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Complexity of Time

e Well known but hard to grasp

e Different scales (min, days, weeks, years...)

e Combination with already complicated
problems (maps, networks, nD-data.)



Gantt charts
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Calendars
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DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Heatmap

e (Calendar data + numerical
values

WCoONOOTUVAWNR

+ Row and column effects 12
+ Easy look up 13
+ Space efficient 14

- Precise value comparison 16

BIRTHDAY RANK

LESS commoN | MORE COMMON



3D heatmap matrix

Total KW-consumption ECN

Van Wijk, Jarke J., and Edward R. Van Selow. "Cluster and calendar based visualization of time series data." Information Visualization,
1999.(Info Vis' 99) Proceedings. 1999 IEEE Symposium on. |IEEE, 1999.



Stream Graph

e Multiple quantiative values
over time

+

Accumulated values

+ Relative values Sun Dia

- Comparison across time is Nirvana
hard

- Hard to assess individual
values

Blur

Green Day

January 2012

February



Dual-Scale Data Charts
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(a) A superimposed chart.
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Radial time visualizations

Sep 8-
Sep 71
Sep 64
Sep 51

Sep 4+
Measrg Travel Time

40

30

.20




Stackflow

Oilferemnt sands of woulate

Viégas, Fernanda B., Martin Wattenberg, and Kushal Dave. "Studying cooperation and conflict between authors with history flow
visualizations." Proceedings of the SIGCHI conference on Human factors in computing systems. ACM, 2004.




Flow Diagram

Baseline Month 12 Month 30
100 -

Month 60

80

60 —

c
aQ
et
Q
o

40 —

50% N
20
23% 1‘)5’(‘;9
0 —

|#0of Risk Factors OO0 M1 O2 B 3|




Train Plans
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Connected Scatterplot

METRICS

{7,000 mi. 8,000 mi. 9,000 mi. 10,000
HANNAH FAIRFIELD
980 1981
Driving Shifts Into R
CONOMISTS have long studied the meant that less freight needed 1o be .
relationship between driving habits moved around the country. As gas prices Energy crisis The swing backward
and gasoline prices. Low gas prices soared in 2005, the number of miles driven
can bring periods of profligate driving, — including commercial and personal — The average number of $3.00

and a quick jump in prices can cause
many vehicles to languish in garages.
Until recently, Americans have driven
more each year than the previous one,
with a few brief exceptions. In 1956,
Americans of driving age drove about
4,000 miles a year, on average. Fifty years

later, that figure had climbed above 10,000,

But the latest recession has caused
some big changes. High unemployment
meant that fewer people were driving to
work, and a slump in consumer spending

$2.50

Annual
average

$2.00

t

Price of

a gallon

of gasoline
Annual average for
reguiar grade,
adjusted for inflation

Miles driven per capita each year ==p 5 000 mi. 6,000 mi.

Cheap gas,
longer commutes

began to fall, and continued to drop after
2008 even as gasoline became cheaper.
“People were surprised by the very
rapid rise in gas prices, and they changed
their driving behavior," said Kenneth A.
Small, a transportation economist at the
University of California, Irvine. “But my
suspicion is that it is temporary. As soon
as unemployment gets back to
pre-recession levels, we will see
Americans doing a lot more driving
again.”

The Arab
oil embargo

ise2

7,000 mi.

miles that Americans
drive annually begins to
fall, so the chart appears
to turn around.

$2.00

$1.50

Haroz, Steve, Robert Kosara, and Steve Franconeri. "The connected scatterplot for presenting paired time
series." IEEE Transactions on Visualization & Computer Graphics 1 (2016): 1-1.



Time Curves

Bach, Benjamin, et al. "Time curves: Folding time to visualize patterns of temporal evolution in data." /EEE transactions on visualization and
computer graphics 22.1 (2016).



