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Visualization design



https://thedesignsquiggle.com/
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Obtain the data

Provide some structure for the data’s meaning and
order it into categories

Remove all but the data of interest

Apply methods from statistics or data mining as a
way to discern patterns or place the data in
mathematical context

Choose a basic visual model and draw the data

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

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

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



Acquire the data

Is there a Yes
dataset?

s the data
on a web
page?

No
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A 4 A 4
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g Load into program


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

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, ...




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 .
1 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!

Gas Prices During \
Obama'’s and Bush’s .
First 26 Months in Office

OBAMA
+67%

Price per gallon

35

25
l

2.0

1.5

$1.42

$1.89

$1.67

$3.74

1.0

2000

2002

2004

2006

2008

2010

2012



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

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
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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)



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

Represent the data

all [ = 3



https://flowingdata.com/chart-types

Represent the data

00008

Arc Diagram Area Graph Bar Chart Box & Whisker Brainstorm Bubble Chart
Plot
Comparisons Proportions Relationships Hierarchy @ .
Bubble Map Bullet Graph Calendar Candlestick Chart Chord Diagram Choropleth Map
Concepts Location Part-to-a-whole Distribution
[°59)
(1.29)D
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Circle Packing Connection Map Density Plot Donut Chart Dot Map Dot Matrix Chart
How things work Processes & methods Movement or flow Patterns

Error Bars Flow Chart Flow Map Gantt Chart Heatmap Histogram

Range Data over time Analysing text Reference tool



https://datavizcatalogue.com/search.html

Represent the data

Correlation Ranking Change over Time Magnitude Part-to-whole Spatial
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Visual
vocabulary

Designing with data

There are so many ways fo visualise data - hew do we
know which ane fo pick? Use he categories across the
o fo decide which data relationship Is most important
inyour story, then look at the different types of chart
within the category o form some initialideas about what
might work best. This list is not meant 1o be exhaustive,
nor a wizard, but s a useful starting point for making
informative and meaningful data wisualisations

e
B3 ft.com/vocabulary



https://github.com/ft-interactive/chart-doctor/tree/master/visual-vocabulary

Represent the data

W @. @ @@ @

D@,
e @Mgﬂ@, ‘
m a,\,\, @@@@@ : .. - o

600008

- 009@®d

CATEGORIC

from Data
to \/Lz

iow®eoii

O=06 09D

L OBCOCOO®

NUMERIC

CATEGORIC AND NUMERIC

®O6.

RoCICO!
=G Q@@

— @@

O—D00D®

OO®,
PO DS 0@

O ECOODEE,

o> 00099,
- OOO0ee

(H—O@09

S000800Q0®



https://www.data-to-viz.com/poster.html

Vidia

Scatter

Treensp

Represent the data
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https://www.d3-graph-gallery.com/

Represent the data

Radial Histogram
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https://datavizproject.com/

Represent the data

treevis.net - A Visual Bibliography of Tree Visualization 2.0 by Hans-Jorg Schulz

Dimensionality Representation Alignment Fulltext Search Techniques Shown

0000 ORNER G



http://treevis.net/

Represent the data

The TimeViz Browser

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

# of Techniques: 115

Search: |

How to use filters:
© Want: Show mel
O Indifferent: | don't care.
@ Hide: I'm not interested!

Data
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https://vcg.informatik.uni-rostock.de/~ct/timeviz/timeviz.html

Represent the data

Text Visualization Browser
A Visual Survey of Text Visualization Techniques (IEEE PacificVis 2015 short paper)
Provided by ISOVIS group
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http://textvis.lnu.se/

Represent the data
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https://chartmaker.visualisingdata.com/

Refine the visualization

Improve the basic representation to make it clearer, more
meaningful and more visually engaging
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50.00
0.00

~=Ticket Volume Received == Ticket Volume Processed

Please approve the hire of 2 FTEs

to backfill those who quit in the past year

Ticket volume over time

%’ 300 + 2 employees quit in May. We nearly kept up with incoming
_i_‘; volume in the following two months, but fell behind with the
% 250 increase in Aug and haven't been able to catch up since.

g 202

€ 200 - 7 _

z Received

1301 Processed

140
100 - 126 124

104
50

0
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 to inform this request and can be provided if needed.

