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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,
designed to hel

ation systems provide visual representations o
£arry out tasks more effectively.

“ a' étio is sune h'n't>he isa ned to auget hma cép

* 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 €

bf datasets

* external representation: replace cognition with perception
Expression color scale
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[CerebralVisualizing Multiple Experimental Conditions on a Graph A 7 7
with Biological Context. Barsky, Munzner, Gardy, and Kincaid. IEEE .. [, 8 o % | v Lo $
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Why represent all the data?

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

* summaries lose information, details matter
—confirm expected and find unexpected patterns

Analysis framework: Four levels, three questions

¢ domain situation

—who are the target users!?

abstraction

—translate from specifics of domain to vocabulary of vis

[A Nested Model of Visualization Design and Validation.

Validation methods from different fields for each level

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

Q Data/task abstraction

Why analyze? SpaceTree TreeJuxtaposer
[ommm]

* imposes a structure on huge
design space

—scaffold to help you think
systematically about choices

o L. — . Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009).] @ Visual encoding/interaction idiom . vzi O .
—assess valldlty Of StatlStlcaI mOdEI 2 Y //// “; 1 //// * what iS ShOWn? data abstl’actlon JUStlfy de5|gn with respect to alternatives deSIgn —ana yZIng eXIStIng as Stepplng Stone
10 . 1 — ] . . . domain to designing new
<8 S, * why is the user looking at it? task abstraction - Algorithm ghing
Anscombe’s Quartet of S abstraction o . computer 5ol soporng Exlsionn Lo [Teclatposr: bl TeeComparson s o
<~ . d H - Measure system time/memory science Node Link Tree, Design Evolution and Empirical “+Context With Guaranteed Visibility. ACM Trans, i
. . 44 iaiom Analyze computational complexity What? How? B o gt nd Bdersen Grapics (Proc. SIGGRAPH) 22:453- 462, 2003
Identical statistics 4 10 12 14 16 18 4 6 8 10 12 14 16 18 * how is it shown? = Analyze results qualitatively cognitive @T_ > Act > Spacem
X mean 9 XW 2 . . I o Measure human time with lab experi sycholo; ree ctions pacelree
) periment (lab study) psy: gy
: 10 O — ] * visual encoding idiom: how to draw anthropology/ g 2 Present = Locate - Identify 2 Encode 2 Navigate Select 2 Filter 2 Aggregate
X variance 12 _— 124 - « interaction idiom: how to manipulate ethnography Observe target users after deployment (field study) M - @ === = oty ® .., =z mmm
10 e 104 - N el s = —
y mean 8 04 /./././ . <o ! _— o GI orithm Measure adoption ‘
q & ~
y variance 4 6 /,p"‘ 1 " 3 ) . [A Multi-Level Typology of Abstract Visualization Tasks i L i e ® Targets @ TreeJuxtaposer _
xly correlation |1 44 — efficient computation Brehmer and Munzner, IEEETVCG 19(12)2376-2385, 2013 (Proc. IfoVis 2013).] * mismatch: cannot show idiom good with system timings = Path between two nodes 2 Encode  Navigate »Select = Arrange
N 10 12 14 16 18 4 6 8 10 12 14 16 18 * mismatch: cannot show abstraction good with lab study . p¢ EEEae (> il
X3 X4 6 7 \—,% 8
.
e At Dataset and data types & Actions @ Torgets Actions |:Analyze
2 (3 DataTypes () Attribute Types N Analyze
>ltems > Atributes > Links > Positions > Grids > Categorical @ Dataset Types Spatial @ Analyze ® AllData e consume @ Y
+ OH A = Consume 2 Trends 2 Outliers = Features . > Consume
(3) Data and Dataset Types > Tables > Networks 2 Fields (Continuous) > Geometry (Spatial) > Discover > Present > Enjoy . v . —discover vs present
Tables Networks &  Fields Geometry  Clusters, > Ordered allln g e © L lassi lic - Discover > Present > Enjoy
Trees St Liss » o ) Grid of positi Al A * classic spli
s tems nodes)  Grids (555 (555 W Attributes (columns) rid of posttions op d-' (3 Attributes « aka explore vs explain ilh \ il
Attributes. Links Positions Positions. B roauce 1 4 Vi tlihe @
Atributes  Attibutes > Quantitative Items Link cell & N SAnnotate  >Record Derive 2 One = Many . e il
_—— (rows) ﬁ Position - > Distribution - Dependency = Correlation = Similarity —enjoy HE
(3) Dataset Types V's Node E;’ ih N4
3) Ordering Directi (item) il e
> Tabls hewoks > O Cell containing value e Auributes columng) +Extremes * hewcomer > Produce
.. ) search il « aka casual, social 2 Annotate 2 Record 2 Derive
. Value in cell . . Target known Target unknown
A > Diverging . + {action, target} pairs 9 D
. e @ Attribute Types o e it - Looksp ) bowse  (3) Network Data A,
— discover distribution known . d W N
e ’ C(y;( = Categorical > Ordered — compare trends inown € @ tocate @ bplre > To;ilog)f N produce
RIS A R
. - _ i B AR/ —annotate, record
! + @ B A > Ordinal > Quantitative locate outliers ® Query bt ) ’
— — browse topology »Identify = Compare = Summarize % —derive
> Geometry (spatial) (3 Dataset Availability »* ' ' ‘ - ‘\’/' @ Spatial Data e crucial design choice
2 Static » Dynamic / > Shape
3 rostion — 5 0 o " 12
Actions II: Search Actions Ill: Query Targets
Encode Manipulate Facet Reduce
* what does user know? 3 search * what does user know? (3 search -
X X @ All Data @ Network Data ® Arrange ® Map 3 Change 3 Juxtapose @ Filter
—target, location Target known Target unknown —target, location Target known Target unknown > Express > Separate from categorical and ordered RN Sl
H attributes 4 - -
i L = Trends = Qutliers = Features > Topology . m ol
ocation .. e ocation o e (e >0
Kknown .o Lookup [evs  Browse . how much of the data Known .o Lookup [y Browse | | . |V I» >/-§' ! ‘>'<. / . \ > Order > Align -)Hu(‘. > Saturation ~>Lumy.vy=va ® Select @ Partition © Aggregate
s = 1 A L 0, -
Location . matters7 Location . \ﬁ. L_l_l_l_l 2 Size, Angle, Curvature, ... L n DD
unknown .©:‘ Locate Q' Explore : unknown .Q' Locate Q' Explore = Paths
—one, some, all @ Attributes A > Use ol e 1)) ® Navigate ® Superimpose 3 Embed
- » Shape B
= One > Many +oma P (m
uer . ST i
@ Query 2 Distribution = Dependency = Correlation = Similarity @ Spatial Data > Motion
= Identify - Compare = Summarize < Direction, Rate, Frequency,
. o—e o o

