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' ' Any particular interests?




COURSE INFO

Class website:

https://tinyurl.com/psud-gv

+ Slack channel — everyone will get an invite


https://tinyurl.com/psud-gv

= Slack - infovis-psud-2018-2019 O

infovis-psud-20... + [\ #announcements ® @ ’Q @ S
Petra Ise = w | 25 %3 | & Add a topic ’

Yea need to get ofT one stop later ‘moulon November 29th, 2018 I
Zq Jump to... . 1:02 PM S A C K
Super, thank you!

All Threads

¥ B Anastasia Bezerianos 2:53 P
The data provider slides from the datafaire are here: https:{/drive.google.com/drive/folders/1al-dGhyWqQg56JtoT-FEZNIM2E_YxERa?
usp=sharing (edited)

December 5th, 2018

Petra Isenberg 11:.06 am
. ‘ Tomorrow we will be working with Tableau in class. Please follow the instructions to install Tableau ahead of time - and also bring a laptop
with the software installed (if you don't have one, just team up):

Please forward these instructions to your students:

Download Tableau Desktop and Tableau Prep here

Select each product download link to get started. When prompted, enter your school email address for Business E-mail and enter the
name of your school for Organization.

Activate with yvour product key: TCK4-E998-3110-C135-BEDS

resources

software

Are your students new to Tableau? Share our free Data Analytics for University Students guide to help them get started.

Students can continue using Tableau after the class is over by individually requesting their own one-year license through the Tableau for
Students program.

Here is the download link that got lost here: hitps: /www.tableau.com/tft/activation
The student guide link: https:/www.tableau.com/university-students
and the tableau for students program: http:/tableau.com/students

++ Tableau Software

Tableau for Students

Students can download Tableau Desktop and Tableau Prep for free through
Academic Programs. Try it now.




TODO

Send me an email now:

Subject: G&V Class
petra.lsenberg@inria.fr

Sign with your full name as | can find it on university info


mailto:petra.Isenberg@inria.fr

GRADING SCHEME

Assignments (40%' of the total grade)
« Final Project (40%)

« Design Critique (15%)

« Participation (5%)




« We will work on a project will scientific value to the domain of visualization

* No good tools and techniques exist to explore the research questions you can
choose from

Domains:

Bibliometrics the application of methods to books and other media of
communication (Pritchard, 1969)

the science of measuring and analyzing science



READINGS

No specific readings necessary

Will announce readings on a per-lecture basis for those
interested in learning more




ELECTRONICS
POLICY

Laptops and devices okay
in fact you'll need them
but use them for work!

&

BEHAVIOR & SOCIETY

Laptop in the Classroom

What do you think they’ll actually use it for?

y on July 11 2017

Share your
research with
the world.
Learn to blog

LEARN MORE

SCIENTIFIC
AMERICAN.

LATEST NEWS

As recent high school graduates prepare for their migration to college in

the fall, one item is sure to top most students’ shopping wish lists: a
laptop computer. Laptops are ubiquitous on university campuses, and are
viewed by most students as absolute must-have items, right alongside

laundry detergent, towels, and coffee pots.

Without question, personal laptops can enhance the college experience by
facilitating engagement with online course material, providing access to
sources for research, maximizing internship searches, and even improving
communication with friends and parents. Many students also opt to bring
their laptops to class so that they can take notes, view online lecture

slides, and search the web for course-related material. This practice, it

about science.

Students are Better Off without a

Puerto Rico Looks to
Alphabet's X Project Loon
Balloons to Restore Cell
Service

The Ethical Minefields of
Technology

Astronomers Are Finally
Mapping the “Dark Side” of
the Milky Way



AFTER TODAY YOU WILL...

* have gained an overview of the research area
* |earned basic principles of data representation and interaction



INFORMATION VISUALIZATION



“The ability to take data -- to be able to understand it, to
process it, to extract value from it, to visualize it, to

communicate it - that's going to be a hugely important skill in
the next decades.”

