—RGB: poor choice for visual encoding  color cube - - - - I: ]
—HSL: better, but beware L from HLS . - - - - -
All the same

* lightness # luminance

Luminance values

EEEECOD

* but cannot combine with luminance or saturation o

* transparency
—useful for creating visual layers

Colormaps
P Categorical
) Binar:! y 2 Categorical
> Categorical 4 :: N mg H g
«Q
HEE
TFA Categorical
> Ordered Diverging N 3 g
> Sequential > Diverging Y E g f g
n < “
Ml
L -10+ o TFA
Diverging
- Bivariate 3 3
R g .
Diverging .:- § 2 Sequential
-10+1 S 1
10+
* categorical limits: noncontiguous phlsing SeqiEntial
£ 3 £
— 6-12 bins hue/color S 2 §
2
« far fewer if colorblind S 1 §
10+ 255075

— 3-4 bins luminance, saturation

— size heavily affects salience

http: p html]
« use high saturation for small regions, low saturation for large

after [Color Use Guidelines for Mapping and Visudlization. Brewer, 1994.
l. 38/C

Categorical color: Discriminability constraints

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

6 7 8 9 10

3
N
)
o
IS
o

i B
cHINE 1
EEEIEE i
| ] ]
E— |
|
e ]
]
=l

>< N T

I
S
Rl

14 15 16 17 18 20

F3
g
B
H
3

Mouse

Scale (mb)
0 40 80

v 11 12 13 14 15 16 17 18 19 X Y

[Cinteny: flexible analysis and visualization of synteny and genome in multiple organi

. Sinha and Meller. BMC Bioinformatics, 8:82, 2007.]

6

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

[A Rule-based Tool for Assisting Colormap Selection. Ber Rogowitz, and.Treinish. Pro

[Transfer Functions in Direct Volume Interface, Interaction. Kindir

— segmented rainbows good for
categorical, ok for binned

IGGRAPH 2002 Course Notes]

™
(Vis),pp. 118125, 1995
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Map other channels

. () Size, Angle, Curvature, ...
® size

= Length -
—length accurate, 2D area ok, 3D volume poor
- Angle | //_
* angle
. > Area -«ml
—nonlinear accuracy
* horizontal, vertical, exact diagonal 2 Curvature | ) ) )
M shape = Volume vow oy
—complex combination of lower-level primitives
—many bins ® Shape
* motion + O H A
—highly separable against static 3 Motion
* binary: great for highlighting 2 Motion o o
. .. Direction, Rate, P G
—use with care to avoid irritation Frequency .. °

Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC
Press, Nov 2014.
— Chap 10: Map Color and Other Channels

* ColorBrewer, Brewer.
—http://www.colorbrewer2.org

* Color In Information Display. Stone. |IEEE Vis Course Notes, 2006.
—http://www.stonesc.com/Vis06

* A Field Guide to Digital Color. Stone.AK Peters, 2003.

* Rainbow Color Map (Still) Considered Harmful. Borland and Taylor. IEEE Computer
Graphics and Applications 27:2 (2007), 14-17.

* Visual Thinking for Design.Ware. Morgan Kaufmann, 2008.

* Information Visualization: Perception for Design, 3rd edition.Ware. Morgan
Kaufmann /Academic Press, 2004.

