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* Augmented reality

Infophys tangible visualisation
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Human Vision

_ |State College Degree % | Per Capita Income|
Alabama 206% 11486
Alaska 30.3% 17610
Arizona 27.1% 13461
Arkansas 17.0% 10520
Califarnia 31.3% 16409
Colorado 33.9% 14821
° H . h t b d . dth Connecticut 33.8% 20189
Delaware 27.9% 15854
Ig e S a n WI Se n Se District of Columbia 36.4% 18881
Flarida 249% 14698
Georgia 24.3% 13631
* Fast, para llel Hawaii 312% 15770
Idaha 25.2% 11457
L. _ |lllinois 26.8% 15201
° Indiana 20.9% 13149
Pattern recognition ncin 209% 13149
Kansas 26.5% 13300
I . Kentucky 127% 11153
* Extends memory and cognitive capacity Louisiana 19.4% 10635
taine 25.7% 12957
* People think visuall Massach 210 17724

assachusetts h%

p y tdichician 241% 14154
hMinnesota 30.4%; 143849
Mississippi 19.9% 9648
® Th e C h a I I en ge Missouri 22.3% 12989
hMontana 26.4% 11213
_ |Nebraska 26.0% 12452
H H H Nevad 215% 16214
* Transform the data into information B 15214
. . . . . _ |MNew Jers_ev 30.1% 18714
(understanding, insight) thus making it useful = lexMeic Z25% 11240
I __|Morth Carolina 24.2% 12885
MNorth Dakata 281% 11051
tO peop e Ohio 29195 13461
Oklahoma 228% 11893
o E I . Oreqon 27.5% 13418
Pennsylvania 23.2% 14068
Xa m p e ° Bhode Island 27.5% 14981
South Carolina 23.0% 11897
. . . __|South Dakata 246% 10661
e Which state has the highest income? | ErrTT 201% 12055
Texas 26.6% 124904
. . . Utah 30.0% 11029
* Is there a relationship between income and yemort 5% 13527
d t P \Washington 30.9% 14923
\West Virginia 16.1% 10520
eaucation: ‘Wisconsin 249% 13276
YWhaamino 25.7% 12311
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Human Vision (cont.)

'O Spotfire - StateData - Imported ODBC Data ([StateData]) - [Scatter Plot] a.l.n.'ﬁl
@ Fle Edt View Options Tooks Window Help =181 x|
College Degiee % v | Load | Snap |
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Use Case: A (Marathonian) Example
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Use Case: A (Marathonian) Example

08
0.6
0.4

0.2

2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30
Based on data from Eric Allen, USC, Patricia Dechow, U.C. Berkeley, Devin Pope and George Wu, Unlversity of Chlcago.
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Use Case: A (Marathonian) Example

Arbitrary goals, like round numbers, can be motivating - just ask 9 million marathoners.

1.0%
Distribution of marathon
finishing times 0.8
The small spikes are
people making their
goals, with not a 0.6
minute to spare. A ' ’ 4 4
finishing time of 3:59
is 1.4 times as likely
as one of 4:01. e

0.2

2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30
Based on data from Eric Allen, USC, Patricia Dechow, U.C. Berkeley, Devin Pope and George Wu, Unlversity of Chicago.
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Use Case: 2009 Exports of Belgium

83% [
Unclassified |damonds
transactions

-..l
1L U
-—- -

.-ll-====.
7-!1- .IIII
- F

https://commons.wikimedia.org/wiki/File:Tree map export 2009 Belgium.jpeg
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Use Case: A Day In the Life of Americans

10:13am

[ ] weomm | Fast

The day is in full swing with work or
housework. Stores and services are
open so people can run errands, and
they take various forms of
transportation to get there.

This is a simulation of 1,000 people's
average day. It's based on 2014 data from
the American Time Use Survey, made way more
accessible by the ATUS Extract Builder.

