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¥ You know more than you think you know
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¥ Agenda
You will leave today with:

1. How do data visualizations work?
1. Categorization of data visualization
1. Elements of design

1. Common types of visualization

1. Best practices
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¥ Building the foundation

WHAT? WHY?

Data visualization is a graphical Visual displays give form
display of information fortwo  to information which
main purposes:. before had none. Human
visual perception and
cognition is particularly
strong.

e sense-making (e.g. analysis)
e communication.

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualization-for-numan-perception
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¥ Constructing meaning with data visualization

We use data viz to demonstrate
patterns.

...But we cannot forget that
displaying patterns involves
careful choices on our part.

https://eazybi.com/blog/data visualization and chart types/
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¥ Constructing meaning with data visualization

All three of these plots show  uniessutes- oaiy newcases
plots of COVID-19 data from -
the same day. (Mon Oct 26)
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‘N Constructing meaning with data visualization

We use both our conscious
and subconscious (“snap”)
judgements to quickly
interpret visual cues

Land to Water Ratio on Planet Earth
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Catagorization of data
Visualization



¥ 2D Plots, charts, graphs

Artificial Intelligence and Machine IL.earning

ML Regression kNN Classification ROC and PR Curves PCA Visualization AIIML Apps with
Dash
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Scatter Plots Line Charts Bar Charts Pie Charts Bubble Charts

Statistical Charts

Error Bars Box Plots Histograms Distplots 2D Histograms

Scientific Charts
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Contour Plots Heatmaps Imshow Ternary Plots Log Plots

https://plotly.com/python/
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New York Oil and Gas Financial Report Manufacturing SPC Dashboard
Energy | Crossfitering Geospatial Finance Data Acquisitien | Streaming

OEJECT DETECTION FOR SELE.DRNVING CARS

Wind Streaming Real-Time Object Detection Interactive Image Segmenta...
Streaming Artificial Intelligence | (+6) machine learning | image processing
-
Wi Fe
ﬂ:_
AeroSandbox Demo Interest Rate Modeling with ... Dash Pivottable Demo
aerosandoox Snowtlake Database (+7) Pivottable | Drag and Drop

https://dash-qallery.plotly.host/Portal/
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¥ Infographics / lllustration

Who is your audience? How can you reach them? What are your goals?

CHOOSING THE RIGHT SOCIAL MEDIA PLATFORM FOR YOUR BUSINESS

You

DEMOGRAPHICS —® 1.3+ 70 1 600 200 200

Billion users Million users Billion users Million users Million users Millian users

Ages 25-54 Ages 18-35 All ages Ages 30-49 Ages 18-29 Ages 25-34
60% Female 80% Female 67% Male

PURPOSE —eo J NI News & Articles; fl “Scrapbooking” Search News & Articles; Building News & Atticles

Relationships Conversation “How To” Conversation Relationships;
Conversatian

BEST FOR —eo JR:ITI I Public Relations § Lead Generation; Brand Business Lead Generation; SED;
Brand Loyalty Clothing, Art & Awareness; Development; Retail, Art, Food, Tech/Design

Food Businesses J Service industry | B2B Businesses [ Entertainment, & Businesses
Beauty Businesses

DOWNSIDE —e Limited 140 characters Images only; Resource Limited Images only Not as widely
Reach or less Very specific intensive interactions used
demographic

https://us.accion.org/resource/choosing-right-social-media-platform-your-business/
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W 3D Visualization

s—.

rear flank

- stréamwise vorticity (s~1)

Leigh Orf — Tornadogenesis simulation visualized with Vapor2
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¥ Composite

Normal NSNS ~ %

Ekman

_ upwelling
rain follows warmest SST;

surface winds converge
onto rainy/warm zones

ElNifio 4%

EQUATORIAL THERMOCLI NE

NOAA/CPC

https://www.gfdl.noaa.gov/el-nino-media/

G
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¥ Media used for data visualization

Data visualization can be used in
various different media for
different expressions of your

story.

e Print

e Social Media

e Static web pages

e [nteractive web pages
e Animations/movies

e Virtual (eg VR, AR, XR)

@ Center for Research Data and Digital Scholarship Be Boulder
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Elements of Design



¥ Elements of Design in Effective Data Visualization

Define
Your
Purpose
< |dentify

Your
Story
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¥ Elements of Design in Effective Data Visualization
Purpose: Start from a motivated
- position.
@ Consider your audience, what they
| ¥7 care‘about, their data literacy, and

what they need to make decisions.

http://www.mediafactory.org.au/2015-media1-projects-broadcast-vs-post-broadcast/files/2015/05/audience-qq9z4y.j
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¥ Elements of Design in Effective Data Visualization

Purpose: Start from a motivated position.