Hal Varian, chief economist at Google



“Data visualization is going to change the way our analysts work with data.
They're going to be expected to respond to issues more rapidly. And they'll
need to be able to dig for more insights - look at data differently, more
imaginatively. Data visualization will promote that creative data
exploration.”

Simon Samuel Head of Customer Value Modeling for a large bank in the UK



The Future of Jobs Report 2018
Country Profile

France

Factors determining job location decisions

ndustry

Fudomolive, faraspace, Supply Chain & Transpar

Fosation, Travel & Tourism

Chemisiry, Atvanced Materials & Biotechnology

Congumer

Energy Lhilities & Technologies
Financial Sandces & Fvaslons

(Ginhal Haalth & Healthcans

Information & Communication Technologies

O & Gas

Professional Services

Range of options: Flexibility of abour laws, Geo

Primary

Talent availahilty

Secondary

Quality al tha supply chain
Qrganization HY
Production cost
Geographic concentration
Procuction cost

Labour cost

Labour cost

Labour cost

Strong local ed. provision

Tertiary

Production cost

Easa af importing talerd

Labour cost

Talent avalability

Talenit avaiability

Orgarization HO
Promuction cost

Orgarization H

Orrgarszation HI

Labour cost

Emerging job roles

Managing Directors and Chief Executives

Software and Applications Developers and Analysts

Sales and Marketing Professionals
General and Operations Managers
Data Analysts and Scientists

Sales Representatives, Wholesale and Manufacturing,

Technical and Scientific Products

Assembly and Factory Workers
Human Resources Specialists

Financial and Investment Acvisers

Financial Analysts

Technology adoption (share of companies surveyed)

[ser and entity big data analytics

App- and web-enabled markets
Maching leaming

Internet of things

Cloud computing

Augmented and virtual reality
[igital frade

Mew materials

Encryption

Wearahle electronics
Autonomous transport

30 printing

Distributed ledger (blockehain)
Stationary robots
Man-hurmanoid land robots
Guantum computing
Biotechnology

Humanoid robots

Aerial and underwater robots

45

44%,

1%

3%

3%

28%

4%




QUESTION

how can humans effectively access data?
- understand its structure?
- make comparisons?
- make decisions?
- gain new knowledge?
- convince others?



MANY POSSIBLE WAYS TO ADDRESS...




EXAMPLE

Raw Data from Anscombe’s Quartet

[Source: Anscombe's quartet, Wikipedia]



STATISTICAL ANALYSIS

For all four columns, the statistics are identical

X
10.0
8.0
13.0
9.0
11.0
14.0
6.0
4.0
12.0
7.0
5.0

y
8.04

6.95
7.58
8.81
8.33
9.96
7.24
4.26
10.84
4.82
5.68

X
10.0
8.0
13.0
9.0
11.0
14.0
6.0
4.0
12.0
7.0
5.0

y
9.14

8.14
8.74
8.7
9.26
8.10
6.13
3.10
9.13
7.26
474

X
10.0
8.0
13.0
9.0
11.0
14.0
6.0
4.0
12.0
7.0
5.0

7.46
6.77
12.74
7.1
7.81
8.84
6.08
5.39
8.15
6.42
5.73

X
8.0
8.0
8.0
8.0
8.0
8.0
8.0

19.0
8.0
8.0
8.0

Y

6.58
5.76
7.71

8.84
8.47
7.04
5.25
12.50
5.56

7.91

6.89

Mean of x

Variance of x

Mean of y

Variance of y

Correlation between x and y

Linear regression line

9.0
11.0

7-5
4.12
0.816

Yy =3+0.5X

[Source: Anscombe's quartet, Wikipedia]



VISUAL REPRESENTATION OF THE DATA

Visual representation reveals a different story

Il Il \Y
X y X y X y X y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76
13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.1 8.0 8.84
11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
40 4.26 40 3.10 4.0 5.39 19.0 12.50
12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 474 5.0 5.73 8.0 6.89

[Source: Anscombe's quartet, Wikipedia]
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Why visual data representations?

