http://brosz.ca/slides/

DE:
Visualization

JOHN BROSZ, PHD
LAND604

Slides: http://brosz.ca/slideé/



Visualization Studio

34.5 million pixels

e Compare that to HD (2.07
miIIion; or even 4K (8.3
million).

16’ (4.9m) wide and
6’ (1.8m) tall

e A standard IMAX screen is
22m X 16.1m.

Bookable by faculty &
grad students at

Slides at https://brosz.ca/slides

Analysis

Presentation



https://library.ucalgary.ca/services/visualization
https://library.ucalgary.ca/services/visualization

Topics

Slides at https://brosz.ca/slides

What is data visualization?

How do we visualize data / data encoding

- Visual variables

Data visualization tools

Resources (books & websites)



What Is Data
Visualization?




MORE THAN
JUST MAKING
CHARTS

OR PRETTY
PICTURES
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Per Capita Base Measure

Total students

Product Area

Macs Unknown
27,483 (28%) 20,775 (21%)

Servers

7,851

(8%)
Show Classifications Of

State Type

Map Metric
Total Leads

Lead
Measure

Date Interval Day

State Type
Color By !
StDev: 3,004

Median

StDev: 1,300

— —
30

Response Time

Response Time Convert % Converted

<2 Hrs
<1 Day

Later

Lead Volume Change

Leads WoW Change YoY Change

2012 2013 2mz2

-22%

Summary

Lead Gen Budget
Leads

Budget per Lead
Converted

Budget per Conversion

Convert %

Filters

Region

State Type

Lead Source

Generated By

E+ableauw




US
Immigration
Data

1850  feeo  heso ' J2000

https://web.northeastern.edu/naturalizing- .  Europe
immigration-dataviz/




Visual representation of data

“Transformation of the symbolic into the
geometric” [McCormick et al, 1987]

“... artificial memory that best supports our
natural means of perception” [Bertin, 1967]

“Use of computer-generated, interactive, visual
representations of data to amplify cognition”
[Card, Mackinlay, & Shneidermann, 1999]




Why Data Visualization?

“The ability to take data —

to be able to understand it,
to visualize it,
tocommunicate it -

that’s going to be a hugely important skill in the next decades,

... because now we really do have essentially free and ubiquitous data.
So the complimentary scarce factor is the ability to understand the data and

extract value from it.”

Hal Varian, Google’s Chief Economist
The McKinsey Quarterly, Jan 2009



Set A Set B Set C SetD

X Y X Y X Y X Y

10 8.08 10 9.14| 10 7.47 8 6.58
8 6.95 8 8.14| 8 6.77 8 5.76
13 7.58 13 8.74 | 13 12.74 | 8 7.71
9 8.81 9 8771 9 7.11 8 8.84
11 8.33 11 9.26 | 11 7.81 8 8.47
14  9.96 14 8.1 14  8.84 8 7.04
6 7.24 6 6.13| 6 6.08 8 5.25
4 4.26 4 3.1 | 4 5.39 19 12.5
12 10.84 12 9.11 | 12 ) 8 5.56
7 4.82 7 7.26 | 7 6.42 8 7.91
5 5.68 5 4.74 | 5 5.73 8 6.89

Summary Statistics
Uy = 9.0 ox=3.317
Uy = 7.5 Ty E 2.03

Anscombe’s Quartet (Anscombe, Francis J., 1973)







InfoGraphics vs DataGraphics

DataGraphic InfoGraphic
Uses words and numbers to represent Visually encodes quantitative and/or

gualitative data into marks, shapes, sizes,
colours, etc.

guantitative data. lcon-like graphical
elements for visual appeal

Library Data — Fast Facts
201617

2.8 million 567 models
views on libraries.dal.ca printed in 3D

6,923

research consultations

20,386

computer problems solved
at the Help Desks

14,117
titles loaned through
Document Delivery

375

library instruction classes taught

258

copyright questions answered

@0DO

https://libraries.dal.ca/about/library-assessment/library-data.html https://library2.lincoln.ac.nz/dashboard/#library

http://understandinggraphics.com/visualizations/infoposters-are-not-infographics/



InfoGraphic vs Data Visualizations

Infographics tell a premeditated story to guide the audience (subjective).