How should the audience receive or interact with the data?

https://www.flickr.com/photos/tringa/23861635520
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¥ Elements of Design in Effective Data Visualization

Story: What'’s Your
Point?

Consider an Exploratory
versus an Explanatory
approach.

Ask yourself, do you want
your audience to develop
their own conclusions or do
you want to convey a
specific message?

https://pixabay.com/p-89198/?no_redirect
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¥ Explanatory

Ebola spreads slower, kills more than other diseases

This simulation shows how quickly 10 diseases, from more fatal to less fatal, could spread from one person to 100 unvaccinated people.

B Newly infected Recovered [} Deaths Day 78 | -

Ebola 1] Smallpox 1] Measles (1) SARS 1] Diphtheria e
DAYS ELAPSED 67 DAYS ELAPSED 43 DAYS ELAPSED 23 DAYS ELAPSED 47 DAYS ELAPSED 77
PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 100 PEOPLE INFECTED 43
DEATHS 30 DEATHS 26 DEATHS 11 DEATHS 0
N | | N
H H B N |
H BEHEE B B [ [ |
| H B B
| O HEE BN H N |
| | [ ] N
HEE N B EEE EEEN HER |
| | [l | |
| H HE | H B H B | |
| | ]

http://www.washingtonpost.com/wp-srv/special/health/how-ebola-spreads/#b10g15t20w14
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¥ Explanatory

Coronavirus Riskiest Activities
According to 500+ epidemiologists & health professionals

olderkid

Risk reduc
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S Exploratory

Every Noise: Audio samples of every music
genre plotted on a massive scatterplot display
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q nwobhm ??{t",ﬂi?aﬁ}ﬁtghnk im?f,f’;'ﬁﬂ,? et e hungarian rock  fluxwork ) o house deep tropical house
th metal nu gaze britpop  chinese indie rock pop christmas deep latin alternative, moombahton float house
eath metal anthem worship swiss rock levenslied ecuadoria n electro trash vapor house
:k metﬂl memi guimr dEJep indie pr > _bej_orUSh hungarlan pUF' dl covertrance Uk ﬁmky‘ E|ECtI'G
tal progressive post—harﬂcore o yaporwaye mg:r?sg.ia;:ﬁ deep subn?ett}ﬂnge 1p hardcore  deep eumdan:g: I deen dub tach
wer-pop pun slc indie o lextro strut assline eep dub techno
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psych gaze christian music deep talent show g deep freestyle chill groove
glam metal welsh rock deep australian indie classic russian rock spical house electro bailando sunset lounge
groove metal deep german punk guitar case classic dutch pop P hardcore breaks
orgcore  german oi twee indie pop afrikaans _ francoton electrociash freestyle baile funk
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thrash meta skate pun e di
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_indie dream pop ermanent wave  viral poP eaneio universtdeep pop edm G onER _
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http://everynoise.com/engenremap.htmi
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¥ Exploratory

=

Eg-f} COVID-19 Dashboard by the Center for Systems Science and Engineering (CS5E) at Johns Hopkins University (JHU)
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Johns Hopkins University COVID-19 Dashboard: https://coronavirus.jhu.edu/map.h
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N Story

Story: Consider Gaps
and Begin Analysis

Find any additional
.~ data you may not have
# to tell your story

Then begin to organize,
extract, and rearrange

https://www.flickr.com]photos/ioannaorf/33897259004
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N Story

Bumps, Bruises and Breaks

Concussion BT
Heading into Super Bowl week, A Jaw 7
NFL players have collectively 9 Otther 2

sustained more than 1,300
injuries on the field this season,

Hip 64

o

L_\} ( Groff 3

Sources: SimpleThovagy:
15tk pheato Bt tration

The Wall Street Jowmal
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Common Types of

&=
Visualizations



‘S Composition

Use to show parts of a whole.

o Pie Charts
e« Bar/ Column Charts
e Area Charts

Wildlife Population in 2017

m Bears = Dolphins = Whales

Center for Research Data and Digital Scholarship
UNIWERSITY OF COLORADD BOULDER



¥ Composition

Who Lies More: A Comparison

PolitiFact, an independent fact-checking website, has graded
more than 50 statements since 2007 from each of these
candidates. Here is how they rank.
W Pants On Fire: m False: " Mostly False: m Half True: m Mostly True: mTrue:

