INTRODUCTION TO
ATA VISUALIZATION



MODULE INFORMATION
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LEARNING OBJECTIVES

® (Collect and structure data from different sources

® Prepare data to train own machine learning models

® Critically analyze datasets and visualizations

® |dentify how bias enters through collection, labeling and design choices

® Explain the core principles of machine learning and generative Al




LEARNING OBJECTIVES

® |ndividual Project (5.10 - 14.10) — 20%
® Group Project (1711 - 05.01) — 40%

® Documentation (11. 01) - 40%




Basel‘fled
m

.
t
L
'
'
'
'
!
!
!

e

r
i
.
. '
‘
3

‘.~-‘ L O

l Ge_her;.te r

CEZ) -osoe- ©

Gundeldingen )  AltstadtKlemba.. 0

Vorstadte o Am Ring 0

Breite o 8L Johann 0 ”
S1. Alban 0 Isein 0

Brudernolz 0 Bachletten 0 ‘
Gatthesf o Clara 0

Viattstain 0 Hirzgbrunnen

Rosental 0 Matthaus 0

Kiyback < KleinhUningen 0

person

Nicolas Birrer & Oliver Wic




Input Mode

Control Mode
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Robin Schneider & Lukas Hecht



Detected Phaxma

Region: Albanteich Muehlegraben
Location: 47.554N, 7.604E

Date: 2014-06-17
Antibiotics: 0.025 pg/L Antiepileptics: 0.214
Sulfamethoxazol Carbamazepin
Gabapentin
Lamotxrigin
nalgesics: 0.000 pg/L Psychotropic: 0.011 pg/L
--- Venlafaxin
Antihypertensives: 0.107 pg/L
Metformin Aliskiren
Hydrochlorothiazid
Metoprolol
Valsartan

‘ e ————————————— —
Angela Ammann & Anna Rieder

IDCE - Visual Communicaticn and Digital Spaces BA Data Visualization 25 /30



A BRIEF HISTORY OF
DATA VISUALIZATION
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WILLIAM
PLAYFAIR

Expo;*(s and l:np()rts o and from DENMARK % NORWAY fiom woo 101780

Used abstract shapes, such as lines,

BALANCE o,

[ ravorm ., . pars and slices, to show numbers that

_ENGILAND.

had nothing to do with physical space,

such as trade and debt over time.

® [ine chart (1786)
o The Bottom low ws devided rrite Years, the Right hand line owte L1000 ecack.
DAt ov the Aot dirwrn, 1V May Vs by e Llavrawr - Noade ovsslp? 208 J -~ i

e bar chart (1786)
® pie chart (1801)




RUS Mal.adzyechna

A

army in the Russian campaign 1812-1813.
According to Charles Joseph Minard 1869.
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CHARLES
MINARD

IN 1869, Charles Minard mapped
Napoleon's 1812 Russian campaign by
showing the army's size, route,
direction, key locations, temperature

and dates together in one Image.



FLORENCE
NIGHTINGALE

Death from wounds in battle

. Death from other causes

Death from disease

April 1854 to
March 18565

INn 1854 he proved that cholera spread
through water, not arr, like previously
believed. He created a map where he

showed that deaths clustered around

Broad Street water pump.
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TIMELESS PRINCIPLES

-mize Ink, minimize 'chartjunk’

-ext Is everything
-ve all else show the data
- “Sparkles”

Adapted from Edward Tufte



READING, 09
AND EARNING MONEY
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Created with mapchart.net ©

% Change in population bety
2010 and 2019

I Above 40% (McKenzie county
ND highest at 136.3%)

B 25%-40%
B 15%-25%
B 10%-15%

| 5%-10% (United States at
6.3%)

| 0%-5%
0 0%--5%
B -5%--10%
B -10%--15%
B -15%--25%

I Below -25% (Concho county 1
lowest at -33.3%)
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DATASET
ANS
DATA VISUALISATION










WHY DATASET™?

-> So does a Pomeran ilan.

i b ° n
o

- Not a Chihuahua.
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CLASSIC PROGRAMMING




WHY DATASET™?

® Helps to recognize complicated patterns

e Allows models to generalize




FROM WORLD TO MODEL

O & 0 © o 6 O

Define Collect Clean Label Split Train Evaluate Deploy
What do we wantto From where, from  What gets thrown What are the Which data is kept What does the  Accurate for whom?  What changes in
know? whom, with what away as “noise"? categories? aside for testing? model optimise for? the world and in the
consent? next dataset?

train 70% val 15% test 15%
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QUICK, DRAW!