« Vision is our most dominant sense
« We are very good at recognizing visual patterns

« We need to see and understand in order to explain,
reason, and make decisions

common examples:

Crimespotting

graphs [ hierarchies charts

all examples from: http://vis.stanford.edu/protovis/



Other benefits of visualization

 expand human working memory
— offload cognitive resources to the visual system,

* reduce search
— by representing a large amount of data in a small space,

 enhance the recognition of patterns
— by making them visually explicit
* aid monitoring of a large number of potential events

» provides a manipulable medium & allows exploration of a space of
parameter values.



Locchio,
che si dice finestra dell’anima,
¢ la principale via donde il comune
senso puo pid copiosamente €
magnificamente considerare
le infinite opere di natura.

Leonardo da Vinci

(1452 -1519)

The eye...

the window of the soul,
is the principal means
by which the central sense
can most completely and
abundantly appreciate

the infinite works of nature.



Information visualization

 (Create visual representation
« (Concentrates on abstract data
* |ncludes interaction

Official Definition:

The use of computer-supported, interactive,
visual representations of abstract data

to amplify cognition.

[Card et al., 1999]

‘ Hint: but there is more to it




Functions of Visualizations

 Recording information
— Tables, blueprints, satellite images

 Processing information
— needs feedback and interaction

 Presenting information

— share, collaborate, revise
— for oneself, for one’s peers and to teach

 Seeing the unseen



Visualization of abstract data has been practiced for hundreds of years..

HISTORICAL EXAMPLES



Napoleon’s March on Moscow Charles inard, 1369

Named the best statistical graphic ever drawn (by Edward Tufte)

— Includes: spatial layout linked with stats on: army size, temperature, time
— Tells a story in one overview
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More info: The Visual Display of Quantitative Information (Tufte)
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The Broadway Street Pump

In 1854 cholera broke out in London

— 127 people near Broad Street died within 3
days

— 616 people died within 30 days

* “Miasma in the atmosphere’

e Dr. John Snow was the first to link
contaminated water to the outbreak of
cholera

 How did he do it?

— he talked to local residents

— identified a water pump as a likely source
— used maps to illustrate his theory

— convinced authorities to disable the pump

More info here: http://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak



1854

)

John Snow



... AND MORE RECENTLY



Winner of the NSF International Science & Engineering Visualization Challenge!
http://senseable.mit.edu/trashtrack/



Artificial Intelligence

http://www.turbulence.org/spotlight/thinking/chess.html



Open Data

« Movement making government data freely available
 Encourage participation by everyone

Housing Work-Life Balance

Safety

Jobs
X % gz
-
\ Income . : : .
A ‘BN Life Satisfaction
Portugal Slovenia Swgden Uitvew nongdom
{ \ Community Health N
slovak Republic Spain Governance Turkey United States

Education Switze Environment

OECD Better Life Index: http://www.oecdbetterlifeindex.org/



Specific Visualization Environments

Tabletops for Visualization
University of Calgary

Molecular visualisation in the Reality Cube
University of Groningen, NL

WILD Wall, INRIA


http://www.youtube.com/watch?v=5i3xbitEVfs
http://www.youtube.com/watch?v=5i3xbitEVfs

Software Visualization

EZEL: a Visual Tool for Performance Assessment of Peer-to-Peer File-Sharing Networks
(Voinea et al., InfoVis, 2004)

Download
visualization
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ext Visualization

