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“AI is the New Electricity”
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Where is AI? Or ML?
Autonomous vehicles


from Roomba to Self-driving cars

In stores, warehouses, production lines, streets, living rooms


More and more consumer products and appliances

Belts!! Really!

Thermostats, Security Cameras, Fridges


Content production and consumption applications

Social media, Amazon, Netflix etc. 


Chatbots

In-store automation and smarter shopping

Optimised supply chains

Energy grid optimisation

…



What is  
Artificial Intelligence 
Machine Learning? 
Deep Learning? 
Computer Vision? 
Natural Language Processing?

Deep Learning

Machine Learning

Artificial Intelligence

Natural Language 
Processing

Computer Vision
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Intelligence
The ability to learn or understand or to deal with new or trying situations


The ability to apply knowledge to manipulate one's environment or to think 
abstractly as measured by objective criteria (such as tests)


Mental quality that consists of the abilities to learn from experience, adapt to 
new situations, understand and handle abstract concepts, and use 
knowledge to manipulate one’s environment

Encyclopedia Britannica

Merrian-Webster

“Viewed narrowly, there seem to be almost as many definitions of 
intelligence as there were experts asked to define it”

R. J. Sternberg, quoted in The Oxford 
Companion to the Mind. R. L. Gregory. 
Oxford University Press, Oxford, UK, 1998 


But if you really want an exhaustive collection of 71 definitions, look no further https://arxiv.org/pdf/0706.3639.pdf
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Artificial Intelligence
Intelligence demonstrated by machines


A branch of computer science that studies the properties of intelligence by 
synthesizing intelligence


Creating computer programs that perform tasks as well as, or better than, humans


Perception, Learning, Reasoning, Planning, Problem-solving, Creating
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Strong vs. Weak Artificial Intelligence
Strong AI 

Artificial General Intelligence (AGI), human-level, general

The AI we see in movies

AI that can do everything we humans can do, and possibly much more


Weak AI 
Narrow AI

AI specialised in well-defined tasks


e.g. speech recognition, chess-playing, autonomous driving


No Al program has been created yet that could be called intelligent in any general (Strong AI) sense

"A pile of narrow intelligence will never add up to a general intelligence. General intelligence isn't about the number of abilities, but 
about the integration between those abilities?


Superintelligence doesn’t really mean anything - a basic calculator far exceeds any human benchmark for performing basic arithmetic
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Learning
Any process by which a system improves performance from 
experience 


Denotes changes in the system that are adaptive in the sense that 
they enable the system to do the task or tasks drawn from the 
same population more efficiently and more effectively the next 
time


The ability to perform a task in a situation that has never been 
encountered before


Learning = generalisation

Herbert A. Simon
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What is a cat?

Credits: Jonah Burlingame
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What is a cat?

Credits: Jonah Burlingame
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What is a cat? V1

It’s a cat if it has whiskers 

And it is furry 

Credits: Jonah Burlingame
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What is a cat?

It’s a cat if it has whiskers 

And it is furry 

Credits: Jonah Burlingame
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What is a cat? V2

It’s a cat if it has whiskers 

And it is furry

And it is small

Credits: Jonah Burlingame



16

What is a cat?

It’s a cat if it has whiskers 

And it is furry

And it is small 

Credits: Jonah Burlingame
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What is a cat? V3

It’s a cat if it has whiskers 

And it is furry

And it is small

And it does not climb trees 

Credits: Jonah Burlingame
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What is a cat?

It’s a cat if it has whiskers 

And it is furry

And it is small

And it does not climb trees 

Credits: Jonah Burlingame
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Polanyi’s Paradox

“We can know more than we can tell... 


