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RECAP

you have learned about
» visual variables and marks
» that their perceptual properties matter



RECAP

® Magnitude Channels: Ordered Attributes

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle
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RECAP

DATA TYPES
ORDINAL (ranking)
NOMINAL (categorical)

QUANTITATIVE (numerical)




RECAP

* 1D (linear) e
° Temporal Past Future
2D (maps) L’TL,
¢ 3) vis examples later

* nD (relational) J/\, %

« Trees (hierarchies)
« Networks (graphs)

Shneiderman: The Eyes Have It



ANOTHER VIEW

2 Tables 2 Networks 2 Fields (Continuous) 2> Geometry (Spatial)
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DATA TABLES -

TERMINOLOGY

index to look up values

Attributes (columns)
>
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(rows) ‘
Key 2
| .4-—-—- Value in cell

Cell containing value



WHAT COULD BE
THE KEY HERE?

Attributes (columns)

>

ltems
(rows)

v

?

Cell containing value




WHAT DATA TYPE IS SUITABLE

FOR AKEY?

Attributes (columns)

>

ltems
(rows)

v
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Cell containing value




KEYS VS. VALUES

key attributes are also sometimes called:
* Independent attribute
* dimension

value attributes are also sometimes called:
* dependent attribute
e measure



LEVELS

= unique values for a categorical or ordered attribute
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VISPUBDATA
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MULTI-ATTRIBUTE DATA - OUR

VIEW TODAY

n X d matrix n attributes

Country Year | Child mortality Births per woman
Afghanistan 2014 | 68.1 4.8

d items (data points) Afghanistan 2013 | 69.9 5.1
France 2014 | 36 2.0
France 2013 |36 2.0
USA 2014 |57 5.9
USA 2013 |19 1.9




ARRANGING TABULAR DATA

In Space



WHY ARRANGING DATA

® Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes
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QUANTITATIVE VALUES




APPROACH

e |et's start with two attributes:
country & income per person

Country Income per
person

Afghanistan 850
France 29500

US 41000



1. FIND A LAYOUT

Income per
person

Afghanistan 850

Afghanistan France 29500
France
US US 41000
$0 I > $200k

income per person



2. CHOOSE A VISUAL
ENCODING & MARK

E.g. position + circle




Country Income per | Life
. person expectancy

Afghanistan 850

France 29500 81

us 41000 /8

How do we extend this to 3 data attributes?

$0 I—. @ @ > s200k

Afghanistan France us income per person




1. FIND A LAYOUT oo™ | ety

Afghanistan 850 57
France 29500 81
200 years 4

US 41000 78

@
@

France
us

@
Afghanistan
%0 > $200k

income per person



SCATTERPLOTS

* two quantitative values
* horizontal and vertical spatial dimensions
* mark type = point



FACTS TEACH ABOUT

Life expectancy, years
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when marks are sized, the chart is often called a bubble chart or bubble plot

Color

alpha version

World Regions
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Select  Search...
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TASKS

find trends

find outliers
show distribution
show correlation
locate clusters

Life expectancy, years
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how many items are reasonable to put on a
scatterplot?

FACTS TEACH ABOUT é“]h'}l version
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marks can be replaced with
glyphs

i ]
http://rosuda.org/software/Gauguin/gauguin.html

T

glyphs are themselves
composed of multiple marks

https://engineering.purdue.edu/~elm/projects/gpuvis.html



GLYPHS

« Small composite visual

representations of multi- <« v ¥
dimensional data points $

» Characterized generally 7 @ |,q;| A
by lack of reference B n ¥ LS
structures (grid lines,

axes labels, ..)

