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ﬂVhat is the leading thought here? \

“The purpose of computing is
insight, not numbers”

Richard Hamming

(preface to his 1962 book on numerical methods)
http://en.wikipedia.org/wiki/Richard Hamming




mhat is data visualization? \

The basic objective of data visualization is to
provide an efficient graphical display for
summarizing and reasoning about

0 uantitative information. 21 sace pusications pata Analysis, Exploratory

Data visualization is both an art and a science.

https://en.wikipedia.org/wiki/Data_visualization
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Motivational videos: Great presentations
of quantitative information

http://www.ted.com/talks/hans_rosling_shows_the best_stats_you ve ever_seen.html (19°54”)
http://www.ted.com/talks/lang/en/hans_rosling_on_global_population_growth.html (10°04”)
http://www.ted.com/talks/hans_rosling_reveals _new_insights_on_poverty.html (19°01”)
http://www.ted.com/talks/hans_rosling_the _good news_ of the_ decade.html (15’35”)
http://www.ted.com/talks/hans_rosling_religions_and_babies.html (13°20”)
http://www.ted.com/talks/hans_rosling_the_truth_about_hiv.html (10°0”)
:[iwvww.ted.com/talks/hans_rosling_asia_s_rise_how_and_when.html (15’51”)
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ﬂnotivational videos: Great presentations \

of quantitative information

http://www.youtube.com/watch?v=QPKKQnijnsM (6’°24”)
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Motivational videos: Great presentations
of quantitative information

Other cool presentations involving visualization of information:

http://www.ted.com/talks/lang/en/anders_ynnerman_visualizing_the medical_data_explosion.html (16’37”)
http://www.ted.com/talks/david_mccandless_the_beauty of data_visualization.html (18’17”)
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Exploratory Data Analysis
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/Exploratory Data Analysis \

John W. Tukey, the definer of the
phrase exploratory data analysis (EDA)

“Exploratory data analysis’ is an
attitude, a state of flexibility, a
willingness to look for those
things that we believe are not
there, as well as those we
believe to be there.”

2011 SAGE Publications Data Analysis, Exploratory
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/Exploratory Data Analysis \

John W. Tukey

“I hope that | have shown that exploratory data
analysis is actively incisive rather than passively
descriptive, with real emphasis on the discovery
of the unexpected.” (p. Ixii)

“Exploratory data analysis isolates patterns
and features of the data and reveals these
forcefully to the analyst.” (Hoaglin, Mosteller,
& Tukey,1983, p. 1)

\ 2011 SAGE Publications Data Analysis, Exploratory /
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Data Science Process

Exploratory
Data
Analysis

Raw Data
Data Is
Collected Processed

Clean
Dataset

Models &
Algorithms

Communicate

Make
Decisions

Visualize
Report

https://en.wikipedia.org/wiki/Exploratory data_analysis
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Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

[. Descriptive statistics

Basic statistics

Apagra

Mean 56.721 07647

Median 55.7085

Excel Mode 72

Standard Deviation 18.077 09676

\ Variance 326.7814274

Kurtosis -0.554450128

GeNlIe Skewness 0.0891 85832

Range 76.5

Minimum 18.75

Maximum 95.25

Sum 9642.583

Count 170

Mean Varance StdDev Min Max Count

spend 10974.5§ 3.02507e+007 : ~~ 550007 4125 35863 . 170 :
apret | 567211: 326781 180771 1875 .92 170 :
top10 [ 384588 : 547859 234064 3 R 3 170 :
rep | 306542 292345 . < 170881: 0. ...84067: . 170 :
tstsc [  66.1642: 486545 ~ 63/531: 48125 815 .. 170 :
pacc | . 431731 171.746:  131052: ~ 8964: 76253 170 :
strat | 16.0865: 160521 : 40065: o T2i .. 292 170 :
\ salar | 613576 :9.60946e+007 . ~ 980279 38640: 87900: . 170 :
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ﬂrobability distribution

0.2 0.3 0.4

0.0 0.1

e.d., grade distribution in
\ a university course

Trends and temporal data
Relationships

Spatial data

Social networks

@ Descriptive statistics
[ Tufte’s design principles

Expresses the relative probabilities of
different values taken by a random variable

34.1% 34.1%

—-10 M lo 20 30

Source: http://en.wikipedia.org/wiki/Probability distribution
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Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

[ @ Descriptive statistics

Joint probability distribution

Expresses the probability of events

defined over several random variables : 4 ;
s ad e LSS, |
e P
1‘5 1 | : § f [ ‘:-?\ j E \ 3

-
L

e.g., probability distribution
over grades and the
amount of work in a
university course

- ™)

. - '

0.5 \r'i'.. E
' L]

.

