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WHY VISUALIZE?



Preserve complexity

Anscombe’s Quartet

II II 1\Y%

X y X y X y X y
10.0 8.04 [ 10.0 9.14 [ 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76
13.0 7.58 | 13.0 8.74 | 13.0 12.74| 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84
11.0 833 | 11.0 9.26 | 11.0 7.81 8.0 8.47
140 996 | 14.0 8.10 | 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 | 19.0 12.50
12.0 10.84( 12.0 9.13 | 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 50 4.74 5.0 5.73 8.0 6.89




Preserve complexity

Anscombe’s Quartet

I | I A%
X y X y X y X y Property Value
100 8.04 | 10.0 9.14 | 10.0 746 | 8.0 6.58 9
Mean of x .
80 695 | 80 814 | 80 677 | 80 5.76 (exact)
130 758 | 13.0 8.74 | 13.0 12.74| 8.0 7.71 Variance of x (“ )
90 881 | 90 877 90 711 | 80 884
Mean of 7.50
11.0 833 | 11.0 926 | 11.0 7.81 | 8.0 8.47 y (to 2 decimal places)
140 996 | 140 8.10 | 140 884 | 8.0 7.04 4.122 or 4.127

Variance of y (to 3 decimal places)

60 724| 60 613| 60 608 | 8.0 5.5
40 426 | 40 310 | 40 539 | 19.0 12.50 Correlation between 0.816

x and y (to 3 decimal places)
12.0 10.84| 12.0 9.13 12.0 8.15 8.0 5.56
y = 3.00 + 0.500x
7.0 +.82 7.0 7.26 7.0 6.42 8.0 7.91 Linear regression line (to 2 and 3 decimal places,

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89 respectively)
http://en.wikipedia.org/wiki/Anscombe%27s_quartet




Preserve complexity

Anscombe’s Quartet
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Evaluate data quality

(a)

Query using Facebook API
* Node-link diagram

Kandel, Heer, Plaisant, et al. (2011)
http://dx.doi.org/10.1177/1473871611415994




Evaluate data quality

(a)
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Query using Facebook API
* Node-link diagram
. Matnx d1splay Wlth clustermg
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Kandel, Heer, Plaisant, et al. (2011)

http://dx.doi.org/10.1177/1473871611415994




Evaluate data quality

(a)
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Query using Facebook API

Node-link diagram
Matrix display with clustering

MatﬂX dlsplay, API return order

aisant, et al. (2011)
A73871611415994




Evaluate data quality

(a)
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Tell a story

child mortality

0
-

babies born per woman

6

Hans Rosling —The River of Myths
http://www.youtube.com/watch?v=0wll-dwh-bk
http://www.gapminder.org/




CREATING A VISUALIZATION



From Data to Graphic

* What data types are present in the data source?
Categorical? Numerical? Relational?



Matching Data Types to Visual Elements

Quantitative Ordinal Nominal
POsSition  ese— Position — POsitiOn
Length Density Color Hue
Angle Color Saturation Texture
Slope » Color Hue Connection
Area 3 X Texture Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length Shape
Color Hue Angle Length
~Texture:: Slope Angle
Connection Area Slope
- Containment: Volume Area
- Shape : Shape:i @ Volume

Fig. 15. Ranking of perceptual tasks. The tasks shown in the gray boxes are not relevant to these
tvnes of data.

Mackinlay, J. (1986). Automating the design of graphical presentations of

relational information. ACM Transactions on Graphics, 5(2), 110-141.
http://dx.doi.org.proxy.lib.duke.edu/10.1145/22949.22950




From Data to Graphic

* What type of analysis do you want to support?

Are you ]ooleing for correlations? Distributions?



Chart Suggestions—A Thought-Starter

Variable Width Table or Table with Bar Chart Column Chart Line Chart Column Chart Line Chart
Column Chart Embedded Charts
oo || ol || =g o ==
] = = | ——
dl ol
I f
| Many Items Few Items Cyclical Data Non-Cyclical Data Single or Few Categories Many Categories
Two Variables Many | : | | | | | i |
per Item Catcigorles Few Categories Many Periods Few Periods
| L |
T
One Variable per Item ’
| Over Time
Among Items
| ‘ Column Histogram
‘ Few
. Single Darta —
Comparison Variable | Points
Scatter Chart Two I
Variables
What WOllld you Line Histogram
Relationship — . ; — Distribution Many
like to show? Data —|
Points /\_
Bubble Chart
o 2 . .
o OO o Composition Scatter Chart
ree
°00 Q Variables Two
Variables —
Changing Static
Over Time
Thl'eﬁ
Few Periods Many Periods Variables —
| | | | . I |
Only Relative Relative and Absolute Only Relative Relative and Absolute Simple Share Accumulation or Components
Differences Matter Differences Matter Differences Matter Differences Matter oleotal Subtractioln to Total of Comlponents
| | | |
Stacked 100% Stacked Stacked 100% Stacked Area Chart Pie Chart Waterfall Chart Stacked 100% Column Chart
Column Chart Column Chart Area Chart with Subcomponents

HHHE

Hag|| /= i

http://extremepresentation.typepad.com/blog/2006/09/choosing _a_good.html

www.ExtremePresentation.com

© 2009 A. Abela — a.v.abela@gmail.com



From Data to Graphic

* What visualization type seems to be the best fit for
the goal?

Do you want the visualization to be accessible for a broad

audience’? F]asb)/ and engaging? Convincing?