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




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



Basic charts




Basic charts

Line chart

Bar charts
Pie charts

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

Networks and trees
o Node-link diagrams
o Matrices



Line charts

Use them to show how values

develop over time (or some ~ - I—
other continuous value) e d

Do not use them for categories

Place the labels close to the data ><>< }°'<

Extend the y-axis to O (or the ;
‘historic low’ value) J
o If the data comes close to 0 ‘

o If 0 has a meaning


https://blog.datawrapper.de/line-charts/

Line charts:
Avoid dual axis charts

80 | Global GDP — 4.0
1”“|0n .[in current UED} trillion

70T -

— 3.9
60T —

— 3.0T
S0T German GDP

(in current USD)

40T _ _ 2.5T


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

Line charts:
Avoid dual axis charts

it

Orange steady, Blue steady, Both started at the same
Blue massively increasing. Orange increasing. level, but Orange increased
far more than Blue.

/mf@.;w;

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.



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

Line charts:
Avoid dual axis charts

Alternatives trilion | (neseret 020) it |
o Side-by-side charts i ST
o Connected scatter plots . -

50T +
40T 2.5T _

80 7| Global GDP
trillion | (in curren t USD)

70T —

60T —

50T

German GDP
nt USD)



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

_ine charts:
Dual axes sometimes okay

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

45°F — (inFahrenheit, fake data) /. L 10°C
40°F — — 5°C
39°F 4 — Q0°C

30°F — — -5°C



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

Bar charts

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

They should always have a 0

VALUE AXIS 4
M Indicates scale o .
ba Se I I ne f;jir;agz::g : 3 BAR WIDTH =~ o . BAR SPACING
If you use (many) categories, B B berGT
1 presents
sort the bars by value : s o xc
If the labels are very long, use
a horizontal bar chart instead it Tyt sl
of a vertical one
No 3-D


https://flowingdata.com/charttype/bar-chart-type/

Stacked bar charts

Same rules apply as for
regular bar charts

Use them when you are VALUE AXIS
mOStly interested in totals Indicates scale

| &

of the graph
d h b iithfvg;ges 2 “* WITHIN BAR HE_IQHT
( a n t e Ott O m C a t e g O ry ) starting at zero. , - Represents values within

- *. categories
If t h e a d d u to 1 Oocy 8 IB{'SJ:'es:EIiE;L values
y p 0 V4 0 of each month
A B C D E F

you can easily compare
Only the Values in the Eﬁ;EfaorTg;iergsRaLf::ory with a stack
bottom/top category

for each subcategory.


https://flowingdata.com/charttype/stacked-bar-chart/

Pie charts

Use them to show parts that sum up to 100%

Show the values for each slice
If the slices are of

Show only a few (up to 4 or 5) categories similar size, use a
o Group smaller slices together as ‘other’ bar chart instead

o Label small slices outside of the chart
No 3-D

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

O 9 B 3



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

Geographical data

Use maps only when the spatial relationship is important

Extremely important because space is the most effective
visual channel and you do not want to waste it for spatial
information if not relevant




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



Dot maps

World Migration Map ®

http://metrocosm.com/global-migration-map.html 37



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

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
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EVEET

[Kiagenfuriil

«j3
LEiechi smsteln & X ‘

bmbathely

L
e

, )

W RIBO|zanodBozen!
a5 -xq ~
ondn ps *

L A # - Qw n é Uinel >
% & (P b Pordenone
¢

-

B\

Undsifieme *

;

2001-2011)*

[ @ ‘q Population growth -J
X (Annual average between
L ]

—
Leccol ! Decline
; , ‘ ~ Trieste ZEEIED * &
Ber « e A 202.123 inhabitants No change
[ o A iﬁ’ g < T'e‘“s" jliies BN tay { S
i 'W‘ s rowt
| e Vlcenza ’ ‘ 0 50/ ‘
2. BMestre. ~ 2
) . ﬁ f ! >) > «J /0 annually
> """ ‘ ‘ v Vemc -8759 total*
" I ey .’ 2 X L’ .