Data Visualizations leave the audience their own conclusions (objective).

InfoGraphic
* Best for telling a premeditated story and offer subjectivity
» Best for guiding the audience to conclusions and point out relationships
* Created manually for one specific dataset

Data Visualization

* Best for allowing the audience to draw their own conclusions, and
offer objectivity

* |deal for understanding data at a glance
* May not be designed for a specific data

https://blog.prototypr.io/getting-it-right-why-infographics-are-not-the-same-as-data-visualizations-a23da7de745e



InfoGraphic Data Visualization

HONORE DE BALZAC
JOHN MILTON

HARUKI MURAKAMI
VOLTAIRE

BENJAMIN FRANKLIN
IMMANUEL KANT

KURT VONNEGUT

MAYA ANGELOU

WYSTAN HUGH AUDEN
LUDWIG VAN BEETHOVEN
MARY FLANNERY O'CONNOR
LE CORBUSIER

VICTOR HUGO
VICTOR HUGO

WOLFGANG AMADEUS MOZA'
CHARLES DARWIN

CHARLES DICKENS
SIGMUND FREUD

VLADIMIR NAB!

KINGSLEY AMIS

THOMAS MANN

RICHARD STRAUSS

PYOTR ILYICH TCHAIKOVSKY
FRANZ KAFKA

GUSTAVE FLAUBERT

PABLO PICASSO
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WILLIAM RON

From https://www.entrepreneur.com/article/289932 From https://podio.com/site/creative-routines



How Do We Make a Good Data Visualization?

e Know the Data

* Number of attributes
* Date types: ordinal vs ordered (ordinal or quantitative)

* Trustworthiness: bad fields, inaccuracies, missing values

* Know your purpose (& audience)

* What do you/they want to see?
* What might you/they want to focus on?

* Decide how encode the data
* Ensure information can be decoded accurately
* Human perceptual system
* Display capacity
* Characteristics of data (size, type)
e Task



Data

Categorical
Ordered

Quantitative



How Do We Make a Good Data Visualization?

e Know the Data

* Number of attributes
* Date types: ordinal vs ordered (ordinal or quantitative)
* Trustworthiness: bad fields, inaccuracies, missing values

* Know your purpose (& audience)
* What do you/they want to see?
* What might you/they want to focus on?

* Decide how encode the data

* Ensure information can be decoded accurately Chﬂnge Cl'o We
 Human perceptual system /'“?f Atq <

[0,
* Display capacity 960@16?“4&0/5
* Characteristics of data (size, type) l/\‘/o’g

e Task



Exercise:

How many ways can you communicate two quantities?

75 ..37

http://blog.visual.ly/45-ways-to-communicate-two-quantities/


http://blog.visual.ly/45-ways-to-communicate-two-quantities/

HHHE

A A
it



http://blog.visual.ly/45-ways-to-communicate-two-quantities/

http://blog.visual.ly/45-ways-to-communicate-two-quantities/


http://blog.visual.ly/45-ways-to-communicate-two-quantities/

Visual Encoding

« Marks

« What can we change about a mark?



Visual Encoding With Visual Variables
Visual Variables:

* Position * Lightness
* Angle * Saturation — Colour
* Slope * Hue
" Length e Texture
Size — ° Area * Connection
e \Volume * Containment
\TShape

* Opacity
/ndependent? ?- “Sketchiness”



Visual Encoding

* Are differences perceivable?
* How many bins?

* |deally all channels would be independent (not so)
* Interactions between channels
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Perception

Brain

Visual Cortex: fast & efficient — pre-attentive
processing

Cerebral Cortex: slower, less efficient

Goal: do as much as possible with Visual Cortex as
possible



Perception

How many 3s?
1847953212467895643
4806480328879623106
9963442681568790321
1568796512359978965
4321321549834258489
2215678656314513451



Perception

How many 3s?
184795221246789564
4806480:2887962:106
996:442681568790:221
1568796512:59978965
45212215498:4258489
221567865621451:451



Perception

How many @s? ®
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Perception

How many @s?




