IAT 355
Multiple dimensions, multiple views
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Multidimensional representation: glyphs
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Overplotting

« At some point there are just too many points

«LB&\D
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Reducing overplotting

20

* Reduce size of objects
« Remove fill colour 0"

« Change shape from container (eg circle)
to non-container (X)

« Jitter the data
« Make data objects transparent "

« Transform the data into density measures
(KDE, heatmaps)
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* White space challenges vis
« Graphical tricks only go so far.

0.006

0.004

0,002

S F U IAT 355 | Multiple views 10 5 o‘ 5 10



Approaches to reducing complexity

1. Deriving new data (statistics, choosing a design idiom)

2. Navigating through the information space
(change over time)

3. Reorganizing the dimension layout

4. Faceting the data/ dimensions into coordinated views
« Change by using space

5. Reducing the data in the view
6. Embedding focus and context in single view
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Reduce complexity: redistribute data

* Dimensional reorganization

* Dimensional embedding

» Dimensional subsetting : faceting
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Dimensional reorganization

 Parallel coordinates
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Radar/star plots

Star Plot of MER 1DD and Automated Designs
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Dimensional Embedding

* Dimensional stacking divides
data space into bins

« Each N-D bin has a unique 2-
D screen bin

« Screen space recursively
divided based on bin count for
each dimension

e Clusters and trends
manifested as repeated
patterns
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Bertin's Three Levels of Reading

« Elementary: single value

* Intermediate: relationships between values
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But what's the core problem?

So much data .....
So many dimensions ....

OOOOOOOOOOOOOOOOOOO
TTTTTTTTTTTTTTT




Way too much information

 multidimensional view
« Compound idioms
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Solution: Multiple views

Incident Clustering Explorer, University of Maryland
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ame data, different encodin
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Same data (different levels of detail),
different encoding
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same encoding, different subsets (by dimension)

Petal Width

-
o

0.0
45

4.0

Sepal Width
w w
=) «n

N
[

N
o

S F U IAT 355 | Multiple views

o & 8 °
® ggoooo Ogo

°ocno$08 o
500 080830§OOO°

- B

X 611) (o]

)9 8)
o)

45 50 55 6.0 6.5 7.0 7.5 8.0
Sepal Length

17



Different subsets, different encoding

Product Sales Compared to Budget Product Type Profit by Product
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(® Partition into Side-by-Side Views

Data and View Facets L
Data
All Subset None
* Overview/
o Same Redundant Detail . o o
5 ,|||| Small Multiples
§ | |. Multif
T tiform,
“" Different bl i o erview/ No Linkage
Multiform . '+ Detail
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* Overview/
Detail
lIllI

Overview and detail: subset data, same encoding
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Infragistics,
http://www.infragistics.com/community/blogs/taz_abdeal

i/archive/2012/03/13/netadvantage-for-jquery-2012- http://www.wikiviz.org/wiki/Overview plus detail
volume-1-sneak-peek.aspx
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Multiform,
il Mutiform,
"« Detail

Faceting data: multiform overview and detalil

Postnummer- och SAMS-atlasen

D'olc.-k. e -

GAV HTML5 TOOLKIT, Linkoping University
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Subsetting dimensions

[ mixing Height (x100ft)
["|Trans.Wind mph ~

["]20ftwind mph ~
["|vent Rate (x1000 mph-ft)
[ Red Flag Threat Index

Surface Wind mph ~
Sky Coverage
Precipitation Potential
Relative Humidity

» “splitting” dimensions across
linked views S ot i —

[Tue, Feb4 2014

« Small multiples
« Trellis displays
» Scatterplot matrices
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Wednesday, February 5 at 6pm

Temperature: 64 °F  Dewpoint: 48 °F  Wind Chill: N/A  Surface Wind: ENE 16mph
Sky Cover: 30%  Precipitation Potential: 10%  Relative Humidity: 56%

Thunder: <10% Rain: <10% Snow:<10% Freezing Rain: <10%  Sleet <10%
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Multiform: Small multiples

« Splits
dimensions
across multiple
vViews

Depression

Average yearly health care cost

of a 45-year-old with Depression: $4,454
B Personal Cost: $901

B Insurer Cost: $3,552

Total yearly health care cost for

the 780 patients with Depression:
$3,474,717

Age 45

Robert Kosara, www.eagereyes.orqg
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Small Multiples

Multiform: Small multiples

« Splits
dimensions
across multiple
vViews

Patierts

Patiorts  Patsents

Patierts  Patiorts  Patents  Patierts

K . Acid Reflux

K Asthma

0K

2K Chronic Sinusits
1K

Robert Kosara, www.eagereyes.orq
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Monthly Unemployment Rates by State, Jan 1976 - Apr 2009

Small multiples

* use the same basic
graphic or chart to
display difference slices of a data set

 rich, multi-dimensional data without trying to cram all
that information into a single, overly-complex chart.

« Singular design reduces decoding effort.

E. Tufte “The Visual Display of Quantitative Information,” p. 42 and “Envisioning Information,” p. 29
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Why doesn’t this work?