Outline

Manipulate Facet

How to handle complexity: 3 more strategies + | previous

How to handle complexity: 3 more strategies + | previous

Encode A ~
* Session 1: Principles 9:30-/ 1:00am ; Manioulate
Al WhH W:’ H ® Arrange ©® Map P ® change @ Juxtapose ® Filter Manipulate Facet Reduce > Derive Manipulate Facet Reduce > Derive
—Anal )’SiS: at, y, ow > Express > Separate from categorical and ordered ' \_ ° . \_ \_ ;.
attributes 3 : . WX 5 o —— 4 A o ———
— Marks and Channels . e o % ® Change ' ® Juxta.pose . ® Filter SS==S V)\'. i ® Juxtapose ® Filter SESES \7/\:
— Arrange Tables > Order > Align e g Souon > tuminarce § 6 Select ® Partition © Aggregate e | " ‘ . £ o e | L S———
—Arrange Spatial Data lwnnm [— > Size, Angle, Curvature, .. Lo 'DB —
—Arrange Networks and Trees 2 Use el 2 1)) B6 navigate © Superimpose @ Embed ® Select ® Partition ® Aggregate * change view over time ® Select ® Partition ® Aggregate * change over time
= Sh: - . . .
—Map Color and Other Channels EI?\F hape »BD « facet across multiple »BD - mfosht o‘:)wous & flexible
_ i . i ; of the 4 strategies
Manipulate: Change, Select, Navigate > Motion views g
_ . .. . Direction, Rate, Frequency, . .
Facet: Juxtapose, Partition, Superimpose IR ® Navigate ® Superimpose ® Embed * reduce items/attributes ® Navigate
—Reduce: Filter, Aggregate < m M within single view <>
“ M * derive new data to
show within view
http://www.cs.ubc.ca/~tmm/talks.html#vadl5sydney 7 7 13 7
Change over time Idiom: Realign System: LineUp Idiom: Animated transitions Manipulate
* change any of the other choices * stacked bars \ * smooth transition from one state to another ) )
(® Change over Time 3 Navigate
—encoding itself —easy to compare maorn oo —alternative to jump cuts
g 4 P B Jump . . ¢ . 2 Item Reduction 2 Attribute Reduction
—parameters « first segment —support for item tracking when amount of change is limited e O B .
. = Zoom = Slice
—arrange: rearrange, reorder * total bar  example: multilevel matrix views Geometric or Semantic
—aggregation level, what is filtered... + align to different segment —scope of what is shown narrows down e ? e @
* why change? —supports flexible comparison * middle block stretches to fill space, additional structure appears within ® Select
—one of four major strategies h « other blocks squish down to increasingly aggregated representations ety & \@ o, > Pan/Translate > cut
change over time S T i . O .

» facet data by partitioning into multiple views

* reduce amount of data shown within view
—embedding focus + context together

—most obvious, powerful, flexible
—interaction entails change

[LineUp:Visual Analysis of Multi-Attribute Rankings.Gratzl, Lex, Gehlenborg, Pfister, and Streit. IEEE
Trans.Visualization and Computer Graphics (Proc. InfoVis 2013) 19:12 (2013),2277-2286.]
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P P | | 1 -
e B e g = i %‘t 55
:D H L < § i s

ot H
| - S2-E -t
s m || asas o
| = oo
b dh = mmmm

[Using Multilevel Call Matrices in Large Software Projects. van Ham. Proc. IEEE Symp. Information Visualization (InfoVis), pp. 227232, 2003.]

= Constrained = Project




Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series,

Facet

® Juxtapose

3 Coordinate Multiple Side By Side Views

How to handle complexity:

