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Time

e Is just another data dimension

e Why bother?



Time

e Is just another data dimension
e Why bother?

e What data type is it?
* Nominal?
* Ordinal?
° Quantitative?



Time

e Ordinal

e Quantitative

Aigner et al, 2011
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Time
e Visual Variable Mapping
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Time

e Periodicity
* Natural: days, seasons
* Social: working hours, holidays
* Biological: circadian, etc.

e Has many subdivisions (units)
* Years, months, days, weeks, H, M, S

e Has a specific meaning
* Not captured by data type
* Associations, conventions
e Pervasive in the real-worlid

e Time visualizations often considered
as a separate type



Time

e Shneiderman:

1-dimensional data
2-dimensional data
3-dimensional data
temporal data
multi-dimensional data
tree data

network data



Visualizing Time




Visualizing Time




Visualizing Time
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Visualizing Time

Plus Data



Mapping Time to Space



Mapping Time to an Axis

Time

Data




Time-Series Data

e From a Statistics Book:

* A set of observations xt, each one being
recorded at a specific time t

e From Wikipedia:
* A sequence of data points, measured
typically at successive time instants
spaced at uniform time intervals
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Line Charts

Marey’s Physiological Recordings

Plethysmograph
Etienne-Jules Marey, 1876
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Pneumogram
Etienne-Jules Marey, 1876

(image source)



http://encyclopedia2.thefreedictionary.com/respiratory+inductive+plethysmography
http://euclid.psych.yorku.ca/SCS/Gallery/noframes.html

Line Charts

Pendulum Seismometer
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Andrea Bina, 1751
Possibly also 17t century (source)


http://earthquake.usgs.gov/learn/eqmonitoring/eq-mon-6.php
http://earthsci.org/education/teacher/basicgeol/earthq/earthq.html

Line Charts

Inclinations of planetary orbits
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Macrobius, 10t or 11th century
cited in Kendall, 1990



http://www.amazon.com/Time-3rd-Sir-Maurice-Kendall/dp/0852642954

Line Charts

Marey’s Train Schedule
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Etienne-jijles Marey, 1885, cited in Tufte, 1983
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Other Charts

Line Plots Point Plots

O
O O
O
O
3 : o)
O
. O
Jan Feb Mar Apr May Jun Ju Aug
time e
Bar Charts Silhouette Graphs
\ A el
8 8 ‘L‘
[

*—4

||||‘|||“ in Feb Mar Apr May Aug Sep Oct Nov De
o 21.Jul 29.Ju

Ctme Aigner et al, 2011

(9]

O



http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

Other Charts

Combination - New York Times Weather Chart

Precipitation n mm

Cumulative monthly preciptation companed with nonmal monthly precptaton

New York Times, 1980. Cited in Tufte, 1983



http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
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Other Charts

Sparklines

2007-01-03 36 months 2009-12-31 low high volume

AAPL 8380 NN 21073 7820 21164 itemstbmemiinimmn
AMZN 3870 ¢ 13452 3503 14225 —
GOOG 46759 e 61998 25744 74179

MSFT 2801 ST N 3020 1477 3511wl

Usually, miniaturized versions of line plots -/ ./ (< p. 153) and bar graphs
frnntllnennlbeenn 11 (= p. 154) are employed to represent data. For the spe-
cial case of binary or three-valued data, special bar graphs can be applied that use
ticks extending up and down a horizontal baseline n'u""u"""s"s". One use for this
kind of data are wins and losses of sports teams where the history of a whole sea-
son can be presented using very little space. For line plots, the first and last value

can be emphasized by colored dots (+) and printing the values themselves textually
Tufte, 2006. Cited in Aigner et al, 2011



http://www.edwardtufte.com/bboard/q-and-a-fetch-msg?msg_id=0001OR
http://www.edwardtufte.com/bboard/q-and-a-fetch-msg?msg_id=0001OR
http://books.google.fr/books?id=YnDivwba2nkC
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Other Charts

Color Encoding
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Lam and Munzner ,2007
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Color Encoding - FFT Spectrum

Image source



http://www-i6.informatik.rwth-aachen.de/web/Research/speech_recog.html

[paper presentation

Other Cha rts on interactive version]

Horizon Graphs
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Reijner, 2008. Cited in Aigner et al, 2011
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Other Data Types

Time

Ordinal Data




Other

Slopegraph
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Brinton, 1914. Cited in Aigner et al, 2001.
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Other

Slopegraph

Hughes, 2009
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Other Data Types