(G0 to:

Bnes
quickdraw.withgoogle.com {1-' @ A@ B,
YR

Analyse the data:



http://quickdraw.withgoogle.com
https://github.com/googlecreativelab/
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ANATOMY OF A DATASET

key_id word recognized countrycode timestamp drawing
5629180... cat true CH 2017-03-01 14:22
4814377... cat true JP 2017-03-02 09:05
0021554.. shoe true US 2017-03-02 21:47

5107236.. shoe false 2017-03-03

4930871... poweroutlet 2017-03-04

O7 P&




WHAT IS TYPICAL?

“DRAW A SHOE” — SHARE OF DRAWINGS
A model learns what appears most often

leading to a data bias. Also, think about the

other ' 4%,



ANATOMY OF A DATASET

Direction matters Visual averages Edge cases

IR




OPEN DATASETS

IMAGE

ImageNet

14M photos divided in 21k categories.

SPEECH
Common Voice

Volunteers reading sentences aloud in
100+ languages.

IMAGE
COCO

330k of everyday scenes, and objects

//éOUND \\\

Freesound Labs
Community library of Creative

Commons sound recordings.

IMAGE
CIFAR

80M tiny Image dataset

//}EXT

Common Crawl

Regular snapshots of the public web

since 2008.

N

HANDWRITING
MNIST

70,000 handwritten digits by US
Census employees and students.

IMAGE + TEXT
LAION-5B

5.85 billion image—caption pairs
dPed [TOIT) U1e WED.




DATASET
AUTOPSY
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1. Pick one dataset from the list belo
2. Spend 15 minutes on the website.
3. Answer the three guestions.

1. Who made the dataset and why?
2. Wha-t |S |n |t and What |S mISSIngf? :‘1 ; :‘1 ; :l ; :l ; :1 .- ; . . | | |
3. Who labelled it, and how?
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' i 1 . e
Bisexual, bisexual person IMAGENET About  Downlosd

A person who is sexually attracted to both sexes

L. supernumerary (U)
- inhabitant, habitant, dweller, denizen, indweller (485)

' debaser, degrader (1) Bondwoman, bondswoman, bondmaid T
1 achiever, winner, SUCCEeSS, succeeder (5) A female slave piclures Popularty Wordnet

i . Percentie IDs
- contemplative (0) .- newcomer, fledgling, fled .
' Cancer, Crab (0) \ .. abecedarian (0) Treemap Visualization mages of the Synset Downloads

‘- national, subject (18) _ grunt (0)

L. interpreter (0) - bootblack, shoeblack (0)

i - hack, drudge, hacker (1)
AL (0) L plodder, slogger (0)

- hoper (0) - tinkerer, figdler (0)

- gainer (0) | - incompetent, incompetent p
- bungler, blunderer, fumbl
£~ puster (0) Sl

.~ biter (1) »- ignoramus, know nothing, ut
*. sensualist (12) | L. aiterate, aliterate person

{iiterate, lliterate person,
cocksucker (0) L yawner (0)

erotic (0) - counterterrorist (0)
- epicure, gourmet, gastranome, hon vivant, epicurean, foadie (0) *- actor, doer, worker (8)
- voluptuary, sybarite (0) , d“’“;’ p:;":")’" (3)
- - gambler
: hedonlst, pagan, pleasure seeker (1) L e skl 568 BOTME. 32
- playboy, man-about-town, Corinthian (0) | - child, baby (0)
" bisexual, bisexual person (3) - |- sprawler (0) ;
> . x - Squinter, squint-eye
l hermaphradite, intersex, gynandromorph, androgyne, epicene, epicene person (0) | s:;te (10)‘”' 7
- pseudohermaphrodite (0) | | | creature, tool, puppet (0)
switch-hitter (Q) | - bondwoman, bondswoman,
wanton (1) | - bond servant (5)
e : S bondman, bondsman (0)
L. light-a'-love, light-of-love (0) | L gatley stave (0)
.. acquirer (42) dribbler, drivelier, siobberer, ¢ro

" admirer (2) | Sjomhen 0}
hater (4)

bad guy (O) | 1~ primitive, primitive person (16)
i censor (0) - Aslaver (3) =

- deliverer (1) ‘
rich persan, wealthy person, have (11)

casc (1 4) > 2010 Stanford Vision Lab. Stanford University, Princelon University suppord@image-nelorg  Copyright infringement

ImageNet (2012 - 2021)




IMAGENET IN NUMBERS

S

14M

iImages

collected from the web

&

21,841

categories
taken from the WordNet hierarchy

/

~50,000

crowd workers

on Mechanical Turk, from 167
countries

&

45%
from the US

of geolocated images




WHO FEDS THE MODELS™?