Parallel Tag Clouds to Explore Faceted Text Corpora (Collins et al., VAST 2009)

advé‘r‘ted

ar;ént
appellant
appellant's
appellee
asseveration

below
bt

brief

commanwealth
defendant
del

ensued
eror

guicelings

here
incarcerative
inference

Inser

Jury
limned

Ist
might
mare
mortgage

plausible
point

say
see

some
et

supra

think
tit

b
town

trialwarthy
vessel
viz

whom

) Cases Score

adjourned
alia
allocution
arbitration

asbeston
[

closure
commenced
complairt

copyright
date
defendant

disenfranchised
axorion

foreign

ot

heroin
injunction
inter
internal
keeplock
marks
millions
narcutics
p\alntlff
plaintiff's
principal
quotation

racketeering
reinsurance

respect
security
see
sharshaldans.
shares
sterile
stock
iy
summation
trade
vacated
wayhil
where

EME (

First (8311)

Second (14623)

Cases Rank

a\loc‘atur
analysis
antitrust

app

aritration
ashestos
assets

bankruptey
believe

bensfit

bottlers
class

context
creditors.

debtar

exart‘:ise

fidﬁciary
halve
Nere

inasmuch
insurance

interest
jurisdiction
legislation
liability
majority
market
nates
our

plainti ff
plan

plenary
policy
Froouct
provision

rcognizcd
-

section
settliement
syp
under
wou

Occurrence Score

Third (15660)
Fourth (23432)
Fifth (32224)

Eighth (21096)

i i abuse abuse appeal bl accused
adgquate bankruptcy baaiing aEE(Ut aliens argument bane ageney agency
affirmed barge et asked affirmed : assistant black annuity agency's
aid capital s appropnate attached tid 1006 336268
cargo called appelles binding boat antidumping
ane cocaine asylum d candidate parst authority
| charter argued . larief application b
appea . court cocaine - o . case art argaining
t coverage ) ey - circuit cited N brief
ar%;eLcJal’l’l?n d:r;;’ées defendant = cagaine cited collateral class b|°5_’d broadeast
before e defendant's  defendant deniad contended copy commerce claim capicious
[coal o S disabilty - - carrier
cocaine drilling denied oug distribution - determine county construction compettion
conspird = court fract costs
content *° death con.llr_ac el
- Score [cases] 606.22  Relative Frequency [cases] 4.02 per 1000 | giscrimination J - aspeaiicn
coul L N ecision
crac | - I H H .se.w;rf_n_ph.;ed :; serption GT;SOS‘II?(:PS
isi ozer evice exemption
AeCiSi] e oo Mo romn e s Sewn mge e e S e G EEEE m - 'r_| =S election disclased sxplanatary E
deriie electors embodied fnite
) Score [occurrences] 4506.33  Relative Frequency [occurrences] 0.25 per1000 : ; gas
disclo mmunities eqm_v_alemt vasad 1987 1718340
dispen —r= == u |—| : inecuitable e
s . i intervenar
distri jail SR tabar
= --elwnr Judgment iob jury his judicata Iéw invalid e
ien . C . .
fact loan magistrate ]udge m:é:‘gm immigration material it invention memoranda _
from marihuana magEire s jurisdiction nevertheless P . o
i mitigation inventor
i maritime manjuana klluwamsmethamphetamlne Jand o g ayer petitionsr
oined maston mofion lawyer monhs may opinion — ! pipelines
- mothanphaning . i
ool p : might office natva oral ordinarnce means o
negligence affice o payday promulgated
more opinion navo ordar e merchandise 1908 4/13603
magistrate nre Ei?il one pain - | persuasive phase methad proE’_E’_%d =
i e et ane prscoctng
material ol plaintiff out i P = qualied noninfringsment rate
paish mara . persecution plaintiff's e couiois lati
ﬁ% N 4 i - i regulations
i platform __Plantfs palice revereed pettion  Precedentil racial patent guiati
ull palicy sy search prisoner fecprd section patentee ;:;I:t‘:j
opinion e, she sentence provided res sentence product ]
oral refd et sexual stz sheriff o rulemaking
order s pursuant suit she suspended - seation
neum reta recommendation supra ﬂUd.ems retirement see
pneumocania rigging, " tentati subd : il "
present aZaman search entative . . arte said sernvice
> servitude sentence than testmed suitable unanimous tusks o shipper
process stated sitting thought testimony tr\b-al unfavorable vessel kil ol
published suit summary tald t’“”l tibe i vote specific tariff
e I3l N
usury unanimous bl . unpubllshed vaters structure transmission 1999 27780
= I union want i unanimous o o surface r
seonce vesse upon v verdict water vebicie: white — union
wrote writ warrant would work withaut wvol zone veterans waste
Fourth Sixth
Occurrence Rank Search: | |
Sixth (20581) Ninth (39875) Federal (10610)
Seventh (17557)  Tenth (15635) DC (6454) Start year: Endyear: | 2007[%| | Visualize o
Eleventh (26321) | <