From Ward, 2002
A taxonomy of glyph placement strategies for multidimensional data visualization



EXAMPLE: CHERNOFF FACES
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Herman Chernoff, The Use of Faces to Represent Points in K-Dimensional Space Graphically, 1973.



http://links.jstor.org/sici?sici=0162-1459(197306)68:342<361:TUOFTR>2.0.CO;2-2

CHERNOFF FACES

« features of a human face

encode data values (e.g. slant S D ST O O
of eye brows, size of eyes, ...) 6 @
* reasoning: humans are good

at differentiating faces and U

reading face features
« problem: chernoff faces have

generally been found nottobe =™ <

very effective “



EXAMPLE: STAR GLYPHS

« Lay out dimension in radial fashion
 Draw each point as aring

children per woman life expectancy

Afghanistan

income
(not real data, here)
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SHOW CATEGORICAL REGIONS

Separate, Order, and Align



CATEGORICAL VALUES

» gpatial position Is an ordered magnitude visual
channel

« categorical attributes are unordered identities (no
magnitude)

—>cannot be encoded with spatial position
 BUT: can be differentiated with a spatial region




REGIONS

e contiguous bounded areas
« distinct from one another
* need to be separated, ordered, and aligned



LIST ALIGNMENT

ONE KEY



LIST ALIGNMENT

separate Into regions by key

E.g. length + rectangle

Ok, this is weird

so | > s$200k

Afghanistan France us income per person




ALIGN

align regions of key categorical values along one
axis In a common frame

France
US
Afghanistan > $200k

$0 income per person




ORDER

* using a derived attribute such as alphabet
» and/or using dependent data values

us
France

> $200k
$0 income per person

Afghanistan



BAR CHARTS

DATA one quantitative value attribute, one categorical key attribute

ENCODE line marks, express value attribute with aligned vertical position (length),
separate key attribute with horizontal position

TASK lookup and compare values

SCALE key attribute: dozens to hundreds of levels

us
France

> $200k
$0 income per person

Afghanistan
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ALTERNATIVE

Number of stocks «
(24 stocks)

| Healthy zone
(75 stocks)

(16 stocks)

p!;?;giecs Salmonids Crustaceans Molluscs Others

M

arine Small
mammals Groundfish

pelagics

https://www.ec.gc.ca/indicateurs-indicators/default.asp?lang=en&n=1BCD421B-1

B Status unknown

Stacked bar chart

each bar Is a composite glyph
each bar part encodes a value

composite glyphs arranged as a
list according to primary key

color used to distinguish
secondary key

typically used for absolute
valuesguse a normalized
stacked bar for proportions)



STACKED BARS VS.
NORMALIZED STACKED BARS




STACKED BARS

« ADVANTAGE

— can compare totals and
| lowest level well

(75 stocks)

Number of stocks
Status un known
)

Cautious zone

.=« DISADVANTAGE
' — upper levels of secondary

. -' key require comparison
== against non-aligned scale

mh::-lrm:Is Groundfish pseﬂglLs p!;?;giecs Salmonids Crustaceans Molluscs Others




STACKED BARS

DATA MD table; one quantitative value attribute, two categorical key attributes
ENCODE bar glyph: length-encoded subcomponents for each level of secondary key
attribute
separate bars by category of primary key
TASK part-to-whole relationship, lookup values, find trends
SCALE key attribute (main axis): dozens to hundreds of levels

key attribute (stacked glyph axis): several to one dozen

lumber of stocks.

| Status unknow!
(24 stocks)
| Healthy zone
(75 stocks)
Cautious zone
(40 stocks)
Critical zone
(16 stocks)




STREAMGRAPH

=] SIGN IN TO E-MAIL OR SAVE THIS

February 23, 2008

The Ebb and Flow of Movies: Box Office Receipts 1086 — 2008

FEEDBACK

Summer blockbusters and holiday hits make up the bulk of box office revenue each year, while contenders for the Oscars tend to attract

smaller audiences that build over time. Here's a look at how movies have fared at the box office, after adjusting for inflation.

(o]

Find Movie

Jan.
2008

Dec.

2007

ine July Aug. Oct. Mov.

nal Treasure: Book of Secrets

Superbad
Click for details

—

Sources: Baseline StudioSystems; Box Office Mojo

Each shape shows
how one film did at
the box office.

t
Height

shows weekly box
affice revenue

+— Width ——
shows longevity

The area of the shape
(and its color)
comesponds to the film's
fotal domestic gross,
through Feb. 21

|

— 25

$862 million
250

100

-1

Mathew Bloch, Lee Byron, Shan Carter and Amanda Cox



DATA MD table; one quantitative value attribute (e.g. counts), one ordered key
attribute (e.g. time), one categorical key attribute (e.g. film)

DERIVE order of layers is derived from a quantitative attribute
ENCODE use derived geometry to show layers across time, layer height encodes count
SCALE key attributes (time, main axis): hundreds of time points

key attributes (short axis): dozens to hundreds
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DOT CHART/PLOT
so —@ O > 5200k

Afghanistan France us income per person

!

us O
France .