Vi)
= ,

O
o
Riacenzald
" -
\]

Banjalllukald
N »

39



https://interaktiv.morgenpost.de/europakarte/#8/45.783/12.409/en

(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

HISPANIC



https://policyviz.com/2016/05/05/hexagon-tile-map-excel/

Comparisons of maps
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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

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




Node-link diagrams

Trees

Layout depends on size %
o Triangular vertical (small trees) D M

o Spline radial (large trees)

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



Node-link diagrams

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



Node-link diagrams

house
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http://www.mahina.se/2011/05/infographic-game-of-thrones-family-tree/

Node-link diagrams
e € 0O 0 @®

Total costs Cup of coffee Bottle of beer Evening meal Glass of wine Mineral water Suncream Pepsi/Coke
(Bar/cafe) (Bar/cafe) (3-course for 2 people) (Barkafe) (1.51 bottle) (200mi SPF 15) (Bar/cafe)

ITALY
£1.72 Sorrento £129

£8.61
CROATIA

£174 Parner £0.99 PORTUGAL
) £0.86 Algarve  £0.86

£6.98 £60.24 £7.75 5

£18.93

£0.58
£172
GREECE
£258  Corfu  £172 ECH REP.
® £117  Prague £114
)
€162
£23.67
£0.35
£1.63
£2o8 CYPRUS %
SPAIN
£185  Psphos  £1.46 *£1.03 Costa del Sol £1.03

£7.74 €237

TURKEY
€151 Marmaris £1.51
L

£26.59 £6.03

£0.39 £2.41

£151
£2.24

£22.62
£0.75



https://www.informationisbeautifulawards.com/showcase/530-worldwide-holiday-costs-barometer-2014

Adjacency matrix

Well-known relative

Node-fink d’taaram ﬂd;\ace.nca Matrix

8 13 56 47 217161814151011 9 1312

In the example, nodes are connected in
three clusters, and these clusters are 12 Bl
connected as well

!l ? g https://visualizationcheatsheets.github.io



https://visualizationcheatsheets.github.io/

Adjacency matrix
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Co-occurrence of
characters in
Les Misérables

Fantmercy

Epcnine | ]
Anzelma
Gueulemer
Habet
Claquesous
Montpamasse

Marguerite
Tholomyes
Listolier
Fameuil
Blacheville
Fa ite

Bamatabois ]
Simplice | | W | | |
Scauftlaire
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https://bost.ocks.org/mike/miserables/

Multivariate/
Mmultidimensional
data visualization




Multivariate/multidimensional
data visualization

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

o Radar chart

o Radial histogram
o Small multiples
o Horizon charts

Perform dimensionality reduction and visualize the results



Chernoff faces

Visualization using glyphs

Can present up to 18 distinct
variables

o Size

o Curvature

o Position of the eyes

o Position of the mouth

O...

Questionable generalization

Life in Los Angeles

QO®
a3 g

i
i



https://mapdesign.icaci.org/2014/12/mapcarte-353365-life-in-los-angeles-by-eugene-turner-1977/

Life expectancy

Bubble chart
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https://www.gapminder.org/tools/

Scatter plot matrix
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https://bl.ocks.org/mbostock/4063663

Paralle

coordinate plot

Parallel
Coordinates

Scaﬁerplo’r

4 Calories

1@ Persimmons

1@ Orange

/—\A Calories Fibers (gr.)

Banana

® ® Apricots
® Avocado

Well-known relative

Parallel Coordinates

500
400

300



https://visualizationcheatsheets.github.io/

Parallel coordinate plot

sepal length petal length s-eipf.l width petal width
M”- 4
63 42
7.5+
6-0-1
]
7.04—

= Iris setosa 2
- Iris versicolor Edgar Anderson’s Jris data set

- Iris virginica par allel coordinates



http://mbostock.github.com/d3/talk/20111116/iris-parallel.html

Radar chart

EMPLOYER BRANDING

Reputation Radar

Can be misleading
because the size of

Strategy /

Management areas depends on
Brand/Market . . . .
reputation Leadership neighboring categories
Family-friendly Carrer
polices development
Workplace zael:gi;nd
Gender equality Sustainability
Social
responsibility


https://vizzlo.com/create/radar-chart

Radial histogram

% OECD

<. = Regional
w Well-Being

OECD countries / Italy

Friuli-Venezia Giulia

Health

Friuli-Venezia Giulia reaches 9.2 /10 points in Health.

This puts the region in position M/ regions in Italy.

ey

1.1

Compared across all OECD regions, the region is in the

top 10% in Health.

L — I

bottom 20% median top 20%

Indicators

Mortality rate: 6.6 deaths per 1000 people

Life expectancy: 83.5 years



https://www.oecdregionalwellbeing.org/ITH4.html

Small multiples
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https://eagereyes.org/criticism/curing-a-sick-chart

Horizon charts

Price change since 1990

-60% -40% -20% 0%

Flour, white, all purpose, per Ib.

aa 4 ' s
Jan. 1990 May 2015
Bread, white, pan, per Ib.