Religion

Sports 2

2%

16%

Leisure .g %

Pro. Care Services
<1%

&

Shopping
3%

%

Non-Household Care
<1%

&

Household Care
3%

Housework

12% Work

31%

http://flowingdata.com/2015/12/15/a-day-in-the-life-of-americans/
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Phone Calls
§ <1%
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Sleeping
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Use Case: WSIJ Infectious Diseases and Vaccines

Measles

Vaccine introduced

Alaska
Ark.
Calif.
Conn.
Del.
Ga.
lowa
1l
Kan.

<

o

=
EEETEN N

Okla.

HEEE  EEEEEE W

Tenn.
Utah
Vit.
Wis.
Wyo.

L [ ] ||

1930 1940 1950 1960 1970 1980 1990 2000 2010

B |
ok 1k 2k 3k 4k

http://graphics.wsj.com/infectious-diseases-and-vaccines/
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Use Case: Purchases in 2014 from Swiss Federal
Administration

A Federal Administration
Purchases 2014 from Federal Administration

Total purchases CHF 5492353868

of which the suppliers are known CHF 2771844519 50%
of which the suppliers are unknow CHF 2720509 350 50%

Fep, Ro

DErEC

1804

FDF

5400

Choose a department or a federal office:

EAER

P

Choose a year:

2011 | 2012

The main suppliers

RUAG

Implenia

Swisscom
Thales-Amper-Rheinmetall-...
Helvetas

Iveco-Magirus AG

NSNWAG

Atos AG

Swisscontact

Skyguide

Air Total (Suisse) SA

Weibel Hans AG

Marti Gruppe

Consorzio Vigana

AFAMA UPIaNSTP3/ Lot 1...
Saltech AG
Siemens

Walo Bertschinger AG
SWenex - SWiss energy exc...

- Federal Departement of Finance

2013 2014

http://enquete.lematindimanche.ch/interactif/achats/indexen.html?lang=en
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Roles of Infovis

Exploration
* Prerequisite: domain knowledge
* Qutcome: new hypothesis

Confirmation
* Prerequisite: hypothesis
* Qutcome: confirmation/rejection (new hypothesis)

Communication

* Prerequisite: confirmed hypothesis

* Qutcome: clear visualisation
Visual Analytics’ Motto: detect the expected and discover the
unexpected

Keim, Daniel A. "Information visualization and visual data mining." IEEE transactions on
Visualization and Computer Graphics 8, no. 1 (2002): 1-8.
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Interactivity

* Interactivity is crucial for handling complexity
* Typically when data is large enough...

* Interactivity involves
* Changing representations
* Zooming
* Filtering
* Getting details
* Summarizing
* Combining views
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Bruno

A Three-Part Analysis Framework
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A Three-Part Analysis Framework

e WHAT data the user sees
e Aka the data

e WHY the user intends to use a vis tool
* Aka the task

Why?
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« HOW the visual encoding and interaction
idiom are constructed

* Aka the visual idiom and interaction




A Simple Example:

©, Spotfire - StateData - Imported ODBC Data ([StateData]) - [Scatter Plot] .ajmﬁ'
@ Fle Edt View Options Tooks Window Help =18]x|
College Degree % v osd I-
Massachusetts .a'.suict of Columbia
Colorado
. New Hampshire ‘
o, | ! ! Maryland | -
324% Vermont . . Connecticut
‘ Hme'wm
i @
' Weshington Alaska
& New Jer.
Utsh Virginia . =
o . Q New York
o\ 296% LS North Dakota Dehw.
R I
L Arizona ‘ fode sl.
) Ilinois
— Oregan
2 )
) exas
A i
254% New Mexi e Wisconsin Florida
% = o o
lowa
D) ‘ . Georgia
L 27,
— orth Michigan
o .‘l vania =
South Carolina
U klahoma i e ‘
228% . i | Nevada
Alabama '
. Temesse’
. ‘k Kentucky
Lsogbr Y
161% i i |
10000 11600 13200 14800 16400 18000 19600 I
Per Caphta Income v

Per Capita Income

Bruno Dumas — Faculté d’Informatique de I’'Université de Namur - www.unamur.be

7 novembre 2018

How?