Time

Proportions




Stacked Graph

Other Cha I‘tS Area Chart
ThemeRiver

Stacked Area Chart StreamGraph

TV and movies

New York Times, 2009



http://www.nytimes.com/interactive/2009/07/31/business/20080801-metrics-graphic.html

Oth er C h a rts Stacked Graph

Area Chart

ThemeRiver
Stacked Area Chart StreamGraph

New York Times, 2009



http://www.nytimes.com/interactive/2009/07/31/business/20080801-metrics-graphic.html

Other Charts

Stacked Area Chart
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lastgraph.areacode.orqg



http://lastgraph.aeracode.org/

Other Data Types

Time

Events




Events

e Like observations in time-series:
* Data points with a time stamp

e But:
* Most often sparse and irregular
* Data is mostly hominal
e Can have a duration (start + end)

* Often, subjective / social data rather
than physical measures



Timelines

Project Timeline
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Timelines

Gantt Chart
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Timelines

Planning Lines
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Timelines

Patient Data
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Timelines

Reigns of English Monarchs
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Timelines
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Timelines T e

Movie Narratives xkcd.com, 2009
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Timelines

TimeNets
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Mapping Time to an Axis

Data




Non-Linear Time Axes
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Non-Linear Time Axes

Dual-Scale Charts

Rise and fall of nations
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William Playfair, 1805. Cited in Aigner et al, 2011.
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Non-Linear Time Axes

Logarithmic scale
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chiamydia. Pregnancy now confers health
benefits that include lower risk for breast

¥ LATE CHILDBEARING
YEARS
36 THROUGH 50

Older mothers tend to be better
equipped as parents: calmer, more
selfaware, settded. But women in
37 midiife are at higher risk of auto-
immune diseases ke lupus.

Megan Jaegerman, 1997 P -



http://www.nytimes.com/specials/women/nyt97/22life.html
http://www.nytimes.com/specials/women/nyt97/22life.html
http://www.nytimes.com/specials/women/nyt97/22life.html

Spiral

Webel et al, 2001



http://ieg.ifs.tuwien.ac.at/~aigner/teaching/ws06/infovis_ue/papers/spiralgraph_weber01visualizing.pdf
http://ieg.ifs.tuwien.ac.at/~aigner/teaching/ws06/infovis_ue/papers/spiralgraph_weber01visualizing.pdf

Non-Linear Time Axes

Spiral

»
\
a

A‘“ f]'r'vr
’ 177

*'l" ",

Aigner et al, 2011


http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

Non-Linear Time Axes
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Day by Hour: Thirteen Parameters of Magnetosphere and Solar Wind Data

Beddow, 1990


http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=146387&userType=inst
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=146387&userType=inst

Non-Linear Time Axes

Grid - Calendar

I K. - =il
) ke ) i addl L L h
L. i Jigd Ok | w ks L ) A

Tom Haynes, 2010



http://www.tom-haynes.com/

Non-Linear Time Axes

Cycle Plots

?/\T > i leTN‘LT_

Cleveland et al, 1978



http://www.perceptualedge.com/articles/guests/intro_to_cycle_plots.pdf

Non-Linear Time Axes

Cycle Plots
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Cleveland et al, 1978



http://www.perceptualedge.com/articles/guests/intro_to_cycle_plots.pdf
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http://geschichtsbaum.de/server-e/index_extern.html

Phylogenetic Tree
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Non-Linear Time Axes

Phylogenetic Tree

Eukaryotes At = S0 S0 N L & R WO LR sl Ao i Teng S e R i B AN . Mammals

Bacteria [t

evogeneao.com — based on Dawkins, The Ancestor’s Tale



http://evogeneao.com/tree.html
http://evogeneao.com/tree.html

Non-Linear Time Axes

Trees — Branching time

buy __ renovate ___ movein
house house house
buy build move in
property house house
buy __ move
flat in flat
A > O Q A % >
Q Q Q N N N N
S S

Aigner et al, 2011.



http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

Mapping Time to an Axis

Time

% Interaction?

>

Data




Interaction

Focus+Context - Simile Timeline

simile-widgets.org 65


http://simile-widgets.org/timeline/

Interaction

- Perspective Wall

Focus+Context

/ ...u-mwu.vf |
AEb R\ B
nsid all [T, u»ﬂ"_ |

Mackinlay, 1991



http://www2.parc.com/istl/projects/uir/publications/items/UIR-1991-03-Mackinlay-CHI91-PerspectiveWall.pdf
http://www2.parc.com/istl/projects/uir/publications/items/UIR-1991-03-Mackinlay-CHI91-PerspectiveWall.pdf

Interaction

Focus+Context -
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Bederson et al, 2004



http://hubscher.org/roland/courses/hf765/readings/p90-b_bederson.pdf
http://hubscher.org/roland/courses/hf765/readings/p90-b_bederson.pdf

