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Artificial Worldviews




VISUALIZATION ("PICTORIALIZATION™)

Visualize two numbers:

/5and s/



VISUALIZATION ("PICTORIALIZATION")
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https://rockcontent.com/blog/45-ways-to-communicate-two-quantities/



Visualization
Design Process

lakes by area

by continent and area

Lakes play a vital role in climate balance, acting as carbon sinks and heat
moderators. When altered by climate change, their dynamics shift, warranting
vigilant monitoring.



Data Dimensions > Visual Variables



Data Dimensions

Data

Numerical Categorical
Made of numbers Made of words
Age, weight, number of Eye colour, gender, blood type,
children, shoe size ethnicity
Continuous Discrete Ordinal Nominal
Infinite options Finite options Data has a hierarchy Data has no hierarchy
Age, weight, blood Shoe size, number of Pain severity, satisfaction Eye colour, dog breed,
pressure children rating, mood blood type

https://medium.com/dsnaiplusui/lesson-2-introduction-to-statistics-1e0al4daied9



Visual Variables

symbols

point line
size
value
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g colour
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https://Itb.itc.utwente.nl/page/498/concept/81666



Numerical
Made of numbers

Categorical
Made of words

Eye colour, gender, blood type,

Continuous
Infinite options
Age, weight, blood
pressure

Discrete
Finite options
Shoe size, number of
children

Ordinal
Data has a hierarchy
Pain severity, satisfaction
rating, mood

Nominal
Data has no hierarchy
Eye colour, dog breed,
blood type
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symbols
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https://gistbok.ucgis.org/bok-topics/symbolization-and-visual-variables

Size

Shape

Color Hue

Color Value

Color Saturation

Orientation

Arrangement

Texture

Transparency

Crispness

Resolution

Qualitative Quantitative

Nominal Ordinal

I-U

Numerical

v v HIHI 'U -U

G = good; M = marginally effective; P = poor

" The particular hues selected must be logically ordered.

P



Visualization &
Perception

greenhouse gas inversions

1990-2019

This bar chart contrasts the difference between reported versus measured
carbon dioxide levels in Brazil. Positive values, in white, depict years where
Brazil has emitted more carbon dioxide than reported. Brown bars indicate
negative values where Brazil absorbed more carbon dioxide than reported.
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Source: Moritz Stefaner, Weltbilder




Source: Moritz Stefaner, Weltbilder

25 -
20 - -
5 B
o)l
1
1

1 2 3 4 5



Source: Moritz Stefaner, Weltbilder

25 25 -
20 — . 20 —
15 = 15 -

10 — 10 =

o
|
- NN
o
= | |

2 3 4 5



Source: Moritz Stefaner, Weltbilder
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Figure 6.13 When the goal

is to allow readers to make
accurate comparisons, a chart
b sed on b rs or lines sitting
on a single horizontal or verti-
cal ais b ats other forms of
representation.
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A Agrawala Lecture slides

Position along
a common scale

Position along
nonaligned scales

Allows more
accurate
judgements

bbbl L
|I ,,,,,,, I I ,,,,,,, I III Length

/) \ | Do
L

O
Area
O
@ @ Volume
Curvature
Allows more
generic
judgements
Shading
Color
saturation
A4

Figure 6.12 Cleveland and McGill’s elementary perceptual tasks. The higher an encoding
method on the scale, the more accurate the comparisons it facilitates.
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Data Mapping

burned area in diamonds

2001-2020

This little image uses data on burned area for European countries from 2001 to
2020 to illustrate how each country was affected by fire. Countries are oriented
in rows and years as columns. A bigger diamond shows more burned area.