1. Data

Datasets Attributes
@ Data Types @ Attribute Types
> Items > Attributes 2 Links > Positions = Grids > Categorical
* Datasets +ONA

@ Data and Dataset Types

° D a ta ty p es Tables Networks & Fields Geometry  Clusters, > Ordered

Trees Sets, Lists > Ordinal
Items Items (nodes) Grids Items Items ' '
«*
° D a ta a n d d a ta S et ty p e S Attributes Links Positions Positions
Attributes Attributes = Quantitative

* Dataset types SR

@ Dataset Types

° Data set ava | | a b| | |ty > Tables > Networks > Fields (Continuous)

@ Ordering Direction

= Sequential
Attribi I Grid of positions
ttributes (columns) \\ \J .
° Items Link 55 £5
Cell &4 Z ) .
* Attributes =[S0, > biversing
r(ltem) i
Cell containing value Attributes (columns) 1—'—’
[ A I b Val x I
alue in cel > .
tt r I u t e ty p e S = Muitidimensional Table > Trees Cyclic

 Ordering Direction Ap ©

.4— Value in cell

Attributes

> Geometry (Spatial)

g% Position

@ Dataset Availability

= Static = Dynamic

[l .
et Lo —
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Datasets: Dataset Types

@ Dataset Types

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

Attributes (columns) Grid Ofp?Sitions

Items - Link \\E
Cell 05 XX N
(rows) T g ‘ att! ﬁ Position
Node 1l
K (item)
Cell containing value Attributes (columns) |
T
Value in cell

2 Multidimensional Table > Trees

o /I?Q\
Key 2

.4— Value in cell

Attriblm
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An Example

https://earth.nullschool.net/#current/wind/surface/level/orthographic=-0.61,47.21,1137/loc=26.765,35.377
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2. Task Abstraction

 Why analyse?
e Who?
e Actions (verbs):

* Analyse
* Produce
* Search

* Query
* Targets (nouns):
* All data
* Attributes
* Network data
* Spatial data

& Actions
@ Analyze
= Consume
= Discover = Present = Enjoy
1 St il
Ay w2 ©
= Produce
2 Annotate = Record = Derive

nmmn
1]
1l
il

4
J

sl i

(® Search

Targetknown  Target unknown

focauiog - Lookup < Browse
known
focation @ Locate ‘@.> Explore
unknown : :
© Query
> Identify » Compare > Summarize
L] mom
. 4 o
2 LT
4
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@ Targets

(® All Data

= Trends = Qutliers = Features

| e WY

(® Attributes

2 One 2 Many

= Distribution 2 Dependency - Correlation = Similarity

. oo l ° |\/

> Extremes

(® Network Data

TR e

= Paths
pra

@ Spatial Data
= Shape

a
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Who Is the Audience?

 Domain expert? Average web user? Namur resident? You?

A .
HIGH 5 Air traffic
: control
] Weapons
Photoshop : systems
o
N '
% . Social security
IS Lightroom/Aperture . administration
8 .
© [
S Healthcare
Qo systems
8 Y
2
: . .
= iPhoto/Picasa Library
systems
Payroll
Website for systems
buying flowers :
Low|_ ™9 : .
LOW Work domain complexity HIGH
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Who Makes the Choices?

e Part of the analysis: who will be the main user of the
visualisation?

e Corollary of that question: who refines the design?
* Filters data?
* Selects representation?
* Focuses on a specific part of the data?

* Offline choices (designer) vs
: L Purchases 2014 from Federal Administration
Online choices (user) T —
é = of which the suppliers are unknow CHF 2720509 350

50%
£
® V b t h < The main suppliers
&
LN ) S . 0 = . o ? mo?emm wnn(]mou Gmn?ﬂm G
Feopg & "
Oerg, . |
ok i
EAER
Thales Anper fhenmeat
Helvetas ||
mmmmmmmmmm
ey
os
% uuuuuuuu
sssss
Tt (Sl
‘i‘ Weibel Hans
O L = = oo
mmmmmm
APMAUPIANS TP3/ Lot
saecn
Siem
JoBerschinger
. swiss eergyex
Chooseayear: 2011 2012 2013 2014
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What?