facebook

http://www.facebook.com/note.php?note_id=469716398919
Visualizing Friendships by Paul Butler on Tuesday, December 14, 2010



http://www.facebook.com/note.php?note_id=469716398919
http://www.facebook.com/paulgb

Family Trees

(%<
XX

http://www.aviz.fr/geneaquilts/



Geographic Visualization

http://data-arts.appspot.com/globe






Weather
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Data Dashboards
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GLOBAL b
SPIROMETRY

http://globalspirometry.com



Resources for more examples

« Visualization conferences
« Blogs
— http://infosthetics.com/
— http://fellinlovewithdata.com/
— http://eagereyes.org/
— http://flowingdata.com/
— http://www.informationisbeautiful.net/

 Books

— Textbooks

 Readings in Information Visualization: Using Vision to Think (a bit old now but good intro)
Information Visualization (Robert Spence - a light intro, | recommend as a start)
Information Visualization Perception for Design (Colin Ware, focused on perception and cognition)
Interactive Data Visualization: Foundations, Techniques, and Applications (Ward et al.)
Visualization Analysis and Design (Tamara Munzner, most recent book)

— Examples
« Beautiful Data (McCandless)
« Now You See it (Few)
« Tufte Books: Visual Display of Quantitative Information (and others)
.. (many more, ask me for details)



http://infosthetics.com/
http://fellinlovewithdata.com/
http://eagereyes.org/
http://flowingdata.com/
http://www.informationisbeautiful.net/

It is difficult to create

CREATE VISUAIR!ZATIONS
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What is a representation?

* Arepresentationis

* aformal system or mapping by which the information can be
specified (D. Marr)

* asign system in that it stands for something other than its self.

* for example: the number thirty-four

34 100010 XXX|V

decimal binary
roman



Presentation

* different representations reveal different aspects of the information

decimal: counting & information about powers of 10,
binary:  counting & information about powers of 2,
roman: impress your friends (outperformed by positional system)

e presentation
how the representation is placed or organized on the screen

34, #4, 34



Principles of Graphical Excellence

« Well-designed presentation of interesting data — a matter of substance,
statistics, design

« Complex ideas communicated with clarity, precision, efficiency

 Gives the viewer the greatest number of ideas in the shortest time with the
least ink in the smallest space

* |nvolves almost always multiple variables
 Tell the truth about the data

The Visual Display of Quantitative Information, Tufte
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Or a bit more simply...

* Solving a problem simply means representing it so as to make the solution
transparent ... (Simon, 1981)

» (ood representations:
— allow people to find relevant information
« information may be present but hard to find

— allow people to compute desired conclusions
« computations may be difficult or “for free” depending on representations



Good representation?
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Good representation!
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How do we arrive at a visualization?