The skill of a driver cannot be replaced by a 
thorough schooling in the theory of the 

motorcar” 
Michael Polanyi (1966)
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Machine Learning
The field of study that gives computers the ability to 
learn without being explicitly programmed 

Machine learning is the science (and art) of 
programming computers so they can learn from data

Arthur Samuel
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Is this a cat?
Traditional Programming 

Rules to detect a cat: 
1. It has whiskers 
2. It is furry 
3. It is small

Machine Learning 

Let me guess how I can 
distinguish a cat :)

Copyright © 2019 Eric Eaton

Traditional Programming Machine Learning
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Output

Computer

Input

Program

Processing

Data

Results

Works well when we know how to 
specify the program

Needed when we don’t know how to 
specify the program

Output

Computer

Input

Results

Processing

Data

Program

Copyright © 2019 Eric Eaton

Traditional Programming Machine Learning
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Works well when we know how to 
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Needed when we don’t know how to 
specify the program
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Results
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Program



Functions of a Machine Learning System

Descriptive 

Using data to explain 
what happened

Predictive 

Using data to predict 
what will happen

Prescriptive 

Using data to make 
suggestions about 

what actions to take

Generative 

Using data to (semi) 
autonomously 

create new content

22
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Deep Learning
A technique for implementing Machine Learning based on neural networks


Neural Networks 


A specific class of machine learning algorithms, modelled on the 
human brain, in which thousands or millions of processing nodes are 
interconnected and organized into layers


Deep Learning 

Neural networks with many layers


Depth = number of layers 
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Natural Language Processing
A sub-field of AI and machine learning in which machines learn to 
understand natural language as spoken and written by humans


Goals: 


Recognize the language, understand it, and respond to it


Categorise textual content (e.g. spam vs. Not-spam)


Translate between languages


Generate new text


An enabler for technology such as chatbots and digital assistants like 
Siri or Alexa
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Computer Vision
A sub-field of machine learning in which machines learn to extract high-level understanding from digital 
images or videos


Goals: 


Detect, recognise, and identify entities (e.g. objects, faces, people, animals) 


Modify visual content (e.g. image manipulation, image restoration)


Categorise visual content (e.g. offensive images)  


Generate new images and videos


An enabler for technology such as self-driving cars, etc.
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“Easy problems are hard” 
Marvin Minsky



Why Machine 
Learning for 
Design? 
Part II
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“AI is the New Electricity”
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The most profound technologies are those 
that disappear. They weave themselves into 

the fabric of everyday life until they are 
indistinguishable from it 

Mark Weiser, The Computer for the Twenty-First Century

(Scientific American, 1991, pp. 66–75)
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Why do we need Designers to understand ML?

Focus on purpose, not on outcomes


Asking “Why” questions


Acknowledging the diversity of 
stakeholders and diversity of values 


…
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What can designers do for ML? 
Shape new humane AI-
powered technology

Design tools for AI Developers Design the (collection process 
of) data for ML to learn from

Faculty of Industrial Design Engineering

Wei Zeng

Enabling Human-In-The-Loop Interpretability 

Methods of Machine Learning Models

30th Nov, 2021

MSc Design for Interaction

Committee Alessandro Bozzon

  Dave Murray-Rust 

  Agathe Balayn 
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What can designers do with ML? /1
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What can designers do with ML? /2
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een straat moeten oversteken. Ondertussen is de bril op 
de markt en groeit het bedrijf gestaag door. Het haalde 
dit jaar 1,5 miljoen euro in dur!apitaal op. De eerste 
exemplaren zijn eind 2020 geleverd, en sindsdien kreeg 
het bedrijf al honderden extra bestellingen binnen. 

Het bedrijf wil het product nu ook inzetten voor men-
sen met andere beperkingen. Kannan: ‘We weten dat de 
technologie ook werkt bij mensen met bijvoorbeeld dys-
lexie, of personen die niet kunnen lezen. Dat zijn wereld-
wijd een miljard personen die we met onze technologie 
kunnen helpen.’

Geheugenversterking
AI-wearables hebben nog andere toepassingen volgens 
Evangelos Niforatos, universitair docent mens-AI-inter-
actie aan de TU Del". Hij onderzoekt AI-ondersteunde 
systemen voor human augmentation. Hier gebruikt hij 
intelligente systemen, of ze nu op een computer of een 
wearable werken, om menselijke vaardigheden, zoals le-
ren of herinneringen ophalen, te versterken. Onderzoek 
dat ook medische implicaties hee". ‘Een smart glass kan 
bijvoorbeeld foto’s nemen of geluiden opnemen’, legt Nifo-
ratos uit. ‘Later kun je die herinnering opnieuw tonen op 
de smart glass, en zo versterk je het menselijke geheugen.’ 