Time Curves
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Time Curves

+ Amount of change - Details
+ Signatures - Artifacts due to
+ Comparision projection



Spatio-Temporal
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Wind Map

http://www.bewitched.com/windmap.html http://hint.fm/wind/



Flow Diagram Small Multiples
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Space-Time Cubes




Space-Time Cubes

[elepnhone

Time ol

\Veeting

Space

Man-Machine

Bach, Benjamin, et al. "A Descriptive Framework for Temporal Data Visualizations Based on Generalized Space-Time
Cubes." Computer Graphics Forum. Vol. 36. No. 6. 2017.



Space-Time Cubes

(a) 3D rendering (b) Space flattening (on top)



Space-Time Cubes




Spatial
patterns ,. |

2008-12-30T23H t—|

Pattern 108 |
Pattern 11 (]

|
Pattern 1218 |

2008-12-25T01H

https://gis.stackexchange.com/ques
tions/202882/create-space-time-cu
be-in-arcgis-for-desktop
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SPEED
<5.00

5.00-10.00
10.00- 20.00
20.00- 40.00
40.00- 60.00
60.00 - 90.00
90.00- 130.00
% :130.00
_NaN

Trajectory
Wall

Andrienko, G., Andrienko, N., Schumann, H.,
& Tominski, C. (2014). Visualization of
trajectory attributes in space—time cube and
trajectory wall. In Cartography from Pole to
Pole (pp. 157-163). Springer, Berlin,
Heidelberg.



Visits
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Compare regions
Look-up regions
Details on regions

Occlusion
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How Scotland’s political geography changed, seat by seat

Geo-flow
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Trees
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Node-link Diagram

Show many levels
Compre branch length

Requires space

1972



Total: $589M

Treemap Raw Cotton

20.52% |Reined

Petroleum
Coconuts, Brazil Nuts,
and Cashews

Raw Sugar Foieg Tobaoox

+  Space-filling Rice

+ Relative size encoding
+ Space for additional

encoding HER wix|r|AlS

Level comparison
Precise area comparison
Can't show many levels




TreeVis.net

Dimensionality Representation Alignment Fulltext Search Techniques Shown
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Networks



Node-link Diagram

Directed
Link

Multiple
Links

Link
Types

Node
type

Weighted
link



)6
3
& B

oy




Motif Simplification
Fan Motif 2-Connector Motif




Dunne, Shneiderman: "Motif Simplication”,
2014



Arc Diagram
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Node ordering
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Wattenberg, Martin. "Arc diagrams: Visualizing structure in strings." Information Visualization, 2002. INFOVIS 2002. IEEE

Symposium on. IEEE, 2002.
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Matrice
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Adjacency Matrix
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+ Path finding / following + Clusters
+  Outliers + Missing links in clusters
+ Disconnected components (if sparse) + Highly connected nodes

=> Sparse networks => Dense networks



Matrix Cells
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Alper, Basak, et al. "Weighted graph comparison techniques for brain connectivity analysis." Proceedings of the
SIGCHI conference on human factors in computing systems. ACM, 2013.
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Matrix Cells

E CMU- Roth et al.
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. Shneiderman et al. % /e
Plaisant et al. Iﬁ
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Henry, N., Fekete, J. D., & McGuffin, M. J. (2007). NodeTrix: a hybrid visualization of social networks. IEEE
transactions on visualization and computer graphics, 13(6), 1302-1309.



Networks and Sets
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Riche, N. H., & Dwyer, T. (2010). Untangling euler diagrams. IEEE Transactions on Visualization and Computer
Graphics, 16(6), 1090-1099.



Jigsaw
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Stasko, J., Gorg, C., & Liu, Z. (2008). Jigsaw: supporting investigative analysis through interactive visualization.

Information visualization, 7(2), 118-132.



Pivot Graphs

Node and Link Diagram

Wattenberg, M. (2006, April). Visual exploration of multivariate graphs. In Proceedings of the SIGCHI conference on
Human Factors in computing systems (pp. 811-819). ACM.
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Choosing a Visualization?



Criteria

- How many dimensions does my data set

have?
- What is my task?
- What is the information in need?

- How large/dense is my data?



Finding a trade-off

Familiarity <—= Power

OneVis <«—» Multiple Vis
Detail <——— Overview

Interaction «——- Staticness