Use to show parts of a whole. e —— | r———
o Pie Charts e — e —

o Bar/ Column Charts o —— ————————

Perry

Rubio
— T —
® A Frea C h ad rtS Koy R— T —
Ra:::;:: et e St B ——————
" — e e S ——————
e —— E— — — ————
S —— e ——————
- MRS B ————
W clinton — — ————
Bt — e ———— ——

)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

© Robert Mann

Cnntnr for Research Data and Digital Scholarship Be Boulder
UNIVERSITY OF COLORADO BOULDER u



‘S Composition

Users by Creation Date and Life Cycle Stage

80

70

Use to show parts of a whole. .

e Pie Charts
e« Bar/ Column Charts .

« Area Charts )

Number of Records

Close Date

M Subscriber Il Marketing Qualified Lead [l Prospect [ Sales Qualified Lead

% Center for Research Data and Digital Scholarship Be Boulder
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¥ Comparative

Use for comparing, ranking,
contrasting data.

o Circular Area Charts
o Bubble Charts

Do not use
professionally

Follow discussions Curiosity only

Comment on

) In case contacted
research .-

Actively discuss __-: .‘:_ Track metrics

research

Share links to Discover jobs

authored content

Post (work) conter-{t"-._ e ) Discover peers

Contact peers Discover
recommended
papers

Van Noorden, 2014: Online collaboration: Scientists and the social
network

@ Center for Research Data and Digital Scholarship

UNIVERSITY OF COLORADG BOULDER
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¥ Comparative

Hours Spent Online by Age and Gender

® Female @ Male
30

Use for comparing, ranking,
contrasting data.
o Circular Area Charts

« Bubble Charts

Hours Spent Online

Center for Research Data and Digital Scholarship Be Boulder
UNNERSITY OF COLORADC BOULDER .



Distribution

Use to visualize correlations and

Interactions between values. °°“"”::::Ii‘;3;
o Scatter Plots

o Histograms

Psychology —
Languages -

Criminal Justice —|

Health Science
Humanities -

Political Science -

o Alluvial/Sankey Diagrams Ny
o Geospatial

Biology

o Heat Maps

Mathematics

Business

Fine Arts
Chemistry
Education

Accounting -

Computer Science —

Engineering

gender
fu n ny I:l female
- male‘
[ ]
[ ]
o
([ ]
[
[ ]
[ ]
®
[ ]
o
o
]
[
[
[ ]
[
[
]
[
]

T i T — &1 T T T T T T T 1
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¥ Distribution

Use to visualize correlations
and interactions between

||H"|"h..,,l

HEEEEB88REES
0000 MmWwWwWwww

values.
. Scatter Plots
. Histograms
o Alluvial/Sankey Diagrams
o Geospatial
« Heat Maps
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Distribution

Use to visualize correlations and
Interactions between values.

o Scatter Plots

o Histograms

« Alluvial/Sankey Diagrams
o Geospatial

o Heat Maps

2017 LEBANESE ELECTION LAW

2018 SEATS BY CONFESSION
Distribution of seats by confession and district

Sunni
64 Muslim
21 shia i
* Y
I
5;}.’
Maronite
64 Christian

4 Greek Orthodox

Greek Catholic

Armenian Orthodox

Armenian Catholic
Evangelical
Minority Christian

7 Akkar
13 Aley-Chouf

6  Baabda
10 Baalbek-Hermel

10 Beharre-Zgharta-
~| Batroun-Koura

8 Beirut 1
11 Beirut 2

8  Jbeil-Keserwan
8 Metn

11 Nabatiyeh-Marjayoun/
Hasbaya-Bint Jbeil
5 Saida-Jezzine

1 Tripoli-Miniyeh-
Danniyeh

6 West Bekaa-Rashaya
7 Zahle

7 | Zahrani-Sour

G
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¥ Distribution

Use to visualize correlations and
Interactions between values.

o Scatter Plots
Histograms

o Alluvial/Sankey Diagrams
« Geospatial

 Heat Maps

Map released: October 22, 2020

Data valid: October 20, 2020

Mariana
Islands
Marshall
Islands g
o g 00
o o o %0y BB
Pal 53
Micronesia

Alaska

American e
Sam U.S. Virgin
o Islands
Puerto Rico o

United States and Puerto Rico Author((s):

Curtis Riganti, National Drought Mitigation Center

Intensity and Impacts
None
DO (Abnormally Dry)
D1 (Moderate Drought)
D2 (Severe Drought)

Il D3 (Extreme Drought)
Il D4 (Exceptional Drought)

U.S. Affiliated Pacific Islands and Virgin Islands Author(s):
Richard Heim, NOAA/NCE!