Dat voorziet in een medische behoefte. Bepaalde 
personen, zoals alzheimerpatiënten, hebben geheugen-
versterking nodig. In theorie zou een smart glass bij-
voorbeeld de gezichten van familieleden van de patiënt 
kunnen opslaan, of zelfs activiteiten die ze samen deden. 
Elke keer wanneer zij langskomen, kan de bril tonen wie 
die persoon is, en wat ze samen deden. ‘Maar je kunt 
de technologie ook toepassen bij gezonde mensen, denk 
maar aan het verbeteren van onderwijs door studenten 
op gepaste momenten een stuk informatie te tonen.’

Niforatos werkte een paar jaar geleden aan deze toe-
passing bij de Canadese startup North, die in 2020 werd 

overgenomen door Google. Hij verwacht dan ook dat 
in de toekomst geheugenversterking deel gaat uitmaken 
van Google Glass. 

Maar geheugenversterking kent ook uitdagingen en 
risico’s. ‘Je moet informatie op het juiste moment tonen’, 
zegt Niforatos. ‘En gebruikers niet overladen met nutte-
loze herinneringen. Maar tegelijk moet je genoeg infor-
matie geven om hen vooruit te helpen. En dan is er de 
ethische vraag: wil je mensen ook slechte herinneringen 
tonen, en brengt dat gevaren met zich mee voor bijvoor-
beeld alzheimerpatiënten?’

Geen aliens
Ondanks de mogelijkheden voor medische toepassingen 
voor de smart glasses, blij" de vraag of deze apparaten een 
bredere doelgroep zullen vinden. ‘De grote techbedrijven 
hebben geleerd van hun fouten’, zegt Guido Groet, chief 
strategy o!cer van Luxexcel, optimistisch. Zijn bedrijf 
3D-print brillenglazen (zie kader). ‘Ook is de technologie 
verder vooruit gegaan, en het is inmiddels mogelijk om 
ze er te laten uitzien als een normale bril, deels dankzij 
onze technologie. Iedereen is tegenwoordig gewend aan 
smartphones, de tijd is rijp voor het volgende toestel.’

Er gebeurt al veel in de wereld van de smart glasses en 
lenzen, stelt Vega van Azalea Vision. ‘Maar het zal nog 
wel tien jaar duren voordat echte augmented reality-pro-
ducten, waarbij je beelden in de ogen van gebruikers 
projecteert, zullen doorbreken. Speci#eke toepassingen 
komen eerder al beschikbaar.’

Volgens Niforatos hangt het er helemaal vanaf hoe 
mensen hierop gaan reageren. Het moet sociaal accep-
tabel worden. ‘Je hebt een bril nodig waarvan gebruikers 
niet beschaamd zijn om hem op te zetten en naar buiten 
te gaan. Als de hardware klein genoeg is, dan zal het so-
ciaal acceptabel worden. Het is cruciaal dat mensen zich 
niet als aliens voelen.’   

Prototype van de bril 
van Evangelos Nifo-
ratos van de TU
Delft die beelden 
kan opnemen en 
laten zien om het 
moment weer te 
herinneren.
FOTO: TU DELFT

M I C R O - E L E K T R O N I C A
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De technologie achter smart 
glasses verandert in snel tem-
po. Zo worden brillen, inclusief 
de slimme versies ervan, 
steeds vaker ge-3D-print. Een 
techniek die het Nederlandse 
bedrĳ f Luxexcel verder uit-
ontwikkelde. ‘Het maken van 
brillenglazen is een extreem 
complex proces’, vertelt Guido 
Groet, chief strategy offi cer
van Luxexcel. 

