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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-based,

X ation systems provide visual representations
designed to hel® peo

l £arry out tasks more effectively.

’Visuaizétio is suitable when there is a néd to augen human apabilies :
 rather than replace people with computational decision-making 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 visua
designed to help people carry out tasks more €

f f datasets

* external representation: replace cognition with perception
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[Cerebral:Visualizing 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 represent all the data?

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

—assess validity of statistical model 12
Anscombe’s Quartet < ‘Z
Identical statistics j

X mean 9

x variance 10

y mean 7.5 2

y variance 3.75 ;‘Z
xly correlation |0.816 o s

https://www.youtube.com/watch?v=DbJyPELmh]Jc
Same Stats, Different Graphs

summaries lose information, details matter
—confirm expected and find unexpected patterns
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Why are there resource limitations?

sir:'t;‘ake into account'thfe'e frery differ
of humans, and of displays.

¥ Vis desi:gners mi
those of compute:

ent

* computational limits
—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

kinds of resource limitation

Analysis framework: Four levels, three questions

e domain situation

—who are the target users?

* abstraction

_translate from SpeciﬁCS Of domain to Vocabu|ar)’ Of ViS [A Nested Model of Visualization Design and Validation.
Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). ]

* what is shown? data abstraction

» why is the user looking at it? task abstraction d:t::::ction
?
* idiom
* how is it shown? = —
« visual encoding idiom: how to draw Lo
« interaction idiom: how to manipulate 2T

* algorithm

K X [A Multi-Level Typology of Abstract Visualization Tasks
—efficient computation

Brehmer and Munzner. IEEETVCG 19(12):2376-2385,2013 (Proc. InfoVis 2013).]
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Validation methods from different fields for each level

anthropology/ & Domain situation
ethnography Observe target users using existing tools

Q Data/task abstraction

Visual encoding/interaction idiom

Why analyze?

* imposes a structure on huge
design space
—scaffold to help you think
systematically about choices
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Further reading
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Encoding visually Definitions: Marks and channels Encoding visually with marks and channels Channels
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Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC
Press, Nov 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
* Visual Thinking for Design.Ware. Morgan Kaufmann, 2008.

* Information Visualization: Perception for Design, 3rd edition.Ware. Morgan

Kaufmann /Academic Press, 2004.
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Challenges of Color LoP O FiSG subjects (excluding Categorical vs ordered color Decomposing color Luminance
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* encoding: different
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[Visual Exploration of Large Structured Datasets. Wills. Proc. New Techniques
and Trends in Statistics (NTTS), pp. 237-246.10S Press, 1995.]

—multiform

* data: all shared

Idiom: bird’s-eye maps

* encoding: same

* data: subset shared

navigation: shared
—bidirectional linking
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* overview-detail
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;«'m'“—l_‘ Leestonn 73
100 ki G2007 Googlel- Map data @200Z anbeta Sciences Pty L2122

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

1-31]

System: Cerebral

LPSLL37_1 =2

"B §lLps-l g

* encoding: same

* data: none shared

—different attributes

for node colors 1psLL37.2

LPS_2 &

—(same network
layout)

* navigation: shared

[Cerebral:Visualizing Multiple Experimental Conditions on a Graph with Biological Context. Barsky, Munzner, Gardy, and Kincaid. IEEE Trans.
Visualization and Computer Graphics (Proc. InfoVis 2008) 14:6 (2008), 1253—1260.] 6l

Coordinate views: Design choice interaction

Data

All Subset None

W‘J Overview/
Detail
.||I|

Same

Small Multiples

Encoding

I; Multiform,
Overview/
Detail

Multiform

Different

* why juxtapose views?
—benefits: eyes vs memory

* lower cognitive load to move eyes between 2 views than remembering previous state with
single changing view

—costs: display area, 2 views side by side each have only half the area of one view

6

Idiom: Animation (change over time)

LPSLL37_1

* weaknesses
—widespread changes
—disparate frames

strengths

—choreographed storytelling

{ O\ |
—localized differences between = l_‘ \‘l/, I

contiguous frames X = I -
: 25T R
\

\

—animated transitions between
states

Chemokine Transeription
factor

Partition into views

* how to divide data between
views
—encodes association between items
using spatial proximity
—major implications for what patterns
are visible
—split according to attributes
* design choices
—how many splits
« all the way down: one mark per
region?
« stop earlier, for more complex
structure within region?