~/ - Delineates dominant impacts

S - Short-Term impacts, typically less than 6 months (e.g. agriculture,

I No Data grasslands)

L - Long-Term impacts, typically greater than 6 months (e.g. hydrology, ecology)

https://droughtmonitor.unl.edu/

G
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¥ Relational

Use for visualizing and tracing .~ e
relationships and dependencies. Tl
['ALBUS DYMBLEDORE'] > NS :
« Network Graphs R e T
« Alluvial/Sankey Diagrams e N S
[MINERVA h@;orgAGAL : : -
o Tree Graphs e
[PERCY @EASLEY)

e [reemaps s
[PROFESSEBFLITWICK] {FRED @As&”

[GRYREINDOR] [GEORGHIYEASLEY]

forvegoors? | [MARCEBFLINTY

oisn@ficer [ANGELR@IFNSON]

https://towardsdatascience.com/explore-harry-potter-via-a-dynamic-social-network-of-characters-f5bed9a39f01

@ Center for Research Data and Digital Scholarship & Boulder
u
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‘¥ Relational

Superstore’s Super Sankey

Technology
£836K
(36.4%)

Use for visualizing and tracing
relationships and dependencies.

o Network Graphs
« Alluvial/Sankey Diagrams
o Tree Graphs

Furniture
£742K

e [reemaps
£501K
Office Supplies
£715K
(31.3%)

https://www.theinformationlab.co.uk/2018/03/09/build-sankey-diagram-tableau-without-data-prep-beforehand/

% Center for Research Data and Digital Scholarship Be Boulder
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¥ Relational

Use for visualizing and tracing
relationships and dependencies. P

o Network Graphs
o Alluvial/Sankey Diagrams

« Tree Graphs

hounds

il
o Treemaps

- —=
S=T0
552

IIRES.RIIXK.

Bop wu evousd

https://www.instituteofcaninebiology.org/how-to-read-a-dendrogram.html
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¥ Relational

Use for visualizing and tracing
relationships and dependencies.

o Network Graphs

o Alluvial/Sankey Diagrams
o Tree Graphs

o Treemaps

@ Center for Research Data and Digital Scholarship Be Boulder
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¥ Temporal

Unit Sales
Use to ShOW Change over t| me. 25 r DO nable: 471 ﬂ

. Line, Bar, Column Charts = ﬂ

o Heat Maps
o Gantt Charts / \/\J N

Jan 20 1997 Jan 27 1997 Feb03 1997 Feb 101997 Feb 17 1997 Feb 24 1997 Mar 03 1997
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¥ Temporal

Use to show change over time.

e Line, Bar, Column Charts
 Heat Maps
o Gantt Charts

https://blogs.stockton.edu/datavis/2017/11/20/heat-map-survey/

FINDINGS

Ty Most interviewees loved heat maps.

([N IN Respondents
Interview [

N

UNIVERSITY OF COLORADG BOULDER

Be Boulder.
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¥ Temporal

% Comrpinie lomer 2017 Golober 2017
% MW oW & d2 2 W Y w2 3 a L] L] v W n wolsn vow W 2 23 W o xRN 1 F 3
Visbsite Launch ; Fall 2017 3ars Ir e R R RO R RN TR ===
¥ Deslpn/ Layous 28% g 1
Larding page 50 | e |
Pricing Page 35 B erod.ishmae
Aboul poge a Ishmaal
] Sign up pege 10 B ) tredJun
Use to show change over time - e
L]
¥ Buildout 6B% . — — ———7
Checkout poge 0 —e——
- Siack intagration fH [
e Line, Bar, Column Charts : .
b} b Invitntion fiw a [EF———3 amd.cang
Geoup chat 75 [ ] ] Bmd. Kathan_ Tyzan Nera
PY H e at M a p S User dashiooard 1o I Tison Hero
T Developmant 18% F 1
G a n tt C h a rts K08 devaloament a """ erad,Jake, Nathan
. Festures page 35 Caleb
oo ; % RN
o
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https://www.teamgantt.com/what-is-a-gantt-chart
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¥ Geospatial

o
T Ak
" %s’m American Community Survey 5-year Estimates
) . “‘1.‘; Al 3 Percentage of Rural Population in Poverty for
e . the United States: 2011-2015

Use to illustrate spatial
relationships and distributions.