Eggs, grade A, large, per doz.

W Y TI

Bananas, per Ib.

Potatoes, white, per Ib.

“ ke

Sugar, white, all sizes, per Ib.

e N -

]
20% 40% 60% 80%

Spaghetti and macaroni, per Ib.

_.M‘_‘u o

Cookies, chocolate chip, per Ib.

e, N

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

Orange juice, frozen concentrate, 12 oz. can, per 14 oz.

kel 0

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



https://flowingdata.com/2015/07/02/changing-price-of-food-items-and-horizon-graphs/

Horizon charts



https://flowingdata.com/2015/07/02/changing-price-of-food-items-and-horizon-graphs/

Multivariate/multidimensional
data visualization

Perform dimensionality reduction and visualize the results
o Principal component analysis
o Multidimensional scaling

Transformation R" = R?




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
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28 -6 -4 -2 0 2 4 6 8 10


https://en.wikipedia.org/wiki/Principal_component_analysis
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Principal component analysis

Eating in the UK

Consumption of 17 types of
food in grams per person

per week for every country
in the UK
Wales
4
N Ireland
England O/

Scotland

v

-300

T T T T T T T 1
-200 -100 0 100 200 300 400 500

pcl

Alcoholic drinks
Beverages
Carcase meat
Cereals

Cheese
Confectionery
Fats and oils
Fish

Fresh fruit
Fresh potatoes
Fresh Veg
Other meat
Other Veg
Processed potatoes
Processed Veg
Soft drinks
Sugars

England
375
57
245
1472
105
54
193
147
1102
720
253
685
488
198
360
1374
156

N Ireland
135
47
267
1494
66
41
209
93
674
1033
143
586
355
187
334
1506
139

Scotland
458
53
242
1462
103
62
184
122
957
566
171
750
418
220
337
1572
147

Wales
475
73
227
1582
103
64
235
160
1137
874
265
803
570
203
365
1256
175


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

Multidimensional scaling

A nonlinear transformation R" = R? that tries to preserve
distances between data points

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

Minimize the stress function
* N\ 2
§=2;dij—dj)

Solve with any method for optimizing nonlinear functions



Multidimensional scaling

MDS (Metric)
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grade pome
Bucharest. Budppest () Barcelon_ez |
~ Iegma Milan ¢ Maghd
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Dimension 1


https://www.displayr.com/goodness-of-fit-in-mds-and-t-sne-with-shepard-diagrams/

Visualizing
uncertainty ana
missing data




Visualizing uncertainty

Uncertainty (confidence intervals, etc.) hard to understand

Uncertainty types
o Spatial uncertainty
o Temporal uncertainty
o Cardinality
o Categorical uncertainty
o Source quality


https://www.iqt.org/wp-content/uploads/2017/09/Uncertainty-Report_PUBLIC.pdf

Visualizing uncertainty

Techniques to show uncertainty
o Ranges

o Distributions
o Multiple outcomes

o Obscurity



https://flowingdata.com/2018/01/08/visualizing-the-uncertainty-in-data/

Visualizing uncertainty with
ranges

Specify what the range represents

. ; :;Tean : :' ' sample
* . i -: +/- sta.ndarcl deviation
e +/- standard error
e 80% confidence interval
—e— 95% confidence interval
—e— 99% confidence interval
2.0 25 3.0 35 40

chocolate flavor rating


https://serialmentor.com/dataviz/visualizing-uncertainty.html

Visualizing uncertainty with
ranges

Specify what the range means

Switzerland e ——————
Canada e mp—
Austria  F——————
uUs i
Belgium L ———
confidence level
Peru e EEEE e—
80% 95% 99%
2.6 2.8 3.0 3.2 3.4 3.6
mean rating


https://serialmentor.com/dataviz/visualizing-uncertainty.html

Visualizing uncertainty with

ranges

Luka Doncic

DALLAS MAVERICKS
SHOOTING GUARD
20 YEARS OLD

WEIGHTED AVERAGE OF
PAST THREE SEASONS

d-"h

@®sap O AVG. @ GOOD

PERCENTILE
Vitals 50TH
Height 7" JJ
Weight 218 G
Draft position 3 @
Scoring
True shooting % 55% o]
Free throw % 1% @]
Usage % 31% ]
Tendencies
3 pt. frequency £3% 9]
FT frequency 41% [ ]