‘In Azië zitten er fabrieken 
die grote blokken semi-
afgemaakte lenzen maken. 
Die worden vervolgens over 
de hele wereld verscheept. 

Brillenglas 3D-printen

Wanneer je naar de oogarts 
gaat en een voorschrift krĳ gt 
voor de benodigde sterkte, dan 
nemen de fabrikanten een ruwe 
lens en maken ze daar via een 
complex proces van meer dan 
dertig stappen een brillens van 
op maat. 3D-printen maakt dat 
erg simpel. Je print gewoon in 
één stap de lens.’

Het 3D-printproces past 
Luxexcel vandaag al toe voor 
brillen op voorschrift. Maar 
de laatste jaren is er ook veel 
interesse ontstaan om de 
complexe lenzen van smart 
glasses te 3D-printen. ‘In 2019 

werden we benaderd door een 
groot aantal bigtechbedrĳ ven. 
Allemaal wilden ze per van-
daag smart glasses maken’, 
zegt Groet. ‘Maar dat kent 
vele uitdagingen. Zo heeft de 
Microsoft Hololens meer weg 
van een helm dan een bril. Dit 
soort apparaten wordt al snel 
erg groot. Techbedrĳ ven zĳ n 
heel goed in software ont-
wikkelen, maar ze hebben er 
geen van kaas gegeten om het 
systeem ook comfortabel en 
draagbaar te maken. Door de 
brillenglazen te 3D-printen los 
je dat deels op.’

De 3D-printer 
van Luxexcel en 
de  3D-geprinte 

 brillenglazen. 
FOTO: LUXEXCEL

Op een treinstation kan een slechtziende via de app of bril de tekst op een bord laten 
voorlezen. FOTO: ENVISION

een bord richten, de bril zal dan automatisch voorlezen 
wat erop geschreven staat.

Dit kan voor problemen zorgen. Een AI-algoritme is 
namelijk nooit 100 procent accuraat in het herkennen 
van beelden, waardoor blinden en slechtzienden moge-
lijk in onveilige situaties kunnen belanden. ‘We blijven 
bewust weg uit gevaarlijke situaties’, zegt Karthik Kan-
nan, medeoprichter van Envision. ‘We zullen bijvoor-
beeld nooit gebruikers helpen met de weg oversteken. 
In theorie kan AI natuurlijk herkennen wanneer een 
verkeerslicht op groen staat, maar we snappen ook de 
beperkingen van AI. Daarom bieden we dat soort dien-
sten niet aan, een fout zou erg gevaarlijk zijn. We vertel-
len onze gebruikers ook constant om onze dienst niet te 
gebruiken in situaties die hen in gevaar kunnen brengen.’

De bril zal een blinde of slechtziende gebruiker dus 
helpen met het lezen van een menu in een restaurant 
of zelfs het vinden van een stoel in een kamer, maar zal 
niet zeggen waar een voetpad zich bevindt of wanneer ze 

ML for Human Augmentation

Dr. Evangelos Niforatos

https://kind.io.tudelft.nl

Envision Glasses

https://www.letsenvision.com/

Memory augmentation Sight augmentation

ML for Fascination and Engagement

Frederik Ueberschär

https://www.tudelft.nl/en/stories/articles/landshapes-made-to-feel-real

Climate Change

https://kind.io.tudelft.nl
https://www.letsenvision.com/
https://www.tudelft.nl/en/stories/articles/landshapes-made-to-feel-real
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What can designers do with ML? /3

https://experiments.withgoogle.com/experiments
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2021 enterprise trends in machine learning (Algorithmia, 2021)
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What can ML do for designers? / Co-create

https://www.autodraw.com
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What can ML do for designers? / Inspire

https://openai.com/blog/dall-e/
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What can ML do for designers? / Scale up!