Interaction

Semantic Zooming - Midgaard

Schlechtweg and Miksch, 2004 . Cited in Aigner et al, 2011



http://www.inf.hs-anhalt.de/~schlechtweg/home/pdf/Bade.2004.CTO.pdf
http://www.inf.hs-anhalt.de/~schlechtweg/home/pdf/Bade.2004.CTO.pdf
http://www.inf.hs-anhalt.de/~schlechtweg/home/pdf/Bade.2004.CTO.pdf
http://www.inf.hs-anhalt.de/~schlechtweg/home/pdf/Bade.2004.CTO.pdf
http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

Interaction

Magic Lenses - ChronolLenses
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Zhao et al, 2011



http://www.cs.toronto.edu/~jianzhao/papers/chronolens.pdf

Mapping Time to Space



Mapping Time to an Axis
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Mapping Time to an Axis

Time




Mapping Time to an Axis

A Review of Temporal Data Visualizations
Based on Space-Time Cube Operations

B. Bach!, P. Dragicevic!, D. Archambault?, C. Hurter® and S. Carpendale®

'INRIA, France
2Swansea University, UK
SENAC, France
#University of Calgary, Canada

tinyurl.com/spacetime-bach




2D + Time

Space-Time Cube Model

Time

/

2-D
Data




Cassinelli, 2005



http://www.k2.t.u-tokyo.ac.jp/members/alvaro/Khronos/
http://www.k2.t.u-tokyo.ac.jp/members/alvaro/Khronos/

2D + Time

Cassinelli, 2005



http://www.k2.t.u-tokyo.ac.jp/members/alvaro/Khronos/
http://www.k2.t.u-tokyo.ac.jp/members/alvaro/Khronos/

2D + Time

Time Flattening
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2D + Time

Long exposure photography




2D + Time

Phillips Curve

251

204

15+

104

Tufte, 1997. Cited in Aigner et al, 2001

Inflation rate (%)

74
Japan, 1960-1991,
inflation and unemployment
73 75\
76
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¥
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Unemployment rate (%)


http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

[ paper presentation]

2D + Time

Trails ™

* lin
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Life expectancy at birth (years)
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gapminder.org



http://www.gapminder.org/
http://www.gapminder.org/

2D + Time

Napoleon’s Russian Campaign of 1812
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Charles Joseph Mlnard 1861 Clted in Tufte, 1983



http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf

2D + Time

Flow Maps

Tobler, 1987
Adrienko, 2011



http://128.111.234.156/clearinghouse/FlowMapper/ExpMigrMapping.pdf
http://128.111.234.156/clearinghouse/FlowMapper/ExpMigrMapping.pdf
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=05432167
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=05432167

2D + Time

Discrete Time Flattening

Data

Time
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2D + Time

Marey’s Chronophotography Technique

(image source)

Etienne-Jules Marey, 1880s (source)


http://www.datavis.ca/gallery/historical.php
http://en.wikipedia.org/wiki/File:Fusil_de_Marey_p1040353.jpg

2D + Time

Sequences

JAN.

FEB.

| MAR.

APR.

BEETLES FEED ON FOLIAGE AND FRUIT

2> |

GRUS FIENS TV A WD \RELTLE LAVE| £5ES MATEW,

|G N0 TR T BT ST Y RN S | INAIEY TO $O07S G|\ M
Geus_COMES b MERR | ré%" RIS POEAEARLY XS | RLAVTS &5 MOST QNN |70
W WWTER CELL. 70 FEED. | (i [ COAND 1 GORTS 2Ok AN | 4 TN T
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GEIRS AL MASTEY™
FEURS COVTINGE TD FEED | FUll SR0WN AND
AND S

OO TV DEPTHS #T0 8

ERCTHEN .

FRI1.2789

Seasonal life cycle of the Japanese beetle in the vicinity of Philadelphia,

Cited in Tufte, 1983



http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf

2D + Time

Sequences

The Jumping Off Points: Moves That Will Be Made in the Free Skating Programs

TRIPLE AXEL: Add an extra hall-spin SKATING THE EDGES: An overhoad view of the axel

The axel’s forward takecl! and backward landing posisons add an exira half-cotason 1 the In skating lorminciogy. the path of & jump is Coscrided a3 & 30res of 00068 ~ semicicular
jumg, 50 skaters need o p o0 kROl and precse upper body conteal during arcs that iollow the path of the skate blade. The Gagram shows the preparaiony, takeo! and
rorson, Onco srboene, mmwwwmwwwtﬁowfd landing edges of an axel jump. The 100D &1 Conter rENrESENnts O midair rotation