Wins above replacement projection 90TH-
CATEGORY: ALL-STAR Loyl | CONFIDENCE INTERVAL
5-YR MARKET VALUE: 5362_3M *veeseees PROJECTION
20
15
10 ;g 85 8.4 85 856 8.4 .
.......vocl.o-..ntun.o--',.'..
4|_ .
5 °
0

2017 '18 '19 ‘'20 '21 ‘22 ‘'23 '24 '25 '26

Performance of the 10 most comparable players

= 6 R.Westbrook '
YEAR: 2010 1
SIMILARITY: 36 o T

1 Tyreke Evans
YEAR: 2011 10
SIMILARITY: 51 o



https://projects.fivethirtyeight.com/carmelo/luka-doncic/

Visualizing uncertainty with
ranges

Earnings per share outlook

2018: NEW BASE YEAR 2012-2021: STRONG GROWTH
We've shifted from 2016 We've extended the growth range
to 2018, with growth from 2020 through 2021. We
coming from the 2018 continue to expect excess capacity
midpoint. This adjusted on the balance sheet
EPS increase is a result Our latest expectation is for an EPS

of the tax reform. range from $9.00-39.55 in 2021,
2017 2018 2019 2020 2021

ACTUAL FORECAST



https://www.storytellingwithdata.com/blog/2018/6/27/visualizing-uncertainty

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

S &
QQ);\QS) Q‘é -xéi_
-{\" {Q Q‘\" o
|



https://flowingdata.com/2017/02/23/the-first-time/

Visualizing uncertainty with
multiple outcomes

Show the various outcomes

Estimates of the Republican delegate count

LAST UPDATED AT 9:19 PM ET Median estimate:
271 delegates

Donald J. Trump » (O OOEeee

157 delegates
Ted Cruz

106 delegates
I
Marco Rubio SLL L (i O

24 delegates
John Kasich LT

12 delegates
Ben Carson e



https://www.nytimes.com/interactive/2016/03/01/upshot/super-tuesday-live-republican-delegate-estimates.html?mtrref=undefined

Visualizing missing data with
obscurity

Qur forecast for every district Cartogram

U S e t ra n S p a re n Cy) The chance of each candidate winning, with all 435 House distri

istricts shown at the same size

color scale, or
blurriness to show
uncertainty



https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/

Visualizing missing data with
obscurity

Use transparency,
color scale, or
blurriness to show
uncertainty

Canada : E 3
Austria '
Belgium <->
Peru ‘-5 5

06 04 -02 00 02 04
difference in mean rating



https://serialmentor.com/dataviz/visualizing-uncertainty.html

Visualizing missing data

Techniques to handle missing data
o Collect the data

o Show only what you have

o Show the gaps

o Treat it as a category



https://flowingdata.com/2018/01/30/visualizing-incomplete-and-missing-data/

Visualizing missing data by
showing the gaps

Where players in U.S. Women’s

S h Ow on Iy Soccer have come from
the data
yo u h ave z;gg;—; 2%’2;312 20;3\12133.



https://www.nytimes.com/interactive/2017/12/29/upshot/internationalization-of-pro-sports-leagues-premier-league.html

Visualizing missing data as a
category

Use white or neutral color to show the ‘missing data
category’

SMOKING RATES FOR DIFFERENT GROUPS

SELECT YEAR
1594 2014

SEX

A higher percentage of males smoke than females do. The difference
berween the two increased during this time period.

SMOKERS NON-5SMOKERS NO RESPOMSE

| | | | |
o 20% 40% Ge% EO% 108%


https://flowingdata.com/2016/06/20/who-still-smokes/

Interactivity




Interactivity

Advantages
o Expands the physical limits of what you can show

o Increases 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.



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.



raming

U.S. GUN KILLINGS IN 2010

414,046

STOLEN YEARS

84


https://guns.periscopic.com/?year=2010

Navigating
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https://mourner.github.io/road-orientation-map/#10.65/40.6758/-74.0034

Navigating

Males 2002 Males 2010 Males 2002 Males 2010
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http://neoformix.com/Projects/ObesitySlope/

Animating

NFL players: height & weight over time NFL players: height & weight over time
By Noah Veltman By Noah Veltman
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https://noahveltman.com/nflplayers/

Sequencing

Day Care
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https://www.zeit.de/feature/german-unification-a-nation-divided

Contributing
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http://www.informationisbeautiful.net/visualizations/who-old-are-you/

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.