The colours represent the sum of burned area in Europe in the respective year.
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Numerical
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Shift-click to

~will

-are -
, the people, -

i jasondavies.com G ¢

word tree We reverse tree = one phrase per line

____—— wemust act knowing that our work will be imperfect. We must act, knowing that today’s victori
act — ) ~~—— knowing that today’s victories will be only partial, and that it will be up to those who stand here
/ ~-— knowing that our work will be imperfect. We must act, knowing that today's victories will be only partial, anc
- do these things together, as one nation, and one people. This generation of Americans has been tested by crises that steeled our re
harness new ideas and technology to remake our government, revamp our tax code, reform our schools, and empower our citizens
make the hard choices to reduce the cost of health care and the size of our deficit. But we reject the belief that America must choos
— lead it. We cannot cede to other nations the technology that will power new jobs and new industries — we must claim its promise.
claim its promise. That's how we will maintain our economic vitality and our national treasure — our forests and waterways; our ci
carry those lessons into this time as well. We will defend our people and uphold our values through strength of arms and rule of la
- be a source of hope to the poor, the sick, the marginalized, the victims of prejudice — not out of mere charity, but because peace in
- faithfully execute that pledge during the duration of our service. But the words I spoke today are not so different from the oath tha
- seize it — so long as we seize it together. For we, the people, understand that our country cannot succeed when a shrinking few do very w
— respond to the threat of climate change, knowing that the failure to do so would betray our children and future generations.
maintain our economie vitality and our national treasure — our forests and waterways; our croplands and snowcapped peaks. That is hoy
preserve our planet, commanded to our care by God. That's what will lend meaning to the creed our fathers once declared.
defend our people and uphold our values through strength of arms and rule of law. We will show the courage to try and resolve our diffe)
—— show the courage to try and resolve our differences with other nations peacefully — not because we are naive about the dangers we face,
" renew those institutions that extend our eapacity to manage crisis abroad, for no one has a greater stake in a peaceful world than its mos
- support democracy from Asia to Africa; from the Americas to the Middle Fast, becanse our interests and our conscience compel us to act
_— made for this moment, and we will seize it — so long as we seize it together. For we, the people, understand that our country cannot succeec
—— true to our ereed when a little girl born into the bleakest poverty knows that she has the same chanee to suceeed as anybody clse, because s
also heirs to those who won the peace and not just the war, who turned sworn enemies into the surest of friends, and we must carry those I
~— naive about the dangers we face, but because engagement can more durably lift suspicion and fear. America will remain the anchor of stror
“— truly created equal, then surely the love we commit to one another must be equal as well. Our journey is not complete until no citizen is for

. . _—— every citizen deserves a basic measure of sec
— Stlll b elleve that =—— our obligations as Americans are not just to
~— enduring security and lasting peace do not r
— understand that our country cannot succeed when a shrinking few do very well and a growing many barely
declare today that the most evident of truths — that all of us are created equal — is the star that goides us sti
—— . Through blood drawn by lash and blood drawn by sword, we learned that no union founded on the principles of liberty and equality «
_———— never relinguished our skepticism of central authority, nor have we succumbed to the fietion that all society’s ills can be cured througt
ave S always understond that when times change, so must we; that fidelity to our founding principles requires new responses to new challen
~— lost, know too well the price that is paid for liberty. The knowledge of their sacrifice will keep us forever vigilant against those who wo
~— cede to other nations the technology that will power new jobs and new industrics — we must claim its promisc. That's how we s

cannot -

— walk alone; to hear a King proclaim that our individual freedom is inextricably hound to the freedom of every soul on Earth,
— — afford delay. We cannot mistake absolutism for prineiple, or substitute spectacle for polities, or treat name-calling as reasoned
~— mistake absolutism for prineiple, or substitute spectacle for polities, or treat name-calling as reasoned debate. We must act, we

% all ___—— define liberty in exactly the same way, or follow the same precise path to happiness. Progress does not compel us to settle centuries-long debates

—— make to the flag that waves above and that fills our hearts with pride. They are the words of citizens, and they represent our greatest hope.