£ kridtitits L

Megan Jaegerman. Cited in Tufte, 2007

mumm&w»wmwmmm L«m Fight back outsido edge
Yorya Harding have landed $his in competition outside 03ge -



http://www.edwardtufte.com/bboard/q-and-a-fetch-msg?msg_id=0002w4
http://www.edwardtufte.com/bboard/q-and-a-fetch-msg?msg_id=0002w4

2D + Time

What about this?



http://en.wikipedia.org/wiki/File:Qantas_safety_med-side1.jpg

2D + Time

Time Juxtaposing
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2D + Time

Muybridge’s Chronophotography Technique

||r'r“ ll

Eadweard J. Muybridge, 1878 (source)


http://www.datadeluge.com/2009/12/horse-in-motion-againa.html

2D + Time

Comics

Understanding Comics: The invisible Art
Scott McCloud. 1993



http://www.amazon.com/Understanding-Comics-Invisible-Scott-McCloud/dp/006097625X

2D + Time

Ay e e S
2 A A

- 3 - > ,..‘} A

LR F T St A AR G

used with a singular verb. 1. ST
Juxtaposed pictorial and other  ZXiieis:
images in deliberate sequence, — #EEn
intended to convey information ~ ZEEZE
and/or to produce an aesthetic 73
response in the viewer.
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Understanding Comics: The invisible Art
Scott McCloud, 1993



http://www.amazon.com/Understanding-Comics-Invisible-Scott-McCloud/dp/006097625X

2D + Time

Small Multiples

Approved Harvest Applications

By Year

Tevntmn Mead Connl Tummnr Chamry
deey erved fazert gracin e appixations X R
ST CMTmE o g T
at
Merver 1y & Olvoger Merwanl Faren
Sewicen Vaidmgien Daps Matminl Barenrcn
US Forest Seatae Quiiece i
Datan FRispgrarnl srvonnwsl davn a ) '
O30 Barvt dane g
) q
A) % y A
Teoal s ennt spuraenl Fen 10905000 J1% ol sammmt tham Ity 19
@
T . 2
RS VIR S A 4
%t .*-“‘;.‘
"y )
T
- o :

w008

’ ..'.; 3
' v.._‘a
s . TS
N Y ‘p‘ »
i 1'_ _J |
g " .
k ..}3 i'. b“""
i [Pt n
o Ay iy M qx..
» y o & & ¥
",'5, - f('/' 4
. .. y s
s/ e
1986 1

Farvart of $u yevewr ey ETU paroend e basvus by pasr
L LT

|
1=~

I“'
e}
san it

W MM e e e JEm e 00 mee 2om 2 |

el

ke U e By of ey x AN prwn Frotumed By MeanoeO
Nk’ DN arwe o ol i o B8 Dt ant o s (wd  alr g oared
Ave o 1 v 230 WC W e o - gt LR

(image source)



http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://llrc.mcast.edu.mt/digitalversion/Table_of_Contents_130564.pdf
http://www.gretchenpeterson.com/blog/?p=876

2D + Time

Small Multiples

Aigner et al, 2011



http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

2D + Time
Side-By-Side Views

build.xml
Actwty  Rewsions  Users  Reports  Source

(& 107905 « 107905 + = Changese! Raw Anootabon Mighighag> Columns~  Reviews ~

<import file="eolipse/beild, xml"/> ~

<import file-" 1ld.xml* />

11d.xml* />

<asacrodoef! namo-"subtarget™>
<attiribute name=“sodule”/>
<atiribute name="targetl™/>»
<pogquential>
<subant target="{(module).d(target) >
<dirsot dir-"." filo~"1(module)"/>
</subast>
</sogquontial>
</macrodet>

<maorodef name-"doall”>
<attiribute name="target™/»
<soquontial>
<subtargetl module«"balldatil™ target="§(targel)*/>
<subtargot modules"clovorastlir™ target="8(target]”/>
<subtarget module«“core” target-“f(target)*/>»

<subtarget module~"clover-ant” target-"f(target)”/>
<subtarget module~"eclipse” target~"#{target)”/>

" target="f(target)"/>
" target="g(target)"/>

</sequential>

PR EREIZBISISISISRISISINES 1o e 10 e 10 0a

.