Focusing
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http://graphics.thomsonreuters.com/15/nobels/index.html

Focusing

Sepal Length r

it
L] .‘J
%,

Using

™

{ ] o L] ..'..' .
80 - L, 7 E .
REC R Y .’ A brushing
o8t ¢ . .
b5 ' / and linking

D —| Petal Length o K . ]
& . & ® .
vk AR o
5 ‘ L] ' ’o ° e
b ] 4 8.7 *
H ’ 44 ~
s
3
g / o ag!
.o § | & b
25 -
Petal Width o* -.-'.o_‘ z:u : ..c. e .
» a e L K] me o
20 ) » oo
® - ®ee osee . o -
L] . Ld & ' L
15 o {13
» .
L ]
10
g . L) .
a5 * ° e -
o* - B el ®
L é)l -§au$ e & J 'c_. . 1.

05 10 15 20 25 1 2 3 e 5 [ 20 25 20 35 40 45 50 55 60 65 70 75



https://bl.ocks.org/mbostock/4063663

Annotating

History through the president’s words

environment RN "e “ (N LTIX

il ' ' oan O 00 o @0
energy [ R N slies 0 4 “ ' " e '.‘*“

children G e L ] SONOERE IR O DEENT ‘m‘.q
jobs S S
emplo}rmen{ . ““ L J ..*" “' “‘. .. m jobs, employment, 2012

Barack Obama (D) said

education, . ; . “jobs”, and other variations
vaton g "o +00 Y T RCRY T T R T

of that word, 60 times per
10,000 words in his 2012

Medicare, address. few @

Medicaid o »

security . v ] |.M." “M*
famity e e 0 eees P t--oom


https://www.washingtonpost.com/graphics/politics/2016-sotu/language/

Orientating

KILLING the
Colorado

Read the Latest Story
What You Need to Know

CENTRAL ARIZONA PROJECT

GETS US..

500 million kilowatt hours of
energy

COSTS US.

5.2 billion gallons/year in
evaporation

2.9 billion gallons/year in
seepage

COMPLETED

- COST
1993 $4.4B

The largest canal in the country, the
Central Arizona Project stretches 336
miles across the Sonoran desert, pumping
an average 488 billion galions of water
g 3 each year up 3,000 feet to serve the
CENTRAL ARIZONA o 7 Phoenix and Tucson metro areas. The
PROJECT feVel - . . canal also irrigates up to 700,000 acres of
: 3 farmland along the way. The Central
Arizona Project uses more energy than
any other facility in the state, and officials
are expected to cut its water deliveries as
soon as next year if an emergency
shortage is declared.

2850,
* Colorado River (Lake Havasu) Tucson
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A
A
ES
B
ES
ES
G
ES
ES
i
H



https://projects.propublica.org/killing-the-colorado/explore-the-river#central-arizona-project

Life expectancy

Interactivity example

Bubbles FACTS TEACH ABOUT HOW TO USE Share English
90| % INCOME LEVEL 1 *  LEVEL2Z  ®*  LEVEL3 . Color World Regions ¥

(%3]

=)

]

LEVEL 4
L0
! %

L
® . O e *

B
es — O
0.9
L]
@ e
e
Select Search...
° [
Afghanistan -
Albania
Algeria
Angola v
Size l Population v
per person (GDP/capita, PPPS inflation-adjusted)
500 1000 2000 4000 3000 16k 32k 64k zoom @ @ @ (0 o
Income
. E o " =]



https://www.gapminder.org/tools/
https://www.youtube.com/watch?v=hVimVzgtD6w

Animation example
Top 15 Best Global Brands Ranking $
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https://www.visualcapitalist.com/animation-top-15-global-brands-2000-2018/
https://www.youtube.com/watch?v=BQovQUga0VE&feature=emb_logo

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

o Narration: Arranging your charts in a meaningful sequence intended
to display cause and effect relationships

o Storytelling: Narrating with an emotional component


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

Storytelling example
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https://www.youtube.com/watch?v=QPKKQnijnsM

Tools
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http://www.visualisingdata.com/resources/
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A JavaScript

library

Emphasis on
interactivity



https://d3js.org/
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https://public.tableau.com/s/