3 more strategies  + | previous

Idiom: Linked highlighting

see how regions

System: EDV

CRC Press, Nov 2014 ) ) - ' Manipulate Reduce > Derive contiguous in one view BEC=ETE ‘
- . = Share Encoding: Same/Different ; are distributed within o H |
— Chap | I: Manipulate View = — > Linked Highlighting @ Change § © Juxtapose //i. another JMH i
. Anlm.ated.Trafls:tlons in Statistical Data Gjraphics. Heer ar.1d Robertson. IEEE Trans. 3 ol S0 _powerful and pervasive BT mHET—— |
on Visualization and Computer Graphics (Proc. InfoVis07) 13:6 (2007), 1240— @ Partition interaction idiom : i
1247. *EB > Share Data: All/Subset/None ® Select ¥ ® Partition 2 ® Aggregate « facet data across 3 G ~:r~“*":
* Selection: 524,288 Ways to Say “This is Interesting”. Wills. Proc. IEEE Symp. “ bt ... - ' .BD multiple views * encoding: different \ [ e .
Information Visualization (InfoVis), pp. 5461, 1996. ® Superi " : - multiform P : B |
uperimpose 5 I 3 o (—— SRE—
* Smooth and efficient zooming and panning. van Wijk and Nuij. Proc. IEEE Symp. Share Navigation ; : . : \ M M= |
. ff o g . P g I I ymp m ® Navigate % @ Superimpose % @ Embed data:all shared -UULJUD__u_ ‘I .. lﬂl o
Information Visualization (InfoVis), pp. 15-22,2003. il . ™ . [
N ¥ il <o N Ny . .
. . . _ . L . . . . . [Visual Exploration of Large Structured Datasets. Wills. Proc. New Techniques
Startmg Simple - adding valt{e to static visualisation through simple interaction. Dix m andTrends in Statistics (NTTS), pp. 237-246, 105 Press, 1995.]
and Ellis. Proc. Advanced Visual Interfaces (AVI), pp. 124—134, 1998.
8l 82 83 84
Idiom: bird’s-eye maps System: Google Maps Idiom: Small multiples System: Cerebral Coordinate views: Design choice interaction Partition into views
— NS VAT e X EEeans B S u LPS_1 20| [Lpsti37_1 & .. . .. . . . .
* encoding: same L * encoding: same SR v - i Data * how to divide data between views  (3) Partition into Side-by-Side Views
* data: subset shared ey ¢ data: none shared All Subset None —encodes association between items S S
* navigation: shared Resten —different attributes for = J ) . using spatial proximity . .
i : . e .o o o
bidirectional linkin A node colors = =c—— 5 same il o\lljerw_elw/ . o major .|mpI|cat|ons for what patterns
g Greymouts Ouabe i L = — c | etai are visible
it pings — (same network layout) = oul Small Multiples | d b
fioktika o b L. o —split according to attributes
. Cheviot . . hared O .
* differences navigation: s 5 509 ' Multiform, . .
T Il wl v + design choices
—viewpoint RN ; = Multiform S Detail —how many SPIitS
—(size) ] R > Loy pFas . . « all the way down: one mark per region?
EiEom oo = — * why juxtapose views!? i
100 km @2007 Googlel- Map data @203 kdanbeta Sciences Pty {222 S _ * stop earlier, for more complex structure
. . - —benefits: eyes vs memory within region?
e overview-detail [A Review of Overview+Detail, Zooming, and Focus+Context Interfaces. i L . . . . . '
Cockburn, Karlson, and Bederson. ACM Computing Surveys 41:1 (2008), M = erps 96 * lower cognitive load to move eyes between 2 views than remembering previous state with —order in which attribs used to split
1-31] a o = single changing view X
[Cerebral:Visualizing Multiple Experimental Co a Grap ext. Barsky, Munzner, Gardy, and Kincaid. IEEE Trans. - displ 2 vi ide by sid hh ly half th £ . —how many views
s | Visualization and Computer Graphics (Proc. InfoVis 2008) 14:6 (2008), 253—1260.] 3 —costs: display area, 2 views side by side each have only half the area of one view & @
Partitioning: List alignment Partitioning: Recursive subdivision System: HIVE | Partitioning: Recursive subdivision System: HIVE | Partitioning: Recursive subdivision System: HIVE
* single bar chart with grouped bars * small-multiple bar charts . i e i B i B . . . .
« split by type A 2 : « switch order of splits . e il 4 « different encoding for E
— split by state into regions — split by age into regions P Y typ TR P Harrowy Bar Enfieley| Hasi vy edbideey Havering 8 Barnet

» complex glyph within each region showing all ages * one chart per region

— compare: easy within state, hard across ages — compare: easy within age, harder

across states
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E I 45 t0 64 Years 5
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* then by neighborhood

* then time
—years as rows
—months as columns

v s d - - |
[Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics

(Proc. InfoVis 2009) 15:6 (2009), 977-984.]

—neighborhood then type
* very different patterns
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e
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e
r Tet
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m | Lsﬁqwn!l Towes Hamiets Greer\wwctl:

ﬂ L |I‘q: Tiet |

Barking

Soumwn.‘g Bexley
Wy
B

Suttony| Croydon| Lambethy Lewisham
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a7 | T p
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[Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics

(Proc. InfoVis 2009) 15:6 (2009), 977-984.]

second-level regions

—choropleth maps

[Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics

(Proc. InfoVis 2009) 15:6 (2009), 977-984.]

Superimpose layers

* layer: set of objects spread out over region
—each set is visually distinguishable group

—extent: whole view (® Superimpose Layers

* design choices . 5

—how many layers? oo fee o o o

—how are layers distinguished?
—small static set or dynamic from many possible?
—how partitioned?
* heavyweight with attribs vs lightweight with selection
* distinguishable layers
—encode with different, nonoverlapping channels
* two layers achieveable, three with careful design

Static visual layering

* foreground layer: roads

—hue, size distinguishing main from minor
—high luminance contrast from background

—desaturated colors for water, parks, land areas 0

background layer: regions

user can selectively focus attention
“get it right in black and white”

—check luminance contrast with greyscale view

[Get it right in black and white. Stone. 2010.

http://www.stonesc.com/wordpress/20 | 0/03/get-it-right-in-black-and-white] 0
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San Francibo
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Superimposing limits

« few layers, but many lines

—up to a few dozen
—but not hundreds

* superimpose vs juxtapose: empirical study
—superimposed for local visual, multiple for global
—same screen space for all multiples, single superimposed

—tasks

* local: maximum, global: slope, discrimination

S o PN
S S g A

e T
R~ —

CPU wtilzaion overtime.