1511

-
-

AT TN

M R M F R A M - Y

<import file="eclipse/beild, xml”/> ~
<import file-"idea¥/bulld.xsl*/>
<import file~"parfmon/baild,. xml”/>

<proparty name="toat.roaults.dir” valuoe="§(build.dir)/test/at:

<sacrodof! namo-"subtarget™>
<attiribute name-“module”/>
<atiribute name-"targetl™/>»
<poquential>
<subast target="§(msodule).d(target)” inheritrefs="Lro
<dirsot dir="." filo~"1(module)"/>
</subast>
</sogquontial>
</macrodet> r

<maorodef name-"doall”>
<attiribute name="target™/>»
<soquential>
<subtargetl module«="baildatil® target="§(targetl)*/>»
<subtarget modules"cloverastlr™ target«"8(target]”/>
<subtarget module«“core” target-“f(target)*/>
<subtarget modules="clover-ant™ target="#(target)”/>
<subtarget module-~"eclipse” target-"2{target)”/>
<subtarget module="idea’?" target="f(target)”/>
<subtarget module~"perfmon” target-~"#{target)”/>
</seqeantial>
</macarodet>

<target pamo~"global.build">
<doall target~"build*/>

94
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Side-By-Side Views
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Space Cutting
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2D + Time

Slit-Scan Photography
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(images source)



http://thedisappearingcity.blogspot.com/2010/01/slit-scan-photography.html

[paper presentation]

2D + Time

Slit-Tear Exploration
of Videos

weot L] N ] NN
-I!_lm

Tang et al, 2009 (video)


http://www.ece.ubc.ca/~tonyt/papers/2007-tr2007.886.38-slit-tears.pdf
http://www.youtube.com/watch?v=-kvMth6IpNw

2D + Time

Space Flattening
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History Flow
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Viegas et al, 2003



http://hint.fm/projects/historyflow/
http://hint.fm/projects/historyflow/

2D + Time
Sampling
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] Ski d slid
2D + Time 'PRec STide

Multiple Silhouette Graphs
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Andrienko and Adrienko, 2004



http://geoanalytics.net/and/papers/avi04.pdf
http://geoanalytics.net/and/papers/avi04.pdf
http://geoanalytics.net/and/papers/avi04.pdf
http://geoanalytics.net/and/papers/avi04.pdf

Skipped slide

2D + Time

Planning Polygons

Shanbhag. 2005


http://www.csee.umbc.edu/~rheingan/pubs/lines_infovis05.pdf
http://www.csee.umbc.edu/~rheingan/pubs/lines_infovis05.pdf

2D + Time

3D Rendering

@ Time

/

5N
&0

)




2D + Time

3D visualizations - Kiviat Tube

vari
var7

varb

Aigner et al, 2011


http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

2D + Time

3D visualizations — 3D bar chart

Aigner et al, 2011



http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

2D + Time

3D visualizations — DIVA

\\\\\\x\

Mackay and Beaudouin-Lafon, 1998

////



http://www.lri.fr/~mackay/pdffiles/CHI98.DIVA.pdf
http://www.lri.fr/~mackay/pdffiles/CHI98.DIVA.pdf
http://www.lri.fr/~mackay/pdffiles/CHI98.DIVA.pdf

2D + Time

3D visualizations - Climate data

Aigner et al, 2011



http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

2D + Time

3D visualizations - Time-evolving graphs

Brandes and Corman, 2002



http://www.inf.uni-konstanz.de/algo/publications/bc-vunea-02.pdf
http://www.inf.uni-konstanz.de/algo/publications/bc-vunea-02.pdf
http://www.inf.uni-konstanz.de/algo/publications/bc-vunea-02.pdf
http://www.inf.uni-konstanz.de/algo/publications/bc-vunea-02.pdf

2D + Time

3D visualizations - Points
A

Aigner et al, 2011


http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

2D + Time

3D visualizations - Points

YIS
R I

(video source)



http://www.youtube.com/watch?v=2kkZ6C1byR0
http://www.youtube.com/watch?v=2kkZ6C1byR0
http://www.youtube.com/watch?v=2kkZ6C1byR0

] Ski d slid
2D + Time 'pped slide

3D visualizations - Paths

Kraak, 2003. Cited in Aigner et al, 2011



http://www.itc.eu/library/Papers_2003/art_proc/kraak.pdf
http://www.itc.eu/library/Papers_2003/art_proc/kraak.pdf
http://books.google.fr/books?id=YnDivwba2nkC
http://books.google.fr/books?id=YnDivwba2nkC

i Ski d slid
2D + Time ‘pped stide

3D visualizations - GeoTime geotime.com
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http://www.geotime.com/

. Ski d slid
2D + Time 'pped shide

3D visualizations — Time-evolving graphs
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http://journal.imbio.de/articles/pdf/jib-2.pdf
http://journal.imbio.de/articles/pdf/jib-2.pdf

