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https://thedesignsquiggle.com/
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Basic charts

Multivariate/multidimensional data visualization
Visualizing uncertainty and missing data
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Storytelling

Tools

The 7 steps of
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The 7 steps of visualization
design

— Acquire Obtain the data
‘ . .
o Provide some structure for the data’s meaning and
™ order it into categories
" Filter |« Remove all but the data of interest
l Apply methods from statistics or data mining as a
— Mine way to discern patterns or place the data in
l mathematical context
‘— Represent —  Choose a basic visual model and draw the data
|

Improve the basic representation to make it clearer,

ReIIne 1 more meaningful and more visually engaging
Add methods for manipulating the data or
—— Interact —

controlling what features are visible

B. Fry. Visualizing data. O’Reilly Media, 2008

The 7 steps of visualization
design

CHART-MAKING TIME USE

————1—Actual chart-making

Data munging



https://flowingdata.com/2022/09/15/process-206-munging/
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Acquire the data

Is there a
dataset?

s the data T
on a web Isitin .csv
format?

page?

Load into program

Parse the data

Check for errors

Change type

o For example, ordinal to categorical

Choose the level for hierarchical data
o Temporal data: day of the week, day of the month, ...
o Spatial data: countries, regions, municipalities, ...

(Dis)aggregate data



https://itunes.apple.com/us/course/data-literacy-and-data-visualization/id693097601
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Parse the data

Transform data
o Transform city name to geographical coordinates
o Derive new attributes from existing ones using arithmetic, logical or
statistical operations
o Compute relative data from absolute data

o Compute cumulative data

exports
imports
trade
balance
trade balance = exports —imports
Original Data Derived Data

T. Munzner. Visualization Analysis & Design. CRC Press, Boca Raton, 2014

Filter the data

Remove all but the data of interest

Be careful — do not remove relevant data showing patterns!
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https://itunes.apple.com/us/course/data-literacy-and-data-visualization/id693097601
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Mine the data

Exploratory data analysis
o Look for important features and patterns

o Look for any striking deviations (outliers)
o Interpret your findings

Start with univariate analysis (one variable at a time),
continue with multivariate analysis

Represent the data

Choose a basic visual model and draw the data

Choice depends on the data and the task

& Actions @ Targets
3) AllData
(3) Attribute Types o #Trends  Outliers * Features
. . oy
=» Categorical =» Ordered oy - : ‘ ‘s s IV A
+ ® B0 A = Ordinal + Quantitative 3 ) Attributes
* Produce
' = sAmotate  *Record  * Derive + One * Many
[S— Depe -
¥ .
Soarch wwremes
3) Searcl
il
(3) Ordering Direction
(#) Network Data
= Sequential => Diverging =2 Cyclic . ate * Topology

+Identify  + Compare

“ ) Spatial Data

* Shape

T. Munzner. Visualization Analysis & Design. CRC Press, Boca Raton, 2014
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Represent the data

45 ways to communicate two quantities (75 and 37)

AINVIVVIN
iivamavaecatl L1

75 37 ~
|

Represent the data

58 ways to visualize e : 12
Alice in Wonderland



https://visual.ly/blog/45-ways-to-communicate-two-quantities/
https://richardbrath.wordpress.com/2021/10/31/58-ways-to-visualize-alice-in-wonderland/
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Represent the data
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https://datavizcatalogue.com/search.html
https://chartmaker.visualisingdata.com/
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Represent the data
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https://github.com/ft-interactive/chart-doctor/tree/master/visual-vocabulary
https://ft-interactive.github.io/visual-vocabulary/
https://www.data-to-viz.com/poster.html
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Represent the data

Donut Chart,

10


https://datavizproject.com/
https://flowingdata.com/chart-types
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Represent the data
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Represent the data

treevis.net - A Visual Bibliography of Tree Visualization 2.0 by Hans-Jorg Schulz
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https://www.d3-graph-gallery.com/
http://treevis.net/
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Represent the data

The TimeViz Browser

A Visual Survey of Visualization Techniques for Time-Oriented Data
by Christian Tominski and Wolfgang Aigner

# of Techniques. 15

Search iy

-

How to use filters.