Afghanistan —_— > 200k

$0 income per person




LINE CHART

augment with line connection marks
emphasize the ordering and show trends
should not be used with categorical keys

A does this make sense?

us o—
France
Afghanistan J > 200k

$0 income per person




PECT RATIO SELECTION

K K

S0K 0K

[31.. [31..

(32.. (82..

(23.. (23..

February April June August October February  June October

o L ""\

(22..

February

March April May Junie July August  September  October



BANKING TO 45° Clevetnd]

TO FACILITATE PERCEPTION OF TRENDS,
MAXIMIZE THE DISCRIMINABILITY OF LINE

SEGMENT ORIENTATIONS

]

TWO SEGMENTS ARE MAXIMALLY DISCRIMINABLE WHEN THEIR AVG ABSOLUTE ANGLE IS
45°

OPTIMIZE THE ASPECT KATIOTO BANK TO 45°




—355
—350
—345
—340
—-335
—-330
—-325
—-320

=315

I I I I | | |
1959-01 1964-03 1969-05 1974-07 1979-09 1984-11 1990-01

ASPECT RATIO = 1.1/

—340
=320

I I | | I | |
1959-01 1964-03 1969-05 1974-07 1979-09 1984-11 1990-01

ASPECT RATIO = 7.87



ALTERNATIVE METHODS

Practical advice:

CHOOSE AN ASPECT RATIO THAT
EMPHASIZES THE IMPORTANT DETAILS
FOR YOUR TASK

[TALBOT ET AL, 2011]



MATRIX ALIGNMENT

Two keys
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HEATMAP
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HEATMAP

DATA Table; two categorical key attributes, one quantitative value attribute
ENCODE 2D matrix alignment of area marks, e.g. with diverging color map
TASK find clusters, outliers; summarize
SCALE items: ~1 million (on 1000x1000px), categorical attribute levels: hundreds,
quantitative attribute levels: 3-11
' | T .
tehange 6304 IIIJ_IIIJ._I_.A_I\II\I\IIIIiIIIIIII_
Fold-change G2-G4 . . —
Fold-change G2-G3 . . -
Fold-change G1-G4 . . —
Fold:change 61:22 . :
i R €54 g
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BACK TO OUR ORIGINAL
EXAMPLE

Country Income per Life Children per
person expectancy woman

Afghanistan 850

France 29500 81 19

US 41000 /8 2.1

now with 4 attributes



200 years

,?

Country Income per Life Children per

person expectancy | woman
Afghanistan 850 57 7.1
France 29500 81 1.9
Suggestions? Us 41000 78 21

France
us

Afghanistan

$0

> $200k
income per person



ADD ANOTHER VISUAL ENCODING

200 years

'? + circle area

Afghanistan

$0 > $200k
income per person

Problem:
Does not scale well to more attributes



ADD ANOTHER VISUAL ENCODING

200 years

,?

+ value

France

Afghanistan

$0 > $200k

income per person
Problem:

Does not scale well to more attributes



ADD AN AXIS

200 years
A

P O
Afghanist O
France
us

$0 > $200k
Problems: income per person

Occlusion, perspective distortion, does not scale
—> Not usually recommended



ADD AN AXIS

A ! o
- ® o » 0
(@)
§ France |jg E France ;¢
D O
& ¢
) o 0 ®
?E Afghanistan = Afghanistan
> —>

income per person children per woman



SCATTERPLOT MATRIX

This idea scales relatively well
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SCATTERPLOT MATRIX