Raw
Data
Selection Representation ~ Presentation

The Visualization Pipeline

\\4
<0Ad
<
OVQ

Interaction

From [Spence, 2000]



Visualization Reference Model

Also a visualization pipeline a bit expanded

Analytics Spatial : :

Data Spatial Mapping  Presentation View
Transformation Transformation Transformation  Transformation

From [Card et al., Readings in Information Visualization]



Visualization pipeline in an image

LT, 1 1]
' T

ntact with sharp objects 4 Z 9

T
o
Q.
)
&
-

[Tobiasz et al., 2009]



Knowledge Crystallization Cycle

-
Overview task

Zoom
Filter forage author,
Details-on- for data 2 > decide,

demand . or act
Browse \
Reorder , ‘\ \
Cluster search & au . \’
Class for "4 / problem-solve
Average schema
Promote t
Detect pattern
Abstract instantiate 7

) D
schema

Instantiate

e

Working with visualizations in NOT a linear process

Extract
Compose

Read fact

Read comparison
Read pattern

M anipulate
Create

Delete

[Card et al., 1999]



Pitfalls

* Selecting the wrong data

 Selecting the wrong data structure

* Filtering out important data

» Failed understanding of the types of things that need to be shown
 Choosing the wrong representation

 (Choosing the wrong presentation format

* |nappropriate interactions provided to explore the data



Recap

* So far you
— learned what information visualization is
— learned about the advantages of visualization
— saw a number of examples (historical and new)

o Next

— you will get to know your data
— you will learn about the basic components of visualization



Data

 Data is the foundation of any visualization

 The visualization designer needs to understand
— the data properties
— know what meta-data is available
— know what people want from the data



Nominal, Ordinal and Quantitative

« Nominal / Categorical (labels)
— Fruits: apples, oranges

e Ordered
— Quality of meat: grade A, AA, AAA
— Can be counted and ordered, but not measured

e (Quantitative
— Intervals or Ratios
— Can do arithmetic on it

S.S. Stevens, On the theory of scales of measurements, 1946



Data-Type Taxonomy

. oO—>0—>0
1D (linear)
>
° Temp0r8| Past Future
« 2D (maps) “‘
« 3D ‘Z
o n](re|a’[iona|> vis examples later

« Networks (graphs)

» Trees (hierarchies) A 2

Shneiderman: The Eyes Have It



Why is this important?

« Nominal, ordinal, and quantitative data are best expressed in different ways
visually

 Data types often have inherent tasks
— temporal data (comparison of events)
— trees (understand parent-child relationships)

« But:
— any data type (1D, 2D,...) can be expressed in a multitude of ways!



Visualization’s Main Building Blocks

Marks which represent:

Points

%

From Semiology of Graphics (Bertin)
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Points

* "Apoint represents a location
on the plane that has
no theoretical length or area.
This signification IS
independent of the size and
character of the mark which
renders it visible.”

e alocation

» marks that indicate points
can vary in all visual variables

From Semiology of Graphics (Bertin)

ines

=

o 2,
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Lines

* "Aline signifies a
phenomenon on the plane
which has measurable length
but no area. This signification
s independent of the width
and characteristics of the
mark which renders it visible.”

 aboundary, a route, a
connection

From Semiology of Graphics (Bertin)

ines

=

o 2,
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Areas

 "An area signifies something

on the plane that has
measurable size.

This signitication applies to
the entire area covered by the

visible mark.”
* anarea can changein

but not in size, shape or

orientation without ma

NOSItIoN

King the

area itself have a different

meaning

From Semiology of Graphics (Bertin)

o 2,

ines

=
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Visual Variables Applicable to Marks

Size

Shape

II-.-‘- -H-\-I|

" I
p—

Orien_tation
Color

From Semiology of Graphics (Bertin)



Additional Variables for Computers

* motion

— direction, acceleration, speed, frequency, onset,

‘personality’ .

 saturation

— colour as Bertin uses largely refers to hue,
saturation = value

HEEEEEENTC
HEEEEENED

]

Extending those from Semiology of Graphics (Bertin)



Additional Variables for Computers

o flicker

— frequency, rhythm, appearance

« depth? ‘quasi’ 3D

— depth, occlusion, aerial perspective, binocular disparity

e |llumination

 fransparency

o
St
o/
¢

From Semiology of Graphics (Bertin)



Characteristics of Visual Variables

 Selective:
Can this variable allow us to spontaneously differentiate/isolate
items from groups?