Want: Show mel

© Indifferent: | don't care.
@ Hide: I'm not interested!

Represent the data

Text Visualization Browser
A Visual Survey of Text Visualization Techniques (IEEE PacificVis 2015 short paper)
Provided by ISOVIS group

it v e
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420 = 292"

Search

Time fiter *
1876 2018

£ eve:
% 1
Anaytic Tasks o 4 e
B
I = e
A% = 11 =
= =2 - & Vi
>~
Visualzation Tasks N %
= b 4 P
Y
o & <
) —— —_— = —
24

12


https://vcg.informatik.uni-rostock.de/~ct/timeviz/timeviz.html
http://textvis.lnu.se/
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Represent the data

3D Kiviat plot

Comparative treemaps.

hierarchicalSets Tree flow’

Refine the visualization

Improve the basic representation to make it clearer, more
meaningful and more visually engaging

Please approve the hire of 2 FTEs

to backfill those who quit in the past year

['300.00
| . .
250.00 Ticket volume over time
200.00 £ 300 2 employees quit in May. We nearly kept up with incoming
] | volume in the following two months, but fell behind with the
150.00 '—; 250 4 increase in Aug and haven't been able to catch up since.
100.00 3 202
€ 200 7 .
50.00 z Received
0.00 N = T YT 150 Processed
D &S £
POl R \e@v:o&a \P@o & 100 { 1
@ o Y oe‘p | 104
| ~o~Ticket Volume Received <@ Ticket Volume Processed ‘ 50 4

e = _.. TR
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2014
Data source: XYZ Dashboard, as of 12/31/2014 | A detailed analysis on tickets processed per person
and time to resolve issues was undertaken 1o inform this request and can be provided if needed

C. Nussbaumer Knaflic. Storytelling with data. Wiley, 2015

13


https://www.xeno.graphics/
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Refine the visualization:
Use takeaway titles

Customer Service ranks lowest Action needed to address recent decline
Q1 2019: all topics declined Success: efforts to increase reliability worked!

Customer topic sentiment

Use action-oriented titles

Aim for one line

Support interactivity

Optional step (depending also on the format)

Add methods for manipulating the data or controlling what
features are visible

Just because you can, doesn’t mean you should

Interactivity should support accessibility (help
understanding)

Schneiderman’s mantra: overview first, zoom and filter, then
details on demand

14
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Basic charts

Basic charts

Bar charts

Line chart
Pie charts

Geographical data
o Dot maps
o Choropleth maps
o (Hexagon) tile maps

Networks and trees
o Node-link diagrams
o Matrices

15
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Bar charts

Use them to show values per
categories (or discrete time)

They should always have a 0
baseline

VALUE AXIS
Indicates scale of
the graph with
values starting at
70,

If you use (many) categories,
sort the bars by value

If the labels are very long, use
a horizontal bar chart instead
of a vertical one

No 3-D

BAR SPACING
3 BAR WIDTH «

+ BAR HEIGHT
Represents
values of each
category,

Il ] 4 ) £ F

CATEGORIES OR TIME
Values displayed by category, one bar each.

Stacked bar charts

Same rules apply as for
regular bar charts

Use them when you are
mostly interested in totals
(and the bottom category)

If they add up to 100%,
you can easily compare
only the values in the
bottom/top category

VALUE AXIS 4
Tndicates scale

of the graph 3
with values

starting at zero,

z » categories

1 “ BAR HEIGHT
Represents total vahses

R af each imonth

* WITHIN BAR HEIGHT
Represents values within

A 8 C [ E F

CATEGORIES OR TIME
Each bar represents a category with a stack
Jor each subcategory.