Joint probability of a,,,,, and M,
(=]

0 5
S Source: http://lwww.sciencedirect.com/science/article/pii/S0013795208002731
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Histograms

Values that a variable takes in a data set can be seen
very nicely on plots called “histograms”
tstsc

{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

10%-

5%

40 S0 60 70

DS e

80 90
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{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Histograms

apret apret

4%

15%

3%

10%-

2%

5%
1%

10 20 30 40 50 60 70 80 90 100 10 20 3I0 40 50 6I0 70 80 90 100

Bin size affects the form, good bin size is essentially an art: I’'m not aware
of any research on automatic selection of bins. | am aware of at least one
\ computer program that does it right (see http://genie.sis.pitt.edu/).
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{ @ Descriptive statistics

Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Histograms

2%

Tl

0 01 02 03 04 05 08

The effect of bin size is not that strong in case of some
distributions (here: uniform distribution).

07 08 0.9 1
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apret

{ @ Descriptive statistics

Scatter plots

salar vs. apret

Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

100
T4 g
90- o* { 'S
¢ ¢ tstsc vs. apret
* 100
804 . * Y * .
*e * ’9"__,---‘
Q’Q‘: 0':0 o 904 .t “/
70' ‘ ’ ’ "_ﬁ_/ ’ ’ ‘_,. ’
IR XY %
. " “ _”_,.--"'-‘. L 2 * 80- TS 4 ‘lvv/-"'! *
601 * . :’/& = DR
o R Y ¢ &, . 'Y
" 3 * ’0 70 * ¢ ‘ L 2
50- o %, 2 * o %% o
*°% e oo .“ o *
> & 2 e
T o o * 80 ¢ T 9% s ¢
40 < te ® S * o 2
¥ e *T 9 E e 2 VN ¢
8 5 * A e Se
L IR DR 50- s 0& s 2%
304 H * * ‘ z * e
¢ * o 40 * *
20- @ . o » ? oo s
) LI
10 T T T T / ' . * "‘ ¢
30000 40000 50000 60000 70000 Ny 1 ‘
salar 204 / ¢ s
Plots of data known as scatter plots
give an idea of the joint probability |, | | | |
distribution between two variables. “0 =0 P e o &0 50
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Scatter plots

Good visualization

Home Prices

$4,000K™
O
$3,000K
(0]
o i o
= $2,000K .
‘ude
O
1,000K —
$ )
$0K

Great visualization

Home Prices

{ @ Descriptive statistics

Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

0K 1K 2K 3K 4K
Home (sq ft)

Home (sq ft)

i E O Select Type:
® o $3.7MO [[] single
$3M [] Duplex
[] Triplex
® 0O ] Misc
5k 6K

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Correlation matrix

Tufte’s design principles

spend apret top10 rejr tstsc pacc strat salar
spend -
apret | 0.601231 -
top10 | 0675656 = 0.642464 -
rejr 0633544 0. 51‘8 0.643168 -
tstsc | 071491 0782183 0798807  0.62860] -
pacc | -0PB673 -0.§02834 -0.27505 -0.07[15207 -0.1§4223 -
strat | -@561755 -O@§8311 -0.047857 -0.4§3617 05226  0.13]858 -
salar | 0711838 0635852 0637648 0606777 0715472 -4By524 -047673 -

A correlation matrix is used to investigate the dependence between
multiple variables at the same time. The result is a table containing
the correlation coefficients between each variable and the others.
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{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Linear regression

We fit a line to the data, the line equation is y=a+bx

Estimated length vs. height
250.0 T
-]
200.0 T
150.0
100.0 T
50.0 +
O-O T T T T T T 1
0.0 50.0 100.0 150.0 200.0 250.0 3000 350.0
length
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{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Time series

80

60 -

40

20 -

« Measurements of variables that vary over time.

* This is often a matter of assumption: regular, static data also vary
over time but we assume that they do not.

N\
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Outliers

* Values that come about
because of errors in
measurements,
transcription, etc., or
because of momentary
failure in our assumptions.

 We remove them because
they are potentially violating
our assumptions.

* How to distinguish them?
Typically done “manually.”

Visual inspection is usually
very helpful.