Mapping Time to Space



2D + Time

Colored Time Flattening
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2D + Time

Using Color — GEovoL

|

Collberg et al, 2003



http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.114.8242&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.114.8242&rep=rep1&type=pdf

2D + Time

Using Color - Stroke Order

A %

Time

User:Yug



http://commons.wikimedia.org/wiki/Category:Red.png_stroke_order_images

Mapping Time to an Axis

Time




Mapping Time to an Axis

Time




3D + Time

Slicing + Juxtaposing — 3D Small Multiples

Tufte and Bushell, 2005



http://www.uxmatters.com/mt/archives/2005/12/small-multiples-within-a-user-interface.php
http://www.uxmatters.com/mt/archives/2005/12/small-multiples-within-a-user-interface.php
http://www.uxmatters.com/mt/archives/2005/12/small-multiples-within-a-user-interface.php
http://www.uxmatters.com/mt/archives/2005/12/small-multiples-within-a-user-interface.php

3D + Time

Flattening - FromDaDy

Hurter et al, 2009

LU


http://perso.tls.cena.fr/hurter/FromDaDy/FromDaDy.html

3D + Time

Slicing & Flattening - Peter Jansen’s Sculptures

@ Human Motions =~ Patar Jansen

Peter Jansen. humanmotions.com


http://humanmotions.com/

Time Visualization

What's Missing?



Animations



Animation



Animation

e Static Visual Content
e Visual content that is fixed over time
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Animation
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e Visual content that is fixed over time

e Dynamic Visual Content
* Visual content that changes over time

e Interactive Visual Content
* Visual content that changes over time
e Under the user’s influence



Animation

e Static Visual Content
e Visual content that is fixed over time

e Dynamic Visual Content
* Visual content that changes over time

e Interactive Visual Content
* Visual content that changes over time
e Under the user’s influence

e Animation
* Visual content that changes over time
* Outside the user’s influence



2D + Time

Animated Time Cutting
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2D + Time

Movies and Cartoons

Eadweard J. Muybridge, 1879



2D + Time

Zoopraxiscope

(image source) (image source)

Eadweard J. Muybridge, 1879


http://en.wikipedia.org/wiki/File:Zoopraxiscope_16485u.jpg
http://www.kingston.gov.uk/browse/leisure/museum/collections/muybridge/machinery_and_equipment/zoopraxiscope.htm

[paper presentation]
2D + Time

Animation - Gap Minder

(image source) gapminder.org



http://www.gapminder.org/
http://goyavier.wordpress.com/2011/11/07/hans-roslings-brilliant-view-on-world-demographics-the-gapminder-foundation/

2D + Time

Animation - Gap Minder

(video source)

gapminder.org



http://www.gapminder.org/
http://www.youtube.com/watch?v=hVimVzgtD6w
http://www.youtube.com/watch?v=hVimVzgtD6w
http://www.youtube.com/watch?v=hVimVzgtD6w

2D + Time

Animation vs. Other Approaches

(image source)



http://www.myeasterblog.com/find-the-differences-in-these-two-easter-bunny-pictures-printable-easter-activities/

2D + Time

Animation vs. Other Approaches

(image source)



http://www.myeasterblog.com/find-the-differences-in-these-two-easter-bunny-pictures-printable-easter-activities/

2D + Time

Animation vs. Other Approaches

Small Multiples

Trails (Coloring + Flattening) Animation
a "
-
-
"
.
.. b
...




2D + Time

Animation vs. Other Approaches




2D + Time

Time Slider - GapMinder
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http://www.gapminder.org/

Animations for
conveying time-
evolving data

141



Animations

e For conveying time-evolving data



Animations

e For conveying time-evolving data

e For capturing users’ attention

e As an information channel

e For explaining transitions



Stopped here.



Animations

e For conveying time-evolving data

e For capturing users’ attention

e As an information channel

e For explaining transitions



Animations

Motion primitives as visual variables

A Sinusoidal
Position oscillation

change
Frequency

change

Phase

change

Time >

Ware and Bobrow, 2006. Also see Bartram.



http://dl.acm.org/citation.cfm?id=1140513&bnc=1
http://dl.acm.org/citation.cfm?id=1140513&bnc=1
http://dl.acm.org/citation.cfm?id=1140513&bnc=1
http://www2.fas.sfu.ca/ftp/ftp/fas-info/pub/cs/TH/2001/LindaRuthBartramPhD.pdf

Motion primitives as visual variables

Ware and Bobrow, 2006. Also see Bartram.



http://dl.acm.org/citation.cfm?id=1140513&bnc=1
http://dl.acm.org/citation.cfm?id=1140513&bnc=1
http://dl.acm.org/citation.cfm?id=1140513&bnc=1