Faculty of Industrial Design Engineering

Hosana Cristina Morales Ornelas

BO – An intelligent network agent to promote physical 

activity in children with Congenital Heart Defects

31st of January, 2020

MSc Integrated Product Design - Medisign

Committee Prof. Dr. Gerd Kortuem

  MSc. Jiwon Jung 

  MD PhD Arend van Deutekom 

 Company Sophia Children’s Hospital, Erasmus MC

Hi! My name is Bo :)

Bo
An intelligent network agent to promote physical 
activity in children with Congenital Heart Defects

There are various organisations such as the 
European Society of Cardiology (2012) and 
American Heart Association (2013), which 
describe why physical activity is essential for the 
development in youth. Unfortunately, children 
who have a Congenital Heart Defect (CHD), may 
suffer from a lack of opportunity to perform 
physical activity, decreasing cognitive maturation, 
motor development and autonomy during 
childhood (Krol, 2003). This impediment arises due 
to a misunderstanding from parents, who do not 
know to what extent their child can exercise safely, 
and therefore adopt overprotective behaviours 
(Schwerzmann, Thomet, & Moons, 2016).

In order to understand better overprotection 
during childhood, 305 online parental stories 
from various patient-association websites were 
analysed using Natural-Language-Processing 
techniques. The results exhibited the lifetime 
journey of these families, where an uncertain 
future evocated a constant search for symptoms. 
The findings of this phase were employed during 
generative interviews with seven families with 
a CHD paediatric patient to understand the 
continuous search for symptoms during exercise. 
The combination of the insights gathered from 
interviews and the lifetime journey was presented 
to five medical team members to inspire a co-
creation session.

To encourage families to have a safe, ordinary 
sports-life, BO is introduced, a smart PSS aiming 
to support parents and their children with a CHD 
to understand better the safety boundaries of 
exercise during free-living conditions.
With an activity tracker and his nine system 
modules, Bo aims to guide the child through 
different heart rate zones defined by doctors. 
Furthermore, Bo has a conversational agent 
function where parents can send concerns to the 
medical team and find relief when seeing their 
child’s heart rate zone visualised in the physical 
activity path.

A functional prototype of the conversational agent 
was developed and implemented in the real 
context of four families to understand how could 
it influence overprotection. The implementation 
experience and overall concept of Bo were 
evaluated through in-depth interviews with 
paediatric CHD patients and their parents and 
three different specialities from the medical team. 
The results showed that Bo provides a supportive 
exploratory environment for the family, where the 
child can self-discover the safety boundaries and 
parents, instead of limiting the child, adopt an 
encouraging attitude towards physical activity.

Challenge Design process PSS solution - BO

PSS aim PSS devices

Implementation Heart Rate
Vibration feedback

Conversational agent
feedback

Summarized
real-time data

Medical team feedback

Analysis of how parents perceive their 
baby, their behaviours towards their 
child, and thus understand how does 
overprotection develops throughout 
childhood


>300 stories, manually and NLP analysis

Goal: reduce design complexity for large-scale 
social interventions


How to help designers, experts and societal 
stakeholders work together with AI, to prepare, 
realise and evaluate design interventions?

https://www.tudelft.nl/ai/design-at-scale-labhttp://resolver.tudelft.nl/uuid:fd895415-c353-41d5-8430-f0a67fd40ad4
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What can ML do for designers? / Understand
https://www.di-lab.space

Using big data, we generate models correlating design 
expertise with agency, allowing us to experiment with artificial 
agency during complex system design processes


We are exploring the form and use of novel design methods 
to address systemic design problems to create an AI Toolkit
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Why programming?

All design needs a medium.

A designer in the age of computable 

technology also contends with programming, 
which the designer wields as a tool 


and canvas. 
Ge Wang - Stanford



Debunking 
some myths
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POLL: which one would you like to be your surgeon? 
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Machine Learning: Expectations

https://www.theguardian.com/
commentisfree/2020/sep/08/
robot-wrote-this-article-gpt-3

Retrieved: Sep 8, 2020

We should stop training radiologistsWe should stop training radiologists

https://www.youtube.com/watch?v=2HMPRXstSvQ
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Machine Learning: Reality /1
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Machine Learning: Reality /2

“48% of US consumers intend to buy at least one smart home device in 2018” 


“23% of connected security system owners said 


they deactivate their system completely when they have guests over” 

https://www.ooma.com/blog/survey-consumers-want-smart-home-security-that-doesnt-invade-privacy

Survey of 2000 US Consumers. Ooma



AI/ML can predict the future 



AI/ML can predict the future 
AI/ML are “statistical parrots” 🦜


They are (very good) pattern recognition machine



AI/ML can predict the future 
AI/ML are “statistical parrots” 🦜 


They are (very good) pattern recognition machine


Garbage in - Garbage Out



AI/ML has agency 



AI/ML has agency 
AI/ML are tools. 


