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ata Visuali

EvosikTikd Mafniuara dUo kopuaiwv NMavemoTnpiwy

Stanford University

Course: ¢s448b Data Visualization

Harvard University

Course: CS 171 Visualization

https://graphics.stanford.edu/wikis/cs448b-10-fall http://www.cs171.org/
Course Syll abus Course Syllabus © 2009 Harvard University
_ ‘ : Act I: Foundations
>y The Value of Visualization 1. Introduction (What is visualization? Course overview.)
° Data and Image Models 2. Design Principles (Graphical Integrity, Lie Factor, Data-Ink Ratio, Chartjunk, Context, Small Multiples, Space & Time, Layering.)
3. Process & Validation (Visualization Process, Validation Models.) Reading: A Nested Model for Visualization Design and Validation.
L4 Visualization Design Tamara Munzner. [EEE TVCG 15(6) (Proc. InfoVis 2009) [ ]
. .D Im M Is (Data T . D raping. Im Models. ing: Polaris: A m for , Analysis and Visualization of
o EXPIOI‘ atory Data AnalYSIS : M?Jtletli—stliime?lgsieonat;(}fe;t(ioiz D};l:t)zts)asezta(leiiei[:ieg papi%)e Ch?iciesstgl:v{:ia;ang T;n; asnd Ps.ats;janr:hgll,l?]?],ﬂ T?a?lz:ciiocrlls osrllli/iss;(i)zagon
° Multidimensional Data Visualization and Computer Graphics, Vol. 8, No. 1, January 2002. ['1)]]
. _ 5. Perception (Looking vs. Seeing. The Eye. The Retina. Visual Cortex. Things that Pop.) Reading: Ware Chapters 1 & 2
2 Graphlcal p erception 6. Patterns (Contours. Textures. Gestalt Principles.) Reading: Ware Chapter 3
° Interaction 7. Color (Color Processing. Color Spaces. Color Design.) Reading: Ware Chapter 4
v v . . 8. Cognition (Image Gist. Scene Understanding. Long-term Memory.) Reading: Ware Chapter 6
b Interactive Visualization 9. Interaction (Overview & Detail. Zooming. Focus & Context. Dynamic Queries. Brushing & Linking. Animation. Off-The-Desktop
+ ] avaScri p t / Protovis Tutori al g.lt;gzcetrl:;f /l\lg;{dlcrggr; ?urt?zgvsvui‘f, :;:Z}T;]:gzt;ﬂ[, Zoo]mmg, and focus+context interfaces. Andy Cockburn, Amy Karlson, and Benjamin
e  Flash / Flare Tutorial Act I1: Methods
v ’ 1. Statistical Graphs (Aspect Ratio. Multiscale Banking to 45 Degrees. Scales. Nominal Comparisons. Percentage and Proportion Data. Scatter
® Animation Plots. Box & Whisker Plots.) Reading: Multi-Scale Banking to 45 Degrees Jeffrey Heer, Maneesh Agrawala. Proc. InfoVis 2006, published as
2 Color IEEE Transactions on Visualization and Computer Graphics (TVCG), 12(5), Sep/Oct 2006, pages 701-708. [PDF]
2. Maps (Google Maps. Map Projections. Cartograms. Choropleth Maps. Proportional Symbol Maps. Flow Maps. Real-Time Maps. Thematic
° Mapplng & Cartography Maps.) Reading: Unfolding the Earth: Myriahedral Projections. Jarke J. van Wijk. The Cartographic Journal, Vol. 45, No. 1, pp.32-42,
_ i February 2008. [PDF]
. USlng Space Effectlvely 3. Trees & Networks (Definitions. Visualizing Trees. Visualizing Networks.) Reading: Graph Visualisation in Information Visualisation: a
. Ivan Herman Melancon, M. Marshall. IEEE Transactions on Visualization an m| r Graphi 1 . 24-44, 2000.
% Graph Layout and Network Ana1y51s ?];1]5\;&]}1 an Herman, Guy Melancon, Scott Marsha ansactions o sualization and Computer Graphics, 6(1), pp. 24-44, 2000
° Text Visualization 4. High Dimensionality (Vis Techniques. Parallel Coordinates. Glyphs. Dimensionality Reduction. MDS. PCA.) Reading: Glimmer: Multilevel
MDS on the GPU. Stephen Ingram, Tamara Munzner and Marc Olano. IEEE TVCG, 15(2):249-261, Mar/Apr 2009. [Project Page], A tutorial
°
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Identifying Design Principles

n Laboratory Nikolaos

on Principal Components Analysis, Lindsay I Smith [PDF]
Act III: Applications
1. Visualization and the Arts (Ben Fry)
2. Communicating with Visualizations (Bang Wong, Broad Institute)
3. Visualization in Biology (Miriah Meyer, Harvard and Janet Iwasa, HMS)

tems Engineering Lab
Plan-DiSved HivdeAgiienRFogradmYyingps and Martin Wattenberg, IBM) eening T2 Gete



http://www.cs171.org/private/papers/Munzner-NestedModel.pdf
http://www.cs171.org/private/papers/Stolte-Polaris.pdf
http://www.cs171.org/private/papers/Cockburn-Survey.pdf

Data VisualizationOpiogog—
Data visualization
Eival n otroudn TN ypa®Iikng
AVATTAPACTACNC OEOOUEVWY,

"Information which has been
abstracted in some schematic form
Including attributes or variables for
the units of information".



Dat isualiW

According to Friedman (2008)

The main goal of data visualization is:
to communicate information clearly and
effectively through graphical means.

O KUpPIOC OTOXOC TNG OTITIKOTTOINONG OEDOUEVWY Eival va
HETAOWOEI TTANPOPOpPIa E TPOTTO:

—gKkabapo &

ATTOTEAECHUATIKO
XPNOIUOTTOIWVTAG DIAPOPa YPUAPIKA TEXVOUPYAMATA.
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Data Visualization™OpioHog—

o va petadepoupe tny mAnpodopia
OUTOTEAEGATIKG OTOV TEAIKO QVAYVWOTT), HETW EVOC
ypddou, O pemel vo dwooupe Epdoon :
* oTNV cuoONTIKI arekovion e mAnpodopiag &
® OTNV AELTOUPYIKOTNTA TOU YpAdoU.
TIPEXOVTAC OTOV VXYVWOTI EVOPACT) OTNV
whEALUN Y auTov kdBe bopa mAnpodopic Ao €va
LLEYAAO GUVOAO TANPOdOPLWV.

I MEWXEAIAZMENOZ ANTIKEIMENOETPAGHS kot EYEAIKTOE MPOTPAMMATIEMOZ = artifical nteligence and Systems Engineering Lok Wﬂ&’) <
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Data Visualization™ i

Data visualization eivou otev OUVOEOEEVO |LE:
- Information graphics,
- Information visualization,
- Scientific visualization and

- Statistical graphics.

2tV vea yiAletia To data visualization cuppeteyel
EVEPYX OTTV EPEVV, TNV EKTTAIOEVOT) KOL TNV XVATTTUEN
AOYLOLLKOV.