® Scraping
e User Data

e Undisclosed sources

¢ Prated material
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OpenAI Research Products Business Developers Company Foundation Q Login v Try ChatGPT 2

English (United States) v

Updated: March 13, 2026

How your data Is used to
Improve model performance

Learn more about how OpenAl uses content from

our services to improve and train our models.

openal.com



http://openai.com

Things Interview with Mira Murati




DATA BIAS

Data bias in machine Iearnlng Is a type of error in which certain elements of




DATA BIAS

DATA GENERATION MODEL BUILDING DEPLOYMENT
Historical Representation Measurement Aggregation Learning Evaluation Deployment
Some partsofthe  Some groups are What is measured One model for The training goal The test set The system s used
world do not have under-sampled or IS a proxy? groups that behave rewards accuracy doesn’t look like the for something it

sufficientdatathat  missing entirely. differently. on the majority neople who wi nvasn'’t built fo




tly produced
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DATA FEMINISM

Catherine D’lgnazio & Lauren Klein (2020): seven principles for doing data science

—{

Examine power

Who collects, who is counted, who benefits?

Challenge power

Use data to push back, not only to describe.

| . :
. - 2 = | o __ L 4 g e ”
Elevate emotion & embodiment Feelings and bodies are ways of knowing, too. ol o o =R e R = o B o
™ =
Rethink binaries & hierarchies Question the categories you inherit. -t e m , " ' s m
Embrace pluralism Many perspectives make better knowledge. | S == = e [ 0 O =~ - At

Consider context

atheine D’Ignazio and

Datals never raw.

N1 o bW

Make labour visible

Credit the people who collect, clean and label it.

Tl - N
T 3. —~ oiy N At BN B




TEACHABLE MACHINE

teachablemachine.withgoogle.com/train g b |
Choose Image —> Standard Image Model

In groups of two train your first image model using a

welbcam and then:
e Rotate the laptop so that the background changes

® Pyt jacket/scart etc. on, take different objects


http://teachablemachine.withgoogle.com/train

INDIVIDUAL
PROJECT
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GilorGIA week seven
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What better visual reference than a musical score to show the repetitiveness of Glorgia's
protests and the “level” of complaint: whether they are justified or totally out of place.
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Note the hand-drawn stamps: these postcards were delivered in person in New York!
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Drawing her frst postcard, Giorgia had an icea for her whole cellection: frem now on every time
she tracks semething related to Stefanie, or 10 Dear Data, she uses a special pen to represent it!
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This week Giorgia and Stefanie tried gathering data in small notebooks (tedious), but scen switched 10 making notes
c¢n their phones (mu:ch casier). Stefanie’s favourite clock to capture: a bell tolling the time in 2 town in Devon.
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After spending more than six hours drawing this hyper-detailed card, Giorgia texted Stefanie as she posted it:
“You need 10 know that if this one dcesn't get to you I won't redraw it. You'll see what I mean”
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Unfortunately, while Giergia's postcard arrived, Stefanie’s postcard didn', so she had to draw hars again
(uckaly it wasn't as detailed, but it was sill supremely anncying).



DEAR, DATA

Choose one everyday phenomenon. Observe it for seven days and record every occurrence as text,

image or sound. Build the dataset by hand, draw it, and find the biases in your own collection.
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DATA PROTOCOL

A WEEK OF DOORS”

ID date time place category hote image
001 06.10 07:12 home wooden - push “slammed by the wind" 001.jpg
002 06.10 07:43 tram 8 automatic didn't touch it 002.Jjpg
003 06.10 08:05 campus heavy glass “held it for someone” 003.3pg

004 06.10 21:30 ? fridge? does a fridge count? - rule 2b —




BIAS DIAR

¢ Missed entries (when, and why)?

e Definition changes (when did “a doc
include gates)?

¢ Behaviour changes (Did you open
because you were counting)?

® Things left out (privacy, embarrass



DELIVERABLES

1. Raw collection of data (images, audio recordings, drawings, texts)
2. Structured dataset (one table with one row per observation explaining every column and

category).

3.Hand-drawn postcard with the data in the front and the legend in the back