POSITION IS EVERYTHING.

@moritz_stefaner



Basic tips

* Rotated text is harder to read

* People are very good at reading x/y position,

bar length

* People are not as good at reading angles, areas

* Avoid overlap by filtering, aggregating, leaving space

http://guides.library.duke.edu/topten




COLOR IS DIFFICULT.

@moritz_stefaner



Basic tips

For categorical variables:

* People have trouble differentiating between more than

5-7 hues (colors)

For numerical variables:

* People have trouble differentiating between more than

5-7 shades

* Rainbow color gradients are very problematic

For highest contrast, only use color to highlight

http://guides.library.duke.edu/topten




VISUALIZATION TYPES

http://guides.library.duke.edu/vis types




Showing Values

Speed of light (km/s minus 299,000)
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Basic charts and graphs
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Binned Scatterplot

60 0. @0 C O

- YIJ )j)\l "

http://raw.densitydesign.org/




Parallel Coordinates

9.0 3.0 46.0 1613.0 70
MPG Cylinders Horsepower Weight Year

http://eagereyes.org/techniques/parallel-coordinates




Sankey/Alluvial Diagram

http://raw.densitydesign.org/




Heat Maps

Dwyane Wade
LeBron James
Kobe Bryant

Dirk Nowitzki
Danny Granger
Kevin Durant
Kevin Martin

Al Jefferson
Carmelo Anthony
Chris Paul

Chris Bosh
Brandon Roy
Antawn Jamison
Tony Parker

Joe Johnson
Amare Stoudemire
Devin Harris
Michael Redd
David West
Vince Carter
Caron Butler
Zachary Randolph
Ben Gordon
Stephen Jackson
Dwight Howard
Paul Pierce

Al Harmington
Yao Ming

Jamal Crawford
Jason Terry
Richard Jefferson
Deron Williams
Tim Duncan
Monta Eliis

Pau Gasol

Rudy Gay

Andre lguodala
Corey Maggette
0.J. Mayo
Richard Hamilton
John Salmons
Ray Allen
LaMarcus Aldridge
Josh Howard
Shaquille O'neal
Maunce Williams
Chauncey Billups
Rashard Lewis
Allen lverson
Nate Robinson
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http:/ /uﬂowjngdata.com /2010/01/21/how-to- bfl]).‘//ﬂowiﬁgddid. com/2011/09/ 13/ last-f-
make-a-heatmap-a-quick-and-easy-solution / 567’0bb/e&—ﬂs—m/eﬁddr—bmz‘—/ﬁc{b /




Pairs Plots

Dynamic Pairs Plot: p#tp:/ [ www.stat.sc.edn/ ~west/ bradley/ census.htm!
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Highlighted:
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NewYork




Showing Distributions

Heights of Black Cherry Trees
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One-dimensional Histogram

scatter plot



Showing Space

% of Population
W 24.1-50.0%
W 18.1-24.0%
US average D 12.1 - 18.0%
us% T 6.1-12.0%
0.0-6.0%

Food stamp data, by county:
Bloch M, DeParle |, Ericson M and Gebeloft R (2009) New York Times: Food Stam
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Proportional symbol

http://ti.me/RQaRH9




Proportional symbol

__Indianapolis,

Boston,

MA (56)

Cambridge,

MA (21)
£ Framingham,
” MA (25)

Roseville, CA (27)

San Francisco,

CA (63) New York, NY (46)

Bethesda, MD (37)

Los Angeles, CA (26)
Orange, CA (21)
San Diego, CA (21)

Circle Area:
Number of Postings

O):




Choropleth

o
b
s

=
=~

) S
Wwege

https://twitter.com/mihi_tr/status/330261204083810304/photo/1




Choropleth

Maps are great, except...

&

;‘*’ " Area (%) Districts (%)
F % © 68.9 o
;‘* "" o: o:
R | :
sry -
ﬁ \- ' 1S 1 715.6
.ﬂ“ T\ 8.5 _ ID10.439
& M JENE 200800 Hl2s2s
‘ pgﬁ;‘ Map from: http://unurl.org/elmap Michael Bauer
b

... they give a wrong idea about quantities.
This is the map of the Lincolnshire election results. It shows a clear
dominance of the conservative (blue) party candidates. Looking
closely at the number of districts won shows a different picture
though: The problem: Some districts have more area than others.

https://twitter.com/mihi_tr/status/330261204083810304/photo/1




And don’t make users do “visual math.”

http://eagereyes.org/criticism/visual-math-wrong

Mean ACT Scores and Participation
of College Bound Seniors,* 2009

ACT Scores
22.60 - 23.90
21.80 - 22.60

I:l 20.80 - 21.80
20.10 - 20.80

\:I 18.90 - 20.10

% Participation
00

1
75

50

25

<10

*CO, IL, and MI require all high
school students take the ACT;
N

:20, KY requires all high school
4 juniors take the ACT; WY
requires all high school juniors
Mile: take the ACT or ACT WorkKeys
Data Source: 2009 Average ACT Scores by State
http://www.act.org/news/data/09/states.html Map Created by Lisa Capps, 2010

Map Projection: Albers Equal Area Conic

http://enb105-2012s-rw.blogspot.com/2012/02/lab-two-mapping-excercise.html




Common Routes Based on Ship Log Data

13 1

18 14

http://bit.ly/1i3PSQh




Atlas of the Historical Geography of the
United States (1932)

