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Tasks

Min, max values, specific
values

Trends and outliers
Change and rate of
change

Sequence

Dynamicity / variation
Noise vs. signal

Check for specific events
that may influence the
data

Correlate and compare
time series

Space +time



The Life of a Typical American
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. weeks

Directed

- Cyclic

- Quantities
Scales

- Parellity
Granules
months

https://waitbutwhy.com/2014/05/life-weeks.html

waitbutwhy.com



https://waitbutwhy.com/2014/05/life-weeks.html

Outline

- Event dato

- Time serie

- Many time series

- Multidimensional temporal data
- Space-time cubes

- Time curves



Events and durations
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Trend chart
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Time series



Complexity
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https://www.writerscafe.org/writing/TheoLueck/1416170/

Dual-Scale Data Charts
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Calendar data
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https://www.perceptualedge.com/articles/guests/intro_to_cycle_plots.pdf

Cycle plots: by month
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https://www.perceptualedge.com/articles/guests/intro_to_cycle_plots.pdf

Cycle plots: by week day
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Day

Radial time visuadlizations
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- Show cyclical data [ values
- Outer layers getting longer!



Heatmap

+ + +

Calendar data +
numerical values

Row and column effects
Easy look up
Space efficient

Precise value
comparison hard

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

LESS COMMON

BIRTHDAY RANK

- NN MORE COMMON




2011

2012

2013

2014

Calendars

Legend
| Asio

W Conada

. Europe
| IS
| B USA

Bled, Slovenia

Austria

Okanagan

Budapest

Romania

‘r“

|

Washington

l
al

Austin H Leavenworth Ontario _
- Secttle
Florida X Porﬂono
Dallas i
| i Banff
- Onteario
& Florida
i Atlanta
- Paris
| I__ France il

Florida

I [TRlea v I

San Diego

Ontario
Tofino
Secttle

[ BN

DL AEEREEEEEEEE]

W J




Comparing multiple timelines?
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https://www.writerscafe.org/writing/TheoLueck/1416170/

Horizon graphs

Heer Jeffrey, Nicholas Kong, and Maneesh Agrawala "Sizing the horizon: the effects of chart size and
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http://www.youtube.com/watch?v=M53dYUcQbCs

Horizon Graphs
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More Complex Data



Beveridge Curve: William Beveridge, econ.

Chart 5. The Beveridge Curve (job openings vs. unemployment rate)
Seasonally adjusted
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https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-t
he-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemploy
ment-rate/



https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/
https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/
https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/

Beveridge Curve

Job vacancy index

}ég 2008~2009 recession
100 ' ' ; 1981-1982 recession

a5 | N S 19731975 recession

Recessions! 70 +

2 3 4 5 6 7 8 9 10 11
Unemployment rate (percent)

Note: Data are quarterly and span the 1951:Q1-2010:Q2 period.
[Figure updated 8/19/2010, correcting the miscolonng of the 2001 recession line
Source: Conference Board, BLS, authors’ calculations.

https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-t
he-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemploy

ment-rate/



https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/
https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/
https://statmodeling.stat.columbia.edu/2013/06/12/how-to-best-graph-the-beveridge-curve-relating-the-vacancy-rate-in-jobs-to-the-unemployment-rate/

Connected Scatterplot

METRICS

HANNAH FAIRFIELD

Driving Shifts Into Reverse

CONOMISTS have long studied the

relationship between driving habits

and gasoline prices. Low gas prices
can bring periods of profligate driving,
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

1956
Annual
average

1966

Price of

a gallon

of gasoline
Annual average for
regular grade,
adjusted for inflation

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

Cheap gas,
longer commutes

meant that less freight needed to be
moved around the country. As gas prices
soared in 2005, the number of miles driven
— including commercial and personal —
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

© 7,000 mi. 8,000 mi. © 9,000 mi.

The swing backward

The average number of
miles that Americans

: 2 drive annually begins to

1082 i fall, so the chart appears

: i to turn around.

Energy crisis

as unemployment gets back to
pre-recession levels, we will see 1979
Americans doing a lot more driving

in "

The Arab
oil embargo

~ 6,000 mi.

1986

¢ 8,000 mi.

9,000 mi.

;8150



Connected Scatterplots: encoding time
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Moritz Stefaner: http://truth-and-beauty.net/projects/remixing-rosling/



http://truth-and-beauty.net/projects/remixing-rosling/

Time vs. Time: Story Curves

Jules’ story

Nonlinearity: 0.63 Narrative order =
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Butch’s story

Kim, Nam Wook, et al. "Visualizing nonlinear narratives
with story curves." IEEE transactions on visualization
and computer graphics 24.1 (2017): 595-604.



Timeline: 5 Time difference .

1—0—O (556 -
Circles are data cases with a time stamp.
Similar colors indicate similar data cases.

Time Curves
Creation

Bach, Benjamin, et al. "Time curves: Folding
time to visualize patterns of temporal
evolution in data." IEEE transactions on
visualization and computer graphics 22.1
(2015): 559-568.



Time Curves

computer graphics 22.1 (2016).

Bach, Benjamin, et al. "Time curves: Folding time to visualize patterns of temporal evolution in data." IEEE transactions on visualization and



Time Curves: Climate
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Time Curves: Visual Patterns
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Cluster  Transition

Degree of stagnation
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Degree of oscillation
no oscillation

Self-intersection
NO intersection

Point density
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Irregularity
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Time Curves

+ +

Amount of
change
Signatures
Comparison
Details
Artifacts due to
projection
Non-trivial




Trajectories
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Space-Time Cubes




Space Time Cubes



Space-Time Cubes

. A lelephone
Time
Call
\Veeting
/ ,/ \\
Space

NVan-Machine
llagerstrand, Torsten. "What about people in regional science?." Papers Kraak, Menno-Jan. "The space-time cube revisited from a
of the Regional Science Association. Vol. 24. 1970. geovisualization perspective." Proc. 21st International Cartographic

Conference. Citeseer, 2003.



Space-Time Cubes

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



Space time cubes everywhere!

Antenna o Brain connectivity Surveillance video
communication



A word on 3D visualization

- Causes occlusion

- Perspective distortion

- Interaction required

- Orientation might be tricky

100,000
REW INTRODUCTION BY THE AUTHO

y TOM PETERS

- Use 3D as interaction

affordances
- Use 3D as thinking tools and ’THE
metaphors "

OF
EVERYDAY

THINGS

DONALD A. NORMANMN..L. wrsen or ENOTIONAL DESIEN



Interactive Exploration

Mouse access

Transparency
+ bending

Cutting plane



Interactive Exploration



https://docs.google.com/file/d/1MruHrSu4RcFJ3a3-G0dWsBL35J7Sfx82/preview

Operations




Eadward Muybridge: Chrono photography
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Approved Harvest Applications
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Flow Diagram Small Multiples
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Small Multiples
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Visualization of Location Histories." EuroVis (Short Papers). 2013.



Coloring+
Flattening
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Drilling

\@
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Compare regions
Look-up regions
Details on regions

Occlusion
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Drilling:
Glyph
Maps

https://vita.had.c
o.nz/papers/gly
ph-maps.pdf



How Scotland’s political geography changed, seat by seat
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- Compare far away glyphs
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3D Renderings: density maps




3D +drilling

2008-12-30T23H

Pattern 10 |
Pattern 11 [

Pattern 1210 l\

2008-12-25T01H

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




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.



More operations
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https://www.youtube.com/watch?v=dZN2ICTRWBU



http://www.youtube.com/watch?v=dZN2ICTRWBU
https://www.youtube.com/watch?v=dZN2ICTRWBU
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