- gather to inaugurate a president, we bear witness to the enduring strength of our Constitution. We affirm the promise of our democracy.
~ bear witness to the enduring strength of our Constitution. We affirm the promise of our democracy. We recall that what binds this nation together is not the color

affirm the promise of our democracy. We recall that what hinds this nation together is not the colors of our skin or the tenets of our faith or the origins of our nam

- recall that what binds this nation together is not the colors of our skin or the tenets of our faith or the origins of our names.

hold these truths to be self-evident, that all men are created equal, that they are endowed by their Creator with certain unalienable rights, that among these are Li
continue a never-ending journey, to bridge the meaning of thase words with the realities of our time. For history tells us that while these truths may be self-evider
learned that no union founded on the principles of liberty and equality could survive half-slave and half-free. We made ourselves anew, and vowed to move forwa
made ourselves anew, and vowed to move forward together. Together, we determined that a modern economy requires railroads and highways to speed travel anc
determined that a modern economy requires railroads and highways to speed travel and commerce; schools and colleges to train our workers.

discovered that a free market only thrives when there are rules to ensure competition and fair play. Together, we resclved that a great nation must care for the vul
resolved that a great nation must care for the vulnerable, and protect its people from life’s worst hazards and misfortune.

succumbed to the fiction that all society’s ills can be cured through government alone. Our celebration of initiative and enterprise; our insistence on hard work an
; that fidelity to our founding principles requires new responses to new challenges; that preserving our individual freedoms ultimately requires collective action.
"Il need to equip our children for the future, or build the roads and networks and research labs that will bring new jobs and businesses to our shores.

" possess all the qualities that this world without houndaries demands: youth and drive; diversity and openness; an endless capacity for risk and a gift for reinventic

seize it together. For we, the people, understand that our country cannot succeed when a shrinking few do very well and a growing many barely make it.

believe that America's prosperity must rest upon the broad shoulders of a rising middle elass. We know that America thrives when every person can find indepenc
know that America thrives when every person can find independence and pride in their work; when the wages of honest labor liberate families from the brink of h
understand that outworn programs are inadequate to the needs of our time. We must harness new ideas and technology to remake our government, revamp our t:

) reject the belief that America must choose between caring for the generation that built this country and investing in the generation that will build its future.

remember the lessons of our past, when twilight years were spent in poverty, and parents of a child with a disability had nowhere to turn,

do not believe that in this country, freedom is reserved for the lucky, ar happiness for the few. We recognize that no matter how responsihly we live our lives, any
recognize that no matter how responsibly we live our lives, any one of us, at any time, may face a job loss, or a sudden illness, or a home swept away in a terrible s
live our lives, any one of us, at any time, may face a job loss, or a sudden illness, or a home swept away in a terrible storm.

make to each other — through Medicare, and Medicaid, and Social Security — these things do not sap our initiative; they strengthen us.

face, but because engagement can more durably lift suspicion and fear. America will remain the anchor of strong alliances in every corner of the globe; and we wil
commit to one another must be equal as well. Our journey is not complete until no citizen is foreed to wait for hours to exercise the right to vote.

find a hetter way to welcome the striving, hopeful immigrants who still see America as a land of opportunity; until bright young students and engineers are enliste

| cast, but with the voices we lift in defense of our most ancient values and enduring ideals. Let each of us now embrace, with solemn duty and awesome joy, what it
* lift in defense of our most ancient values and enduring ideals. Let cach of us now embrace, with solemn duty and awesome joy, what is our lasting birthright.

| [T

Textual

substitute spectacle for
politics, or treat name-
calling as reasoned debate.
We must act, we must act
knowing that our work will
be imperfect. We must act,
knowing that today's
victories will be only
partial, and that it will be
up to those who stand here
in four years, and forty
years, and four hundred
years hence to advance the
timeless spirit once
conferred to us in a spare
Philadelphia hall.