« Choropleth
o Flow Maps

o Dot and Bubble Maps
o Network Maps

15.0 to 18.9
12.0 to 14.9
9.0to 11.9

Less than 9.0

No Rural Component

“
¥
3

FFFFFFF

https://xdgov.qgithub.io/data-design-standards/visualizations/choropleth-map

@l Center for Research Data and Digital Scholarship Be Boulder
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¥ Geospatial

Irag

Saudi Arabia
Kuwait

: Qatar

— IRlran

— United Arab
Emirates

R

Use to illustrate spatial
relationships and distributions.

o Choropleth

 Flow Maps

o Dot and Bubble Maps

 Network Maps ———
m— or<c i

V. s,
o o l
A7 172
3
89
1,627 ¢
(]
. 4 "
465 \/

.+ OPEC Middle East

d OPEC Asia

https://sanghacpa.com/this-fascinating-map-shows-how-opecs-oil-flows-around-the-world/
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¥ Geospatial

Geographic Mapping

2,000,000
2297301
u L] e Percentile of Profit
®  Rwss E

o Finland 00% T 000%
Se 10 lliuSstrate spalia 0
Estonia
o
o

aaaaa

relationships and distributions. ’

9
« Choropleth &Y.  rii.it G )
o Flow Maps L Tren U ‘e

. Dot and Bubble Maps e ®
o Network Maps

aaaaaa

https://community.tableau.com/s/idea/0874TO00000HAgfQAG/detalil

@ Center for Research Data and Digital Scholarship Be Boulder
UNNERSITY OF COLORADC BOULDER .



https://community.tableau.com/s/idea/0874T000000HAgfQAG/detail

¥ Geospatial

Network graph of flight routgs in the USA

1
3

Use to illustrate spatial
relationships and distributions.

o Choropleth
o Flow Maps
o Dot and Bubble Maps

o Netwo rk Maps » Large Airport > 100 routes

Smaller airports
—— routes

https://tuangauss.github.io/projects/networkx basemap/networkx basemap.html
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¥ Word / Topic Clouds

Use to show frequency

and co-occurrence of terms.

https://theappassembly.com/word-cloud/
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¥ Know your audience

Data visualization can be used in
various different media for
different expressions of your
story.

o Classic Print

Static web pages
Interactive web pages
Animations/movies
Virtual (eg VR, AR, XR)

UNNWERSITY OF COLORADD BOULDER

Be Boulder.



¥ Data Integrity




¥ Numeric representation and sorting

e Sort values in ascending or
descending order, not

alphabetically or by Types of debt

Im PO rtance. The total owed by the average U.S. household, by debt type.
e With percentages, ensure

segments add up to 100.
e Numbers should be directly

proportional to the numerical

quantities presented!

e Provide correct symbolic units
as appropriate

@ Center for Research Data and Digital Scholarship Be Boulder
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¥ Legends and labels

o Legends aren’t necessary if
you have one data category. i

o Use labels directly on charts, ;=
whenever possible, to avoid g
indirect look-up. - o

e If you have to label too many s«
things, your viz is too
complex.

ar Median Age

Median Years Median Years % Female % HighJob % High Job % High Job
Experience  w/Company Satisfaction Meaning Stress

@ Center for Research Data and Digital Scholarship
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¥ Figure and label sizing

The general of thumb is make
your figures, legends, labels,
ect, large enough for a person
sitting at the back of a large
auditorium to clearly read them!

@ Center for Research Data and Digital Scholarship

UNIVERSITY OF COLORADG BOULDER
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W Colors and Patterns

o Use as few colors/patterns as
possible

e Only use patterns when
necessary

o Verify colors are distinguishable
when printed in grayscale.

e Ensure your colors and patterns
are accessible for
color-blindness.

UNIVERSITY OF COLORADG BOULDER
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‘M Color, Perception and Reality

o The use of color controls the way
a person perceives what's
presented.

o Used properly it helps a viewer
understand images faster and
easler.

o Used poorly, even if only
subconsciously, it becomes
confusing and may even, albeit

unintentionally, lie about the data.

Land to Water Ratio on Planet Earth

% Center for Research Data and Digital Scholarship
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https://bourquemaps.wordpress.com/
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CRDDS

Open Consulting Hours
Tuesday 12-1pm

Thursday 1 -2pm

or by appointment


https://www.colorado.edu/crdds/

Thank You!

Questions?
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