DS

tstsc vs. apret

{o

Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

1 U
7

‘ w<

5 0

3 ’

z ’
‘
’
T ' ‘ l

tstsc
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Bar charts

Top 10 Oil Consuming Countries

Tons per capita
o+ |
Kuwait 2 6.8
Saudi Arabia 3 a4
Qatar 4 40
Belgum 5 |30
Netherlands 6 |29
Canada 7 |29
us 8 |26
Norway 9 BN 21
South Korea 10 |22

S

{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Source: Tableau White Paper “Visual Analysis Best
Practices Simple Techniques for Making Every Data
Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-
visual-guidebook
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Trends and Temporal Data
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{ @ Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles

Temporal data: Example

Various ways of showing the same information

Venture Financing Fund Flow Trends Line Chart . -
Source: Tableau White Paper “Visual

N e— selectquarter Analysis Best Practices Simple Techniques
B Biciech (Al) for Making Every Data Visualization Useful
B Sofware a1 and Beautiful,”
B soon | I Hawiware gi http://www.tableau.com/learn/whitepapers/
§ o tableau-visual-quidebook
g
2
=
4 5108 i
Venture Financing Fund Flow Trends Bar Chart
Select Quarter
508 oo se08 | [l Hardware @ (An
1996 1998 2000 2002 2004 2006 Vvl a1
¥ @2
Venture Financing Fund Flow Trends Are v a3
¥l Q4
$608 Industrial
I Biotech
I Software
E 408 . Hardware
!8 1905 1006 1007 1008 1000 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
<
S208
S08
199 1998 2000 2 2004 2006 2008 2010
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{ Descriptive statistics

® Trends and temporal data
Relationships
Spatial data
Social networks

T re n d s : Exa m p I e Tufte’s design principles

Publication Count
(+) Count () Percentage

Multimedia

Scientific Computing \}

Software Engineering

V‘-'OFG Vvide \Web

(960 1962 1954 1956 1968 1970 1972 1974 1976 1978 1980 1982 1984 1985 1988 1950 1952 1954 1956 1908 2000 2002 2004 2006 2008 2010
- -
Microsoft Academic Search:

Domain trends
http://academic.research.microsoft.com/
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Temporal relationships: Example

Descriptive statistics
® Trends and temporal data
Relationships
Spatial data
Social networks
Tufte’s design principles

Timeline View | Map View
[ e L T L L I L
c2012 ‘ Jan 2013 Feb 2013 Mar 2013 Apr 2013 May 2012
A
O ISPEC i —
(o] IMECS o]
— (o ICDM2
FGCN m MCPR
-l u
1 TSP
—SSPRA cou
WCE
FSE o
CIDM 1] o—
HCI
1
edded interaction
|
— -
] 1 ] i i ] ] ] i I
Jan 2012 2l ‘2012 I Fran ”l“ To “' £°13 Jan 2014 2l £°14 Jan 2015 2ul é‘
Can't find the right conference? Try to search it u_‘J
Name Full Name Location Submission Deadline Duration Detail ‘
® | ICIS International Conference on Information Systems Orlando, United Stat¢| 3/3/2012 12/16/2012 - 12/19/2012 Deta E |
® = ER(OOER) Object-Oriented and Entity-Relationship Modelling/Internatic | Florence, Italy 3/11/2012 12/15/2012 - 12/18/2012 | D=ta
® = GLOBECOM Global Telecommunications Conference California, United Stz 3/30/2012 12/3/2012 - 12/7/2012 = |
® = WSC Winter Simulation Conference Berlin, Germany 4/2/2012 12/9/2012 - 12/12/2012 (V=4
® = SEAL Simulated Evolution and Learning Ha Noi, Vietnam 5/1/2012 12/16/2012 - 12/19/2012 V=4
® = ISSRE International Symposium on Software Reliability Engineering Dallas, United State « 5/4/2012 11/27/2012 - 11/30/2012 |~
® | = | ICCCI International Conference on Computational Collective Intellic Ho Chi Minh City, Vie 5/15/2012 11/28/2012 - 11/30/2012 V=t8
® o APCCAS Asia Pacific Conference on Circuits and Systems Kaohsiung, Taiwan | 5/17/2012 12/2/2012 - 12/5/2012 -
® = ASIACRYPT  International Conference on the Theory and Application of Ct Beijing, China 5/20/2012 12/2/2012 - 12/6/2012 ca
® = IWCIA International Workshop on Combinateorial Image Analysis Austin, United State  5/20/2012 11/28/2012 - 11/30/2012 V< .

Microsoft Academic Search: Scientific event calendar
http://academic.research.microsoft.com/
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Graphical Representation
of Relationships
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Descriptive statistics

Trends and temporal data
® Relationships

Spatial data

Social networks

M i n d m a ps Tufte’s design principles

Diagrams used to visually outline information. Usually created
around a single word or text, placed in the center, to which
associated ideas, words and concepts are added.