My fellow Americans, the
oath I have sworn before you
today, like the one recited
by others who serve in this
Capitol, was an oath to God
and country, not party or
faction - and we must
faithfully execute that
pledge during the duration
of our service. But the
words I spoke today are not
so different from the oath
that is taken each time a
soldier signs up for duty,
or an immigrant realizes her
dream. My oath is not so
different from the pledge we
all make to the flag that
waves above and that fills
our hearts with pride.
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Tools

europe’s coasbal
sea level

2002-2019

The effects of rising sea levels are felt along the coastline. Satellite data are
being used to better estimate coastal sea level trends across Europe ... and
beyond!



@ < RAWGraphs X -+

= C O 8 https://www.rawgraphs.io i ),

RAWGraphs About News Support us v Learning v Resources v m

A free and open

source .

tool for data S——
visualization

RAWGraphs is an open source project designed and
developed by DensityDesign, Calibro and Inn '
© 2013-2021 (Apache License 2.0)

use tnom - ——

https://www.rawgraphs.io/



S ] m Datawrapper: Create charts, m: X +

C O 8 https://www.datawrapper.de

‘ Datawrapper

Enrich your
stories with charts,
maps, and tables.

It's free & no sign-up is required

.<r life expectancy now . < £U19 EUrope..
mpulsory voting (in 2019)

.son adjusted for differences in purchasing po . compulsory voting (in past elections)

wer (i
«cy of newborns, for selected countries in 1800 and 2015.
on of the countries.

Turnout 2019

https://www.datawrapper.de/



\ OpenRefine

QO B hitps://openrefine.org

OOpenRefine Download Documentation Community Blog Donate GitHub [* ::: QSearch

OpenRefine

OpenRefine is a powerful free, open source tool for working
with messy data: cleaning it; transforming it from one format
into another; and extending it with web services and external
data.

Main features

+
AL
+

Facéting Clustering Reconciliation

Drill through large datasets using Fix inconsistencies by merging Match your dataset to external
facets and apply operations on similar values thanks to powerful databases via reconciliation services.

filtered views of your dataset. heuristics.

O

https://openrefine.org/



S ) Observable Plot | The JavaScrip X -+ v

C O B https://observablehg.com/plot/ s7 Yy O ® #& 9 =

O Observable Plot Q Search %K Home  Examples Community D3

The JavaScript library
for exploratory data

visualization

Create expressive charts with concise code

Get started What is Plot? Examples

| Y
2 \\\\\\\\\\1

https://observablehg.com/plot/



Plot Gallery / Observable | Obse X +

& O B https://observablehg.com/@observablehq/plot-gallery ©® ¥ @ ®@ # ) =

0 Why Observable v Product v Enterprise Resources v Pricing Q Search Sign in

Observable

: ¥ Fork Vv oo
Use data to think, together.

@ Public Edited Sep 26 Paused 11 forks 80 Likes

Plot Gallery

Here are a selection of Observable Plot examples.

@ L 6 £ O @

Dot, Image, Text
Plot individual data points.

sex male @
name Tebogo Moerane

Bo O oo-

Scatterplot with interactiv...

Scatterplot with color

Adelie — OGDADGEDGEDGESSDCESED O

Chinstrap— O (o] OOGEDOOGEED

o8

Gentoo —
| | - ot il R . o o
3,000 3,500 : 5 -

Scatterplot with ordinal di... = Stacked dots Quantile-quantile plot Seattle temperatufe amplit...

https://observablehg.com/plot/



® ® 3 [l pandas - Python Data Analysis ' X = + o

< C O B https://pandas.pydata.org X Ty © L @ = @® £ 95 =

|
Iu:l pandas About us ¥ Getting started Documentation Community ¥ Contribute

Latest version: 2.1.1
e What's new in 2.1.1

pandas » Release date:

Sep 20, 2023
pandas is a fast, powerful, flexible and easy to use open source data « Documentation (web)
analysis and manipulation tool, e Download source code

built on top of the Python programming language.

Follow us
Install pandas now!