More than every 6th American has no favorite sport to watch

o Football Nnne
pES B & Sﬂt
) Football
B 39%
I Football None
=L 1% 14%
. Football
43%
. Football
T 43%
B Football
05 34%

) Football
e 37%

TOP 5 SPORTS TO WATCH - AND OTHERS

Example from
https://www.makeovermonday.co.uk/gallery/

Baszeball Soccer Other sports
9% 7% 19%

Baseball Other sports
14% 18%

Baseball Other sports
10% 21%

Baseball Other sports
13% 19%

America is a football country
g DUT it hasn't always been that way

12%

Base| basketball is now the second |

10| : 1967| 11970 most popular sport to watch
first Super Bowl first NFL season

23%
1937 1948 1972 1981

up until the late sixties, for the past 50 years,
baseball was the most football has been the favorite sport
popular sport to watch of nearly 40% of Americans

l basketball
1%

baseball
9%




Visual Encoding works with a Sign System

Images are perceived as a set of signs
Designer encodes information in signs

Receiver decodes information from signs

Jacques Bertin, The Semiology of Graphics, 1967



Interest Rates Interest Rates

2008 2009 2010 2011 2012 2008 2009 20010 2011 2012




Visualization Rqueg{‘//&‘e

ts’ .
|| cO5 g

d chort)
Bright colors don't work”’

)
W CO(OV"'W\aPS

Us, :
e/b/e
Che,
kfs))
¢ NO v‘al'V\[OO

* These are all very situationally dependent
* Make sure you have reasons for breaking them



MONSTROUS COSTS a

¥

MDA TRIOUS CONTY
Tocal Howis and Senate Campagn rapendtues i mellaon.

Source: The Diamond Registry

Figure 1. A chart by Holmes |7] (above), and a *plain’ version.

Useful Junk? The Effects of Visual Embellishment on
Comprehension and Memorability of Charts

Scott Bateman, Regan L. Mandryk, Carl Gutwin,
Aaron Genest, David McDine, Christopher Brooks
Department of Computer Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
scott.bateman(@usask.ca, regani@cs.usask.ca, gutwin(@cs.usask.ca,
aaron. genest(@usask.ca, dam085@mail.usask.ca, cab938@mail.usask.ca




1 What is the most
important data
element?

2 What type of
data?

4 Repeat

3 Pick the right
visual variable to
represent that data.




Visual Variable Properties

1. Selective

Is a change of a mark in this variable alone enough to allow us to select
it from other marks?

2. Associative

3. Quantitative

4. Order

5. Length



[s Size Selective?
Can you find the big & small Muppets?

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

[s Size Selective?
Can you find the big & small Muppets?

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

Visual Variable Properties

1. Selective

. Is a change of a mark in this variable alone enough to allow us to select
it from other marks?

2. Associative
. Can we identify a group of marks by this variable?

3. Quantitative

4. Order

5. Length



[s Size Associative?
Can you find the small Muppets?

) s &
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Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

[s Size Associative?
Can you find the small Muppets?

@) % B
- A -

(Y

~
2 'y
w -w

©

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

Visual Variable Properties

1. Selective

. Is a change of a mark in this variable alone enough to allow us to select
it from other marks?

2. Associative

. Can we identify a group of marks in this variable?
3. Quantitative
. Can the relation between two of these marks be seen as numeric? Can
we tell if one is 3X another?
4. Order

5. Length



[s Size Quantitative?
What value is Kermit compared to Fozzie?

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

[s Size Quantitative?
What value is Kermit compared to Fozzy?

L
- 5 o
¢ w -

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

[s Size Quantitative?




Problems
- Comparison
- Occlusion / viewpoint




Avoid 3D

Look for a better solution
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When to use 3 D? »When your data has 3D position

YAV-8B Harrier

Instantaneous = mlines " -
Formation of the islands

ned by Millions of years

Flight Conditions

"~ SonitNhawliVian Dalwes




Visual Variable Properties

1.