Agriculture

Business services

Construction

Educaton and Health

Finance

Govemment
Information

Lesure and hosplaity

Manutacturing
Mining and Extraction
Other

Set-employed
Transponation and Utiities

Wholesale and Retal Trade

] ' ' ' ' ' ' 1 ' '
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

J. Heer, M. Bostock and V. Ogievetsky, A Tour Through the Visualization Zoo.
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Small Multiples

Small multiples
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Small multiples

Small Multiples

* Same encoding
- Data split
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Horizon graphs

Small Multiples
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Small Multiples

Trellis Plot

« Small multiples subsets
across more than one

dimensions S N B S
. ) Older
e Two dimensions:
« Age
« Gender

20 1

/. Younger

°8
o
%00

Male Count 1 Female
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Trellis plots
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[The Visual Design and Control of Trellis Display. Becker, Cleveland, and Shyu. JCSG 5:123-155 1996]
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Small multiples

-
Data

Often called
most
underused vis
solution

Find:
Dimensions
s Containes
#ec Customer Name
soo Customer Segment
@ Customer State
*# Last N days
[ Order Date
# Order 10

 |ssues/?

# Order Quantity
# Product Base Margin
# Proft
“# Profit Ratio
# Sales
# Shipping Cost
“# Time to Ship
# Unk Price
@ Lattude (penerated)
@ Longtude (generated)
“# Mumber of Records
2 Measrn Vakes
Sets

® Top 25 Customers by Profk

Sample - Superstore Sales (€.
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Small Multiples
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Small multiples matrix

* n-dimensional data set

* subset the data into
categories to compare the
patterns between subsets

e Lay out small multiples in
sequential or 2d ordered
grid

MPG

Displacement Acceleration

Horsepower  vWeight

Small Multiples

* o soprhike”

20 40 10 20 200 4002000 4000
MPG Acceleration Displacement

Wieight

Adapted from M. Ward

50 100150200

Horsepower

33



Small Multiples

Scatterplot matrix

MPG Cylinders  HorsepowerWeight AccelerationYear Origin

- all pairwise plots §

« Selection allows linkage

between views

« Clusters, trends, and
correlations readily

discerned between pairs of ii]ii'|||l||| |

dimensions

QM- DTIDOO ~T T TONTOT O™~
[ LY R

i . v BT, o AN
ing.: . Y trad LI
T 8 Y s . !
NEIH . ., " 1‘!: i 2

=

o

 |ssues?

STE TN
I

Adapted from M. Ward
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Small Multiples

Scatter plot matrices

* More elegant layout
sacrifices alignment I :
but improves indexing = i i o

horsepower

* Layout is important

* Density
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Multiform views
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Multiform
Multiform views
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Multiform
Information dashboards
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Multiform

What is a “Dashboard”™?

» A dashboard is a visual display of the most important information
needed to achieve one or more objectives, consolidated and

arranged on a single screen so the information can be monitored at

a g/anCe. -Stephen Few (March 20. 2004) “Dashboard Confusion” Intelligent Enterprise

£ Power Bl

Google Analytics © share Dashboar d

Site Traffic (Last 30 days)

329

Sessions (Last 30 days)

Lok CEm== @

jiddBlbws 981K 922 .

7 Get Data



Strategic Dashboard Example

»
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Multiform
Recent Profit by Year Recent Profit by Month Recent rromt ny vay
g o g £ 5
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L] - - L] ] L] t
« Spatial integration and association of views

SFU
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Layering

® Superimpose Layers

* QOverlay facets
* Very common in spatial data

« Common reference

« Set geometry

SFU

IAT 355 | Multiple views

41



Network Vinuahoaton by Semandx Subwtrates (WSS)

Layering T ——

. . Evy | St e
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« Multiform, small multiples — = o
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http://hcil.cs.umd.edu/video/2006/substrates.mpg
Shneiderman & Aris, Network Visualization by Semantic Substrates, IEEE TVCG 2006
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® Superimpose Layers

Layering R | U 2

* QOverlay facets
e |ssues?

New Legal Permanent Residents in the U.S. (per year) vs. U.S. Population vs. U.S. History

1600000 /A/

203301266264

Timeplot & SIMILE

1200000

800000

| 400000

1/1/2006°
Sources: U.S. Department of Homeland Security, U.S. Census Bereau and Wikipedia

TimePlot, http://www.simile-widgets.org/timeplot/
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Design Choices

® Superimpose Layers

"
°®

-.'. "o,

* Partitioning elements

 How many layers
 How important to determine
layers?
« How to make them
distinguishable?
« Are layers static or dynamic?
« Examples?

S F U IAT 355 | Multiple views
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Multiple Views

Visualization”
« Baldonado, Woodruff and Kichinsky AVI 00
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“Guidelines for Using Multiple Views in Information
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Multiple Views: 8 Guidelines

Rule of Diversity:
« Use multiple views when there is a diversity of attributes

Rule of Complementarity:

« Multiple views should bring out correlations and/or disparities
Rule of Decomposition: “Divide and conquer”.

* Help users visualize relevant chunks of complex data

Rule of Parsimony:
« Use multiple views minimally

IAT 355 | Multiple views
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8 Guidelines Cont’d

Rule of Space/Time Resource

« Optimization: Balance spatial and temporal benefits of
presenting and using the views

Rule of Self Evidence:
* Use cues to make relationships apparent.
Rule of Consistency:
« Keep views and state of multiple views consistent

Rule of attention management:
» Use perceptual techniques to focus user attention

IAT 355 | Multiple views
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