Zoudwva pe tov «Post et al (2002)» oclvdeos Ta
yvwoTtikd media “scientific and information
visualization”
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TIpONYUEVEC TEXVIKEC OTITLKOTIONGNC
debopEvwy

H omtikn) avamapdotact) dedopevwy Kat TANpodopLwy eivat pia
OUVOLIKA EEEALOCOEVT) TIEPLOYT] T OTIOIX ETEKTEIVETAL ATTO ATTAEG
OTITIKEG AVXTAPROTATELS OF AVATTXPACTATELS IOV ebappofovrat
ouvOeTo poOnpoTIKa povrs)\a o va exkmtAnpwBouvv OLUTEG OL
YPAUPIKES AVATTAPXOTATELG, £XOUV aVoTtUX Bl TPOTYHEVES TEXVIKES
TIOV ETUTPETMOVV AMOTEAECHATIKT) TPOGSOOT, YPT)YOPT) EMOKOMNOT)
Kol dleloduTikt) Bewpnon twv O T%opevoov HE SLOPATTIKOUG TPOTIOVG.
EvOeIKTiKd mapadelylaTtal TwV TEXVIKWY XUTWV ETUTPETOUV:

. yp% YOPT) EMLOKOTNOT O TPWTO XPOVO Kau epfdBuvon ota dedopeva
g0TEPO XPOVO,

* eotiaor) kot GIATpapLopa o€ dedopeva uPnAov 1 TpWTeLOVTOG
evliadepovtog (zoom and filter) adoupwvtoag ta aorjpavta oToryeio
Kol

e mpoodeutikr e§0puén TAnpodopiog (details on demand) péow
ETIAOYTIG QVTIKEILEVWY TWV OTIOLWV T} AEMTOPEPELN sv&ocq)epa

qﬁr. ' U
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PONYUEVEC TEXVLKEC OTITLKOTIOLNGNC
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podoplwv cupmeptAapBavouy

e Mindmaps,

Displaying News,

e Displaying Data,

P N Displaying COIlIleCtiOIlS,
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Data Visualization: "TEva MovTéAO

H ypadikn avamapdotaon twv dedopevwy Baoiletol o€ v
LLOVTEAO TECOAPWY OTASIWV

i %

Qq-vr.

Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ
Nikolaos Plan-Driven and Agile Programming

§Laboratory

To mpwto otdd10 adbopd TV GUAAOYT TwV TANPOdOPLWY ATTO
¢ mnyeg (Data),

To devTepO 0TASI0 JlATUTTWVEL TNV JLOOIKATIX YL TNV
gPUNVELN Kol £EXCYWYT) CUUTTEPACHATWY QUTWV TWV
dedopévwy (Observation),

To tpito otdd10 xoyoAeitou pe TV ovddeln Twv evepyelwy /
YEYOVOTWV PE oKOTIO VoL TPOKUYOUV cupteptdbopeg
(Indicator) kot

To teAgutaio oTdd10 akoAOVOEL P OoELP OO EVEPYELES

ouvduaopeveg oo éva Aoyo /okomo (Behavior) kau eivou to
OTAOL0 OV €ival horvepO GTOV YPT|OTN.
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Data Visualization: ‘Eva MovTeAo

letEKtOVlKﬁ Omntikomoinong Aedopevwv
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Data Visualization:
Tu NeptAapBaver
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http://www.image-maps.com/index.php?aff=mapped_users_9200911292358184

ata Visualization: T1 mepthappavet
Design Cognition
Process Interaction
Models Statistical Graphs
' Perception Maps

Patterns Trees and Networks

Color Multi-Dimentional
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)"lsualizatin: TrI teptAauBavetl

¢ Design ¢ Cognition

¢ Process araction

* Models istical Graphs
® Perception ® Maps
¢ Patterns * Trees and Networks

e Color e Multi-Dimentional
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Design

~ DataVisualization:

* Graphical Integrity
* Design Principles

* Design Elements
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EXPLORATION &
DEVELOPMENT
EXPENDITURES

Missing Scales  suus

$328.421

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

The Lie Factor

Fuel Economy Standards for Autos

Set by Congress and supplemented by the Transportation
Department. In miles per galion,

. 26

27
. 271,

This line, representing 27.5 miles per
gallon in 1085, is 5.3 inches long.
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sualization: Design

OPEC Ol Prices: After 18 o T
Design Distortions ﬁ":{wm‘i L
Decomposition
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Data Visualization: Design —Graphical Prind‘ﬁ(
Tufte’s Design Principles

Above all else show the data
Maximize data-ink ratio

Erase non-data ink

Erase redundant data ink
Revise and edit
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Junk Charts
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Data Visualization: Design = Graphical Princfpﬁ

Subjective Dimensions

Aesthetics: Attractive things are perceived as more
useful than unattractive ones

Style: Communicates brand, process, who the
designer is

Playfulness: Encourages experimentation and
exploration

Vividness: Can make a visualization more
memorable

Pat Hanrahan, Nov 2007
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~ Data Visualization: Design -

CRAP

¢ Contrast
® Repetition
® Alignment

® Proximity
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Data Visualization: Design - Elements o
CRAP- Contrast

Feter’'s cake metaphor ties in nicely with Galls Law

A complex system that works is invariably found to have evolved from a simple

system that worked. The inverse proposition also appears to be true: A complex
system designed from scratch never works and cannot be made to work. You have to

start over, beginning with a working simple system.
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Data Visualization: Design - Elements /
CRAP- Contrast
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G. Reynolds, Presentation Zen
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Data Visualization: Design- Elements
CRAP- Contrast

Afear

Jazer ' l Jagan
VLA . ! J W

. . o Frve

<2 - Ux

Crna

Chene

G. Reynolds, Presentation Zen
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CRAP - Repetition

s,af the Dead in Irag, NY Times

Laboratory Nikolaos

alization: Design-

Faces of the Dead in Irag - New York Times

o &) & hup://www.nytimes.com/ref/us/20061228_3000FACES_TAB1. htmi v P K+ chapple garofalo music Q

Be proc CourseCalendar - WF.. Archive in Yojimbo Bookmark in Yojimbo Google Scholar  lastf

Ehe New JJork Times

U.s.
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Plan-Driven and Agile Programming
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CRAP - Alignment
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sualization: Design- Elemen =
CRAP- Proximity

usSD Q1 2003 Planned vs. Actual Sales by Region
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alization: Design-

Small Multiples

Direct Sales Distributor Sales Reseller Sales
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alization: Design-

Lavermg and Separation
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Data Visualization: Design MeptAnyn —

Graphical Integrity Subjective Dimensions
Missing scales
Lie factor Design Elements
Distortions CRAP

Small Multiples

Design Principles Layering & Separation
Hierarchical Display Negative Space
Context
Maximize Data-Ink
Ratio

~© Avoid Chartjunk

POULE o, roscsssusior eumiorrss et rornmaties & ey ioens (53



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

e

Data Visualization:
¢ Design ¢ Cognition

¢ Process araction

Process
e Models

istical Graphs
® Perception ® Maps
¢ Patterns * Trees and Networks

e Color e Multi-Dimentional

- Vida k MPOZXEAIAZMENOE ANTIKEIMENOETPA®HE kot EYEAIKTOE MTPOTPAMMATIEMOE /= rcifcial intelligence and Systems Engineering Lab A4 Sk
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sualization: Proces

[Maneesh Agrawala]

Pipeline Model [Tamara Munzner]

091 processing
physical type
int, float, etc.