Have usually the form of
a snowflake: major

o 4 ) 7/ A Ve

categories radiate from e \ \Gc. 7 peccnnon (23

a central node, minor wsEXe €GN VI L7

categories radiate from povrosing Uil w« _

the major categories, 75 ::trscz@ e\ e

etc_ NEGOTIATION - ) »\ = SE =T FEARLE

i ;\ \on (T rm—t _SLPERV! Tamscag':c

Categories represent Conpiss Mw /1N \0%

ideas, concepts or s p o © ? G\

i

- = /1 : S\ 6"’1677_,
other related items. NS e N\ CHO\ces grrims,

SECISIONS. AR
[__§

Date back to at least 379 century AD

http://en.wikipedia.org/wiki/Mindmap

\ http://www.mindtools.com/pages/article/newlSS 01.htm

D s .— Presentation of Results

Decision Systerns Laboratory




Mind maps: Example

"Insanity is doing the
same thing over and
over and expecting
different results”
Essentially cc
of the whole anyway
Interests, questions,
concerns are dynamic

! Observations

u want out of them?
? What function should the;
? What role should the

lay in academic life?

Fewer meetings
_ Goalsof a
! reorganization

More efficient work
More effective and
satisfying faculty meetings

| | IST Reorganization?

Few standing commitiees

Increase efficienc

_ . Proposed
W alternative,

Committees of one

IST Faculty retreat
81212004 - vi5

Supported by Pitt's
o]

New system next
academic year

Software-based to
collect information

B Last best guess
2 Sabbaticals? N\ _[_ Best guess

2 Buyouts? /

Decision Systerns Laboratory

Improve student
experience

d SIS plan

{ Descriptive statistics

Trends and temporal data
® Relationships
Spatial data
Social networks
Tufte’s design principles

Predictable schedule
for part time students

Well publicized
Reliable best guess

GSPIA dual degree
Distributed systems
Cognitive systems
Focus on distinct tracks J” Visualization & Visual systems
Analysis and Design
Telecommunications
Technology and Socief

Planning

EMBA example

Encourage "Esprit de
Social networking Corps" among students
Targeted extra-curricular events

Project team experiences

5 More active development
Internships

Indust

relations

One of Glenn Ray's foci

Placement

© Brochure

Recruitment © New postion

Student services team

activities?

Staff support for dossier
Revised Peer Evaluation
of Teaching document coming

Evaluation of Teaching

U Areas

Improve facul
Improve hit rate

experience
Goals

Improve process efficienc
Research process

Improve communication
Clarify processes

Research retreat

@ Additions?

Next year's goals?
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{ Descriptive statistics

Trends and temporal data
® Relationships

Spatial data

Social networks

World Wide Web: Example Tufte's design principles

Library of Congress: Country
Studies

Hew Stull Works Yiad

e Alax Catalogu Bartlaby.com: Strunk's

Teants Element of Style (1910)

lL of C
ms..h.—.f’ n.."""odu.' Ml Page

hlpl//mm lhnuns < 7
|| \ Iui_m 1t Public Library: Books

Merviam Webster Online 7z
Wacydepedia comy iy Faltlertiss """‘:m‘
~ \ﬂniih,u Post
MEN Fpe art s Emcyclopedia NG
The OId Farsver’s Almanac AT
Web Search Home Page -
Tex2haml2H39:s Homepage o ool to.(n:- )
Welcome to Base21
Ask leeves Oh ¢ Local Guide,
& [GNU Project - Free Software < e M“.‘
porrreieriats 4 lea (FSF) Micrasoft Netwer. (3 :‘: "
and GFOL - I'N.IP'.’.(! l"r-l Neve Vork Post z N ;W e-Are ‘o‘ "..‘r -
a N .vnl Search Heme P.
/, Q 20 . wﬂ. Saailies
why mmh;u- e ) ) we! Cravler ‘ Halascan
an GNU Pages o (FSF) CBSNews.com Chicago T:'bune

Fimancial ¥

A Muﬂkd GNU - Free

wv‘:.vtm. Atlar l..c’.l Guide, Atlanta Crestive Commons Deed
| w“ LES 1, Mnnﬁulhul-
- mtmh«w;ﬂ*hlﬂs'-ly

Soltware Foundation (FSF) - \A [
WebMask help - Contants Main Page WM The Nesw Vut Thn: I =
Italy Paper Money INDEX hqzﬂumw./m“. - s -‘ Linux I.J.L. Cinin News o..:l-«M“ + Got Movable .
Minnesota Encyclopedia s ::s Ior;::l“ - Tnfoportalfafepetalina prims - %m* 5 =7 ib'::;:;””"
3
Weather - Travel - History ~ §006~ ~;w_—'“'”| e L!""M . —
. Level Double- ermance to