Selective

Is a change of a mark in this variable alone enough to allow us to select
it from other marks?

Associative
Can we identify a group of marks in this variable?

Quantitative

Can the relation between two of these marks be seen as numeric? Can
we tell if one is 3X another?

Order

Does this variable support ordered reading (more/less)?

Length



[s Size Ordered?

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

Visual Variable Properties

1.

Selective

Is a change of a mark in this variable alone enough to allow us to select
it from other marks?

Associative
Can we identify a group of marks in this variable?

Quantitative

Can the relation between two of these marks be seen as numeric? Can
we tell if one is 3X another?

Order

Does this variable support ordered reading (more/less)?

Length

How many differences in this variable can be discerned?



What Length Does Size Have?

‘

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html



http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

What Length Does Size Have?

Association/Selection:

® 9

Distinction: “'20 .
.I'"I.

R
o o &
& @

Muppet drawings from http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html
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http://www.gareth53.co.uk/blog/2011/11/muppet-birthday-card.html

Visual Encoding
Channel Properties

e Selective

* Is a change in this variable alone enough to allow us to select
it from a group?

* Associative

* Can we identify a group of these marks?

 Quantitative

* Can the relation between two of these marks be seen as
numeric? Can we tell if one is 3X as much as another?

* Order

 Does this variable support ordered reading (more/less)?

* Length

* How many differences in this variable can be discerned?



Quantitative Order | Length

Yes Yes Yes (1D), Mostly Yes 5/20
(2D), Not likely (3D)

m Yes Yes Yes Yes Infinite
shape |

Lightness

Angle
Texture

v - &
- 2
-w

W

Ae T F
=2




| Variable | Selective | Associative | Quantitative (Order | Length

Yes Yes Yes (1D), Mostly Yes 5/20
(2D), Not likely (3D)
Yes Yes Yes Yes Infinite
<5 <5 No No 5 / Infinite

Lightness

Angle
Texture

W
.

1304 “







| Variable | Selective | Associative | Quantitative (Order | Length

ETS <5

Lightness RS

Saturation NEE
Cr—

Yes

Yes
<5

Yes
Yes

Yes (1D), Mostly
(2D), Not likely (3D)
Yes

No

No
No

Yes

Yes
No

Yes
Yes

5/20

Infinite
5 / Infinite

7/10
7/10




[ S e i 2 2 S e Ly < Loy e L i r L e L o L L e e > o > o

|lesrsrsvoovosores

Weber’s Law: human perception is fundamentally based on relative judgments,
not absolute values.



| Variable | Selective | Associative | Quantitative (Order | Length

ETS <5

Lightness RS

Saturation NEE
Cr—

Yes

Yes
<5

Yes
Yes

Yes (1D), Mostly
(2D), Not likely (3D)
Yes

No

No
No

Yes

Yes
No

Yes
Yes

5/20

Infinite
5 / Infinite

7/10
7/10




Lightness & Saturation
Are ORDERED, cannot be REORDERED

ANNUAL DEATHS PER 1000 INHABITANTS, PARIS

VALUES NOT ORDERED CORRECTLY ACCORDING TO SCALE VALUES ORDERED CORRECTLY MAKE
INFORMATION HAS TO BE READ POINT BY POINT THE IMAGE MUCH MORE USEFUL



| Variable | Selective | Associative ____| Quantitative Order | Length

Yes Yes Yes (1D), Mostly Yes 5/20
- e
m Yes Yes Yes Yes Infinite
m <5 <5 No No 5 / Infinite
Yes Yes No Yes 7/10
m Yes Yes No Yes 7/ 10

Yes Yes Not Not 7 /10
advisable  advisable




Rainbow Scale Considerations




Rainbow Scale Considerations




1000 |
SO0

-

0

-500
=1oo0
-1500
-2000
=200

-3000

=R
3500 |




Destroys Detail

Image from Borland & Taylor I (2007), Rainbow Color Map (Still) Considered Harmful. IEEE Visualization Viewpoints, pp 14-17.
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=
. &
* Use Carefully! Less is more A
2
=
[=F}
* Stick to 5-8 colours (less is more) =
o
e Good contrast
* Don’t clash
* Works in grayscale and for _ |
colour vision deficiencies _— FPET""“":“ET":I";E?
(no red & green) '