16


https://flowingdata.com/charttype/bar-chart-type/
https://flowingdata.com/charttype/stacked-bar-chart/
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Line charts

Use them to show how values develop over time (or some
other continuous value)

Do not use them for categories

Place the labels close to the data >¢< §Q<_

Extend the y-axis to O (or the
‘historic low’ value)

o If the data comes close to 0

o If 0 has a meaning

Line charts:
Aspect ratio bias

s1K \/_/\ s1K \/\
o S0K

51 (51
(52 (52
(s3. (S3.
February April June August October February June October

SOK
(s2. \/
February  March  April May June July  August  September October

Banking to 45 Degrees

17


https://blog.datawrapper.de/line-charts/
https://eagereyes.org/basics/banking-45-degrees
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Line charts:
Avoid dual axis charts

80 7| Global GDP

4.0
trillion | (in current USD) "
70T
60T —
~ 3.0T
50T —
40T o

Easily manipulated to mislead
Hard to read

35
.
.
Orange steady, Blue steady, Both started at the same
Blue massively increasing. Orange increasing. level, but Orange increased
far more than Blue.
—
Va —
AVARV
/\_/\/\‘ /)
Both started at the same Both started with the Both steady.
level, but Blue increased far same increase, then Blue
more than Orange. raced to the top.
36

18


https://blog.datawrapper.de/dualaxis/
https://blog.datawrapper.de/dualaxis/
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Line charts:
Avoid dual axis charts

Alternatives 6 | e e}

o Side-by-side charts o 3 5T /\/\,
o Connected scatter plots o sor |

50T

40T ST

80 7] Global GDP
trillion | (in current UsD)

Line charts:
Dual axes sometimes okay

50°F 7] Average temperature (in Celsius, fake data) [~ 15°C
in Berlin

A5°F (in Fahrenheit, fake data) 10°C

40°F 5°C

35°F o°c

30°F -5°C

19


https://blog.datawrapper.de/dualaxis/
https://blog.datawrapper.de/dualaxis/
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Pie charts

Use them to show parts that sum up to 100%
Show the values for each slice

Show only a few (up to 4 or 5) categories
o Group smaller slices together as ‘other’
o Label small slices outside of the chart

Start on top (at ‘12h’), sort the slices by size

O 9 =

If the slices are of
similar size, use a
bar chart instead

No 3-D

Geographical data

Use maps only when the spatial relationship is important

Space is the most effective visual channel and you do not
want to waste it for spatial information if not relevant

20


https://blog.datawrapper.de/pie-charts/
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Dot maps

Also called dot distribution maps

Use them to show how things are distributed over a
geographical region

Can reveal patterns when the points cluster on the map
Could just be showing population density (!)

Use size and color to convey additional information

World Migration Map (&

@,

21


http://metrocosm.com/global-migration-map.html
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Choropleth maps

Use them to show the spatial relationship of categorical or
numerical data

Size of the objects depends on geography not on the
variables of interest

Show relative instead of absolute data
Be careful in choosing bin size

Be careful in choosing colors

Choropleth maps

R Where the population of Europe is growing — and where it's declining )
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https://interaktiv.morgenpost.de/europakarte/#8/45.783/12.409/en
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(Hexagon) tile maps

Use them to show spatial relationship of categorical or
numerical data where the area size is not important

Tile represents a state/province
Often hexagonal or square

Harder to locate the given state/province

(Hexagon) tile maps

Obesity Prevalance In 2014, By Race

° S o ¥
T ondhos O Sodddsy
oA el
0000 0C00e0
o ° © ©
o lelelelele Ic
09
e e g
gotoe © ©o
o 900 o
° © ©
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https://policyviz.com/2016/05/05/hexagon-tile-map-excel/
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Comparisons of maps

Networks and trees

Network and trees are relational structures characterized by
a collection of nodes and links that connect the nodes

Nodes and links can also have attributes associated to them

24


https://www.nytimes.com/interactive/2020/11/03/us/elections/results-president.html
https://www.lemonde.fr/international/article/2020/11/04/elections-americaines-2020-suivez-la-carte-des-resultats-en-direct_6058394_3210.html
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Node-link diagrams

Trees

Layout depends on size
o Triangular vertical (small trees)
o Spline radial (large trees)