H«la Firefon u cmm Accessibility

K-os-. m N 3
Futin \ 7 O
Tom's Hn"m 6 Mudlv.l“an w{n‘g’?&uk] uricreferer

"""3%».«5.»“.' Hauptsente - Shaisse pAVdje - mu,., /
|Ontne Yalspertal

hitalis 'IVCII Javo

> Irn- w Hoter uuae c | Portada - Unkclenarie
Artspace [Infoportal ™" rel .
1t Welcomne 1o KikuMobile.com A in Infeportal DKED “bo&a, ferer pacst al "-l A Conformance to Web
s | M “Infoportal m“- Wikipadia ‘\ enerslin W‘Ww content Accessibility
w e Fopeaniiheds) | hm/lwm:hv‘ku -valid ValidatiouGuidelines 1.0
i s tesdl ; um//:l a "% M‘H" M .“. = atinGtideline
Mo - Weatber - Tranel- Glaves sirem v«u e S i :mﬁ?.“d:t S 5""""
Rt~ Wilpedls n'h. P cepy 2 NLvedia W&md Pkl Licease
1 (GoL) A List Apart
— e { ‘\‘ Jc HTML Home Page
Tnfopertal Tafopertal___\, 4 (Biaaioy principale - WikipH s Gty P oo
- 1':['!3'0' 6NU Free Documseatation Lk-n'n Oﬂlﬂ wpe, ?':‘3 (F$5), GNU Project < Web g!.‘.,l; b,.bg‘ﬂ.:«"m

Debian Best Practical Solbstions, LLC:

h‘wd’:'f%:"_ . -' / N WIYVMMW W&m D-ﬁ-llb.
i Tfepartalafoport AN Wikipediad “GNU Project - Frag Softiare castorg/bebby/
Lo, o 71/ TP SERIep Wikipedia batps//usen.Fsf.org/.
Infoport. L nfoportal **Geschenk*™ Informationen 1w
vvlm*a.".ﬂiwfl.o £
Informationen 2u "h';:.',‘ﬂ cﬁ The K Deskiep ~ lf-'u.ug
Opera $oﬂvu¢ {
[tnfoportal Walcoases to SUSE LINUX
Python Language Website
KlingehKgoe XFreeB86 The GIMP

A data visualization of Wikipedia as part of the
World Wide Web, demonstrating hyperlinks

http://en.wikipedia.org/wiki/Data visualization
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Descriptive statistics
Trends and temporal data

Relationships among variables (causal relationsﬁips) |

=

\

rinciples

/

O Toxic hepatitis / (O Reactive hepatitis
~..JCO Hepatic steatosis ” )

@ GLniehiens &) Carcinoma present 4%|| p;:er:tgl
present 10%|[] present 4%]| resent 67| absent 96%|l | =
absent 90% (I | absent 96% |l | P!

absent 94%|l |
- = ) Functional hyperbilir...
(O Chronic hepatitis O Cirrhosis o - ]
active  12%] decompensate 5%]| present 7%(]
persistent 5% compensate 2% present 38% ([l | ——labsent 3% |l |
absent _32% I absent 92% I absent 62%|F |

\ ‘ b

\ /
n s L Presentation of Results
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Spatial Data
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Spatial data: Example |

Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Tufte’s design principles
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{ Descriptive statistics

Trends and temporal data
Relationships

@ Spatial data
Social networks
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Microsoft Academic Search: Academic Map
http://academic.research.microsoft.com/AcademicMap
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Website Traffic by Country Pie on Map

\
N \
q hy
‘ O Visits
Section .‘) oK
B User-generated 20K
B Examples 40K
Community 9 60K
B Biog ." POK
About Tableau maps: www?.oleausoftware.com/mapdata 2 100K
Blog Community Examples User-generated
United States 10K 16K 62K 67K [
United Kingdom 2K 4K 12K 14K
Canada 1K 1K 6K 9K
India 1K 1K 3K 10K
Australia 1K 1K 4K 6K
China 0K 0K 1K 7K | |
France 1K 1K 2K 4K

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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District of Columbia Crimespotting

Crime Map (click or lasso to filter) vSeIect Crime Type
Al

Select District
Al

Highlight Crime Type

B =omicioe

B ~ow

B roBBERY

|7l sexaBuse
ARSON

I suURGLARY

B sToLen AuTO

About Tableau maps: www.tableausoftware.com/mapdata

[ THEFT

Monthly Overview by Day of the Week (click to filter) [ THeFT FIAUTO

Tue Wed Thu Fri Sat|Sun Mon Tue Wed Thu Fri Sat|Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat|Sun Mon