Rhythm as a visual variable

Samuel Huron, 2008



http://www.cybunk.com/blog2/fr/noise-of-chaos/

Animations

e For conveying time-evolving data

e For capturing users’ attention

e As an information channel

e For explaining transitions



Animated Transitions

Change Blindness Demo

Rensink, 2002



http://www2.psych.ubc.ca/~rensink/flicker/download/
http://www2.psych.ubc.ca/~rensink/flicker/download/

Animated Transitions

Change Blindness Demo

Rensink, 2002



http://www2.psych.ubc.ca/~rensink/flicker/download/
http://www2.psych.ubc.ca/~rensink/flicker/download/

Animated Transitions

Change Blindness Demo - Try again

Rensink, 2002



http://www2.psych.ubc.ca/~rensink/flicker/download/
http://www2.psych.ubc.ca/~rensink/flicker/download/

Animated Transitions

Change Blindness Demo - Try again

Rensink, 2002



http://www2.psych.ubc.ca/~rensink/flicker/download/
http://www2.psych.ubc.ca/~rensink/flicker/download/

Animated Transitions

Understanding Visual Transitions

visual disturbance

Visual Content

Time



Animated Transitions

Understanding Visual Transitions

Visual Content

Time



Animated Transitions

How many words were inserted?

Hervey de Saint Denys has recently started to be
known for his introspective studies on dreams. He
wrote down his dreams on a daily basis from the age of
13. In 1867, he anonymously published Les réves et les
moyens de les diriger (Dreams and the Ways to Direct
Them). In this book, he proposed techniques to control
dreams, and he described dreams in which the
"dreamer is perfectly aware he is dreaming". This
particular state of consciousness later came to be
called lucid dreaming.



Animated Transitions

How many words were inserted? Try Again

Hervey de Saint Denys has recently started to be
known for his introspective studies on dreams. He
wrote down his dreams on a daily basis from the age of
13. In 1867, he anonymously published Les réves et les
moyens de les diriger (Dreams and the Ways to Direct
Them). In this book, he proposed techniques to control
dreams, and he described dreams in which the
"dreamer is perfectly aware he is dreaming". This
particular state of consciousness later came to be
called lucid dreaming.



Animated Transitions

What has changed?

Hervey de Saint Denys devoted himself to the study of Chinese,
and in 1851 published his Recherches sur |'agriculture et
I'norticulture des Chinois, in which he dealt with the plants and
animals that might be acclimatized in the West. He translated
Chinese texts as well as some Chinese stories not of classical
interest but valuable for the light they throw on oriental custom. He
also translated some works from the Spanish, and wrote a history
of the Spanish drama.

Hervey de Saint Denys has recently started to be known for his
introspective studies on dreams. He wrote down his dreams on a
daily basis from the age of 13. In 1867, he anonymously published
Les réves et les moyens de les diriger; observations pratiques
(Dreams and the Ways to Direct Them:Practical Observations). In



Animated Transitions
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Chinese texts as well as some Chinese stories not of classical
interest but valuable for the light they throw on oriental custom. He
also translated some works from the Spanish, and wrote a history
of the Spanish drama.

Hervey de Saint Denys has recently started to be known for his
introspective studies on dreams. He wrote down his dreams on a
daily basis from the age of 13. In 1867, he anonymously published
Les réves et les moyens de les diriger; observations pratiques
(Dreams and the Ways to Direct Them:Practical Observations). In



Animated Transitions

Understanding Visual Transitions

Visual Content

Time



Animated Transitions

Understanding Visual Transitions

Visual Content

Time



Animated Transitions

Understanding Visual Transitions

Visual Content
1




Animated Transitions

Help when scrolling documents

The supporting power being estimated at 2500 pounds, and the united weights ,:l
of the party amounting only to about 1200, there was left a surplus of 1300, of
which again 1200 was exhausted by ballast, arranged in bags of different sizes,
with their respective weights marked upon them -- by cordage, barometers,
telescopes, barrels containing provision for a fortnight, water-casks, cloaks,
|carpet-bags, and various other indispensable matters, including a
coffee-warmer, contrived for warming coffee by means of slack-lime, so as to
|dispense altogether with fire, if it should be judged prudent to do so. all these
articles, with the exception of the ballast, and a few trifles, were suspended
from the hoop overhead. The car is much smaller and lighter, in proportion,
than the one appended to the model. It is formed of a light wicker, and is
wonderfully strong for so frail looking a machine. Its rim is about 4 feet deep.
The rudder is also very much larger, in proportion, than that of the model; and
the screw is considerably smaller. The balloon is furnished besides with a
grapnel, and a guide-rope, which latter is of the most indispensable
importance. & few words, in explanation, will here be necessary for such of our
readers as are not conversant with the details of aerostation.