T. Munzner. Visualization Analysis & Design. CRC Press, Boca Raton, 2014

T. Munzner. Visualization Analysis & Design. CRC Press, Boca Raton, 2014

25
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Node-link diagrams
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MENTAL MAP
Similar genetic variants seem to underlie a number of psychiatric
disorders. In one study of 200,000 people, schizophrenia was
significantly correlated with most other disorders. By contrast, some
disorders such as post-traumatic stress disorder (PTSD) showed only
‘weak correlations to other conditions.
P-valuesignificance
<0.000335 == <0001 ~— <005 -~ >006
Genetic correlation
.
0908030 <03 ontion defici
hyperactivity disorder
Tourette's Anorexia
syndrome ; nervosa
~
Anxiety
Schizophrenia | disorders
Obsessive- 3 Bipolar
compulsive disorder
disordor Major depressive

26


http://www.mahina.se/2011/05/infographic-game-of-thrones-family-tree/
https://www.nature.com/articles/d41586-020-00922-8
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Adjacency matrix

Node-link d'laﬂram

Well-known relative

ﬁd&ace_nca Matrix

B 135647 217161814151011 9 1312

i Co-occurrence of

characters in
Les Misérables

27


https://visualizationcheatsheets.github.io/
https://bost.ocks.org/mike/miserables/
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Multivariate/
multidimensional
data visualization

Multivariate/multidimensional
data visualization

Visualize all variables at the same time
o Glyphs
o Bubble chart (small number of dimensions)
o Scatter plot matrix
o Parallel coordinate plot

oRadar chart

o Radial histogram
o Small multiples
o Horizon charts

Perform dimensionality reduction and visualize the results

28
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Chernoff faces

A type of glyphs ' Life in Los Angeles

Can present up to 18 distinct
variables

oSize

o Curvature

o Position of the eyes

o Position of the mouth

0.

Questionable generalization

Custom glyphs

Exploring the global “brain drain” in ™ . /' -
science i @ 7
. i \. Mﬁ; .
Variables shown MR S
ot \ ( m\ .
o Percentage of GDP devoted to R&D =\ A /
I o e ey
o Number of researchers per million people ™™ ¢ - \
o Unemployment rate *‘“‘“’(

o Female unemployment rate
o Percentage of foreigners in population

o Percentage of emigrants in population
o Emigrant researchers

o Emigrant researchers returning to their
country of origin.

29


https://mapdesign.icaci.org/2014/12/mapcarte-353365-life-in-los-angeles-by-eugene-turner-1977/
https://www.themarginalian.org/2013/02/13/giorgia-lupi-brain-drain/
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Bubble chart

Bubbles FACTS TEACH ABOUT HOW TO USE Share English

INCOMELEVEL1 ~ ®  LEVEL2 ~ *  LEVEL3  * | LEVEL4 Color Word Regons W

-- o o a8
. R S g .

SN I N0 :‘ & -,
- A °

) °e® O
2 6 .
c ° e °
el
8 Select Search...
s
o} Afghanistan Q
I
= Albania
— 40
Algeria

Angola v

20 Size Population v

om @ @ @ O

00 1000 2000 4000 8000 161

° Income
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https://www.gapminder.org/tools/
https://bl.ocks.org/mbostock/4063663
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Parallel coordinate plot

Parallel

Coordinates

Scatterplot

Calories

400 Banana

041 @ Persimmons @ Apricots

200 @ Avocado

100 ]® Orange
| | | | | | [

2 4 6 8 10 12 14

Fibers (gr.)

eo (SIEN 1itps./visualizationcheatsheets github o

Well-known relative

//'\#Calories Fibers (gr)
rF 9 rs

Paralel Coordinates

Parallel coordinate plot

sepal length petal length

= Iris setosa
= Iris versicolor
= Iris virginica

sepal vt ‘petal width

Edgar Anderson’s Jris data set
parallel coordinates

31


https://visualizationcheatsheets.github.io/
http://mbostock.github.com/d3/talk/20111116/iris-parallel.html
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Radar chart

Reputation Radar

Strategy /
Management
Brand/Market
reputation
Family-friendly <
polices 2,
\/
Waorkplace
Gender equality
Social
responsibility

EMPLOYER BRANDING

Can be misleading
because the size of
areas depends on
neighboring categories

Leadership

Carrer
development

Salary and
benefits

Sustainability

Radial histogram

OECD
‘“‘.f Regional
w Well-Being

Friuli-Venezia Giulia

Health

This puts the region in position 11/ 21 regions in Italy.