Crime Frequency (click to filter)

THEFT F/AUTO
20%

STOLEN AUTO
17%

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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District of Columbia Crimespotting

Crime Map (click or lasso Lo lilter) Select District
(All) -

lop N Cnmes
9

Highlight Crime Type

I RODOCRY

Monthly Overview by Day of the Week (click to filter)

l l Crime Frequency (click to filter)

Tue Wed Thu i Sat |Sun Mon Tue WedThu ' Sat Sun Mon Tue Wed Thu 'n Sat Sun Mon Tue WedThu 'n Sat Sun Mon

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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Districet of Columbia Crimespotting

Crme Map (chok or lasso to fiter)
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Monthly Overview by Day of the Week (chok to filter)

Tt Wed Thy F S0 Som Von Toe Wed Thu Frn S0 Sum Mon T Wt Thu Pt S0 Sm Won Tee Wed The Fn S Sem N

Crime Frequency (chek 1o fliter)

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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Social networks

District of Columbia Crimespolling

Crnme Map (chck or lasso to hilte

¥,

" 8

v s

Monthly Overview by Day of the Week (click to hiter)
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Fpet
3
by

Sefect Destrct

(AN) -

Top N Crimes
q

Highlght Crime Type

W on

Crime Frequency (chick to filtes

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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District of Columbia Crimespoltting

Crime Map (dick or kisso to filer) Select District
S CoND -
‘ e v
g % v Top N Cnmes
& .'o ‘. 3 el
o J < >
. .
e 2> - Hiohlight Crime Type
& ' B sToLEN auTO
L B vy

e £ e

Monthly Overview by Day of the Week (chck to filter)

luownthu '-“”Mlmmmmu&nwlnm ua!-mn-usmu-.

Crime Frequency (chck to filter)

Source: Tableau White Paper “Visual Analysis Best Practices Simple
Techniques for Making Every Data Visualization Useful and Beautiful,”
http://www.tableau.com/learn/whitepapers/tableau-visual-guidebook
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A data visualization from social media
http://en.wikipedia.org/wiki/Data visualization

MyFnetwork
2011-12-30 06:19:4% GMT|
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Twitter Social Network, 20K nodes 250K edges
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Changhe Yuan
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Haigin Wang

Microsoft Academic Search: Genealogy graphs
http://academic.research.microsoft.com/
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4 i hableay N
¢ tableau

http://www.tableau.com/

Put together an Academy Award-winning
professor, a brilliant computer scientist at
the world's most prestigious university,
and a savvy business leader with a
passion for data. Add in one of the most
challenging problems in software: making
databases and spreadsheets
understandable to ordinary people.
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)3 Data-Driven Documents

https://D3js.org

D3.js is a JavaScript library for manipulating documents based on
data. D3 helps you bring data to life using HTML, SVG, and CSS.
D3’s emphasis on web standards gives you the full capabilities of
modern browsers without tying yourself to a proprietary framework,
combining powerful visualization components and a data-driven
approach to DOM manipulation.

Download the latest version (3.5.16) here:

d3.zip

Presentation of Results /
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/ Tufte’s “Duck”

Self-Promoting Graphics: The Duck

When a graphic is taken over by decorative forms or
computer debris, when the data measures and
structures become Design Elements, when the overall
design purveys Graphical Style rather than quantitative
information, then that graphic may be called a duck in
honor of the duck-form store, "Big Duck." For this
building the whole structure is itself decoration, just as
In the duck data graphic.
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The addition of a fake
perspective to the data structure
clutters many graphics.

/Graphs can aISO be terrible e poce K = AGE STRUCTURE OF COLLEGE ENROLLMENT \

This variety of chartjunk, now
at high fashion in the world of
Boutique Data Graphics,
abounds in corporate annual
reports, the phony statistical
studies presented in
advertisements, the mass
media, and the more muddled
\ sorts of social science research.

1972 1973 H‘N s )
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PowerPoint slides can be terrible as well ©

usifg Media Wiki and Wiki technology to
foster collaboFative best-of-breed forward
thinking backend technologies in lorder to
%(’)Ptimize cutting edge, revolutiondry Six ‘
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MsKaren Kisikle 505846 1336 &
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LtCol Denny Pecples 5058460714
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Design Principles for
Visualization of Information

SECOND EDITION

After Edward R. Tufte. The visual The Visual Display
display of quantitative information. of Quantitative Information
Graphics Press, 1983
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ﬂixemplary graphical displays \

Tufte encourages the use of data-rich illustrations that
present all available data.

When such illustrations are examined closely,

every data point has a value, but when they are
looked at more generally, only trends and patterns can
be observed.