How?...

Why?

How?

Encode Manipulate Facet Reduce
3 Arrange ® Change ® Juxtapose ® Filter
> Express 2 Separate | ° . | | .
... . - . .. .
mEE
> Order > Align ® Select ® Partition ® Aggregate
B T ot
> Use . :
® Navigate ® Superimpose ® Embed
o (M
oo P
from categorical and ordered m
attributes
= Color
> Hue = Saturation = Luminance
EEE EEEE . Em

= Size, Angle, Curvature, ...
-al 1— 1))

= Shape
+ O H A

= Motion
Direction, Rate, Frequency, ...
& L

e G
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An Introductory Example

How many encoded attributes?

Bruno Dumas — Faculté d’'Informatique de I’'Université de Namur - www.unamur.be 7 novembre 2018




An Introductory Example

* In this example...
* 1) Two attributes (X categorical/Y quantitative)
* 2) Two attributes (X quantitative/Y quantitative)
* 3) Three attributes (X quantitative/Y quantitative/colour)
* 4) Four attributes (X quantitative/Y quantitative/colour/size)

* Each attribute can convey one dimension...
e ...Oryou can introduce redundancy between attributes...

 ...Some channels are more efficient for certain attributes...
* E.g. barsin bar chart convey a sense of size better than scatterplots
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Channel Types

Two main types of channels: identity and magnitude
* ldentity: tells us information about what something is or where it is
* Magnitude: tells us how much of something there is

* |dentity example: shapes, hue, motion pattern... . ®

 Magnitude example: line length, luminance, size... O

* Linked to how the human perceptual system works
 -> All channels are not equal!

Bruno Dumas — Faculté d’'Informatique de I’'Université de Namur - www.unamur.be 7 novembre 2018




Break: A Small Brightness Test...

Edward H. Adelson
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Channel Effectiveness: Accuracy

* Accuracy to assess channel effectiveness w.r.t. perception

 Demonstrated as exponential law

Steven’s Psychophysical Power Law: S= IV

> 2 S
§ @ S: perceived sensation
g - |: physical intensity
2 N: dependent of channel
(O]
2 27
(]
O
(0]
a1

0 1 2 3 4 5
Physical Intensity

Stevens, S. S. (2017). Psychophysics: Introduction to its perceptual, neural and social prospects. Routledge.
7 novembre 2018
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Channel Effectiveness: Ranking of channels

Channels: Expressiveness Types and Effectiveness Ranks

® Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes
s o A ; : ]
Position on commonscale o ™ 5 Spatial region | ]
=
Position on unaligned scale — Color hue EEN
(
Length (1D size) i Motion © o ® .C".
L ]
Tilt/angle | ' Shape + O N A
Area (2D size) - =l §
2
Depth (3D position) e —e é
Color luminance [INENE |
£
©
Color saturation OeEnE
Curvature | ) ) D I
gl
: & g
Volume (3D size) v iy ;‘
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Channel Effectiveness: Discriminability

e Discrimanibility: are the
differences between items
perceptible to the user?

e Concept of bin = distinguishable
level within a visual channel

* Exemple with line width: how many
levels can you spot on this image?

https://mappa.mundi.net/maps/maps 014/telegeography.html
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Colourmaps

* Colourmap = mapping between colours and data values
* ~visual encoding with colour

A. Single-hue progressmn to purplish-blue

n
|

B. Diverging progression from blue to gray

C. Orange-whlte purple diverging scheme

D. Modified spegtral scheme
H

E. Categorical color key

‘ I
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Ordered Colourmap Example
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Alternative Colourmap for the Example Before
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Ordered Colourmaps Example — Rainbow vs.
Carefully Designed Colourmap