abstract type > visual channel
nominal, ordinal, etc. retinal variables

mapping
visual encoding
domain visual metaphor
metadata
semantics

conceptual model

./

(’,‘IICE{,)} Iinims imaaqae
— . -\.':\:/ "

[based on slide from Munzner]



Walization: Process —— e

[J. Heer, Prefuse]

Pipeline Model

Data Visual Form Task

Source Data Visual Views
Data Tables Abstraction

Data Wisual W ey
Transformations  Mappings Transformations

l I |

’1‘ =
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ization: Proces
Cyclical Model [C. Stolte, Tableau]

ﬁ Forage for Data

\ Task > Search for
Visual Structure =212 o I
||II I"" ||||'
MY B Bel
=
Act Instantiated §|§“ .J|||.. &%
»  Visual Structure

Develop Insight

N 1 o = Dmﬁm
y ‘ L] ms Englneenng Lab
’ Labnratory NiKolaos FiamUIIVEL allu AYHIT Fiuylaiiiiniiy

w . - o . ening TElof (T



~ Data Visualization: Proces

Cyclical Model [J. van Wijk, The Value

of Visualization]

I dK/dt
D % K

dS/dt
E

data visualization user

Figure 1: A simple model of visualization

wl W NMPOZXEAIAZMENOX ANTIKEIMENOZTPA®HE kai EYEAIKTOZ MPOrPAMMATIEMOX

-. o
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~ Data Visualization: Proces

Nested Model [T. Munzner, A Nested

Model for Visualization
Desian and Validation]

threat: wrong problem

validate: observe and interview target users

threat: bad data/operation abstraction

threat: ineffective encoding/interaction technigue
validate: justify encoding/interaction design
threat: slow algorithm

validate: analyze computational complexity
| implement system
validate: measure system time/memory
validate: qualitative/quantitative result image analysis

[test on any users, informal usability study]

validate: lab study, measure human time/errors for operation
validate: test on target users, collect anecdotal evidence of utility

validate: field study, document human usage of deployed system
'validate: observe adoption rates

m.
e wl = Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HE kai EYEAIKTOZ NMPOrPAMMATIZMOZ

! ] 4 (L) Artificial Intelligence and Systems Engineering Lab ( i)
Laboratory Nikolaos Plan-Driven and Agile Programming of informatics Engineering and Electical Engineening, TEl of Crete -
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Data Visualization: Proces f T

Nested Model
What is the problem?

Understand the questions & domain concepts
What are the data and tasks?

Abstract questions into data types and operations

How do I show it?

Design visual encodings and interactions

How do I implement it?

Implement the system with efficient algorithms

T :
\‘r‘ I I- Vidakis NMPOXXEAIAZMENOZ ANTIKEIMENOXTPA®HE kai EYEAIKTOZ MPOrPAMMATIZMOX P\ Artificial Intelligence and Systems Engineering Lab
’ Laboratory Nikolaos Plan-Driven and Agile Programming () ossemenl vt e s el egoseog e f G
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Data Visualization: Proces e

What is a threat at the abstraction level?

Youe showing them the wrong thing
Your code is too slow

They don'’t do that

Nobody is using your tool

The way you show it does not work

L
\r‘ L] Vidakis MNPOZXEAIAZMENOX ANTIKEIMENOZTPA®HZ kai EYEAIKTOZ MPOrPAMMATIZMOZ 2 Artificial Intelligence and Systems Engineering Lab
’ Laboratory Nikolaos Plan-Driven and Agile Programming ) oermeroi ot cetng n e ngreeng e of e

152

0y



Data Visualization: Proces e

What can go wrong?

Wrong problem - they don'’t do that

Wrong abstraction - youre showing them
the wrong thing

Wrong encoding / interaction - the way
you show it does not work

Wrong algorithm - your code is too slow

Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ kai EYEAIKTOZ NPOrPAMMATIZMOZ 2\ Artificial Intelligence and Systems Engineering Lab
Nikolaos Plan-Driven and Agile Programming &)} veparumentofnformatcs engneerng and ectica Engieering Tel of Grete
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Data Visualization: Proces e

What validation is useful to test your
abstraction?

Wall-clock timings

Observe usage of deployed system
Quantitative image quality analysis
Wizard Of Oz testing

Observe adoption rates

T :
\r‘ L] Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ kai EYEAIKTOZ NPOrPAMMATIZMOZ 2=\ Artificial Intelligence and Systems Enginee
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ring Lab



Data Visualization: Process —— —

Validation Approaches
Observing and talking to your users

Ethnographic field studies, interviews

Have users try your tool
Anecdotal evidence, lab study, long-term field study

Justify your design based on known principles

Discussion in paper, heuristic evaluation

Measure quantitatively

Human time/errors for operations, run time, memory

SULE

Vidakis NMPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ _ Artificial Intelligence and Systems Engineering Lab
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~ Data Visualization: Proces

~

Table 1. Questions for the analysis of conserved syntenic data, with the scale and relationship addressed by each. The scales are: g, genome; ¢,
chromosome; b, block; and f, feature. The relationships are: p, proximity/location; z, size; o, orientation; and s, similarity.

question scale relationship
g lc|b[fllplzfo]s
1 | Which chromosomes share conserved blocks? X X
2 | For one chromosome, how many other chromosomes does it share blocks with? X | X X
3 | What is the density of coverage and where are the gaps on: chromosomes? blocks? X | X | X X
4 | Where are the blocks: on chromosomes? around a specific location on a chromosome? X | X X
5 | What are the sizes and locations of other genomic features near a block? X X | X
6 | How large are the blocks? X X
7 | Do neighboring blocks go to the same: chromosomes? relative location on a chromosome? || X | X X
8 | Are the orientations matched or inverted for: block pairs? feature pairs? X | X X
9 | Do the orientations match for pairs of: neighboring blocks? features within a block? X | X X
10 | Are similarity scores alike: with respect to neighboring blocks? within a block? X | X X
11 | Are the paired features within a block contiguous? X X
12 | How large is a feature relative to other genes within a block? X X
13 | What are the sizes, locations, and names of features within a block? X X | X
14 | What are the differences between individual nucleotides of feature pairs? X X
[Meyer et al., MizBee: A Multiscale Synteny Browser, 2009]
’WLE VA MPOEXEAIAZMENOX ANTIKEIMENOSTPA®HS ka1 EYEAIKTOZ POrPAMMATIEMOS Artifical Iteligence and Systems Engineering Lab (3%
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~ Data Visualization: Proces

~

4 AN ANALYTIC TASK TAXONOMY

The ten tasks from the affinity diagramming analysis are:

Retrieve Value

Filter

Compute Derived Value
Find Extremum

Sort

Determine Range
Characterize Distribution
Find Anomalies

Cluster

Correlate

[Amar, Eagan, & Stasko, 2005]

i
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I;aj.a/\Frsualization: Proces ~

Examples:
- Order the cars by weight.
- Rank the cereals by calories.