movie IMDB ID Actor [ ActorpirectofvriterjWriteqrodudgrodudgrodutgmmposfiudjeffGenre[GenreGenre|Genre
Hugh will James Mark Scott Hugh Stan Hutch Marco Action | Ad Fantasy Sci-Fi
11430132 Jackman | Yun Mangold | Bomback | Frank | Jackman Lee Parker | Beltrami
Th We l . 20 6 6 6 8 2 27 1 40 238 779 563 366 350
e olvermme
201521 6min Slzol o2 pa o]z |5 | oo [l [lo [lola []8
Actors J“ga“
Hugh Jackman (20)
EETITTYYGR |0 6ot ]ofof2]oo]3[6][l3][=2]|1
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Directors 1rector 6 [o[o[o]o]o 1] 1]|=2]o 1 | o
ey ™ °
Writers
i 6ol 1lolo 1|3 |lafz|1]3
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6
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FoducaT z |[L o o ||| ]|1]a
Budjets Jackman | & Q =] - [=]
Producers roducdr ‘ ‘ | ‘ ‘ H *5 ‘
Hugh Jackman (2) SI:: lia a ° ) ) |- 27 o 1 18 27 17 1 18
Tom Cohen (0) 27
Stan Lee (27) roﬁ&ce T 1 0o (¢ 1 o o 1
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Costume_Designers 1
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. I o 1 11
emmrrem— TS (o (L L [L{o [« [0 [40]l3 [ ] |4 ]
inematographers 40
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Composer I 238 = - | =
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By Charles Perin



SPATIAL AXIS ORIENTATION

An additional design choice
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rectilinear parallel radial



parallel coordinates

Back to our original example

A
> ® o
5 France ;g
v
g
& o
« | Afghanistan

>

income per person



Parallel Coordinates

France ‘
us

Afghanistan b

- — —

income per person

life expectancy



parallel coordinates

* show correlations
between neighboring

France axes
us

Afghanistan

life expectancy
income per person



MULTIDIMENSIONAL DETECTIVE

Alfred Inselberg? Multidimensional Graphs Ltd!

&

Computer Science Department
Tel Aviv University, Israel
aiisreal @math.tau.ac.il

Abstract

The display of multivariate datasets in parallel
coordinates, transforms the search for relations
among the variables into a 2-D pattern recognition
problem. This is the basis for the application to
Visual Data Mining. The Knowledge Discovery
process together with some general guidelines are
illustrated on a dataset from the production of a
VLSI chip. The special strength of parallel coor-
dinates is in modeling relations. As an example,
a simplified Economic Model is constructed with
data from various economic sectors of a real coun-
try. The visual model shows the interelationship
and dependencies between the sectors, circum-
stances where there is competition for the same
resource, and feasible economic policies. Interac-
tively, the model can be used to do trade-off anal-
yses, discover sensitivities, do approximate opti-
mization, monitor (as in a Process) and Decision
Support.

Introduction

In Geometry parallelism, which does not require
a notion of angle, rather than orthogonality is the
more fundamental concept. This, together with the
fact that orthogonality "uses-up” the plane very

*Senior Fellow San Diego SuperComputing Center
136A Yehuda Halevy Street, Raanana 43556, Isracl

fast, was the inspiration in 1959 for "Parallel” Co-
ordinates. The systematic development began in
1977 [4]. The goals of the program were and still
are (see [6] and [5] for short reviews) the visual-
ization of multivariate/multidimensional problems
without loss of information and having the proper-
ties:

1. Low represcntational complexity.  Since
the number of axes, N equals the number
of dimensions (variables) the complexity is
O(N).

. Works for any N,

. Every variable is treated uniformly (un-
like "Chernoff Faces” and various types of

"glyphs”),

. The displayed object can be recognized un-
der projective transformations (i.e. rotation,
translation, scaling, perspective),

. The display easily/intuitively conveys in-
formation on the properties of the N-
dimensional object it represents,

. The methodology is based on rigorous math-
ematical and algorithmic results.

Parallel coordinates (abbr.||-coords) transform
multivariate relations into 2-D patterns, a prop-
erty that is well suited for Visual Data Mining.



X1

X2

X3

X4

X5

X6

X7

X8 X9

473 Points

X10 X1 X1z X13 Xi4 X15 X116

Original Example from Inselberg 1997



THE ORDER OF AXES MATTERS

Population Income Area Tliteracy Frost Life Exp HS Grad  Murder

LifeExp  Murder Tliteracy HS Grad Income Frost Population Area

Eurographics 2013, STAR Report
J. Heinrich, D. Weiskopf



REDUCE CLUTTER - HIGHLIGHT CLUSTERS

Lots of work on this. For example:

(a) A linear transfer function has been applied to the high-precision texture (b) A logarithmic transfer function is applied to a selected cluster, The
in order to prevent cluttering and to provide overview of the data. structure is preserved and emphasis is put on the low density regions.