500

-1000

-1500

https://www.research.ibm.com/people/I/lloydt/color/color.HTM
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Categorical Colourmaps: Colorbrewer

Number of data classes: L i ow to use pdates download ed

Nature of your data: i
Tsequential @diverging () qualitative

"
-

Pick a color scheme:

Only show: i | 5-class PuOr ||
(") colorblind safe D N = % L
(" print friend! ~
Opeot lencly 2
I photocopy safe =
#e66101
Context: i #db863
(TJroads [E]
(" cities EI #1717
borders [ & #b2abd2
Background: #5e3c99
© solid color
Tterrain
[

color transparency

© Cynthia Brewer, Mark Harrower and The Pennsylvania State University
o Source code and feedback

Back to Flash version

Back to ColorBrewer 1.0

http://colorbrewer2.org/
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What?

How?...

Why?

How?

Encode Manipulate Facet Reduce
3 Arrange ® Change ® Juxtapose ® Filter
> Express 2 Separate | ° . | | .
... . - . .. .
mEE
> Order > Align ® Select ® Partition ® Aggregate
B T ot
> Use . :
® Navigate ® Superimpose ® Embed
o (M
oo P
from categorical and ordered m
attributes
= Color
> Hue = Saturation = Luminance
EEE EEEE . Em

= Size, Angle, Curvature, ...
-al 1— 1))

= Shape
+ O H A

= Motion
Direction, Rate, Frequency, ...
& L

e G
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Examples of Visualisation Techniques

https://github.com/d3/d3/wiki/Gallery
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Tools

 Two main approaches:
 Dashboard-like tools
e Visualisation libraries

Stage Monthly Totals Daily Totals for January Avg Time in Stage

e Leads
/~ A A A A AN Contact
ALt Apn oo

Leads

E——

Contact. [ —
=
—

- : _
il
o RELER R o L. !]H” i

QT

Jan 09 Mar09 May 09 Jul09  Sep0% Nov 09 Jan 10 Mar 10 May 10 Jul 10 Sep 10 Nov 10 Jan 11 Mar11 |
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<!DOCTYPE html>
<meta charset="utf-8">
<style>

.axis—-x path {
display: none;

. line {
fill: none;
stroke: steelblue;
stroke-width: 1.5px;

</style>

<svg width="960" height="500"></svg>

<script src="//d3js.org/d3.v4.min.js"></script>
<script>

var svg = d3.select("svg"),
margin = {top: 20, right: 80, bottom: 30, left: 50},
width = svg.attr("width") - margin.left - margin.right,
height = svg.attr("height") - margin.top - margin.bottom,
g = svg.append("g").attr("transform", "translate(" + margin.left + "," + margin.top + ")");

var parseTime = d3.timeParse("%Ysm%d");

var x = d3.scaleTime().range([?, width]l),
y = d3.scaleLinear().range([height, 2]1),
z = d3.scaleOrdinal(d3.schemeCategory10);

var line = d3.line()
.curve(d3.curveBasis)
.x(function(d) { return x(d.date); })
.y(function(d) { return y(d.temperature); });

d3.tsv("data.tsv", type, function(error, data) {
if (error) throw error;

var cities = data.columns.slice(1).map(function(id) {
return {
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Tools: Starting Easy...
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Tools: Some Dashboards

SSSSSSSS

IBM Cognos

Analytics

QlikVieW SSaSX'SE@Lms
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Tools: Some Libraries

Google \"/
O Developers — canvasJS
CHARTS // \

»~
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I UNION EUROPEENNE m
LE FONDS EUROPEEN DE DEVELOPPEMENT REGIONAL
www.enNMmieuXpe

ET LA WALLONIE INVESTISSENT DANS VOTRE AVENIR
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Sources & Reference

* Tamara Munzner. Visualization Analysis and Design
Visualization Series, CRC Press, 2014.

B Visualization
e Analysis & Design

Tamara Munzner

. A K Peters
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