&s soon as the balloon quits the earth, it is subjected to the influence of many
circumstances tending to create a difference in its weight; augmenting or
diminishing its ascending power. For example, there may be a deposition of

|dew upon the silk, to the extent, even, of several hundred pounds; ballast has ;I

Klein & Bederson, 2005



http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.66.2101&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.66.2101&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.66.2101&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.66.2101&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.66.2101&rep=rep1&type=pdf

Animated Transitions

Help when panning and zooming

Shanmugasundaram & Irani, 2008



http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf
http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf
http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf
http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf
http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf
http://hci.cs.umanitoba.ca/papers/2008-AVI-Shanmugasundaram-AnimatedTransitions.pdf

Animated Transitions

Help when navigating document revisions

Revision history of User interface
From Wikipedia, the free encyclopedia

Viewr loge for this page
Browse history
From year (and eadier): [:] From month (and earfier): | all ¥ Tag filter. ]

For any version listed balow, click on its date to view it. For more help, see Help:Page history and Help:Edit summary.
Extemal tools: Revision history statistics & « Rewsion history search @ « Number of watchers & « Page view statistics &

(cuwr) = difference from current version, (prev) = dfflerence from preceding varsion,
m = minor edit, = = section edit, «= = automatic edit summary
(latest | earliest) View (newer S0 | older 50) (20 | 50| 100 | 250 | 500)

l Compare selected revisions l

« (cun) (rev) ©  19:15.17 November 2009 72.48.155.2 (tak) (16.056 bytes) (—/ntroduction) (undo)
« (cur) (prev) O 11:33, 17 November 2009 192248 16.90 (talk) (15551 bytes) (—See also) (undo)

w (cu) prev) ©  22.06,9 November 2009 The Thing That Should Not Be (talk | contribs) m (15 522 bytes)
(Reverted edits by 189.72.213 11 (talk) to last revision by ClueBot (Report Mistake) (HG)) (undc)

« (cu) (prev) ©  22:05,9 November 2009 189.72.213.11 (talk) (15,764 bytes) (—L/sabilty) (undo)
= (cur) (prev) O 11:24, 9 November 2009 ClueBot (talk | contnds) m (15522 bytes) (Reverting possible vandalism
by 41,220 228 134 1o vevson by Lester, False postve? Report &, Thanks, ClueBot. (819648) (Bot)) (undo)

a teud tarmd ) 1174 QG Mevambars WA 41 70 T4 1324 NallY AR ANE hutar) £ o dcratinsd fimdal

Chevalier et al, 2010



http://www.aviz.fr/diffamation/

Animated Transitions

In faceted browsing - Pivot

Microsoft
Pivot



http://www.microsoft.com/silverlight/pivotviewer/
http://www.microsoft.com/silverlight/pivotviewer/

Animated Transitions

In multidimensional exploration - ScatterDice
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https://engineering.purdue.edu/~elm/projects/scatterdice.html
https://engineering.purdue.edu/~elm/projects/scatterdice.html

Animated Transitions

In charts — Baby Name Voyager

Baby Name » e . Q nn O o O o 323 rema ore -.:. Soty Name > ben

M0 1000« 1800« 1800« 1900« 100 1040 1N0x  10GOs  19TOe  16AO« 10RO« 2000« 2010

. © o O s O o

Wattenberg. 2005

MA0: 1800« 1900« 1900 1900« 1000« 16MO: 1990« 1900«  1900x  10AO« 1060« 2000« 2010
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http://babynamewizard.com/voyager

Animated Transitions

How to desigh them?

1. Interpolation problem: what to show in-between

2. Pacing problem: when to show the frames




Animated Transitions

How to design them?

L S .. h - “ -
10 ' B I :

Direct Interpolation

Staged Animation

Heer and Robertson, 2007



http://vis.berkeley.edu/papers/animated_transitions/
http://vis.berkeley.edu/papers/animated_transitions/

Animated Transitions

How to design them?

Duration: ~1 second

(a) Constant rate.

(b) Slow-in/Slow-out.

(c) Fast-in/Fast-out.

Y Y Y Y
» - ~ -

(d) Adaptive rate (frame 18).

Dragicevic et al, 2011



https://engineering.purdue.edu/~elm/projects/timedistort/timedistort.pdf
https://engineering.purdue.edu/~elm/projects/timedistort/timedistort.pdf

Animated Transitions

Use them!



The End.
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