0O @




Running Profit

Product Sub-Category
816,952 W Telephones and Communication

307,174 [ Binders and Binder Accessories ; 0 0 m uc
/ W Office Machines

305,082

300K
284,335
276,590 Copiers and Fax
sompen M Chairs & Chairmats
253,304 S~ & M 2ppliances C 0 0 u r
250K / B Office Furnishings
226,030 240,857 Computer Peripherals
M Envelopes
210,187 226,108 B Paper
200K 192,161 ol B Lobels
180,035 " ! ?ens & Arj't?upp}ies
171,096 / R
160,276 & F h -F
. 7 Copiers and Fax have gone from
150K
second worst to fourth best!
Cumulative Profit for Copiers and Fax vs. Other Categories
100K Select Category to Highlight v
Copiers and Fax -
1 Appliances 200K
Binders and Binder Accessories
Bookcases
SOK Chairs & Chairmats % 250K
Computer Peripherals
24,758 Copiers and Fax
Envelopes 200K
Labels $167,361
8,833 Office Furnishings
OK -2,315 - Office Machines 150K
Paper
-11,848 -11,716 -16,438 16,683 Pens & Art Supplies )
Rubber Bands 100K
Scissors, Rulers and Trimmers
-50K torage & Organization
-48,594 . Tables 50K
Telephones and Communication
0K
2012Q3 2013Q1 2013Q3 2014Q1 2014 Q3 g
S0K

2012Q3 2013Q1 2013Q3 201401 2014Q3 2015Q1 2015Q3 2016Q1




Too many colours

30%
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2 20%
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population size in 2000

Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii
Idaho
lllinois
Indiana
lowa

Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York

North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee

Texas

Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin

3x 107



Life expectancy in each state vs. U.S. average, 1980-2014

Life " .
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inyears .
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Colour Scales

Sequential (dark to light or light to dark) L.
o Quantitative data or ordered qualitative data L] |
o Single or multiple hues T LN

Diverging (dark in 1 hue to light to dark in a different hue) H N
o Quantitative data or ordered qualitativedata |l | [ B
o Use if there is a meaningful middle point H B
Categorical BEEE
o Qualitative data ‘ | | | | ‘
o Give hues different brightness so that the

s Y

appear distinct in grayscale
o Be careful with red & green

Color scales from ColorBrewer 2.0



https://colorbrewer2.org/

Yes

Position

A
w YU n

Lightness
Yes
Yes

Angle

Texture

)
wn

&

D

Yes

Yes
<5
Yes
Yes
Yes

Yes

-
,‘ '
¢
-~

Yes (1D), Mostly

(2D), Not likely (3D)
Yes

No
No
No
Not advisable

No

¢
D

Yes

Yes
No
Yes
Yes

Not advisable

No

-
]
L}
-

| Variable | selective | Associative ____| Quantitative Order | Length

5/20

Infinite

5 / Infinite
7/10

7/ 10
7/10

4/8



Position [N
EE -
Lightness Yes

Angle Yes

Yes

Yes Yes

<5 No

Yes No

Yes No

Yes Not advisable
Yes No

Yes No

Yes

Yes
No
Yes

Yes
Not advisable
No

No

| Variable | Selective | Associative | Quantitative _ [Order  |lemgth |
Yes Yes (1D), Mostly
(2D), Not likely (3D)

5/20

Infinite

5 / Infinite
7/10

7/ 10
7/10
4/8

Infinite



Yes Yes

Yes (1D), Mostly  Yes 5/20
(2D), Not likely
(3D)
Yes Yes Yes Yes Infinite
<5 <5 No No 5 / Infinite
Lightness Yes Yes No Yes 7/10
Yes Yes No Yes 7 /10
Yes Yes Not advisable Not advisable 7/10
Angle Yes Yes No No 4/8
Texture Yes Yes No No Infinite

Semiology of Graphics by Jacques Bertin. 1967.