Compared across all OECD regions, the region s in the

top 10% in Health.

Indicators

Mortality rate: 6.6
Life expectancy: 83.5

71

6.8 G,

8.4 6.8 %

32


https://vizzlo.com/create/radar-chart
https://www.oecdregionalwellbeing.org/ITH4.html

Data Visualization
Visualization design

Small multiples

Disease
z %
AcidReflux B 40%
5 oom
50%
asth £
ma 3
0%
p 60%
Smots B 4%
5 o0%
0%
5 £
epression 3
& 5
B
z %
Disbetes 5 40%
5 oom
g 0%
Hypert 5
pernsien 2
0%
0%
Ost .
steoporosis 3
B 5
B

Horizon charts

Price change since 1990

e |
-40% -40% -20% 0% 20% 40% 60% 80%

Flour, white, all purpose, per Ib.

Jon. 1990
Bread, while, pan, per Ib.

May 2015

Eggs, grade A, large, per doz.

ol AM MM

Bananas, per lb.

Potatoes, white, per Ib.

" -

Sugar, white, all sizes, per Ib.

i, a

Spaghetti and macareni, per Ib.

,_..-n-m.h‘.- A

Cookies, chocolate chip, per Ib.

i, N

Ice cream, prepackaged, bulk, regular, per 1/2 gal.

Lemons, per Ib.

Orange juice, frozen concentrate, 12 oz. can, per 16 oz.

PR R T

Sugar, white, 33-80 oz. pkg, per Ib.

R—— Ny

33


https://eagereyes.org/criticism/curing-a-sick-chart
https://flowingdata.com/2015/07/02/changing-price-of-food-items-and-horizon-graphs/
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Horizon charts

A b,
w

Bacon, sliced, per Ib.

Horizon charts

Horizon Chart Explanation Chart

74
o]
s
o+
o]
W Wi
Press to stack! » =
o

o

aaaaaaaaaaaa
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https://flowingdata.com/2015/07/02/changing-price-of-food-items-and-horizon-graphs/
https://twitter.com/Dev_Lange/status/1521171397736730624
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Multivariate/multidimensional
data visualization

Perform dimensionality reduction and visualize the results
o Principal component analysis

o Multidimensional scaling

Transformation R" = R2

Principal component analysis

PCA uses an orthogonal transformation R" - R?
o First principal component has the largest possible variance

o Second principal component is orthogonal to the first one and has
the largest possible variance

“8 -6 -4 -2 0 2 4 6 8 10

35


https://en.wikipedia.org/wiki/Principal_component_analysis

Data Visualization

Visualization design

Principal component analysis

Eating in the UK

f Alcohalicdrinks

Consumption of 17 types o Bever e
food in grams per person Carcase meat
per week for every country  Cereas

Sugars

in the UK f:.'wczctss
Confect onery
o Fats and oils
007 wales Fish
w0l ¥ Fresh fruit
1004 Nirewng  Freshpotatoes
o . FreshVeg
04 2
Other meat
ol Other Veg
201 Scatland Pro d potatoes
300+ -

England
375

57

245
1472
105

Nlreland
135
47
267
1494
66
41
209
23
674
1033
143
586
355
187
334
1506
139

Scotland
458

53

242

1462

103

62

184

122

957

Wales

475

1582

@137

Multidimensional scaling

distances between data points

Minimize the stress function

S=Y,;(dij—d;ip*

Solve with any method for optimizing nonlinear functions

A nonlinear transformation R" = R? that tries to preserve

Useful for visualizing similarity matrices or graphs where
you wish to preserve distances between nodes

36


http://setosa.io/ev/principal-component-analysis/
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Multidimensional scaling