[Amar, Eagan, & Stasko, 2005]

1) Filter: Find data that satisfies conditions

2) Find Extremum: Find data with extreme
values

3) Sort: Rank data according to some metric

4) Determine Range: Find span of data values
5) Find Anomalies: Find data with unexpected /
extreme values

FOLE
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~ DataVisualization:

Design Exercise

H 10€a Tn¢ daoknong gival atrd TI¢ onUEIwWaEIC Tou Hanspeter Pfister

CS 171.: Visualization, Process & Validation, Hanspeter Pfister

aboratory Nikolaos Plan-Driven and Agile Programming =) ST e e e A




Data Visualization:

2uvrtayn BaolAotriTag

ZVOTOTIKE

250 gr. foUTUPO HAANKO 1] YHAXKTOG
8 oy

Q00 gr. AAEVPL

100 gI. KOVIOK

500 gr. {&yapn

6 - 7 TOPTOKAALX LOVO TO YUHO

1 KOUT. YA. 608«

1 KOUT. YA. E0OHA TOPTOKGAL

2 KOUT. YA. HITEIKLY TAOUVTEP

{éopapn évn

ZVOTATIKA

11/2 koVUma papyapivi o€ Oeppokpocio Swpatiov
2 1/2 xoVmeg {cpopn

6 ywplopeva offyc

41/2 xoUmeg papivom

ZUCTUTIKA

600 yp. {éxapn)

600 yp. adevpt

300 yp. Boutupo

300 yp. YOAX KpUO

6 affyd

3/4 K.0. KPEPOPLO
3/4 K.y. 608 poyelpikn
1 pAvt{orvaxt xovidk
1 Baviiix

SVopo TOPTOKAALOU

2VUOGTATIKX

1 pArr{cvi toaylov ppéoko Boutupo 1) Eva makeTo PBrrap

2 pArt{avia tooytov {éyopn
6 auyd
4 KOUTOALEG COUTTHG KOVIAK

4 dArldvia toayov koxkvn apiva ITQTHX
1 pArr{&vi Toay1oU YoAd 1] YUHO TOPTOKAALOU
ZEVOPHO TOPTOKUALOU Kot {oyopr) Gvn)

2 kovtoAdkia baking powder

1/4 KOUTOAGKL XATL

70 EVopa & TO YUHO £VOG TOPTOKAALOU

1 KOUTX YPrjpueva & YOVTPOKOUMEVX GPOUVTOUKILA

125 yp. Unodideg kouBepTovpag 1] 6OKOAATHS YHAAKTOG
v {éxapn


http://www.sintagespareas.gr/sintages/basilopita.html#ixzz1Idr2cMRb
http://www.sintagespareas.gr/sintages/basilopita-2.html#ixzz1IdrNO7ic
http://www.sintagespareas.gr/sintages/basilopita-3.html#ixzz1IdrVZP2N
http://www.sintagespareas.gr/sintages/basilopita-4.html#ixzz1IdrdBXsM

Data-Visualization: ——
2uvrtayn BaolAotriTag

Epwtnoeig

A€GOEVWV KATTOLWV CUYKEKPLUEVWY CUCTUTIKWY,
TTOLX CUVTOYT] LTTOPW VA EKTEAEOW;

[Tolx ouvtayn eivot KATaAANAOGTEPT Yid SloTa;

ol cuvToyT) €ivat OLKOVOULIKOTEPT);

loteg diadopeg B £xouv ol PaciAdmiteg; ['evon;

Mopd;

2. tolo PaBuod diadepouv ol moootTnTec; Tl
OUTOKALOT) UTTAPYEL;
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Data-Visualization: , =
2uvtayn BaolAoTriTag

Ontikomroinon Zuvroync
AloxA€€te plx epwtnon

[Tolot TUmoL dEOUEVWY CUHETEYXOUV;
[Toieg eivau ot dpaatnpiotnreg (tasks);

[Tolo eivou Tae TOLO O TEAEGUATIKA «visual
encodings»;

dtidéte okitoo Tov oyediov ooC
[Tw¢ B aéloAoyovoarte To (€10 TOC;

eV . . -
% L Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ 2.5 Artificial Intelligence and Systems Engineering Lab ﬁ%
’ aharatorg Nikolaos Plan-Driven and Agile Programming \&)))l pepartment of informatics Engineering and Electical Engineering Tl of Crete \%}:‘#ﬁr



Data Visualization: @ /

Development Exercise
Y Aomoleiote v visualization oto
Netbeans yix tnv oyedioon oog.

N\ R S MPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HE kai EYEAIKTOE IPOTPAMMATIEMOE /== artificial Intelligence and Systems Engineering Lab s
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¢ Design ¢ Cognition

¢ Process araction
Models

* Models istical Graphs

® Perception ® Maps

e Patterns ¢ Trees and Networks

e Color e Multi-Dimentional




alization: Data

———rr77/7 11|

* Quantitative (Q) min max

10 inches, 23 inches, etc.

e © @ .
* Ordinal (ordered) (O)

Small, medium, large
O O 4+ a s U

DIDI_JIDI
|- [

* Nominal (categorical) (N)

;"E dﬁ% p:l@ﬁw«@»];a(mgﬁ@}npﬁﬁmn%vcr'PAMMAlemoz gp-Artific al Intelligence and Systems Engineering Lab

W
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Data Visualization: Data Model—Data Types/

Quantitative

Q - Interval (location of zero arbitrary)

Dates: Jan 19; Location: (Lat, Long)

Only differences (i.e., intervals) can be compared
Q - Ratio (zero fixed)

Measurements: Length, Mass, Temp, ...

Origin is meaningful, can measure ratios & proportions

l I Vidakis NMPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ A Artifici || e Hg dSyt ms En g
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alization: Data

00 A0S SR
A | B | C | 5 T u
Order ID Drder Date Order Priority Product Container Product Base Margin _ Ship Date

3 10/14/06 | 5-Low Large Box 0.8 10/21/06
B 2/21/08 4-Net Specitied Smal Pack 0.55 2/22/08
32 716707 2-High Smal Pack 0.79 A7
iz FAS07 | 2-High Jumba Box 072 FAF 07
32 7/16/07 2-High Medium Box Record 0.6 7/ B/07

12 716507 2-High Medium Box 0.65 %;J

13 eI 07 4-Hot Speched Wrap Dag 05e

15 10/23/07 4-Net Specihed Smal Box 058 10/25407
36 11/3/07 | 1-Urgent Smal Box 0.55 11/3/07
] 3/18/07 1-Urgent Smal Pack 0.489 3/19/07
B 1/20/05 5-Low Wrap Bag 0.56 1/20/05
A9 6./4/08 4-Not Specified Smal Pack 0.44 BSB/OS
63 €/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
0 12/18/06 S-Low Smal Box 0,58 12/23/06
70 12/18/06 | S-Low Wrap Bag 0,82 12/23/06
1 41705 2-High Smal Box 0,55 4/19/05
7 1/29/06 3-Medium Smal Box 0,38 1/30/06
129 11/19/08 5-Low Small Box 037 11/28/08
130 5/8/08 2-High Small Box 0,37 5/9/08
130 5/8/08 2-High Medium Box 0,38 5/10/08
130 5/8/08 2-High Small Box 0.6 511408
132 6/11/06 3-Medium Medium Box 0.6 B/ 12/06
134 ESN 106 I-Madium Jumba Box B4 BS1406
134 5/1/08 4-Not Specitied Large Box 0.8z 5/3/08
135 10/21/07 4-Net Specihed Smal Pack 064 10/23/07
| 188 9/12/07 2-High Smal Box 055 9/14/07
193 8/8/08 1-Urgent Medium Box 057 B/10/06
194 4/5/08 3-Medium Wrep Bag 0.42 4/7/08
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A B | C 5 T
Order ID Order Date Order Priority Product Container |Product Ease Margin  5hip Date