RATES OF TRAVEL. 1857 C

http://bit.ly/1qvOLvo




Possible tools for mapping

* ArcGIS

*  QGIS

* Tableau Public
* CartoDB

. Google Fusion Tables
. Google Earth

*  GeoCommons

See also:

*  JavaScript

http://library.duke.edu/data/gis

D3
http://d3js.org/

Leaflet
http://leafletjs.com/

Karto graph
http:// kartograph. org/

Polyrnaps
http:/ /polvmaps.org/
Google Maps API

http_s: //

developers. google. com/

maps/ documentation/

javascript /

* Very basic:

Google Spreadsheets

BatchGeo
http:// batchgeo. com/

OpenHeatMap
http://

WWW, openheatmap. com/

https://github.com/veltman/learninglunches/tree/master/maps




For congress data in Tableau

* http:/ /Www.tableau.com/public/blog/ 2012/10/

congressional—districts— 1696

* http://onlinehelp.tableau.com/current/pro/

online/en-us/ help.htm#maps_geo graphicroles.html



Showing Time

.Gann chart .Pam diagram .Control chart .Nomogram .S!d. statistical symbols oMemex °1st digital compute
for presentation .S'aﬁstical chartbook .ISOTYPE method @!decgraph @Log-log paper History of graphics iFaclot rotation ma
.Course on graphic methods @Test of graphics Timeline on log scale Lapse of interest
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ity paper iTelsvision camera-tube Electroencephalograph
cal theory Tests of graphics
s Ethnographic maps used at Paris Peace Conference
burse Course in methods

0.8
060 5 I
- U

2004)

2004
200t
2010

2002




Adjusted Values for Indicators

Economic indicators over time
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Contractions in Business Cycle
= Compaosite Stock Price, Adjusted for Inflation (in $100s)
=Unemployment (in %)
=Gross Domesuc Product, Adjusted for Inflation (in $Trilbons)

s TFederal Debt Outstanding, Adjusted for Inflanon (in $Tnllions)

s Real Interest Rate (x 10)

http://blogs.library.duke.edu/data/2012/11/12/adding-colored-regions-to-excel-charts/




Time series of 2D data set

6 October 1997 7 October 1997

’ . e ”...‘-V)

[
%
|

US East Coast:
Ocean: Chlorophyll @ Concentration (mg/m3) Time Sel'IeS

02.03 .05 . e S 5 | 2 3 5 10 1520 30

http://seawifs.gsfc.nasa.gov/SEAWIFS/BACKGROUND/Gallery/time_series.jpg




Connected Scatterplot

250 B
Budget 2008 Financial Crisis

(10° USD) / 20

2011 End of Iraqg War

N
| §]
[
1

Barak Obama

George W. Bush

2003 Iraq

1991: Gulf War

1989: End of Cold War

——

George Bush

Ronald Reagan

|
Bill Clinton ‘
|
l

1980 ® Jimmy Ca

Ive-au I nn
Source: Time Mag Active-duty personne

http://bit.ly/1AADeyq




Stream graphs

diseases of the diseases of the endocrine, nutritional
circulatory system digestive system and metabolic diseases
infectious and injury, poisoning and mental and

parasitic diseases other external causes behavioral disorders
cancer (neoplasms) pregnancy and childbirth diseases of the

respiratory system

h—

e

http://bit.ly/pubmedvis




Storylines
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Shape of Song

Composer

Chopin

Choral am. Ha...
Chris DeBurgh

chris isaak
Christmas Ca...

Classic
Clay Dale
Clinger

Clutch

Copland
Couperin/Mo...
Cradie of Fiith
cranbemes
Cream

Repertoire (648 pieces)

Title

v Fantasie Impr...

Mazurka in C#m
Mazurka in F#m
Noctume No....
Prelude 1
Revolutionary...
My Funny Val...
Lady In Red
Lady In Red (2)
somebody's C...
Frosty the Sn...
Greensleeves
Joy To The W...
Siient Night
Siver Bells

The 12 Days ...
Winter Wonde...
You Are My S...
Clay35b
German Bovinia
Nostalgia
Twinkle Varat...
Violin Plano ...
Juggemaut
Juggemaut
Appalachian ...
Frankfurter

The Forest W...
zomble

White room

What the diagrams mean | Image gallery | Home | Contact

Fantasie Impromptu. Chopin. Viewing track 1 of 1.

Vi Play (all tracks)

You can add any MIDI file on the web to the repertoire.

URL  htpi
Title Composer Add to repertoire

Enter the URL of a MIDI file and the titie of the plece. Composer Is optional but nice.

http://www.turbulence.org/Works/song/maono.html




Over the Decades, How States Have Shifted

Recent elections have placed a heavy emphasis on “swing states” — Ohio, Florida and the other competitive states.
Yet in the past, many more states shifted between the Democratic and Republican parties. Alook at how the states

Ove r t h e D e C a d e S stacked up in the 2012 election and how they have shifted over past elections.