MDS (Metric)
\
1,200 Istapbulgofia
Bs‘,\grada P
3 » Rome
BHLMQ!'GSI. Bud‘qpost Barcelona
~ Viienna Milan Vi Maéind
S ® \Munich®
S "
2 g Praguee Paris
L I Waisaw- ¥~ Brisss T
E Beglin
8 Moscow Himburg ®London
L Coperxhaﬁon L
Stackholm , Du.blm
1,200 Saint Petersburg
h
T T T
-1,200 0 1,200
Dimension 1

Multidimensional scaling

Nutritional information for 58 types of food
o 35 variables (calories, protein, vitamin a, zing, ...)

Nuritional Similarity Patterns
wonai Scaing of the Food Emoi

&
(
(7 ¥ v
@ a¥
; <
)
& i -
=%
AN
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https://www.displayr.com/goodness-of-fit-in-mds-and-t-sne-with-shepard-diagrams/
https://grace.rbind.io/post/2019-02-22-emoji-mds/
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Visualizing
uncertainty and
missing data

Visualizing uncertainty

Uncertainty (confidence
intervals, etc.) hard to

understand

| | [ | | | | | |

[ I | | B |

| [ I B |
[ ] H EEER

| | | | | |
| | [ ] | | | [ ||

| | | |

Wsuccess | failure

Perceptions of Probability

Almost Certainly
Highly Likely

Very Good Chance
Probable

Likely

We Believe
Probably

Better Than Even
About Even

We Doubt

Improbable
Unlikely

Probably Mot

Little Chance
Almost No Chance
Highly Unlikety
Chances Are Slight

0% 10% 20% 30% 40% 50% €0% 70% 80% 90% 100%
Assigned Probability

creted by Doinaton
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https://github.com/zonination/perceptions
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Visualizing uncertainty

o Source quality

Uncertainty types Techniques to show uncertainty
o Cardinality oRanges
o Spatial uncertainty o Distributions
o Temporal uncertainty o Multiple outcomes
o Categorical uncertainty o Obscurity

Visualizing uncertainty with
ranges

Specify what the range represents

! : i -- +/- sta.ndard deviation
gl +/- standard error
e 809% confidence interval
e 95% confidence interval
—e— 99% confidence interval
20 25 30 35 40

chocolate flavor rating

39


https://www.iqt.org/wp-content/uploads/2017/09/Uncertainty-Report_PUBLIC.pdf
https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/
https://serialmentor.com/dataviz/visualizing-uncertainty.html
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ranges

Visualizing uncertainty with

Switzerland
Canada
Austria

us

Belgium

Specify what the range represents

confidence level

Peru .

— —
80% 95% 99%

30 32 34 36
mean rating

ranges

Visualizing uncertainty with

Luka Doncic

DALLAS MAVERICKS ‘
SHOOTING GUARD |
22 YEARS OLD

WEIGHTED AVERAGE OF

PAST THREE SEASONS ®cap Oave ®GooD

PERCENTILE
Vitals 50TH
Height 67" [e]
Weight 218
Draft position 3 e
Scoring
True shooting % 50% o
Free throw % 12% (o}
Usage % 36% °
Tendencies
3 pt. frequency 415%
FT frequency 36% L

Wins above replacement projection 90TH=
CATEGORY: MUP CANDIDATE LT
5-YR MARKET VALUE: §379.7n ‘o RICECHON

CONFIDENCE INTERVAL

20
15.8 15 5 15 4 15,5 161
15 140 8eiiguuedeceget® 5,
1211 e 3
108 L*
>
10
5.9
5
0
2019 ‘20 '21 ‘22 23 '24 ‘25 '26 ‘21 '28

Performance of the 10 most comparable players

1 R.Westbrook = 6 Brandoningram *
YEAR: 2012 1 YEAR: 2021 10
SIMILARITY: 23 09— i SIMILARITY: 16 0 o
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https://serialmentor.com/dataviz/visualizing-uncertainty.html
https://projects.fivethirtyeight.com/2022-nba-player-projections/luka-doncic/