3 1057406 5-Low Large Box 0.6 10/21/,06
& 2/21/08 d4-Not Specihed smal Pack 0.55% 222/ 08
32 7/16/07 2-High Smal Pack 0.79 717407
iz FABS0T 2-High Jumbo Box L FOF 07
32 7/16/07 2-High Medium Box Flald 0.6 718407
312 FA1es07 E-Hlm kadium Box 085 FABsaT
35 10/23/07 4-Hot Specihed Wrap Bag 0.52 10/24/07
i5 10723707 | 4-Not Specihed Smal Box 0.58 10,2507
it 113707 1-Urgent Smal Box 0.55 117307
65 3187507 1-Urgent Smal Pack 0.49 31907
GG 1/20/05 5-Low Wrap Bag 0.56 1/20,05
G &/4/05 4-Not Specified Smal Pack 0,44 BSEA0S
65 &/4/05 4-Not Specified Wrap Bag 0.6 B6/6/05
o 1218706 S5-Low Small Box 055 1272306
i 1271806 S5-Low Wrap Bag 0.82 12723706
96 a/17/05 2-High Smal Box 055 4189505
a7 1/29/06 I-Medium omal Box 0,38 1/30/06
129 11./99/08 S5-Low amal Box 037 11/28,08
130 5/8/08 2-High Smal Box e 2,908
130 /8,08 2-High Medium Box 0.36 310,08
130 5/8/08 2-High Smal Box 0.& 5711508
132 611706 I-Medium Medium Box 0.6 6712706
132 BS1706 3-Medium Jumbo Box .59 B 1406
134 108 4Nt Spedcihed Large Box 0.8£ 2308
135 10,217,077 | 4-Not Specihed smal Fack .64 10523507
166 912507 2-High Smal Box 0.55 951407
143 8/8/06 1-Urgent Medium Box 057 810500

154 4/5/08 I-Medium Wrap Bag

QNN |
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4/7/08
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T e e
sualization: Data

A B C | 5 T I u L
Order ID Order Date  Order Priosity Product Container Product Base Margin  Ship Date
i 3 10/14/06 5-Low Large Box 0.8 10721706
i G 2/21/08 4-Mot Specifed Senall Pack 0.55 2/22/08
32 7F16/07 2-High Small Pack 0.79 7707
] 32 7716407 2-High Jumbso Box 0.72 77407
N 32 FA6T 2-High Madium Baox 0.6 TA80T
32 7/16/07 2-High Madium Box 0.55 7/18/07
I 15 10/23/07 4-Mot Specifed Wrap Bag 0.52 10/24/07
35 10/23/07 4-Mot Spacihad Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 1143407
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
i &9 B/4/05 4-Not Speci=-- F il Mo 0.44 6/6/05
(k] 6/4/05 4-Mot Speci | = i i 0.6 66/ 05
N 70 12/18/06 5-Low | = Quantitative 0.58 12/23/06
i 70 12/18/06 5-Low ? = Nominal 0.82 12/23/06
95 471705 Z-High , 0.55 4/19/05
1 a7 1/29/06 3medum 3 = Ordinal 0.38 1/30/06
129 11/19/08 5-Low 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
1 130 5/B/08 2-High Madium Box 0.38 5/10/08
130 5/B/08 2-High Small Box 0.5 5/11/08
132 6711/06 3-Medium Madium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.59 6/14/06
134 5/1/08 # tes mmemeest e e 0.82 5/3/08
138 w2107 Quantitative = Measures 0.64 10/23/07
' 166 9712707 | . : . . 0.55 /14707
193 a/a06 INominal /Ordinal = Dimensions o> 8/10/06
R 194 4/5/08 3-Meddiurm Wran Bag 042 4/7/08
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Data Visualization: Data Model- e

Data vs. Conceptual Models

Data Model: Low-level description of the data

Set with operations, e.g., floats with +, -, /, *

Conceptual M(\A al: Mantal ~rAanctm 1ct10n

Data Conceptual

Includes sen ning

|D floats | temperature

3D vector of

floats >pace
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A JLE

alization: Image

Channels Position

Size

(Grey)Value

Texture
Color

Orientation

Shape
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~ Data Visualization: Image

(Grey)Value is perceived as ordered (O)

Can encode quantitative values (Q) [not as well]

Hue is normally perceived as unordered (N)

’,ﬂw.
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Bertin's Retinal Variables Shape | A ﬁ

Size [

R =
Visualizable Parameters = Texture e N \
R

Retipal Variables . T

Intensity/Value Q O .
cooriee @ O @

Orientation

Bertin, J. (1983). Semiology of
graphics. Madison, Wis.:
nlver51ty of Wisconsin Press.

’ﬂ-
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~ Data Visualization: DM

Bertin's Retinal Variables
Position

Size
Visualizable Parameters =
Retinal Variables

Value

Texture
Color

Orientation

Bertin, J. (1983). Semiology of
graphics. Madison, Wis.: Shape
mver51ty of Wisconsin Press.

vw.
- Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ k(¢
Laboratory Nikolaos Plan-Driven and Agile Programming




Data Visualization: Data Model- -

Mackinlay's Retinal Variables

Quantitative Ordinal Nominal

Position = Position —— Position

Length Density Hue
Angle Saturation Texture
Slope Hue Connection
Area Texture Containment
Volume Connection Density
Density Containment Saturation
Saturation Length Shape
Hue Angle Length
Texture Slope Angle
Connection Area Slope
Containment Volume Area
Shape Shape Volume

[Mackinlay, Automating the Design of Graphical Presentations of
Relational Information, ACM TOG 5:2, 1986]
q«p.
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alization: Data

Tableau's Retinal Variables

property marks ordinal/nominal mapping quantitative mapping
shape glyph o O 4+ & 5 U
; rectangle, circle,
s1ze glyph, text @ & . . *® ..'..‘...

orientation | rectangle, line, text —_ ~ f | A —_—— 7711 |

rectangle, circle, line, min max
color glyph, y-bar, x-bar, D . . D . _
text, gantt bar . - .