N/ N

) i

(c) Local cluster outliers are enhanced. A square root transfer function is (d) A complementary view of the clusters with uniform bands. ‘Feature
used and the outliers are visible even through high-density regions. animation' presents statistics about the clusters and acts as a guidance.

Revealing Structure within Clustered Parallel
Coordinates Displays, InfoVis 2005
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J. Heinrich, D. Weiskopf
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COMBINE WITH OTHER VISUALIZATION TECHNIQUES

Parallel Tag Clouds to Explore Faceted Text Corpora (Collins et al., VAST 2009)
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THERE IS MUCH MORE ON THIS...

Start here If you want more information

EUROGRAPHICS 2013/ M. Sbert, L. Szirmay-Kalos STAR — State of The Art Report

State of the Art of Parallel Coordinates

J. Heinrich and D. Weiskopf

Visualization Research Center, University of Stuttgart

Figure 1: Taxonomy of topics for parallel
in this paper, where the scope and definition of each topic will be explained.

in the scientific li The first-level nodes each rep a section

Abstract

This work presents a survey of the current state of the art of visualization techniques for parallel coordinates. It
covers geometric models for constructing parallel coordinates and reviews methods for creating and understand-
ing visual rep ions of parallel coordi The classification of these methods is based on a taxonomy that
was established from the literature and is aimed at guiding researchers to find existing techniques and identifying
white spots that require further research. The techniques covered in this survey are further related to an estab-
lished taxonomy of knowledge-discovery tasks to support users of parallel coordii in choosing a technique for
their problem at hand. Finally, we discuss the challenges in constructing and unde ding parallel- di
plots and provide some examples from different application domains.

Categories and Subject Descriptors (according to ACM CCS):  1.3.3 [Computer Graphics]: Picture/Image
Generation—Line and curve generation




Scattering Points in Parallel Coordinates

Xiaoru Yuan, Peihong Guo, He Xiao, Hong Zhou; Huamin Qu’

1. Key Laboratary of ine Pe jorn (1 . Schoo “ECS, Peking University
2. Department of Computer Sc g K ty ¢ ¢ and Technology,




RADIAL AXES

...........................................................................................................................



EXAMPLE: STAR PLOT

e =radial line chart

Administration Marketing
—— Allocated Budget
—— Actual Spending
Information Development
Technalogy p

Customer
Support

Competitive spirit
Work ethic
Ambition

Leading

Cetermination

Taking responsibility

Respect for authority

Drganization

Patience

Responsiveness

Stress management Selfconfidence

Autonomy Independent mind



PIE CHARTS
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POLAR AREA CHARTS

IF 11 clarity
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6000 ~\V/S1 SI2 Viz
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HOW DO PEOPLE READ

PIE CHARTS?

[e-]
1

Absolute Error relative to Pie (Precision)

https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results



HOW DO PEOPLE READ

PIE CHARTS?

-
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1
I

Absolute Error relative to Pie (Precision)

¢ e . ¢

https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results



WHAT IT ONE DIMENSION IS TIME?



TIME...

o ..IS JUST ANOTHER DATA DIMENSION
» WHY BOTHER?

« WHAT DATATYPE IS IT?
— NOMINAL?
— ORDINAL?
— QUANTITATIVE?



DATA TYPE

ORDINAL

QUANTITATIVE
DISCRETE

CONTINUOUS
(WITHIN THE LIMITS OF A COMPUTER)

Arvid
before O arrived

Valentina O/
went to sleep ‘N
s Valentina

woke up

Valentina Arvid Valentina
went to sleep arrived woke up

0600000050 »

N &
Valentina Arvid Valentina
went to sleep arrived woke up
>
Q RN
QS NN
vV

AIGNIER ET AL 2011



TIME IS PARTICULAR

- PERIODICITY
— NATURAL: DAYS, SEASONS
— SOCIAL: WORKING HOURS, HOLIDAYS
— BIOLOGICAL: SLEEP, ETC.