Chant Cha MORE DEMOCRATIC
Sizoof Lesd  Electoral Votes 254 v ’ v2 10

How States Have Shifted ?Ff’"“’""*’"“‘“’ [ 1 EEn lolﬁlrlri?"j‘omn?liyl[l I |

Obama/| McCain

(1 | oM momoemm o emun
|
|

MORE REPUBLICAN —+

Keny | Bush

0 00 (W00 Mo OUesoo u@er 111

Gore | Bush
(10 0B WIeeny o miil 1]

|
|

Clinton 1 Dole

nembmt sy | B || Gl (gm0
W::«“ o Clinton || Bush

(0 R 0 Qe 11 1
Dukakis | Bush

o e ({0 Q00 | CO0NE (il 0 @an)

Mondale | Reagan
| DEC)I0 COREDEOIE D010 W1 e

|
Carter ‘ Reagan

|1 D0 emee  ww e

Carter | Ford

Home-Suato Advartage i 000 mmemme 1 100

http://nyti.ms/WrldhZ e
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Possible tools for temporal vis.

* Basic charting tools

* Raw

http -/ /Taw. densitydesign . org/

* Timeline]S

http:// timeline.knightlab. com/

* Simile Timeline
http://simile.mit.edu/

* D3




Showing Relationships

M- Burgon
Boirueie

Cochepaile




http://www.aaronkoblin.com/work/flightpatterns/




Nodes

NIH Map Viewer [show Topic Browser| 2]

Powered by

|Export Data| |Methods| |Feedback| ?Chm

(Active| v | (2] (_add | Topic Words

)

®

() o—— FHEkE®
®

Settings

Base Map

Labels

Default

Labels: NIH Integrated Review Groups

Onct dg 2-

T r'an'szl_al%:nal
“Clinical

el
)

Mu oskeletal/
S%la‘smn .
.Sciences .

Biobehavi

Behay@
Processes

http: // nihmaps.org/ vids. php

Markers | Topics | _Grants

Base Map

Institutes  #Grants Count
NCI 10778
NIAID 8032
NHLBI 7482
NIGMS 7070
NINDS 5297
NIDDK 5036
NIMH 4186
NICHD 3955
NIA 3342
NIDA 3165
NCRR 2091
NIAMS 1877
NEI 1805
NIEHS 1792
NIAAA 1446
NIDCD 1437
NIDCR 1143
NIBIB | || 994

I — =

This is a topic map of grants awarded by the
National Institutes of Health. There are
approximately 80,000 active grants, each
represented as a dot, color-coded by NIH
Institute. Grants are located nearby one
another based on shared topical focus.
Labels are placed automatically, based on
NIH Review Study Sections or other
information obtained from the underlying
grants.

To view specific grants, use the “Select
Grants” tool at the upper left of the map, or
use the Search fields from the dropdown
menu at the top of the page. To view grants
from previous years, use the dropdown
menu at the top left.

For more detailed listings of grants and
topics, click the “Show Topic Browser”
button at the top of the screen.

[T




Phllh
w mxl“ohn
Tyle@oyall

http://kieranhealy.org/blog/archives/2013/06/09/using-metadata-to-find-paul-revere/




With color and size coding

http://republicofletters.stanford.edu/casestudies/spanishempire.html




Bipartite graph, alluvial diagram

Chinese Canadian Immigrant Flows, 1912-1923
ABOUT
Exploring connections between Districts and select Canadian cities
January, 1919
CHINESE DISTRICTS 1y ~ > CANADIAN CITIES
District Proportion Total
[:] Sen Ning Montreal | | I] | |
Toronto [ | [ [
winnipeg [ | ]
Hoi Pi .
o Nanaimo || [ ] ]
otawa [ [ |
. Calga
0 SunWai gary | [ |
Hamiton [ | [] |
windsor [ | | [
|:| Yen Ping Edmonton \:] D |
roll over origins Se’i?i'zﬁ?f;’if&i’?@fr roll over destinations navigate timeline
to show connections to show connections month by month
150
100 J ) 19 :9
50 O [T Show numerical data
drag slider to [¥ Show instructions
choose date
1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923
Ollie Khakwani, Stephanie Chan, Jake Coolidga, Kathy Harris, Erik Steiner, Denisa Fong, and Henry Yu University of British Columbia and Spatial History Lab, Stanford University

http://stanford.io/1hCYwkd




Circular layout/chord diagram

http://www.niceone.org/lab/refugees/
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Possible tools for network vis.

* D3
* Gephi
http://gephi.org/
* NodeXL
http://nodexl.codeplex.com/
* Pajek

http://vlado.fmf.uni-lj.si/pub/

networks/pajek/

° Cytoscape
*  Network Workbench/ Sci?

http://nwb.cns.iu.edu/,
https://sci2.cns.iu.edu/

VOSviewer

http: / / www.vosviewer.com /

UCINET
https: / /sites.google.com/site/

ucinetsoftware/home

GUESS
http -/ / graphexploration. cond. org/

R

Sigma]S$

http: //sigmajs.org/

Circos

http: / /circos.ca/




Showing Text
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http://guides.library.duke.edu/text vis




Word cloud

diseases of the
circulatory system

atrial fibrillation
""""" * acute myocardial infarction

heart falluredlssectmn left ventricular
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infectious and
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virus infection .
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crohn s disease
acute pancreatitis

gingival e gastritis chulecystectumy ﬂrﬂh" S
chronic hepatitis ™ sotesaluer appenticis

injury, poisoning and
other external causes

aaaaaaaaaaaaaa

injuries of

“of betd™
pregnancy and childbirth

Induction

,,,,,,,,,,,,,,,,,,,,,,, rhesus

s=induction of

endocrine, nutritional
and metabolic diseases

androgen

2 diabetes , degradation
oxidation

mental and
behavioral disorders

ersunallty iy

S[:hl "”“"'”"”‘hren|a""““°‘“

stress and pttachment factors associated with

ﬂﬂectwe hyperactivity

diseases of the
respiratory system

influenza

eeeeeeeeeeeee

hypoXigsseat....