—order in which attribs used to split

(® Partition into Side-by-Side Views




Partitioning: List alignment
* single bar chart with grouped bars
—split by state into regions

« complex glyph within each region showing all
ages

—compare: easy within state, hard across ages

* small-multiple bar charts
—split by age into regions
« one chart per region

—compare: easy within age, harder
across states

System HIVE

Partitioning: Recursive subdivision
* split by type
* then by neighborhood

¢ then time

—years as rows

Partitioning: Recursive subdivision

* switch order of splits
—neighborhood then type

Waltham Forest,

Enfleld Han»

Harrows Bar

/:

el

* very different patterns

Hillingdon,

Brenh
re

System: HIVE

Redbridges| Havering

Newham | Barking

Partitioning: Recursive subdivision

System: HIVE

E E
Rarnet

« different encoding for
second-level regions
—choropleth maps

Sarn

g Fhftviivie 4 :
10013 B 25 t0.44 Yeurs ST —— s —months as columns ,‘g
2 M 181024 Years n ‘ d % o b . |
ol Hie g [T p— ransony Eai i e |
80 Under 5 Years ‘E- I "' 4 - L. 24
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o 33! — e e ch:ya ngstorr Meﬁ Jﬂi cuyuu.-na'on Soumrg Bex|ey
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20 33_ fr— Su’[tonl‘ Croydon Lambfz_t_i Lewwsha:m. Bromleyt
10 n - el T £ ot
B = | e
a8 | = 03 N e — — — [Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood IEEE Transactions on Vlsuuhzanon and Co-r.nputer Graphics [Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics [Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics
AT NY L C PA A TK WY L L PA & | (Proc. InfoVis 2009) 15:6 (2009), 977-984.] | (Proc. InfoVis 2009) 15:6 (2009), 977-984.] (Proc. InfoVis 2009) 15:6 (2009), 977-984.]
Superimpose layers Static visual layering Superimposing limits Dynamic visual layering System: Cerebral
. i X . . 4 R
* layer: set of objects spread out over region * foreground layer: roads * few layers, but many lines * interactive, from N e SR
—each set is visually distinguishable group —hue, size distinguishing main from minor —up to a few dozen selection Lo N T2 e
—extent: whole view @ Superimpose Layers —high luminance contrast from background POINT REVES —but not hundreds —lightweight: click
NATIONAL \7\ . . .. . . . i (
* design choices K . * background layer: regions SEAsHORE * superimpose vs juxtapose: empirical study —very lightweight: hover [t e
. > ] PACIFIC OCEAN X X X 7)) T
—how many layers? 50° e o S8% e —desaturated colors for water, parks, land o 10Kiometers —superimposed for local visual, multiple for global ) VA i o
areas o 10 Miles

—how are layers distinguished?
—small static set or dynamic from many possible?
—how partitioned?

* heavyweight with attribs vs lightweight with selection

» distinguishable layers

user can selectively focus attention

“get it right in black and white”