M.S.T. Carpendale. Considering Visual Variables as a Basis for Information Visualisation.
Research report 2001-693-16, Department of Computer science, University of Calgary, 2003.



http://innovis.cpsc.ucalgary.ca/Publications/_34

(® Magnitude Channels: Ordered Attributes

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

—_—

———

—e—
ﬁ

Effectiveness

® Identity Channels: Categorical Attributes

Spatial region - m .

Color hue . . .

@.oo

Motion b G

Shape




Sketching Exercise

 Create a visualization

» Pick a dataset and use this technique
to create a visual representation of it

« Challenge. Try to encode as many
properties as possible in your
visualization.




Neighbourhood

Type

Rooms
Available

# People at
Residence

Walking
Time to
Uni

Date
Available

Furn-
ished

Gender

Private
Entr.

Private
Bath

Includes
Utilities

Dalhousie
Brentwood
Capitol Hill
Varsity

St Andrews
Ranchlands
Uni. Heights
Varsity
Varsity
Citadel
Brentwood
Capitol Hill
Briar Hill
Banff Trail
Downtown
Downtown
Glamorgan

Room
House
Basemt
Room
Condo
Room
Apt

Apt
Room
Room
Basemt
Room
House
Room
Apt

Apt

Apt

R W R R R R R R R R R W NN R R

N R W N WRBE R WLRBRERPR WL R NBN

NA

01-May
01-Jul
01-Apr
28-Mar
01-May
01-May
01-May
01-Apr
01-May
01-May
01-Apr
01-May
01-May
01-May
18-Mar
18-Mar
01-Jun

Yes
Yes
No
Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Partial
No
No
No

Any
Any
Any
Any
Male
Male
Male
Any
Female
Any
Male
Female
Any
Female
Any
Any
Any

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No

No
Yes
Yes
No
No
No

No

Yes
Shared
Yes
Shared
Yes
Heat+Water
Heat+Water
Yes
Shared
Yes

Yes

Yes

Yes

Yes

Yes

Yes




cylinders

Avoid 3D .
Better solution

efficiency (mpg)

200 200 400
displacement (cu. in.)

cylinders ® 4 300
displacement (cu.in.)

From https://clauswilke.com/dataviz/no-3d.html



When to use 3D7

»When your data has 3D position

YAV-8B Harrier

Instantaneous Streamlines
Colored by Time Since Release

Formation of the islands

145

Flight Conditions
a- 8.0 deg

Nozzle Angle- 81 deg,

Mach No.- 0.04

Re- 12 million




Break complicated charts into smaller, simplified charts
Use alignment and repetition to highlight differences

Needs appear in order and same scales, sizes, & shape

rural female
/
/
—

:

rural male

000L / SupeaP

urban female urban male

2

Urban Female I -
Urban Male

RuralFemah LT

Rural Male

4
a

deaths/ 1000

From https://clauswilke.com/dataviz/no-3d.html

50-54 55-59 60-64 65-69 70-74 50-54
age group

55-59 60-64 65-69 70-74



Pie Charts —

Use Carefully

025

020 4

010

005 1

000 -

Label slices directly East Label zer?—vafue parts
whenever possible North $0K (unless you're certain that
(avoid legends). Use $142K they've truly irrelevant).

Int'l

leader lines if necessary. S5

Usually, sort the parts,
usually from largest to
smallest, starting at “12
o'clock,” going clockwise.

entral

Use thin gaps to $288K

separate slices, not
border lines (reserve
borders for highlighting).

Avoid highlighting individual

slices by “exploding” them.

\/— Use borders, darker colors,
etc. to highlight.

West

$428K

Vary the
colors of slices.