« Associative:
Can this variable allow us to spontaneously group items in a group?

* Ordered:
Can this variable allow us to spontaneously perceive an order?

e (Quantitative:
Can the difference between two marks in this variable be
interpreted numerically ?

* Length (resolution):
Across how many changes in this variable are distinctions
possible?

From Semiology of Graphics (Bertin)



Visual Variable: Position

* selective
e associative
e Quantitative
e order

* length
(resolution)

From Semiology of Graphics (Bertin)
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Visual Variable: Size

_ A
./ * selective ¢ ® A k
./ * associative o O
0, -
™ « quantitative -
| [
X0 = ?
'+ order E -
/' * length ‘>‘>‘>‘>‘>0>.

(resolution)
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dreas
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Visual Variable: Shape

=« gelective
= e associative
# e« ordered

Z « quantitative

* |ength
(resolution)

— infinite
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Visual Variable: Value

selective h
associative o © - -
O 7 o
/ [
~Z- - quantitative
order < < <L <B<PB<B

length (resolution)

theoretically infinite but practically limited

association and selection ~ <7 and distinction ~ 10 80



Value

dreas
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Value

ordered, cannot be reordered

ANNUAL DEATHS

per 1000 inhabitants

[ -18

(IID 18-22 gt

m 22-26 Engi...::f.
6-30 ‘:":E';,'

atiiiiiii
Preiisiiiss

,,,,,,,,,,,,

A
'''''''''''

by

\\
Values not ordered correctly according to scale Values ordered correctly
Information has to be read point by point Image much more useful

annual deaths per 1000 inhabitants, Paris 82



Value

'S not quantitative

o L

a,-.

8/1\/ i m N/ . "

NP

if Portugal is 1, what is France? if Portugal is 1, what is France?

you need a legend! still hard, but doable



N N

Visual Variable

selective
associative
quantitative
order

length (resolution)

: Colour

I V3 ¥4 ¥l

theoretically infinite but practically limited

association and selection ~ <7 and distinction ~ 10
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Visual Variable: Orientation

selective

associative

quantitative

order < <

length (resolution)
- ~5in2D;?in3D
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Orientation

dareds

lines



Visual Variable: Texture

A selective
VA associative
—Z-- quantitative
—Z-- order

./ length

(resolution)

- theoretically infinite
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Texture
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Visual Variable: Motion

e selective

— motion is one of our most powerful attention grabbers

 associative
— moving in unison groups objects effectively

e Quantitative
— subjective perception

7z
—Z—« order
P

* length (resolution)
— distinguishable types of motion?
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Visual Variables

Visual Variable || Selective | Associative | Quantitative | Order Length

Position Yes Yes Yes Yes Dependant on resolution
Size Yes Yes Approximate Yes Association: 5; Distinction: 20
Shape With Effort | With Effort Mo Mo Infinite

Value Yes Yes Mo Yes Association: 7; Distinction: 10
Hue Yes Yes Mo Mo Association: 7; Distinction: 10
Orientation Yes Yes Mo Mo 4

Grain Yes Yes Mo Mo 5

Texture Yes Yes Mo Mo Infinite

Maotion Yes Yes Mo Yes Unknown

Carpendale, 2003
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Summary

Quantitative Ordinal
More Accurate Position ~ *,® Position ~ *® Position  *,¢
A Length =" Density ®e- Hue 000
Angle Z Saturation ®ee Density e
Slope / ~ Hue eoe Saturation eee
Area *® length =" Shape ean
Density  ee - Angle L length =
Saturation eee Slope /.~ Angle Z
v Hue *oe Area *® Slope /-~
Less Accurate Shape * 4 ® Shape eam Area 0

Jacques Bertin refined by Cleveland&McGill then by Card&Mackinlay






Summary

— Now you know the main building blocks are marks

— Marks are modified by visual variables

— Visual variables have specific characteristics

— These characteristics influence how the data will be perceived