[“Polaris: A System for Query, Analysis and Visualization of Multi-
dimensional Relational Databases” Chris Stolte, Diane Tang, and Pat
Hanrahan 2002 ]
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/,,
sualization: Uata

XT°* b ) ey 2 ml e e

Ordinal- Ordinal-

Ordinal Quantitative Quantitative-Quantitative

.
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 Data Visualization:

~

Books

VISUAL
THINKING

The Grammar

of Graphics DESIGIN

Colin Ware

w

™M <

teee phormane

S B B
- wl I- Vidakis NMPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HE kai EYEAIKTOZ NMPOrPAMMATIZMOZ
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¢ Design ¢ Cognition

¢ Process araction
Perception

* Models istical Graphs

® Perception ® Maps

e Patterns ¢ Trees and Networks

e Color e Multi-Dimentional




Crude map of
visual scenario

“Visualization is really
about external
cognition, that is, how
resources outside the
mind can be used to
boost the cognitive
capabilities of the
mind.”

tt

Stuart Card

A primitive model of visual perception

- Vidakis MNPOZXEAIAZMENOX ANTIKEIMENOZTPA®HZ kai EYEAIKTOZ MPOrPAMMATIZMOZ ( S\A rtificial Inte ||g and Systems En ngineering Lab
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Data Visualization: Percepti

Fact #1

Memory plays an important role in human

Visualization must serve as an external

aid to augment working memory

| m Vidakis NMPOZXEAIAZMENOZX ANTIKEIMENOZTPA®HX ka1 EYEAIKTOZ MPOrPAMMATIZMOZ (A Artificial Intelligence and Systems Engineering Lab 5>
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Fact #2

To see an object change, it is necessary to attend to it

Make changes visible in visualizations to reduce the cognitive load

- Laboratory Nikolaos Plan-Driven and Agile Programming : Department of informatic Eng d tectca i TEI o Crete - Ww‘



alization: Perce

e Simultaneous Contrast

Fact #3

Our visual system sees differences, not absolute

Use high contrast between objects that should be distinguishable

Laboratory Nikolaos Plan-Driven and Agile Programming Teiof Crete w}



—

Color Differences Motion

C. Ware, “Visual Thinking for Design”

Fact #4

The visual system has different channels for shape, color, and motion

Use different visual channels to separate pieces of information

q Laboratory  Nikolaos Plan-Driven and Agile Programming & = ngneerig oftme ‘w'
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Fact #5

Visual perception is selective, as awareness of everything would
overwhelm us

We must encode data in ways that allow what’s interesting and

important to stand out

Laboratory Nikolaos Plan-Driven and Agile Programming \YE finformatcs én Hectcal TEof Gete




~ Data Visualization:
Books - Further reading

ELSEVIER

SECOND EDITION

INFORMATION
VISUALIZATION

PERCEPTION FOR DESIGN

BY
- MARGARET
LIVINGSTONE

COLIN WARE

wl W NMPOZXEAIAZMENOX ANTIKEIMENOZTPA®HE kai EYEAIKTOZ MPOrPAMMATIEMOX

! ] 4 215 Artificial Intelligence and Systems Engineering Lab ( \F
aboratory Nikolaos Plan-Driven and Aglle Programmlng | Department of Informatics Engineering and Electical Engineering TEl of Crete

s




- Vidal k MPOZIXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ Ar tf‘ || nte ||g d syt ms E g ring Lab '
’ La b atory Nikolao Plan-Driven and Agile Programming @ ; 23]

¢ Design ¢ Cognition

¢ Process araction
Patterns

* Models istical Graphs

® Perception ® Maps

e Patterns ¢ Trees and Networks

e Color e Multi-Dimentional




alization: Patter

C. Ware, “Visual Thinking for Design”

Generalized contour

Fact #6

The brain constructs surface color based largely on edge contrast
information

To make areas of interest stand out adjust the background to make

the edges more distinct.

Laboratory Nikolaos Plan-Driven and Agile Programming




Data Visualization: Patter
SOZ
w0

—
W } \

Orientation

Orientation
& Size

Contrast

S A o g o
x T g s =
I LML
g 2

e

. - . . . [
Z. Ware, “Information Visualization”

= ‘ #7

Texture information depends on the size, orientation, and frequency of
the features.

To make textured areas of interest distinct adjust the orientation

and frequency appropriately.

; - . b U))] cepartment of Informatics Engineer Slertical Engineering, T of Crete = ~ )
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alization: Patter

Gestalt Principles
e Proximity grouping Alignment Common
° A A movement
C F
B E B B.. F L
Connecting contour C CA gL/
D
3 A B A E
C C i
_ Common C
Enclosing contour .00 ion te?(?:lnrlollgion
Fact #8

Gestalt principles are powerful and influence the way we see patterns.

Use the Gestalt principles to arrange your visual patterns to

maximize perception.

) Laboratory Nikolaos Plan-Driven and Agile Programming ) ‘ of Grete - w'
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® Process eraction

* Models istical Graphs

® Perception ® Maps
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Data Visualization: Color -
Additive System (RGB)

A Vidakis
’ Laboratory Nikolaos Plan-Driven and Agile Programming




Walization: CBTOI‘\/

Subtractive System (CMYK)

Cyan

< Magenta

’ﬂ 2 "l " ..__-' '.__..
\ E Vidakis
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W‘mralization: CﬁTﬁr\/

Subtractive System (RYB)




ol0r -

RGB Color Space

alization:

Magenta

Blue White

Black Yellow

Green

=

¥ Refepe - http://msdn.microsoft.c / en- -us/library/aa51 spX
¢LE€ Vida%s (0 AL MEROE AT KEIMENGETPAGHE ke E¥EAIKT P A T Emoz () Aviicial Intelgence and Systems Engincering Lab 4135
Laboratory W&))) pepartmentof formatics Engineering and Hectcal Engineering Tel of Crete S
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olor -

HSL Color Space

alization:

L

L lm __ Reference: wikipedia.org
< LE Vidakis NMPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1t EYEAIKTOZ NMPOrPAMMATIZMOZ @P\ Art,ﬂc,a| Intelhgence and Systems Englneermg Lab o
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~ Data Visualization: CW

www.vischeck.com

Try Vischeck on a Webpage

Select the type of color vision to simulate:

@ Deuteranope (a form of red/green color deficit)
E ) Protanope (another form of red/green color deficit)
n O Tritanope (a blue/yellow deficit- very rare)

Enter the URL of any webpage- eg. www.google.com.

4 ; x.

URL: [ Run Vischeck! |

", "
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Data Visualization: Color - n =

“... avoiding catastrophe becomes
the first principle in bringing color to

information: Above all, do no harm.”
E. R. Tufte

B Tufte, “Envisioning Information’—
% I I- Vidakis MPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HE kai EYEAIKTOZ MPOTPAMMATIZMOZ (@5) Artifcial Inteligence and systems EngineeringLab 4 <3
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Small Areas Large Areas

“ Tableau Software NER Thft»e',: VD:QI (VOI,' 1)r 77 %

Gross Profit
= "
= 2

Color in small regions is difficult to percelve,and bright colors in large -
areas appear bigger.

y Laboratory Nikolaos ’ Plan-Driven and Agile Programmmg



alization: Color -

= ™ e Charting with BarChart [ —)

fram a

Charting wvwith BarChart

resules [ by roves i =2 cn!umni
twpe of graphic Ena-rc hhhhhhhh = Lk
uuuuuuu rouped  Stacked Stepped Parcentile |
ccccccccccc ' DarkRainboww [ ‘]

1

Fact #10

Only a small number of colors can be used effectively as nominal labels.

Keep the number of colors for nominal data to less than eight.

Use quiet medium grey backgrounds.



olor -

e number of data classes on your map ate ed 51 OF .
3 |~ | leam more >

[] colorblindsafe | print friendly
|| phetocopy-able leam more >

pick a color system

224,243,219 (&) RGBU cm’xu HEX

168,221, 181 R

45
1,20 | ™ =
L] cities ]

(v] borders ]
(+) solid color I

() terrain

learn more > color transparency

Back to ColorBrewer 1.0

Fact #11

Lightness and saturation are effective for ordinal data because they have
an implicit perceptual
Show ordinal data with a discrete set of color values that change in

lichtness or saturation.
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alization:

Original Image Deuteranope Simulation

Pandemic Flu Hits the U.S. Pandemic Flu Hits the U.S.