—check luminance contrast with greyscale
view

POINT REYES
NATIONAL

—same screen space for all multiples, single superimposed
—tasks

* local: maximum, global: slope, discrimination

s

ST

* ex: |-hop neighbors

o]
R \ i it
: /

recepror

. . ) SEASHORE ) ) . el =
—encode with different, nonoverlapping channels [Get it right in black and white. Stone. 2010. . : ﬁﬁ%"?&iﬁ’ié":ﬁﬂ Dt L acaons D fiiiii’?lfﬁ;‘%ii?f;!éﬁ”ﬁé"&iﬁ k"g’{f;;;ijgi or —
* two layers achieveable, three with careful design http:/lwww.stonesc.com/wordpress/20 | 0/03/get-it-right-in-black-and-white] o 10Kiometers — onYilan o f;)rsnj;;ae’rofr;gi;c; ;Z,T e tocumtion amotaticn Borsey Gonch Fimeockeang o o
© 0 10Mies  San Francisgo 7 71 | Munzner. Bioinformatics 23:8 (2007), 1040-1042.] “wii™ we gl n
Further reading Outline How to handle complexity: 3 more strategies + | previous Reduce items and attributes  Reducing Items and Attributes Reduce
* Visualization Analysis and Design. Munzner. AK Peters Visualization Series, CRC Press, Nov 2014. . : . R T fo . . . @ Filter ® Filter
+ Chap 12: Facet Into Muttiple Views Session 1: Principles 9:/5-/0:30am Manipulate Facet Reduce > Derive reducefincrease: inverses > Items
* /:If'zleVi;\gol;fOlvegvlieW"'Detail, Zooming, and Focus+Context Interfaces. Cockburn, Karlson, and Bederson. ACM Computing Surveys —Analysis: What,Why, How . ﬁlter
1(2008), 1-31. Marks and Ch Is. P . ® Change ® Juxtapose Ve . U = Y —
* A Guide to Visual Multi-Level Interface Design From Synthesis of Empirical Study Evidence. Lam and Munzner. Synthesis Lectures on —Marks an annels, Perception . . <~ —pro: straightforward and intuitive 9 g
Visualization Series, Morgan Claypool, 2010. —Color fete @ 1t | L | . « to understand and compute > Attrlbutes D,
* Zooming versus multiple window interfaces: Cognitive costs of visual comparisons. Plumlee and Ware. ACM Trans. on Computer- - = P
Human Interaction (ToCHI) 13:2 (2006), 179-209. * Session 2: Techniques for Scaling /0:50-1 /:40am —con: out of sight, out of mind
* Exploring the Design Space of C¢ ite Visuali; aved and El ist. Proc. Pacific Visualization Symp. (PacificVis), pp. 1-9,2012. .. G | . .
ploring ign Space of Comp Javed an q ro ific Visualization Symp. (PacificVis), pp. ® Select ® Partition % * reduce what is shown * aggregation

* 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. 1 10-119,2000.

* Cross-Filtered Views for Multidimensional Visual Analysis. VWeaver. |EEE 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.

—Manipulate: Change, Select, Navigate
—Facet: Juxtapose, Partition, Superimpose
—Reduce: Filter; Aggregate

http://www.cs.ubc.ca/~tmm/talks.html#fvad | 7sydney
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within single view

LTS
® Superimpose

® Navigate
<>

—pro: inform about whole set
> ltems

—con: difficult to avoid losing signal

not mutually exclusive
—combine filter, aggregate

Idiom: histogram

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

Cat Count
>

* derived data

—new table: keys are bins, values are counts
. . . Weight Class (Ibs,
* bin size crucial

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

Idiom: boxplot

* static item aggregation
* task: find distribution 7
* data: table

* derived data
-5 quant attribs o
« median: central line

* lower and upper quartile: boxes

-2
I

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

—outliers beyond fence cutoffs explicitly shown

[40 years of boxplots. Wickham and Stryjewski. 2012. had.co.nz]
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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.]

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 Benign

A

Tumor

Measurement Data —> DR —

data: 9D measured space

derived data: 2D target space




Idiom: Dimensionality reduction for documents

Task 1
- ic -~
EEE EE
838038 8o
Item 1 Item 1
Item ... Item ...
Itemn Itemn
In Out
HD data =) 2D data
What?
® In High- (® Produce
dimensional data (3) Derive
(3 Out 2D data

Task 2 Task 3
-~ .
. .
£ 5
Item 1 . *e .
Item... ore @Rl +3e @R
. % . %
Itemn et -
In Out In Out
2D data =) Scatterplot Scatterplot =) Labels for
Clusters & points Clusters & points clusters
What? How? What?
(®In 2D data (®Discover (3Encode ® In Scatterplot (3 Produce

®out Scatterplot @Explore @Navigate
(®OutClusters& (3 Identify (@ Select
points

3 In Clusters & points (® Annotate
® Out Labels for
clusters

Further reading

* Visualization Analysis and Design. Munzner. AK Peters Visualization Series,
CRC Press, Nov 2014.
—Chap 13: Reduce Items and Attributes
* Hierarchical Aggregation for Information Visualization: Overview, Techniques and
Design Guidelines. Elmqvist 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.
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