......

[Graphical Perception of Multiple Time Series.

Javed, McDonnel, and Eimapist. IEEE Transactions
i ion and Computer Graphics (Proc.

on
IEEE InfoVis 2010) 16:6 (2010), 927-934.]

Dynamic visual layering

interactive, from selection ="

System: Cerebral

—lightweight: click
—very lightweight: hover

ex: |-hop neighbors

[Cerebral: a Cytoscape plugin for layout of and

interaction with biological networks using subcellular
localization annotation. Barsky, Gardy, Hancock, and
Munzner. Bioinformatics 23:8 (2007), 1040—1042.]




Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC Press, Nov 2014.

— Chap |2:Facet Into Multiple Views
A Review of Overview+Detail, Zooming, and Focus+Context Interfaces. Cockburn, Karlson, and Bederson. ACM Computing Surveys
41:1 (2008), 1-31.
A Guide to Visual Multi-Level Interface Design From Synthesis of Empirical Study Evidence. Lam and Munzner. Synthesis Lectures on
Visualization Series, Morgan Claypool, 2010.

Zooming versus multiple window interfaces: Cognitive costs of visual comparisons. Plumlee and Ware. ACM Trans. on Computer-
Human Interaction (ToCHlI) 13:2 (2006), 179-209.

Exploring the Design Space of Composite Visualization. Javed and Elmqvist. Proc. Pacific Visualization Symp. (PacificVis), pp. 1-9,2012.
Visual Comparison for Information Visualization. Gleicher, Albers,Walker, Jusufi, Hansen, and Roberts. Information Visualization 10:4
(2011),289-309.

Guidelines for Using Multiple Views in Information Visualizations. Baldonado, Woodruff, and Kuchinsky. In Proc. ACM Advanced Visual
Interfaces (AVI), pp. | 10-119,2000.

Cross-Filtered Views for Multidimensional Visual Analysis. Weaver. IEEE Trans.Visualization and Computer Graphics 16:2 (Proc. InfoVis
2010), 192-204,2010.

Linked Data Views. Wills. In Handbook of Data Visualization, Computational Statistics, edited by Unwin, Chen, and Hardle, pp.
216-241. Springer-Verlag, 2008.

Glyph-based Visualization: Foundations, Design Guidelines, Techniques and Applications. Borgo, Kehrer, Chung, Maguire, Laramee,
Hauser,Ward, and Chen. In Eurographics State of the Art Reports, pp. 39-63,2013.

Outline

* Session 1: Principles 9:30-11:00am
— Analysis: What,Why, How
—Marks and Channels
—Arrange Tables
—Arrange Spatial Data
—Arrange Networks and Trees
—Map Color and Other Channels
—Manipulate: Change, Select, Navigate
—Facet: Juxtapose, Partition, Superimpose
—Reduce: Filter, Aggregate

http://www.cs.ubc.ca/~tmm/talks.html#vadl5sydney %

How to handle complexity: 3 more strategies + | previous

Manipulate Facet

= Derive
® Change 3 Juxtapose Y
e @ Irint - . <™
® Select ® Partition , 2 * reduce what is shown
5. ,BD ' within single view
® Navigate
<>

Reduce items and attributes Reducing Items and Attributes Reduce
. . ® Filter ® Filter
* reduce/increase: inverses
> Items

filter

—pro: straightforward and intuitive

> Attributes

* to understand and compute
—con: out of sight, out of mind

aggregation
—pro: inform about whole set
—con: difficult to avoid losing signal

not mutually exclusive > Attributes

—combine filter, aggregate

—combine reduce, facet, change, derive §

Idiom: histogram

* static item aggregation
* task: find distribution
* data: table

Cat Count
5

* derived data 0
—new table: keys are bins, values are counts

5 l
&

2,
N
Yo .