Locate labels South
e
outside of slices. $299K



Chart Types

https://datavizcatalogue.com/

https://flowingdata.com/chart-

types/

00006a

ubble Map

00008
®60000

eaimap



https://datavizcatalogue.com/
https://flowingdata.com/chart-types/
https://flowingdata.com/chart-types/

Relationships

Radar Chart

0O

wre Diagram Brainstorm Chord Diagram Ce

Tree Diagram

For finding correlations




Chord Diagram

:g

Description Anatomy

¢ connection

s. Values are as
nted pr y by
d to group the data into

Functions




X

Data Visualization Tools L A

7
-
Mostly free _,(

1. Preparing Data
2. Visualization




Data Tools: Data
Data Wrangler / Trifacta O TRIFACTA

rangler

http://vis.stanford.edu/wrangler

https://www.trifacta.com

* Interactive tool for cleaning & rearranging

* Suggests changes

* Wrangler: web tool — data to external site (1000 lines)
* Import: text, CSV, JSON

* Export: CSV, JSON, TDE (Tableau)



Data Tools: Open Refine

http://openrefine.org/

* Consolidate spelling
* Auto-detect outliers
* Sorting & filtering

* Auto-suggests changes
* Import: Excel, XML, JSON, RDF, CSV
* Export: Excel, CSV, ODF, HTML



Tabula

Data Tools: Tabula

http://tabula.nerdpower.org/

aﬁ

* Extract data from PDFs

* Stand-alone app for Windows/Mac
* Interactively select table

e Output: CSV, Excel



Visualization Tools

* General Purpose
* Special Purpose
* Text Analysis
* Sets
* Maps
* Networks / Graphs
* Bespoke
* Colour



Excel

e Simple charts
e Poor defaults (getting better)
* Hard to customize




VIS Tools: Tableau e

http://www.tableau.com/

Strengths:

* Many chart types

Interactive web output

Access to underlying data

Many data sources (live)

Drag & drop — easy to experiment
* Maps

Good defaults

Link visualizations

R can plugin

* Academic Program - Free for students




Student Program

* Tableau desktop free for post-secondary students.

Academic Programs

Tableau for Teaching Tableau for Students Administration



http://www.tableau.com/academic

VIS Tools : POWER Bl

https://powerbi.microsoft.com/en-us/

B0 Wicrosoft Power B &« 7 @

 Similar capabilities as tableau
* Can build plugins

* Better data modeling

* Not as customizable

* Exploration not as easy

($1.39M)
* Lots of menus

$723.16

* Less data capacity than Tableau

https://www.em360tech.com/microsoft-power-by-dashboard/



https://www.em360tech.com/microsoft-power-by-dashboard/

VIS Tools: Flourish  Flourish®

https://flourish.studio/

* From the data journalism community; focus on storytelling
* Interactive visualizations that can be embedded in website

* Free (data shared publicly), paid otherwise
* Stick to relatively small datasets

Urban population growth since 1960
Tick the | 1 to filter or he lir hart to play th

ry 564 qI
]
]
<ial 50,01
A
ng 126,65
o0 1320w




VIS Tools: Datawrapper | Datawrapper

https://www.datawrapper.de/

e 20+ chart types
* Variety of mapping types (choropleth, symbols, locator)
* Free, but results have “created with datawrapper watermark”.

Migration to the US by world region, 1820-2009

European countries with lowest & highest vote
. Edit this chart
Kosovo (2019)




VIS Tools: R E%

http://www.r-project.org/

* Open-source software for statistics & graphics
 All sorts of advanced stats

* Regression, linear/nonlinear models, time series analysis, clustering, nonparametric tests

* Data wrangling

e Charts & Plots

e Command line*

* Many add-ons (> 4400)
* 60+ Resources for R




VIS Tools: RAWGraphs

https://rawgraphs.io/

* Create SVG graphics
* Data not uploaded (so remains private)

e 20+ chart types




Text Analysis: Voyant VYANT

see through your text

http://voyant-tools.org/

* Import: txt, HTML, XML, PDF, RTF, & Word

* Lexical analysis
* frequency and distribution

* Export: XML, tsv, html widgets -‘L‘“%‘fﬁ'ﬁﬁ%‘éf _
=Inaustry

donuts




Sets: UpSet

https://upset.app/implementations/

 Alternative to Venn diagram when you have 4-30 sets.
 With fewer than 4, use a Venn diagram (e.g., https://bioinfogp.cnb.csic.es/tools/venny/index.html).