«  MANY SUBDIVISIONS (UNITS)
— YEARS, MONTHS, DAYS, WEEKS, H, M, S

«  SPECIFIC MEANING
— NOT CAPTURED BY DATA TYPE
— ASSOCIATIONS, CONVENTIONS
— TIME VISUALIZATIONS OFTEN CONSIDERED AS A SEPARATE TYPE




TIME IS PARTICULAR

« SHNEIDERMAN'S TAXONOMY OF DATA TYPES
— 1D DATA
— 2D DATA
— 3D DATA
— TEMPORAL DATA
— MULTI-DIMENSIONAL DATA
— TREE DATA
— NETWORK DATA




VISUALIZING TIME
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DEFINITION

TIME SERIES IS A SEQUENCE OF DATA POINTS,

A
MEASURED (TYPICALLY) AT SUCCESSIVE POINTS IN TIME
(OFTEN) SPACED AT .

A SET OF OBSERVATIONS X, EACH ONE BEING
RECORDED AT A SPECIFIC TIME T



MAPPING DATA TO AN AXIS



MAPPING TIME TO AN AXIS

TIME




SIMPLE CHARTS
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OTHER DATA TYPES

TIME




OTHER DATA TYPES - ORDINAL

RANK CHART

HUGUES, 2009

MOST HIGHLY-REGARDED BRANDS BY UK'S PROMINENT LEADERS

>BUSINESSES
2007 2008 2009

Co-op

Virgin Group

Virgin Group . Mas

Virgin Group

YNON-PROFIT ORGANISATIONS
2007 2008 2009

1L The Carbon Trust Amnesty International
Rl Amnesty International
3. Greenpeace
4. The Carbon Trust
S. Amnesty International
6. The Carbon Trust
7.
8.
-3 Conservative Party Greenpeace
10. Conservative Party

Chart showing the top ten brands' standing over the last three years



OTHER DATA TYPES

TIME

PROPORTIONS




PROPORTIONS

STACKED AREA CHART

Household activi...

NY TIMES 2009



PROPORTIONS

STREAMGRAPHS

ine July Aug. Sept. Oct. Nov. Dec. Jan. Feb. EaCh Shafl?le Sg_gwst
2007 2008 oW one m aid a

the box office.

nal Treasure: Book of Secrets

T
Height

shows weekly box
office revenue

<« Width —

shows longevity

The area of the shape

n
M (and its color)

corresponds to the film's
total domestic gross,
through Feb. 21

e Chipmunks $862 milllion
250

100

NY TIMES 2008




OTHER DATA TYPES

EEEEEE



OTHER DATA TYPES - EVENTS

LIKE OBSERVATIONS IN TIME-SERIES
— DATA POINTS WITH A TIME STAMP

BUT

— MOST OFTEN SPARSE AND IRREGULAR

— DATAIS MOSTLY NOMINAL

— CAN HAVE A DURATION (START + END)

— OFTEN SUBJECTIVE / SOCIAL DATA RATHER THAN PHYSICAL MEASURES



EVENTS

PROJECT TIMELINE

March 31, 2003
M. 1. 2

April 14, 2003
14. 15 16 17. 1A

April 21, 2003
2. 22 23 2 B

I Gasic Setup

- Document Templates
_ Coding Base Algorithm
I 10 Procedures
I Testing
_ Refactoring

AIGNER ET AL 2011



w&mu Nw l}"f THIOPLAN. xr__]

Erms

lh'rrn

orLaNy

I ~xdos ohaw~
Tirke in Torketan

APERS AN

“FTH‘E

3 \
el THE PA RTHIAN Fnpipg

rucrnle |

Jows  renfrr

ity [vaeocapens |-

I MPIRE

s /u////fmr/ 4 l ;/rr///
)

v
0 Dnsern i

)/ 3=

J =t = .
N0
( /) Tl gt )Q
. )z'/y//////// ( )/////////
ﬂ/ N
D (SN -
Y _.}@;ﬁaxjgf}:}

4 Lote //// /7/

R

1)

My //: st o/

2 /////////r

2

hrs

//’/// ////!///

7 LLD FRr. Bk

1

Hisp

—_—

1y py \ 7 \.