Get the book
. . : Python
Getting started Documentation Community fo_yDutc Analysis
e Install pandas e User guide e About pandas
¢ Getting started e APl reference e Ask a question
e Contributing to pandas e Ecosystem

e Release notes

With the support of: Previous versions

e 2.1.0 (Aug 30, 2023)
changelog | docs | code

NUMFOCUS € TwosigMa v" ‘; Coilad @a e 2.0.3 (Jun 28, 2023)

OPEN CODE = BETTER SCIENCE Q}ianSighT [_,abs

A Dask Company

changelog | docs | code
NVIDIA. e 2.0.2 (May 28, 2023)

VOLTRON DATA

W

https://pandas.pydata.org/



£3 ) J3 D3 by Observable | The JavaSc: X  + o

> C QO 8 https://d3js.org R < @ & & =

)j by 0 Observable Q Search K Home  Examples Community  Plot

The JavaScript library
for bespoke data
visualization

Create custom dynamic visualizations
with unparalleled flexibility

What is D3? Examples

https://d3js.org/



" OpenRefine

9 OpenRefine Download Documentation Community Blog Donate GitHub® -:l?:' Q search K J3 byOObseruable =xamples Community  Plot

RAWGraphs About News Support us v

OpenRefine

OpenRefine is a powerful free, open source tool for working
with messy data: cleaning it; transforming it from one format

A free and Open into another; and extending it with web services and external T h e J ava Sc rl pt I I b ra ry
source for bespoke data

tool for data visualization
Visualization | Main features
>

.
+ P
* 5 What 37 Examples
\ *e é .
Faceting Clustering Reconciliation
Drill through large datasets using Fix inconsistencies by merging Match your dataset to external
facets and apply operations on similar values thanks to powerful databases via reconciliation services.

filtered views of your dataset. heuristics.

. W
[ ] ® ®
" R

[1 patawrapper ) Plot Gallery | Observable | Obs« X eoe @ | 14 pandas - Python Data Analysis X =+ it
& https:/fobservablehq.com/@observablehq/plot-gallery 7 I < @] O B https://pandas.pydata.org e L 0 » ®@ £ 9 =
Why Observable ~ Product ~ Enterprise Resources ~ Pricin Q Search Signin
| Datawrapper 0 ¥ 5 . - I::I pandas About us ¥ Getting started Documentation Community * Contribute
Ob: ble B
0 bservable Wk || o || # | % Latest version: 2.1.1
Use data to think, together.
8 * What's new in 2.1.1
. @ Public Edited Sep 26 Paused 1 forks 80 Likes pandas * Release date:
Enrich your *
pandas is a fast, powerful, flexible and easy to use open source data « Documentation (web)
stories with charts Plot Gallery . ansiysis and maniuiaton too, Srenmianboseiios, &
} J Q built on top of the Python programming language.
Here are a selection of Observable Plot examples. Follow us
maps, and tables. i S ———
: Dot, Image, Text
Plot individual data points. Get the book
i @
2 . ; . Python
Getting started Documentation Community for Data Analysis
! : _ + Install pandas * User guide * About pandas E
It's free & no sign-up is required : - . o , » Getting started + AP| reference » Ask a question
Scatterplot Scatterplot with color Diverging colored scatterp... Symbol scatterplot Scatterplot with interactiv... c ibuti d E
« Contributing to pandas * Ecosystem
g oo * Release notes o
% :
/ 3800 5500 L : i « 2.1.0 (Aug 30, 2023)
< iHfe axpectancy niow. ¥ :::::mb‘l‘l:ﬂvu Proportional symbol scatt...  Scatterplot with ordinal di...  Stacked dots Quantile-guantile plot Seattle temperature amplit... . changelog | docs | code
S ey, s cno b d il R _ - o NUMFOCUS & TWO SIGMA v (' Coiled ot «'2 * 2.0.3 (Jun 28, 2023)
o g e : £ - ’ % ) Of VOLTRON DATA (' QuansightLabs = changelog | docs | code
? & 99 NVIDIA. = 2.0.2 (May 28, 2023)
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Task

RAWGraphs X +

& O 8 https://www.rawgraphs.io

RAWGraphs About News Support us v

Learning v

w

Resources v

A free and open
source

tool for data c
visualization :