Tufte suggests these macro/micro readings be
presented in the space of an eye-span, in the high
resolution format of the printed page, and at the
unhurried pace of the viewer's leisure.

\ https://en.wikipedia.org/wiki/Edward_Tufte /
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Descriptive statistics
Trends and temporal data
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Exemplary graphical displays Sbets networks

@ Tufte’s design principles
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Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.
The graphic is notable for its representation in two dimensions of six types of
data: the number of Napoleon's troops; distance; temperature, the latitude
and longitude, direction of travel; and location relative to specific dates.l]

Presentation of Results —

Decision Systerns Laboratory



Descriptive statistics
Trends and temporal data
Relationships

Spatial data

Social networks

Exemplary graphical displays | ® Tufte's design principles
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Exemplary graphical displays

Fig. 2. Locations of prin-
cpal earthquakes and
aftershocks, Stars show
the hypocenters of the
23 October M,,, 6.7 and
3 November M, 79

with dou-
ble-difference relocated
aftershocks  shown in

(Den) fauit. Cross, main- 146°W
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Exemplary graphical displays

“At the heart of
quantitative reasoning
is a single question:
Compared to what?
Small multiple designs,
multivariate and data
bountiful, answer
directly by visually
enforcing comparisons
of changes, of the
differences among
objects, of the scope of
alternatives. For a wide
range of problems in
data presentation, small
multiples are the best
design solution.”

DS

Price Tag: Mowing the Lawn
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@ Tufte’s design principles
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0 verages and may vary by region

Eloclvlc (plug In or battery mond)

Sowces: Ouldoor Power Equpment insttute, Jersey Power Equpment Company. Doug Mogoe of e Comell Unversty Animal Scence Depaviment

g equiper

m}unmu.m»nmmmwnnh wm

18-22 i

inches
I L-' b n »HA‘/-“. “‘“‘l nll )HM““AH‘HI
%.hIM/:M..mhn.amu h“uNJuMMMMMHML
&ummm Mn‘hmuhuuu m.«umnml

enl. Manienance expenses vary by climate

CUTTING WIDTH LAWN SIZE COST

14-16
inches

1/8 acre $100

or less

16-18 $200

Inches

1/8 acre
or less

LAYkt ,‘J.h?b’.‘ ) ):»: Y] i ni
$250

172 acre
or less

1 acre $1,500

inches

2acresor $1,800

nchcs more

1510 13acre  $65
per sheep

e

Megan JuepernnesThe New York Tioses

Decision Systerns Laboratory

Presentation of Results —




\

Exemplary graphical displays

<

Youma of Supbur Ouicn €,

W

Volara of Faoustry Suipher |

v

Volure o ndustrisl Soct Bmi. ..

v,
sv

Violure of Consamption Saot, .

5

»

Trends and temporal data
Relationships

Spatial data

Social networks

Descriptive statistics
[ @ Tufte’s design principles

Youme of Industrial Scot e

M) d31a O 2007 £E5RI1

Volurre of dustoal Dust Emi.. Volumes of industial Dzt Re . Nueder of Soct Contrdd Zone . Asea of Soot Contrdd Zones (.

Small-multiples view: map of China showing several dimensions of air pollution,

“l do believe that there are some universal
cognitive tasks that are deep and profound —
indeed, so deep and profound that it is worthwhile
to understand them in order to design our

\ displays in accord with those tasks.”

aaaaaaaaaaaaa

Presentation of Results —

Decision Systerns Laboratory




Descriptive statistics

Trends and temporal data
Relationships
Spatial data

Kixemplary graphical displays

Social networks
@ Tufte’s design principles

An Accountmg of Dally Gun Deaths
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“It’s not that PowerPoint brought the Columbia down, but the
method of presentation broke up the argument into tiny
fragments, and it’s intensely hierarchical-no sentences, just
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little phrases.”
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Exemplary graphical displays
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@ Tufte’s design principles

ﬁraphical displays should

 Show the data.

* Induce the viewer to think about the substance rather than
about methodology, graphic design, the technology of
graphic production, or something else.

« Avoid distorting what the data have to say.

* Present many numbers in a small space.

 Make large data sets coherent.

* Encourage the eye to compare different pieces of data.

* Reveal the data at several levels of detail, from a broad
overview to the fine structure.

» Serve a reasonably clear purpose: description, exploration,
tabulation, or decoration.

* Be closely integrated with the statistical and verbal
descriptions of a data set.
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ﬁrinciples of graphical excellence

[ Descriptive statistics

Trends and temporal data
Relationships
Spatial data
Social networks
@ Tufte’s design principles

» Graphical excellence is the well designed presentation of
interesting data — a matter of substance, of statistics, and of
design.