influenza virus i
obstructive pulmonary pulmonary disease



Bubble

Plot

http://www.nytimes.com/interactive/2008/09/04/us/politics/20080905 WORDS GRAPHIC.html

Democratic Convention
Speakers on all days

Republican Convention
Speakers on Monday, Tuesday and Wednesday

The Words
Speakers Use

) sirlie me C 0n (at urage
Looking at the C 'rh(‘ en mnpu:lon(a ) Co ‘zag

number of times Freed
words have been used Courage I‘ee" om
by speakers at each 13

party’s convention Number of times Freedom
36

Compassion(ate)
12

words were used

suggests the different  per 20,000 words Hussein Health
themes the parties spoken Health 6 ‘ care

have highlighted. 20,000 words is about care 37

one day’s worth of 12 Hope Hu:\viu

sown-
speeches. Homeown.

The Republican

speakers have used
more terms related to
terrorism and the war
in Iraq, while the
Democratic speakers
were more likely to
mention health care
or jobs.

In addition, Republi-
cans were more likely
to mention the
opposing candidate by
name, something the
Democrats rarely did.
MATTHEW ERICSON

Jobs
" Iraq

14
Strong(l K erry

Strezl: gt Sept, 11 (Opponent’s name)
15 39

Terrorism

War *

45

SOME OF THE REPUBLICAN SPEAKERS

Hope er.«;wip 24 ; lunnow;mc-r»lup
17

Jobs

(Opponent’s name)
5

Strong Sept. 11
strengt :
36 /

Terrorism
6

War

35

SOME OF THE DEMOCRATIC SPEAKERS

Ol s John  Rudolph W. Arnold Laura Zell Dick Bill Barack John John
EACH WORD OR PHRASE McCain Giuliani  Schwarzenegger Bush Miller Cheney Clinton Obama Edwards  Kerry
Opponent’s name 12 15 13 2
Hussein 1 6 2 2 ®

Terrorism 2 21 2 2

Religion 1 CE 1 1
Afghanistan 1 2 3 2 2 1 1

Courage 5 1 1 1 1 1
Homeownership 3 1 1

Freedom 7 9 4 6 12 7 2 2 2 5
Compassion(ate) 2 1 1

Sept. 11 4 2 1 3 2

War 18 7 8 10 6 6

Iraq > 3 4 2 3 2 3

Education 1 4 1

Strong/strength 2 3 1 4 2 5

Troops 1 2 2 2 1

Economy 4 2 3 1

Hope 1 4 1 4 1 13 )

Health care 2 1 1 5 ki

Jobs 1 1 6 5

Sources: Federal News Service transcripts of speeches; Republican National Convention

The New York Times




Frequencies over time

Ratio of frequencies

Relative Frequency of Male vs. Female 3PS Pronouns
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http://languagelog.ldc.upenn.edu/nll/?p=4126




Ye Shall Know Them By Their Words... U

S C a tte r Compare how often speakers from the different parties used select words and phrases at their respective

2012 presidential nominating conventions. On each axis is plotted the count per 25,000 words.
Democrats had more to say about healthcare, military and women, while Republicans mentioned religion

P I Ot and governance more frequently:

- Find a Word:
100 Al

O / Filter by Category:
Republicans Business All

said it more / O
Jobs

80—
Highlight a Category:
[ civil rights
O V\\ [] Economy
60 Government ™ Equal frequency [7] Education
° .. ® [] Energy
Leadership Families Il Environment
Foreign Poli
Success () Better U ° “
40- O [7] General
® Economy [] Governance
God ® [] Healthcare
' Tax O ] Military
Sgall &JSII‘I&SS Women [T] Religion

% 8 [] women
ocg@ 208 . e

%%jo Forward Mlddle class
0)0) Source:

1
0 20 40 60 80 100
Democrats

http://tabsoft.co/1ByN2br

Republicans

Ehe New JJork Times




Sentiment analysis

active "grand canyon" (183)
pleasant tense alert
high confidence )

nervous excited

<
stressed elated

. . |
O e
upset ® * Te ° @° happy
® ) o0 ¢ L »e
.0 © o ° ) ) _ & A
unpleasant @ 1'_.. N ‘o O .() o @) pleasant
o 9 ’ ?’-'G @ ® ®
o (2 ® o® o 9,‘ O , ‘.
O o O . .O.
le] @) contented
o
unhappy serene
=
depressed relaxed
unpleasant
low confidence bored calm
subdued

http://www.csc.ncsu.edu/faculty/healey/tweet viz/




Sentiment analysis

NOVEL VIEWS -

VOLUME I--FANTINE

Les Misérables -

Myrieljim 1u .
Magloiresk] Ji= 1|
Napoleonp =1 I . TR :
Bossuets ' '
Valjean s | i Il mi I ]
Toulons m » o1 am 1 '
Favourite m il
Tholomyes Im i '
Wellington®
Fantine et 1 fsfisln |2 s
Thenardierlm == 1
Cosettetl st s v os
Eponine= "
Madeleine fulfin [l romtmng
Javertlr ff1n midfy i
Faucheleventk . |
Champmathieu] In m 1

Boulatruelle

Character Mentions with Mood Index for each Chapter

This graphic is a view of the novel Les Misérables by Victor Hugo. It shows where the names of the
primary characters are mentioned within the text.