Upload your data

Use it now!

https://www.rawgraphs.io/

|

Try our data samples

SPARQL query

From URL

Open your project

Sunburst Diagram

Source: Own work

EU Index of consumer prices

Horizon Graph

Source: Eurostat

Foreign residents in Milan

Bumpchart

Source: Comune di Milano

Hate crimes in New York

Alluvial Diagram

Source: NYC Open Data

Find a sample dataset

Source: gov.uk

Felidae class
and friends)

Dendrogram, Circul

Source: Special ti

GDP sector ¢
Pie chart, Stacked

Source: Wikipedia
Highest gros

history
Bubble chart

Source: Wikipedid

4. Customize

ARTBOARD

Width (px)

Height (px)

Background

Margin (top)

Margin (right)

Margin (bottom)

Margin (left)

Show legend

Legend width

CHART

Sort streams by

Curve type

Streams vertical alignment

Create a first visualization

805

600

H#FFFFFF

20

10

20

10

No

200

Inside out

Basis

Wiggle

<>

<>

<>

<>

<>

<>

L1

L1

O

Perceptions of corruption

eeoe [+ (< @ app.rawgraphs.io h +
B RAWGraphs R RAWGraphs 2.0
RAWGraphs 2.0 About Learning GitHub JGE-CIESESIEE RETTLIRTE
ke
1. Load your data e0e M- < R @ o, B+
Paste your data Aromas of wine and Energy flow sl it
frequency Sankey diagram § RAWGraphs 2.0 About Learning GitHub [ECCRSERTEY EENBIEEINE

18




greenhouse gas inversions

1990-2019

This bar chart contrasts the difference between reported versus measured
carbon dioxide levels in Brazil. Positive values, in white, depict years where
Brazil has emitted more carbon dioxide than reported. Brown bars indicate
negative values where Brazil absorbed more carbon dioxide than reported.



T k &« @ O & https://www.kaggle.com/datasets?fileType=csv&siz 17 Yy @ 35 =
a S Q, search Sign In egister
Until M ay 14th T Datasets

®
? Q_  Search 89,238 datasets = Filters™
@ |
J&, <2MB X Ccsv X
| | |
1. FInd a dataset you are interested In. n
M 89,238 Datasets Hotness ~+ B H
=]
Kaggle is a good resource. CSV (comma-separated value) files are easy to work with. Don’t use o D el e s Pl y I
a dataset that is too large. “ e T
Are are almost 90.000 datasets to choose from: https://www.kaggle.com/datasets? ‘
fileType=csv&sizeEnd=2%2CMB&minUsabilityRating=8.00+or+higher B i oty =z
Usability 10.0 - 1 File (CSV) - 4 kB @ Bronze ***
- USA Mercedes Benz Prices Dataset « | 37
Mereedes822  Danish Ammar - Updated 5 days ago
ey Usability 10.0 - 1 File (CSV) - 34 kB @ Silver =

2. Visualize the dataset to tell a story. 1=

Feel free to use raw graphs or any other tool you like to use.

3. Export an image of your
visualization to present it on the 14th
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You are free to:
® Share — copy and redistribute the material in any

medium or format
e  Adapt — remix, transform, and build upon the
material for any purpose, even commercially

Under the following terms:

@® Attribution — You must give appropriate credit,
provide a link to the license, and indicate if changes
were made. You may do so in any reasonable
manner, but not in any way that suggests the
licensor endorses you or your use.

® No additional restrictions — You may not apply
legal terms or technological measures that legally
restrict others from doing anything the license
permits.

Co-funded by
the European Union

The creation of these resources has been
(partially) funded by the ERASMUS+ grant
program of the European Union under grant
no. 2022-1-DE01-KA220-HED-000088645.

Neither the European Commission nor the
project's national funding agency DAAD are
responsible for the content or liable for any
losses or damage resulting of the use of these
resources.
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