» Graphical excellence consists of complex ideas
communicated with clarity, precision, and efficiency.

» Graphical excellence is that which gives to the viewer the
greatest number of ideas in the shortest time with the least ink
in the smallest space.

» Graphical excellence is nearly always multivariate.

 And graphical excellence requires telling truth about the data.
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Graphical i ntegrity ® Tufte’s design principles

Graphical integrity is more likely to result if these six principles are
followed:

* The representation of numbers, as physically measured on the
surface of the graphic itself, should be directly proportional to
the numerical quantities represented.

 Clear, detailed, and thorough labeling should be used to defeat
graphical distortion and ambiguity. Write out explanations of the
data on the graphic itself. Label important events in the data.

 Show data variation, not design variation.

* In time-series displays of money, deflated and standardized units
of monetary measurement are nearly always better than nominal
units.

 The number of information-carrying (variable) dimensions
depicted should not exceed the number of dimensions in the
data.

\  Graphics must not quote data out of context. @~ | /
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ﬂ)ata-ink and graphical redesign

Five principles in the theory of data graphics produce
substantial changes in graphical design. The principles
apply to many graphics and yield a series of design
options through cycles of graphical revision and editing.
1. Above all else show the data.
2. Maximize the data-ink ratio.
It's wrong to distort the data measures—the ink
locating values of numbers—in order to make an
editorial comment or fit a decorative scheme.
3. Erase non-data-ink.
4.Erase redundant data-ink.
5.Revise and edit.
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« “Chartjunk” generates no information, no sense
of discovery, no wonder, and no substance.

* Forgo “chartjunk,” including Moire vibrations,
the grid, anojw:he duck.

‘% Moi1ré Vibration Chartjunk
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ﬂ)ata-ink maximization and graphical design

Tufte proposes several improvements on standard
graphics and argues that

1. They are necessarily better within the principles of
the theory.

2. They get better as they get revised and improved
and the theory shows the direction of
improvements

3. They are more intelligent and we should not
underestimate the intelligence of the audience.

4. The new designs may appear odd, but this is
probably because we have not seen them before.
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Malfunctioning graphical elements

Mobilize every graphical element, perhaps
several times over, to show the data.
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ﬂ)ata density and small multiples

Well designed small multiples are

* inevitably comparative

 deftly multivariate

* shrunken, high-density graphics

- usually based on a large data matrix

« drawn almost entirely with data-ink

« efficient in interpretation

 often narrative in content, showing shifts in the
relationship between variables as the index variable
changes (thereby revealing interaction or multiplicative
effects).

Small multiples reflect much of the theory of data graphics:
 For non-data-ink, less is more.
* For data-ink, less is a bore.
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Descriptive statistics

Trends and temporal data
Relaflgr:‘sr:laps
ﬂesthetics and technique in data graphical design fisrermcie:

Graphical elegance is often found in simplicity of design
and complexity of data.
Attractive displays of statistical information:
» have a properly chosen format and design
* use words, numbers, and drawing together
* reflect a balance, a proportion, a sense of relevant
scale
* display an accessible complexity of detail
- often have a narrative quality, a story to tell about the
data
 are drawn in a professional manner, with the technical
details of production done with care
- avoid content-free decoration, including chartjunk

Data graphics are paragraphs about data and should be

\ treated as such. e /
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C O n c I u S I o n @ Tufte’s design principles

* Design is choice.

* The theory of the visual display of quantitative information
consists of principles that generate design options and that
guide choices among options. The principles should not be
applied rigidly or in a peevish spirit; they are not logically or
mathematically certain; and it is better to violate any principle
than to place graceless or inelegant marks on paper. Most
principles of design should be greeted with some skepticism,
for word authority can dominate our vision, and we may come
to see only through the lenses of word authority rather than
with our own eyes.

 What is to be sought in designs for the display of information is
the clear portrayal of complexity. Not the complication of the
simple; rather the task of the designer is to give visual access
to the subtle and the difficult —that is, the revelation of the

aaaaaaaaaaaaa
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ﬁ:oncluding remarks \

* The purpose of data analytics is insight

* Think very carefully about how to present the
insight that you have gained from data analysis

* Do it well — if you don’t you will have produced
perhaps great results but in poor packaging and
poor “user interface” — essentially useless
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m\ class Videos

*The Art of Data Visualization | Off Book | PBS Digital
Studios

*https://lyoutu.be/AdSZJzb-aX8

Edward Tufte: Beautiful Evidence (Highlights)
http://lyoutu.be/Th _1azZA20Y

~
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