Asimylation created by tesearchers
froe Los Alamos Natisnal
Labaratsry and Emary University
shows the first wave of a pandemic
spreadag rapidly with ng vaccios or
antivieal drugs employed to siow (2
down, Celars Fepredent the sumber
of symptomatic fly cases per 1.000
petple (see scole). Starting with 40
Infected people onthe first day.
natonwide cases peak around day

60, and the wave subsides after four | !

months with 33 percent of the
popsistion having become sick. The
sceentists are also modelng
patentaal interventions with drugs
sad vaccines talearn if raved
restrictiang, quarantines and olther
Gsruptive Sizease-contrel
strategies could be averded

Us

Asimulation created by tesearchers
free Los Alamos Natignal
Laberatery and Emary University
shows the first wave of 3 pandemic
spreading raphcy with ne vaccies of
antivieal frugs employed to siow it
down, Colors Fepreseat the sumber
of symptomatic fly cases per 1,000
pesple (500 scole), Starting with 40
infected people onthe first dayg,
natioawide cased prak arovnd day (3
60, and the wave subsides after four T\ ?
months with 33 peecent of the
popsiation having become sick. The
scentists are also modeling
patential interventions with drugs
and vaceines ta lean if traved
1es1rictans, quaranines and other
Gsruptive dineate-control =) -0

Symptemats Fru {dies
strategies could be aveided [par 3,000 pecple)

Spmptomatc Fra (ates
[par £.000 pacple}

Fact #12

(1d 1 d <i1 ) 1OWIL W (1 d ( . 0 ] ] DIOL 1]
maps with a limited hue palette and redundantly vary
lightness and saturation.

Use discrete colormaps for accuracy.



¢ Design

¢ Process

Cognition

¢ Models
¢ Perception ® Maps

¢ Patterns * Trees and Networks
¢ Color ¢ Multi-Dimentional
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alization:

ogni

principles of visual cognition
Perception:

about the nature of
the signals coming in;
what you see
Cognition:

about how you

understand and

interpret what you see
there’s more to seeing than just what'’s there

REFERENCE: CS 171: Visualization Cognition, Talia Konkle, tkonkle@mit.edu
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REFERENCE: CS 171: Visualization Cognition, Talia Konkle, tkonkle@mit.edu
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Data Visualization: Cognitiol

“‘What you
depends on
you see

the thing as
kKnow

about what
Zenon Pyly

REFERENCE: CS

ﬂ . =
l Vidakis NPOZXEAIAZMENOZ ANTIKEIMENOXZTPA®HX kai EYEAIKTOZ MPOrPAMMATIZEMOZ al Intelligence and Systems Engineering Lab \ ASY
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~ Data Visualization: Cogni

: o 2T F T,
Based on slide from G. Grinstein et i,
Ao Aftenton b,
o I'h
Short-term 5 IESOUICES ¥
SENSOTY i "*'M"EJ
SEOTE
S | Ee
Stmuoh - _ Decision and SPOTSes
— = | gl Perception - [ESpOnse [ E'EEFM.EE E— 1
| - Eelmnnn SRecufion
1 it
Working
' e
Long-term *
IMEMOTY
Memory
 — !
Feedback

REFERENCE: CS 171: Visualization Cognition, Talia Konkle, tkonkle@mit.edu
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w W NMPOZXEAIAZMENOX ANTIKEIMENOZTPA®HE kai EYEAIKTOZ MPOrPAMMATIEMOX
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alization:

| : )

Gist

- spatial layout

- basic level category

- experience of rich percept
- no local detzils

-

FERENCE: CS 171: Visualization Cognition, Talia Kofikle, tkonkle@mit.edu
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Attention & Eye Movements

- where you look depends on
. salience
—. [ask-demands

— prior knowledge

- attending to specific areas
fills in local details

-

REFERENCE: CS 171: Visualizatio Cognition, Talia Kohkle, tkonkle@mlt edu

Q'n
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alization:

ogni

gt atterstion & sye movemends
—M— = . tme
put conoepis in working memory
L1 250 ms =~ mnutes

Working memory

- limited capacity

- amount of information
depends on experience and
complexity

- Eye movements are cheap;
MEmMOory is expensive

-

REFERE"NCE CS 171: Visualizationl Cognition, Talia Kchkle, tkonkle@mlt edu
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~

After exploring for a while_.
- gist (summary) + plus local
details/concepts

- concepts present in the display
allow for connections to be made
among more items than can be
held in working memory

-

\,
REFERENCE CS 171: Visualizatiort Cognition, Talia Konkle tkonkle@mlt edu

I Vidakis MNPOZXEAIAZMENOX ANTIKEIMENOZTPA®HZ kai EYEAIKTOZ MPOrPAMMATIZMOZ
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REFERENCE CS 171: Visualization Cagnitioh, Talia Kg

NPOZXEAIAZMENOZ ANTIKEIMENOZTPA®HZ ka1 EYEAIKTOZ MPOrPAMMATIZMOZ

FOJLE

put conoepis im working memory

Long-term memory

- Massive capacity

- can be surprisingly detailed!
- aggregates visual experience

- provides “‘chunks’ for working
memaory and ‘guidance” for
attention

B vidakis
aboratory Nikolaos

-

~ houns I yeors

aim:
build conceptual structure
where no display is needed

Plan-Driven and Agile Programming

nkle, tkonkle@mit.edu

3
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¢ Design

¢ Process

Interaction

e Models
¢ Perception ® Maps
e Patterns ® Trees and Networks

e Color ¢ Multi-Dimentional
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alization: Intera

SORE

Laboratory

ReUnion Camp & Juniperwood Ranch Winery
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Data Visualization: Interaction- .
Focus & Context - Space Tree, 2002
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~ Data Visualization: Intera
/ Focus & Context - Datalens, 2003
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W’rsaalization: Interaction— /

The Shneiderman Mantra:

“Overview first, zoom and filter, and
details on demand.”

Qk

Ben Shneiderman
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Data Visualization: Interaction- e
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FlowingData S| Q

Strength in Numbers

Watching the Growth of Walmart Across America

Over the weekend, | mapped the spread of Walmart using Modest Maps. It starts slow and then spreads like wildfire
in the southeast and makes its way towards the west coast. [ \| Subscribe to FlowingData / Read more...
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Data Visualization: Interaction-

MuLTI-TOUCH INTERACTION EXPERIMENTS
© 2006, JEFFERSON Y. HAN
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~ Data Visualization: an'ron\/

Off-The-Desktop Interaction

Microsoft
Surface
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~ Data Visualization: Interat

/ Off-The-Desktop Interaction
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Data Visualization: Toolkits
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~ Data Visualization:
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Data Visualization Toolkits: e

the prefuse visualization toolkit

Prefuse is a set of software tools for creating rich interactive data visualizations. The original

prefuse toolkit provides a visualization framework for the Java programming language. The
toolkit provides visualization and animation tools for ActionScript and the Adobe

Flash Player.