* Many implementations
* Web tool, R library, javascript library, etc

I I
In no set
Just in

Images from https://upset.app/



: Gephi
G ra phS/N etWO rkS: Geph I makes graphs handy

http://gephi.github.io

* Windows/Linux/OS X
* Can handle 50K nodes & 1000K edges

* Interactive
* Filter
* Dynamic layout
* Clustering/hierarchies

firoup



Graphs/Networks: Cytoscape % .Cytoscape

https://cytoscape.org/

* Windows/Linux/Mac OS/Unix oo Y

* Designed for biological research &
molecular networks

* Many apps (aka plugins)
e Javascript library - cytoscape.js
e Export: PDF, PS, SVG, PNG, JPG




Timeline JS

Time: Timeline JS

http://timeline.knightlab.com

* Interactive, web
timelines

e Link in URLs and
web resources

* Built upon Google
spreadsheet

* Produces embeddable
iframe widget




Time: TimeMapper

http://timemapper.okfnlabs.org ]
TimeMapper

Interactive, web timelines

Built on Google spreadsheet data

Adds a map with identified locations

Creates web page that can be
embedded into other sites




Colour

Adobe Color

* https://color.adobe.com/
* Pick great colour palettes
* Given this colour pick complementary colours

ColorBrewer

* http://colorbrewer2.org/
* Help in choosing colours for maps
* Colourblind, printing, etc.

Color Buddy

* https://color-buddy.netlify.app/
* More options, shows several different types of visualization

Magic Color Picker

* https://text2color.com/picker.html
* Al that changes text to RGB colour codes

B howtouse updates downloads | credi

Magic Color Picker

COLOREREWER 2.0

color advice for cartography
7




Resources — Data Vis Tools

Visualizing Data - https://www.visualisingdata.com/resources/

120+ visualization tools

Article on picking a vis tool —

https://source.opennews.org/articles/what-i-learned-recreating-one-chart-using-24-tools/

EASY
TO LEARN

HIGHLY
FLEXIBLE

PROCE$SING

GGPLOT2 BOKEH
MATPLOTLIB

VEGA NODEBOX

SEABORN

NOT
FLEXIBLE

VEGA
S]MPLE ILLUSTRATOR
CONVENIENT VEGA-LITE
cHarTs EASYCHART
PLOTLY

HIGHCHARTS
AHCHARTS CLOU
NVD3 HIGHCHARTS CLOUD
c3 Da

HARD
TO LEARN

QUADRIGRAM

CHARTS AS PART
OF STORYTELLING

CHARTS

FOR ANALYSIS

YOU SHOULD
- PUBLISH
GGVIS

TABLEAU

e INNVOVATIVE
AU OUTSIDE-OF-THE-BOX
SEABORN R CHARTS

GGPLOT2
MATPLOTLIB

CHARTS
EXCEL FOR ANALYSIS

GOOGLE SHEETS




Visualization Resources: Books

Semiology of Graphics by Jacques Bertin
* The book on visual variables

Visual Display of Quantitative Information, Beautiful Evidence, Visual Explanations, or Envisioning
Information by Edward Tufte

* Beautiful examples of historic visualizations

Visual Thinking for Design by Colin Ware
* Ties perception theory and design processes to visualization practices.

Beautiful Visualization by Steele & lliinsky
* Combines techniques from artists, designers, scientists, and others.

\ Visual Analysis & Design by Tamara Munzner
* Good text book by long-time practitioner & prof

~ .,



Visualization Resources: Websites

New York Times https://www.nytimes.com/interactive/2024/12/20/us/2024-year-in-graphics.html

* Dedicated team producing exceptional work.

Gapminder https://www.gapminder.org/

* Hans Rosling’s stat software & data.

Visualizi ng Data https://www.visualisingdata.com/blog/

* Quarterly best visualizations posts, the little of visualization design

Flowing Data https://flowingdata.com/

* Daily posts showing various visualizations created by the site author and elsewhere.

\

~ .,



Questions?

John Brosz, PhD
Data and Visualization Curator
JDLBrosz@UCalgary.ca

Slides: http://brosz.ca/slides/
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