Characters are listed from top to bottom in their order of appearance. The horizontal space is
segmented into the 5 volumes of the novel. Each volume is subdivided further with a faint line
indicating the various books and, finally, small rectangles indicate the chapters within the books. In
the 5 volumes there are a total of 48 books and 365 chapters. The height of the small rectangles
indicate how frequently that character is mentioned in that particular chapter.

Mentions/Chapter: 1 20 or more

Color is used to show the general mood of the text for each chapter. Words with positive
associations such as 'love', 'smile', and 'good' make chapter segments more blue and words with
negative associations such as 'hate', 'horror', and 'bad' make them red. An overall total for each
chapter is determined and it is colored accordingly.

Mood: Negative [l Positive

VOLUME II--COSETTE

Character Mentions

VOLUME IlI--MARIUS

VOLUME IV--SAINT-DENIS

VOLUME V--JEAN VALJEAN
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Word Tree

this nation will rise up and Iive out the rug meaning of Its creed: "We hold these truths to be seif-evident,

on the red hills of Georgla the sons of former slaves and the sons of former slave owners will be able to sit down together at
one day even the state of Mississippi, a state sweltering with the heat of injustice, sweltering with the heat of oppression, will be transformed into

that

down inAlabarna, with its vicious racists

with its governor having his lips dripping with the words of interposition and nullification - one day

I haveadream

alted, and every hill and mountain shall be made low, the rough places will be made plain, and the

my four lite children will one day live in a nation where they will not be judged by the color of their skin but by the

dowm In Alabama, with Its viclous racists, with its governor having his lips dripping with the words of interposition and nullification - one day
today . i have a dream that one day

every valley shall be exalted, and every hill and mountain shall be made low, the rough places will be made plain, and the

Fig 10: Word Tree showing all occurrences of “| have a dream” in Martin Luther King’s historical speech.

http://hint.fm/projects/wordtree/




Word co-occurrence network

2% Co-Occurrence Network of Words =S
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Rhythm Textures

Exploring ways of visually representing sentences by using their punctuation to
create circular diagrams. Each word is represented by a line, and the thickness
of the lines (and the space between the lines) radiating outwards from the

center point provides a record of the pauses and empaslis created by the
punctuation.

http://itsbeenreal.co.uk/index.php?/wwwords/rhythm-textures/




VISUALIZING UNCERTAINTY



Projections

Uncertainty in Projections of Real GDP
(Billions of 2000 dollars)
13,000

12,500

12,000 —

11,500

11,000 —

10,500 4

2005 2006 2007 2008 2009 2010

http://peltiertech.com/WordPress/excel-fan-chart-showing-uncertainty-in-projections/




Missing data

6M 6M 6M 6M
4M 4aM 4M 4M
2M M M / M /
2000 1850 1900 2000 1850 1900

9 1950 1950 2000

1850 1900 1950 2000 1850 1900 1950

Figure 4. Alternative representations of missing data in a line chart. The data are U.S. census counts of people working
as ‘Farm Laborers’; values from 1890 are missing due to records being burned in a fire. (a) Missing data is treated as a
zero value. [b) Missing data is ignored, resulting in a line segment that interpolates the missing value. (c]) Missing data is

omitted from the chart. (d) Missing data is explicitly interpolated and rendered in gray.

http://ivi.sagepub.com/content/10/4/271




Alternative solutions

|

http://vialab.science.uoit.ca/portfolio/lattice-uncertainty-visualization-
understanding-machine-translation-and-speech-recognition




Take-away

Uncertainty is blue.



TOOLS THAT DON'T NEED INSTALLATION



Plot.ly
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Plot.ly

* Browser based (or Excel add-in)

* Makes wide variety of chart types
* Allows for python, MATLAB, R, etc. syntax

* Makes charts that are hosted/shareable

https://plot.ly/




Example: Bubble chart

OPTIONS

Group By
Size By

Text

Bubble chart

Country Average GDP per capita Average Life expectancy at birth Average Total population Region
choose as x choose asx as X X
v 3s Y chooseasy S« [ 3 y
G G sG oose as G choose as G
chooseasT T
Kuwait 64256.41951 68.35385246 1313738.049 Middle East & |
North Africa
Luxembourg  36286.24377 72.92478689 3757183115 Europe &
Central Asia
United States 28990.59574 73.5852623 2350123837 America
Switzeriand  27652.04918 75.87004918 6366298.164 Europe &
Central Asia
Norwdg & ;
| Asia
Canad Gapminder Averages since 1951 3
_ &

80
c 70
£
@
-
T
oy
g 60
T
]
o
[
aQ
ol
@ 50
=
40

GDP Per Capita

o000 00

Middle East & North Africa
Europe & Central Asia
America

East Asia & Pacific
Sub-Saharan Africa

South Asia

Source: gapminder_avg csv




Raw

Has visualizations to show:
* Numbers
o Relationships

* Hierarchies

http://raw.densitydesign.org/




Raw

* Paste in a data table (.csv, .tsv, copied from Excel)
* Select chart type
* Drag column headers to different chart attributes

* Save out image or SVG code

http://raw.densitydesign.org/




Example:

Drag numbers, strings, dates here

dimension.title(i

uvial

SIZE

D'Gg numbers here

Action

Adventure

Il Comedy

I Drama

== Romantic Comedy

I Thriller/Suspense

Diagram



Google Spreadsheets

B (o]

Name Height

A 72
B 68
Cc 60
D 74

Chart Editor
Start | Charts Customize

Data - Selectranges ...