O v D o
& \Q:\ \“ﬂw&
)

. . . Weight Class (Ibs
¢ bin size crucial

—pattern can change dramatically depending on discretization
—opportunity for interaction: control bin size on the fly

101

Idiom: boxplot

* static item aggregation

* task: find distribution M
* data: table T
* derived data | 1

—5 quant attribs o E % E E

* median: central line

-2
I

* lower and upper quartile: boxes
* lower upper fences: whiskers
—values beyond which items are outliers

—outliers beyond fence cutoffs explicitly shown

[40 years of boxplots. Wickham and Stryjewski. 201 2. had.co.nz]

Idiom: Hierarchical parallel coordinates

* dynamic item aggregation

* derived data: hierarchical clustering

* encoding:

—cluster band with variable transparency, line at mean, width by min/max values
—color by proximity in hierarchy

[Hierarchical Parallel Coordinates for Exploration of Large Datasets. Fua, Ward, and Rundensteiner.
Proc. IEEE Visualization Conference (Vis '99), pp. 43— 50, 1999.] 103

Dimensionality reduction

* attribute aggregation
—derive low-dimensional target space from high-dimensional measured space
—use when you can’t directly measure what you care about

* true dimensionality of dataset conjectured to be smaller than dimensionality of measurements
« latent factors, hidden variables

Malignant

derived data: 2D target space

Benign

q

Tumor
Measurement Data

data: 9D measured space

Idiom: Dimensionality reduction for documents

Task 1 Task 2 Task 3
- ic -~ - ~
£ EE E E E E *lee o
8806 a8 a 8 & fecet
Item 1 Item 1 Item 1 P .
Item ... Item ... Item ... el @ : :'.
Itemn Itemn Itemn o
In Out In Out In Out
HD data =) 2D data =)  2Ddata =) Scatterplot =) Scatterplot =) Labels for
Clusters & points Clusters & points clusters
What? What? How? What?
(3 In High- (3 Produce (®In 2D data (®Discover (3Encode ® In Scatterplot (3 Produce
dimensional data  (3) Derive (®O0ut Scatterplot Explore (3 Navigate 3 In Clusters & points (3 Annotate
(® Out 2D data ®Out Clusters& @ Identify 3 select (® Out Labels for
points clusters
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Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series,
CRC Press, Nov 2014.
— Chap |3: Reduce Items and Attributes

* Hierarchical Aggregation for Information Visualization: Overview, Techniques and
Design Guidelines. ElImqvist and Fekete. IEEE Transactions on Visualization and
Computer Graphics 16:3 (2010), 439—454.

* A Review of Overview+Detail, Zooming, and Focus+Context Interfaces. Cockburn,
Karlson, and Bederson. ACM Computing Surveys 41:1 (2008), 1-31.

* A Guide to Visual Multi-Level Interface Design From Synthesis of Empirical Study
Evidence. Lam and Munzner. Synthesis Lectures on Visualization Series, Morgan
Claypool, 2010.

Datasets Attributes domain
) DataTypes abstraction
> e :
ems & Actions Targets
9
(3 Dataand D
: 2 @ Analyze @ All Data
ables
= Consume 2 Trends 2 Outliers = Features
items Discover > Present > Enjoy v "

More Information @tamaramunzner

* this talk
http://www.cs.ubc.ca/~tmm/talks.html#vad | 5sydney

Visualization
Analysis & Design

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

Atributes il -
alllh p<7 il @
2\ ™

(3 Datasettyy 2 Produce
= Tables = Annotate Encode Manipulate Facet Reduce
@ Armange @ Map © Change ® Juxtapose Filter
s from categorical and ordere . . -
SExpress > Separate rom categorical and ordered [0l )
attributes [ S W
—— ‘ul
«(3) Search Ol  Color
Ty >Order > Align e g ¥Sauion » luminace @ Select ® Partition © Aggregate
> Malidim
n o .|
. Location ke lamam e Angle conatu - L
known . . . .
l/ —— 2 Use "W 1)) ® Navigate @ Superimpose ~ ® Embed
> unkoown < € »Shape B...|
+OHA S L. i |

> Geome(r@ Query
= Identify & e

i e

> Motion

—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/group/infovis

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

Visualization Analysis and Design.

Munzner. A K Peters Vis ion Series, CRC Press, Vi Series, 2014.
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