Prefuse supports a rich set of features for data modeling, visualization, and interaction. It

provides optimized data structures for tables, graphs, and trees, a host of layout and visual

encoding techniques, and support for animation, dynamic queries, integrated search, and

database connectivity. Prefuse is written in Java, using the Java 2D graphics library, and is

easily integrated into Java Swing applications or web applets. Prefuse is licensed under the

terms of a , and can be freely used for both commercial and non-commercial
purposes.
The and provide numerous examples of the types of
applications that can be built with the prefuse toolkit.
To learn more about prefuse, take a look at the or the

. For users of the alpha version of the toolkit, there is also a for
migrating to the beta version.
Need help? Visit the (You'll need a SourceForge login to

post). Please be sure to include detailed information (e.g., stack traces, source code, etc) if
you need debugging help.

If you are interested in tools for ActionScript and Flash, see the project instead.
http://prefuse.org/
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Data Visualization Toolkits:
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Data Visualization Toolkits: o

= 7 \\

JF rt —
JFreeChart is a free 100% Java chart library that makes it easy for developers to display
professional quality charts in their applications. JFreeChart's extensive feature set includes:
a consistent and well-documented API, supporting a wide range of chart types;

a flexible design that is easy to extend, and targets both server-side and client-side
applications;

support for many output types, including Swing components, image files (including PNG and
JPEG), and vector graphics file formats (including PDF, EPS and SVG);

JFreeChart is "open source" or, more specifically, . It is distributed under the

terms of the (LGPL), which permits use in proprietary

applications.

For a closer look at JFreeChart, please try our or browse the
page.

http://www.jfree.org/jfreechart/
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http://www.gnu.org/philosophy/free-sw.html
http://www.gnu.org/licenses/lgpl.html
http://www.jfree.org/jfreechart/jfreechart-1.0.13-demo.jnlp
http://www.jfree.org/jfreechart/samples.html
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JFreeChart Samples

This page contains examples of the charts that can be produced using JFreeChart. If vou'd
prefer to see a live demo, please try our JFreeChart Demo (web start).
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.
BiBAoypadia - Where to Learn More /
S universities have developed dedicated graduate programs:

The University of Maryland, Stanford, the University of North Carolina, the University of California, Berkeley, and Georgia Tech
are a few of the finest,

Only one academic journal: Information Visualization Journal, published quarterly by Palgrave Macmillan,
A few smaller publications: such as the Visual Business Intelligence Newsletter,

Conferences dedicated to the field are also few: IEEE's VisWeek, which includes the InfoVis and VAST (Visual Analytics Science
and Technology) sub-conferences that are dedicated entirely to data visualization, r

Other conferences: CHI (Computer-Human Interaction) and SIGGRAPH.
CHI - Human Factors in Computing Systems

The Information

comes from:
Next conference is coming up in Vancouver, BC, Canada ,STphen (2010).

Encyclopedia entry on
SIGGRAPH - International Conference on Computer Graphics and Interactive Techniques Data Visualization for
Human Perception.
Retrieved 21 March
2011 from Interaction-
Design.org:
http://www.interaction-
design.org/encyclope
dia/data_visualization

Next conference is coming up in Vancouver, Canada _for_human_percepti
on.html

InfoVis - IEEE Symposium on Information Visualization

=55 Artificial Intelligence and Systems Engineering Lab (a7
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http://www.interaction-design.org/references/conferences/proceedings_of_the_sigchi_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_83_human_factors_in_computing_systems_conferenc.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_85_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_86_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_87_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_88_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_89_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_90_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_91_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_92_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_93_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_94_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_95_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_96_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_97_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_98_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_99_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_2000_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_2001_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_2002_conference_on_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_acm_chi_2003_human_factors_in_computing_systems_conference.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2004_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceeding_of_the_sigchi_2005_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2006_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2007_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2008_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2009_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/references/conferences/proceedings_of_acm_chi_2010_conference_on_human_factors_in_computing_systems.html
http://www.interaction-design.org/calendar/chi_2011.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_1st_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_2nd_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_3rd_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_4th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_5th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_6th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_7th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_8th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_9th_annual_conference_on_computer_graphics_and_interactive_techniques.html
http://www.interaction-design.org/references/conferences/proceedings_of_the_10th_annual_conference_on_computer_graphics_and_interactive_techniques.html
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BiBAweypadia - Where to Learn-More

“Several good books have been written about data visualization. The following, in chronological order, are especially useful
for surveying the field and as a source of basic instruction:

ard R. (1983): The Visual Display of All four of Tufte's books are exceptional,
ative Information. Cheshire, CT, Graphics first is the best. It makes an inspiring case
graphical excellence.

eland, William S. (1994): The Elements of Data visualization practices focused on the nee
phing Data. Hobart Press of statisticians.

ai1is, Robert L. (2000): Information Graphics: A An encyclopedic reference for information
omprehensive [llustrated Reference. Oxford graphics.
niversity Press, USA

Card, Stuart K., Mackinlay, Jock D. and An overview of the best academic research in the
Shneiderman, Ben (eds.) (1999): Readings in field as of the publication date.
Information Visualization: Using Vision to Think.

cademic Press

oW, Stephen (2004): Show Me the Numbers: An accessible, practical, and comprehensive guide
esigning Tables and Graphs to Enlighten. to the design of tables and graphs for
alytics Press communication.

e, Colin (2008): Visual Thinking: for Design.  An eloquent introduction to visual perception a
an Kaufmann cognition as it relates to data visualization.

tephen (2009): Now You See It: Simple _,
ation Techniques for Quantitative =~
alytics Press



http://www.interaction-design.org/references/authors/edward_r__tufte.html
http://www.interaction-design.org/references/publishers/graphics_press.html
http://www.interaction-design.org/references/authors/william_s__cleveland.html
http://www.interaction-design.org/references/publishers/hobart_press.html
http://www.interaction-design.org/references/authors/robert_l__harris.html
http://www.interaction-design.org/references/publishers/oxford_university_press,_usa.html
http://www.interaction-design.org/references/authors/stuart_k__card.html
http://www.interaction-design.org/references/authors/jock_d__mackinlay.html
http://www.interaction-design.org/references/authors/ben_shneiderman.html
http://www.interaction-design.org/references/publishers/academic_press.html
http://www.interaction-design.org/references/authors/stephen_few.html
http://www.interaction-design.org/references/publishers/analytics_press.html
http://www.interaction-design.org/references/authors/colin_ware.html
http://www.interaction-design.org/references/publishers/morgan_kaufmann.html
http://www.interaction-design.org/references/authors/stephen_few.html
http://www.interaction-design.org/references/publishers/analytics_press.html
http://www.interaction-design.org/references/authors/stephen_few.html

2t %
adila - Where

any blogs and online discussion forums feature data visualization - some thoughtfully, based on expertise, and some with the
shallowness that is often found on the Web. Here are a few of the best:

(Edward Tufte)
(Stephen Few)
(Robert Kosara)
(Manuel Lima)
(Nathan Yau)
(Mike Dickison)
(Clint Ivy)

The Information comes from:

, Stephen (2010). Encyclopedia
entry on Data Visualization for
Human Perception. Retrieved 21
March 2011 from Interaction-
Design.org: http://www.interaction-
design.org/encyclopedia/data_visual
ization_for_human_perception.html
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http://www.tufte.com/
http://www.perceptualedge.com/
http://eagereyes.org/
http://www.visualcomplexity.com/vc/
http://flowingdata.com/
http://www.numberpix.com/
http://blog.instantcognition.com/
http://www.interaction-design.org/references/authors/stephen_few.html
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