Data Visualization
Visualization design

Visualizing uncertainty with
ranges

Earnings per share outlook

——

2019-2021: STRONG GROWTH
Ne d the gro je

Visualizing uncertainty with
distributions

Show the spread of possible values with a histogram (or a
variant of it)

With opposite sex, this is when females ~ first had baby ~ PLAY
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https://www.storytellingwithdata.com/blog/2018/6/27/visualizing-uncertainty
https://flowingdata.com/2017/02/23/the-first-time/
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Visualizing uncertainty with
multiple outcomes

Show the various outcomes

Estimates of the Republican delegate count

LAST UPDATED AT 5:19 FM ET Median estimate:
271 delegates

Donald J. Trump » QOO

157 delegates
Ted Cruz

106 delegates
|
Marco Rubio A @

24 delegates
John Kasich G

12 delegates
Ben Carson  (( (@

Visualizing uncertainty with
obscurity

Our forecast for every district Cartogram

color scale, or
blurriness to show
uncertainty

WhelyD LeanD Tossup LeanR LikelyR SolidR  Partyfip P
— — e

District totals by category
193

Map
U Se t ra n S p a re n Cy’ The chance of each candidate winning, with all 435 House districis shown at the same size

17 10 18 12 50 135
a
wanRTY
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https://www.nytimes.com/interactive/2016/03/01/upshot/super-tuesday-live-republican-delegate-estimates.html?mtrref=undefined
https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/
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Visualizing uncertainty with
obscurity

Use transparency,
color scale, or
blurriness to show
uncertainty

Canada : 1
Austria -
Belgium <->
Peru ‘_’ i

06 04 02 00 02 04
difference in mean rating

Visualizing missing data

Techniques to handle missing data
o Collect the data
o Show only what you have

o Show the gaps
oTreat it as a category
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https://serialmentor.com/dataviz/visualizing-uncertainty.html
https://flowingdata.com/2018/01/30/visualizing-incomplete-and-missing-data/
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Visualizing missing data by
showing the gaps

Where players in U.S. Women's
Soccer have come from

—- “ ———
—_— Lo gy
Manico

Visualizing missing data as a
category

Use white or neutral color to show the ‘missing data

’
category
SMOKING RATES FOR DIFFERENT GROUPS
SELECT YEAR
1994 2014
SEX
A higher percentage of males smoke than females do. The difference
berween the two increased during this time period.
SMOKERS NON-SMOKERS NO RESPONSE
Male
Female
1 I I I 1 1
o% 20% 4n% 6% 50% 100%
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https://www.nytimes.com/interactive/2017/12/29/upshot/internationalization-of-pro-sports-leagues-premier-league.html
https://flowingdata.com/2016/06/20/who-still-smokes/
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Visualization design

Interactivity

Interactivity

Advantages
o Expands the physical limits of what you can show

oIncreases the quantity and broadens the variety of angles of analysis
(to serve different purposes)

o Increases control and customization of the experience

Disadvantage
o Requires human time and attention

Can affect
o What data is displayed (data adjustments)
o How the data is displayed (presentation adjustments)

A. Kirk. Data Visualization, SAGE Publications, 2016.
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Data adjustments

o Framing: Isolate, include or exclude data

o Navigating: Expand or explore greater levels of detail in the displayed
data

o Animating: Portray temporal data via animated sequences

o Sequencing: Navigate through discrete sequences of different angles
of analysis

o Contributing: Customizing experiences through user-inputted data

A. Kirk. Data Visualization, SAGE Publications, 2016.

Framing

U.S. GUN KILLINGS IN 2010

414,046

STOLEN YEARS
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https://guns.periscopic.com/?year=2010
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Navigating

Viest New York o

“, 4
New Dt s

i e unson e i £ Ko %
i Somal T e o - bl A2

Road orientation map

Navigating

Males 2002 Males 2010 Males 2002 Males 2010

Obesity « Hoth Anerics 88 éss N Ameica 66 éf‘ .
around +conma 50 /w R o
the world - o g ing) :