People design and use them.




AI/ML has agency 
AI/ML are tools. 


People design and use them.


And they change us!




AI/ML can magically transform a PSS 
overnight 



AI/ML can magically transform a PSS 
overnight 
Magically: maybe


Overnight: No
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ML Engineering Design and Engineering is Complex

2021 enterprise trends in machine learning (Algorithmia, 2021)



AI/ML can solve any problem 



AI/ML can solve any problem 
AI/ML technologies are very flexible and powerful


But they have very strict requirements 




AI/ML can solve any problem 
AI/ML technologies are very flexible and powerful


But they have very strict requirements 


And potentially harmful limitations




Course 
Organisation
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Course Staff

Alessandro Yen-Chia Carlo Vasileios

Denis Andrea Himanshu Evangelos



61

Calendar /1

INTRO

MODULE 1 

IMAGES

MODULE 2 

TEXT

MODULE 3 

DESIGN OF 
ML 

MODELS
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Calendar/2

MODULE 4 

DESIGN OF 
IPPS
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Assessment
Individual Exam (W3.10) - 50% of your grade


Multiple choice + Open answers 

Mock exam available on Week 3.9

Crowdsourced questions every week

Example questions every other week


Group Assignment - 50% of your grade

Group portfolio - 80%


4 group assignments (one for each module), 4 reports

Module 1 (including evaluation rubric) available on Website


Individual Group Assessment - 20%

We will use buddy check 

Week 1 Crowdsourced questions 

https://forms.office.com/r/9zCGFQFRZ4
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In-person or remote?
We would love to have all lectures and tutorials in the classroom


Joost van der Grinten

Let us know if you plan to attend!


BUT we are still operating under Covid-19 policies and contingencies 

No more than 75 students per classroom 

Infections and quarantines will always be a possibility 


Approach

Always hybrid —> lectures and tutorials will always be streamed and recorded 

Joost van der Grinten + Studios 1, 2, and 3 —> to allow for distribution

Individual support —> also online

Group work —> online and in presence
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Work in Progress!
This is the first time the course is offered


It is the first time that machine learning is lectured as a design bachelor topic!


Several topics are currently objects of research!

We don’t have all the answers all the time :)


We appreciate your:

enthusiasm for adventuring into this new field

patience, if the course’s logistics is not perfect (yet)

feedback, to help us improve the course
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MS Teams Etiquette
Urgent questions


Raise your hand or write them in the chat


I will occasionally stop to check and answer


“Deep-dive” questions 

Discourse


Please, keep videos on if you can

More visual feedback for us


Better learning environment


Better sense of your cohort 
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Honour Code: permissive but strict
OK to discuss assignments with classmates

OK to use existing solutions as part of your projects/assignments. Clarify your contributions.

NOT OK to ask someone to do assignments/projects for you

NOT OK to copy solutions from classmates

NOT OK to pretend that someone’s solution is yours


OK to publish your assignments portfolio after the course is over (we encourage that!)

NOT OK to post your assignment solutions online


ASK the teaching team if unsure
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To Do Week 1
Form groups


Deadline: Tuesday 15th EOB


Submit 2 questions about today’s lecture


Introduce yourself in Discourse 



Machine 
Learning For 
Design
Lecture 1 Alessandro Bozzon 

09/02/2022 

mlfd-io@tudelft.nl 
www.ml4design.com 

mailto:mlfd-io@tudelft.nl
http://www.ml4design.com