.,

€N

= Shape
> Extremes { |

o o
U.. a




How to encode: Arrange space, map channels

Encoding visually

Definitions: Marks and channels

Encoding visually with marks and channels
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How to handle complexity: 3 more strategies + | previous

Manipulate Facet Reduce > Derive

® Change 3 Juxtapose ® Filter Ve
i T A
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® Select ® Partition ® Aggregate * change view over time
»BB * facet across multiple

views

® Navigate ® Superimpose ® Embed * reduce items/attributes

<t am within single view

EA

* derive new data to
show within view

2 ® Change

How to handle complexity: 3 more strategies + | previous

Manipulate Facet

Reduce > Derive

, ® Juxtapose

® Partition
T

® Superimpose

\ o

® Select

® Navigate
<

® Filter

® Aggregate

* change over time

- most obvious & flexible
of the 4 strategies
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® Embed

™
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Idiom: Animated transitions

* smooth transition from one state to another
—alternative to jump cuts
—support for item tracking when amount of change is limited
* example: multilevel matrix views

—scope of what is shown narrows down

*» middle block stretches to fill space, additional structure appears within

[Using Multilevel Call Matrices in Large Software Projects. van Ham. Proc. IEEE Symp. Information Visualization (InfoVis), pp. 227-232, 2003.]
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= Linked Highlighting

> Share Encoding: Same/Different

= Share Data: All/Subset/None

3 Coordinate Multiple Side By Side Views

Manipulate Facet Reduce 2 Derive
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Idiom: Linked highlighting

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

— powerful and pervasive
interaction idiom

* encoding: different
—multiform
* data:all shared
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Idiom: bird’s-eye maps System: Google Maps
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[A Review of Overview+Detail, Zooming, and Focus+Context Interfaces.
Cockburn, Karlson, and Bederson. ACM Computing Surveys 41:1 (2008),
1-31]

e overview=-detail

Idiom: Small multiples

System: Cerebral
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encoding: same

data: none shared

—different attributes for
node colors

— (same network layout)

navigation: shared
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[Cerebral:Visualizing Multiple Experimental Con
Visualization and Computer Graphics (Proc. InfoVis 2008) 14:6 (2008), 1253-1260.]
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Coordinate views: Design choice interaction Partition into views Partitioning: List alignment Partitioning: Recursive subdivision System: HIVE
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[Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dyke;, and Wood. IEEE Transactions on Visualization uﬁdzgmputer Graphics [Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on Visualization and Computer Graphics
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—combine reduce, facet, change, derive £
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