Lemcinems |

| B

G A

GALLia | NaRRONENSTS
T | TARAOA

Vaxnass = : Nk add e e
s Nupleo oo Howse of e b
g | T T
\THE Pore's 7 Rﬂl'rafle.r | 3 &l
J ! kK

VLESLAN NT Rixor o Bravivon

Loxparps ; L= —
f (L —— : T

N K S
T Fnies o PR R Tt | i

gl hes ! - - La'___rl
Noavannn ! e pua o s ARRAGON i

Gorms (AT 3 '

E M o P I S RoA CENS o i1 i
# [ e T CASTILE ani LEON | !! |
7- T hatrrsons b By %" : Z 1 oo o =

I & 0 NS

5

;:;_

e

& A

L~

) ‘
Buray| [ Seany [ France ||

CALEDON

Amrreem 3
Pro—
Protenss 1o
.
ey
——




MAPPING TIME TO AN AXIS



NON-LINEAR TIME AXES

TIME
BT

DATA NON-LINEAR SCALE

AL NON-LINEAR SHAPE






DUAL-SCALE CHARTS

! P,
8 AN
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ISENBERG ET AL 2011 BIFOCAL CHART



DUAL-SCALE CHARTS
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ISENBERG ET AL 2011



SPIRAL AXIS - ...

AIGNER ET AL 2011 v % o ° 2



GRID AXIS
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MAPPING TIME AND SPACE



TIME




TIME




2D + TIME

SPACE-TIME CUBE MODEL

Time
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DISCRETE TIME FLATTENING

SEQUENCES

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

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

The axel's forward takeoff and backward landing positions add an extra half-rotation to the In skating terminology. the path of a jump is described as a series of edges — semicircular
jump, so skaters need maximum power on takeoff, and precise upper body control during arcs that follow the path of the skate blade. The diagram shows the preparatory, takeoff and
rotation. Once airborne, the skater gauges her speed and height to judge the number of landing edges of an axel jump. The loop at center represents one midair rotation.

rotations possible — she has less than one second to complete them, and must

make the extra half-spin to land correctly. Only Midori Ito and ::';m;:g“ = Ie.:::onnl 'F.;gm:d: autsido 8008
Tonya Harding have landed this in competition. outside edge outside edge .-, ‘
- gt % o . ., 3
En . Ll 2 %
Landing
Right back outside edge

MEGAN JAEGERMAN



COLORED TIME FLATTENING
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COLORED TIME FLATTENING

TRAVELTIMES

Travel time in hours and days to the nearest city of 50,000 or more people

o 1 2 3 4 6 8 12 18 24 36 2d 3d 44 S5d I0d

NELSON 2008



TIME JUXTAPOSING
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TIME lUXTAPOSING

MUYBRIDGE'S CHRONOPHOTOGRAPHY TECHNIQUE
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3D RENDERING

CD TIME




3D RENDERING

KIVIATTUBE

vari
var7

varé ‘

varb
vard

var2

var3

AIGNER ET AL 2011



3D RENDERING

PATHS

TIME

KRAAK 2003



http://www.timeviz.net/

0O < o} informatik.uni-rostock.de (@] ] @

The TimeViz Browser

A Visual Survey of Visualization Techniques for Time-Oriented Data
by Christian Tominski and Wolfgang Aigner

# of Techniques: 115
Search: p3
How to use:
Want - | want to see.
? - I'm neutral.

Hide - Don't show me.

Data

Frame of Reference

[T Abstract Want Hide
‘ Spatial want [ Hice

Number of Variables
|~ Univariate | wart [HEHN Hice
2. Multivariate | went [IERN rice

Time
Arrangement
=p Linear went [HERN Hice
' cyclic want [ Fice

Time Primitives
o, Instant want [ Hice
Interval want [ Hice

Display a menu '
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https://timelinestoryteller.com/

Timeline Storyteller contact us Top

Examples
Preparing data
How do | use it?
Source code
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Timeline Storyteller is an open-source expressive visual storytelling
environment for presenting timelines in the browser or in Microsoft Power BI.

Use it to present different aspects of timeline data using a palette of timeline
representations, scales, and layouts, as well as controls for filtering,
highlighting, and annotation.

Suzh ad Seliow weiter lian Kaflea, for instance.
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