Sheet11A2:B5

Combine ranges:

Switch rows / columns

Use row 2 as headers

Use column A as labels

Recommended charts - More »

BL

Cancel

3 F G
Chart title
A
o
=
g
9 B
x
o
3
£
2 c
£
o
-~
D
55 60 65 70

Horizontal axis title

https://drive.google.com/

75

Help

‘e
LA
.

EE XK

=

P

Line
Area
Column
Bar
Scatter
Pie
Map
Trend

More



TimelinelS

Arnold
Shoenberg

Arnold Shoenberg begins to cre-
ate atonal music.

@ Arnold Shoenberg

1802 1908 1810 1914 1918
1900 1910 1920

http://timeline.knightlab.com/




Timeliner

1000

@ Peter Damian

Medieval Philosophers - Timeliner by okfn using TimeMapper

1007 1072
Peter Damian

Saint Peter Damian, O.S.B. (Petrus
Damiani, also Pietro Damiani or
Pier Damiani; ¢. 1007 — February

21/22, 1072) was a reforming monk

in the circle of Pope Gregory VII
and a cardinal. In 1823, he was
declared a Doctor of the Church.
Dante placed him in one of the
highest circles of Paradiso as a
great predecessor of Saint Francis
of Assisi.

Source: Wikipedia
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StoryMapJS

knight lab

* Decatur maland Dbl L] Columbus -7 Loafiet | Maf ties by Stamen Design, undbPBC BY 3.0. Data tyOpendtreetMap, under GG BY &
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Also, GitHub auto-rendering

* 3D Files

https:/ /help. github.com/ articles/

3d-file-viewer

* Geo]SON/TopoJSON

https:/ /help. github.com/ articles/
mapping-geojson-files-on-github

* CSV/TSV

https://help. github.com/ articles/

rendering—csv—and—tsv—data




SOFTWARE APPLICATIONS



JMP Pro

41~ Graph Builder

[Star Over] [ Done

Bl i B =

Vaales
® 8 Cotamns Price vs. Carat Weight
[ waghe ‘ GrowpX weop|| Overtay
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ATable
e s00 S
4/~ Graph Builder fhrepor o — Smooth(Pice
—_— - . MDersity
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4 Contour. 2
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——————— ¢ Mesico
Error Bars None - g United Kingdom.
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= (e E
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-

https://oit.duke.edu/comp-print/software/license/detail.php?id=4

http://www.imp.com/support/help/Essential Graphing.shtml




JMP: Essential Graphing

* Opverlay Plots * Treemaps

* Scatterplot 3D * Scatterplot Matrix
* Contour Plots * Ternary Plots

* Bubble Plots * Summary Charts

* Parallel Plots * Create Maps

* C(ell Plots

http://www.jmp.com/support/help/Essential Graphing.shtml




Example: Contour Plot

4~ Graph Builder

(o (oone ] |3 BRI 2 |l o -

Variables X .
~) 8 Columns Price vs. Carat Weight
ACarat Weight ‘ Group X Wrap Overlay
thColor
thC larity $10,000 Color
ADepth
ATable $9.000 Size
thCut ‘ e
thReport —— Smooth(Price)
Aprice 58,000 Ml Density
4 Smoother $7,000
Lambda ”
Variables | . $6,000
- [4] 9
4 Contour o s
=  $5,000 <
Transform None =
Number of Levels $4.000
Variables | |
$3,000
$2,000
$§1,000
S0 :
. | 02 04 06 08 10 12 14 16 18 20 i
P Carat Weight Jiss




JMP Pro

* Statistical software
. Drag—and—drop chart builder
* Good charting options, including a basic map

* (Can save code for all charts
(good for reproducibility)

* Can save vector graphics from charts
(good for print publications and graphic design work)
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What can Tableau make?

* Text tables
* Heat maps

a grid representing variables
by size and color

* Highlight tables

a grid representing variables
by text and color

* Maps (symbol, filled)
* Pie charts

* Horizontal bars

» Stacked bars

* Side-by-side bars
 Treemap

a grid representing variables
by size

Circle views
Side-by-side circles
Lines/Area charts
Lines/Area charts A AN
(discrete)

Dual lines =

Dual combination .
Scatter plots ~
Histogram XL
Box-and-whisker

Gantt

Bullet graphs
Packed bubbles/ —
Word cloud

iz Show Me

T
113,



Tableau Desktop

* Built specifically for visualization
* (Can create interactive charts and dashboards

* Can post to the web
(but make sure data are safe to share)

* Not great for print charts
(basically have to take screenshots)

Free for students:

htt:;): / /www.tableau.com/academic/students




Example: Animated Map

> hurricane_tracts (hurricane_trac...
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Gephi