30 »
9 /“
+ hoia 22 —— pam

Aica 31— <anca 21
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https://mourner.github.io/road-orientation-map/#10.65/40.6758/-74.0034
http://neoformix.com/Projects/ObesitySlope/
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Animating

NFL players: height & weight over time
By Noah Veltman By Noah Veltman
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NFL players: height & weight over time
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https://noahveltman.com/nflplayers/
https://www.zeit.de/feature/german-unification-a-nation-divided
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Contributing

e
I bl o
20 e Ac

Who Old Are You? cateqonse e e @ s

Presentation adjustments

o Focusing: Control what data is visually emphasized
o Annotating: Interact with marks to bring up more detail
o Orientating: Make better sense of your location within a display

A. Kirk. Data Visualization, SAGE Publications, 2016.
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http://www.informationisbeautiful.net/visualizations/who-old-are-you/
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Focusing

NOBEL LAUREATES

wwwww

e
:

r——

Using
brushing
and linking

100
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http://graphics.thomsonreuters.com/15/nobels/index.html
https://observablehq.com/@d3/brushable-scatterplot-matrix
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Annotating

History through the president’s words
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Orientating
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What You Need to Know

CENTRAL ARIZONA PRO)

500 million kilowatt hours of
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5.2 billion gallons/year in
evaporation
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https://www.washingtonpost.com/graphics/politics/2016-sotu/language/
https://projects.propublica.org/killing-the-colorado/explore-the-river#central-arizona-project
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Interactivity example
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https://www.gapminder.org/tools/
https://www.youtube.com/watch?v=hVimVzgtD6w
https://www.youtube.com/watch?v=8zyn6qfjEbY
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Storytelling

Storytelling

Storytelling # making something up
Visualization can be used to tell a story

Distinctions among terms
o Annotation: Highlighting certain data and putting it in context

to display cause and effect relationships
o Storytelling: Narrating with an emotional component

o Narration: Arranging your charts in a meaningful sequence intended

106

53


http://www.thefunctionalart.com/2014/04/annotation-narrative-and-storytelling.html
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Storytelling example

ACTUAL

Distribution of
Wealth in the U.S.

What Americans
THINK IR
The Distribution Is

MIDDLE a
IoD TOP 20%

BOTTOM 20% SECOND 20% MIDDLE 20% FOURTH 20%
" d

Enforce emotions

- Coronavirus Lost Loved Ones

Emotions can be
enforced by providing

CANADA

stories about individual
870” 80 o experiences
" o © They move us more
, than statistics about a
Maria Caceres Baranyai i! A o Ia rge number Of people
Date Passed: v .
3/29/62!:20?515:%0AM 7 Best: do both
Maria was a loving and caring /(‘
lady, devoted to her family. She rino
was a resident of Kenner, LA for (N
the last 47 years. She was a o
retired Nursing Assistant having Y
worked for over 20 years at East §
Jefferson General Hospital. She is g,’
108
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https://www.youtube.com/watch?v=QPKKQnijnsM
https://medium.com/nightingale/ten-ways-cognitive-biases-impact-data-design-work-be83f86d4274
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Tools

Tools

'A visualising HOME

data

BLOG RESOURCES TRAINING BOOK  ABOUT

EEXEI POLICYVIZ PODCAST: EPISODE 137, INFOPLUS CONFERENCE >>
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http://www.visualisingdata.com/resources/
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D3

1=

13 Data-Driven Documents

A JavaScript
library

Emphasis on
interactivity

»e'ahmafiM || e ———

111

Open source The 10 Most Populous
U.S. Cities E Decad
tool for data bt 17;’:) very Decade
visualization == e >

Politecnico
di Milano

NSRRI
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https://d3js.org/
https://www.rawgraphs.io/
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Observable
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https://observablehq.com/
https://public.tableau.com/s/

Data Visualization
Visualization design

Processing

Keyboard Functions Spot

Software for coding within the
context of the visual arts

Muiltiple Particle Systems

Interfaces for JavaScript, Python,

Free Android and Raspberry Pi
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https://processing.org/