Partiion | Ranking 2 | 2| Graph x| D
Edges | O B A Press on nodes and drag vertically the mouse Size: NaN @ Hierarchy
[Degree v ‘
Min size: Max size: woF]||| @
Range: H H J/
0 109 @
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Spline... e /
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Scaling 2.0 sz
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A
7 Presets... Reset |9 @-|TEIEs T A- A- ArialBoid, 32 || [ & &

http://bit.ly/gephi_workshop




Data formats

. Confusing number of
choices

* GEXF supports many
program features, but
a pain to write by hand

* Spreadsheet is
convenient and
supports important
features

& o
& e ¥
(’)\(\} \(\,0\5“ *C\?,\ 6(\9
\.<\+ < X \v‘ﬁ' ,0\3 G’b
<@ S S/ 9 2
) & ¥/ & 2 2 &
2 <$ g v N C N
e/ & /L & E
S/ /S ESESESE S SN
csv
DL Ucinet
DOT Graphviz
GDF
GEXF
GML
GraphML
NET Pajek
TLP Tulip
VNA Netdraw
Spreadsheet*

https://gephi.org/users/supported-graph-formats/



In addition to network visualization,
Gephi can calculate:

* Degree (when directed, in-degree and out-degree)

* Diameter
— Betweenness Centrality
— Closeness Centrality
— Eccentricity

* Density

* Clustering/Modularity



ADVANCED TOOLS
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About D3

* JavaScript library

* Fairly low level; building with rectangles and circles

and lines, instead of pre-made chart structures*

* Basic functioning makes it casy to join HTML

elements with data points



*D3 Middleware

Basic line/area chart:

* xCharts ~10 lines?
http://tenxer. github.io/ xcharts/

* Rickshaw (specifically for time series) ~16 lines
http://code.shutterstock.com/rickshaw/
* NVD3 ~31 lines

http: / /nvd3 .orgi

* Vega ~57 lines
http:/ /trifacta. github.io/ vega/

1230000000345/ch02.html# tools_built with d3 —

http://chimera.labs.oreilly.com/books/




*D3 Middleware, cont’d.

* DC (http://dc-js.github.io/dc.js/)
good for dashboards (includes Crosstilter)

* D3plus (http://d3plus.org/)
good for tool tips and info panels

* Dimplejs (http://dimplejs.org/)

good for annotations, very pretty



D3 Resources

* Interactive Data Visualization for the Web

http:// chimera.labs.oreilly. com/books/
1230000000345

* Tutorial and Cheat Sheet, c. 2012
www.jeromecukier.net/blog/2012/10/15/d3-
tutorial-at-visweek-2012/

* D3 Tips and Tricks
https://leanpub.com/D3-Tips-and-Tricks/read




When to use D3

* Need for customized chart types

(http://bl.ocks.org/mbostock)

* Want to use JavaScript

* Have only a low number of data points or elements

(SVG vs. HTML5 Canvas)

* Want to have it on your resume



D3 workshop tomorrow!

Visualization in d3
Thursday, March 19, 7-9pm

Edge Workshop Room (Bostock 1 Floor)
http://library.duke.edu/events/data/event.do?id=6817&occur=15231

(Workshop is full, but if there are no-shows you could try to sneak in.)



Python

* Bokeh
http://bokeh.pydata.org

Web visualizations with blg datasets
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Python

. ggplotQ for python

http:// ggplot.yhathq .com/
includes good graphical principles

Diamonds

. Y !_\ 2 .

o % ;:4?.:'\38 . T Cut
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Python

* Anaconda

https://store.continuum.io/cshop/anaconda/
good for 1nstalhng many data analy51s packages 1nclud1ng matplothb

http://matplotlib.org/




R Shiny

Iris k-means clustering
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ELK stack
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ELK stack

* FElasticsearch

“flexible and powerful open source, distributed, real-time
search and analytics engine” - full-text search (lucene) plus fast
queries and many built-in aggregations for large data (time-
based and stats w/facets)

. Logstash

“helps you take logs and other time based event data from any
system and store it in a single place” - parse

 Kibana

“Elasticsearch’s data visualization engine” - sharable dashborads
for real-time, interactive visual exploration



ELK stack

* Open source, but company builds APIs for all major

languages

* Potential end-to-end solution for storage, plus

monitoring by both developers and customers

* Geared towards large time-based, geo-spatial, and

textual data
* Free for academic use

* Security product is pay only



MORE TIPS



Good Chart Makeover Examples

The Why Axis chart remakes Storytelling With Data visual makeovers:
http://thewhvaxis.info/remakes/ http://www.storytellingwithdata.com/search/
label/Visual%20Makeover

Job openings by industry, November 2011, October 2012 and November 2012,
seasonally adjusted
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On the web

* Bad examples:

WTEF Viz, http://wttviz.net/

* Good examples:
Thumbs Up Viz, http://thumbsupviz.com/

* Ask tor help:
Help Me Viz, http:/ /helpmeviz.com/




More on Data Visualization

Visual communication:

htt

0:// guides.library. duke.edu/visualcomm

Data visualization:

htt

n:// guides.library. duke.edu/datavis/

Top 10 dos and don’ts for charts and graphs:

htt

0:// guides.library. duke.edu/topten




GETTING HELP



Data and Visualization Services

 Data collections, LibGuides, etc.
http://library.duke.edu/data/

* Blog (tutorials, announcements, etc.)
http://blogs.library.duke.edu/data/

 Walk-in consultations
http://library.duke.edu/data/about/schedule
(or by appointment - askdata@duke.edu)

 Data and Visualization Lab in the Edge
http://library.duke.edu/data/about/lab
(fast hardware, diverse software)

e Additional workshops
http://library.duke.edu/data/news/
(listserv - dvs-announce@duke.edu)




QUESTIONS? SUGGESTIONS?

angela.zoss@duke.edu
http://twitter.com/duke vis




