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Creativity, Art, and Design
Recapitulation

Creativity
› Creativity Techniques
› Design Principles
› Non-/deterministic algorithms
› Generative AI (supportive tool?)
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From Design to Fabrication
Recapitulation

problem design prototyping fabrication manufacturing

lectureinput output

iterations
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Lecture 3
Prototyping
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Prototyping
The Power of Prototyping

“Bad Design Glasgow AirBNB”, https://www.youtube.com/watch?v=hptZVvuiju4 (accessed on 2023-10-17).
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Why do we prototype?

Prototyping
The Power of Prototyping

www.pngwing.com, 2023.
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“You can fix it now on the drafting board with an 
eraser or you can fix it later on the construction site

with a sledge hammer”
Engineering one-liner

Prototyping
The Power of Prototyping

https://www.interaction-design.org/literature/book/the-glossary-of-human-computer-interaction/mock-ups (accessed on 2023-10-17)
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Prototyping
The Power of Prototyping

The Power of Prototyping
› Evaluation in an early stage
› Hands-on experience and enhanced collaboration
› Feedback and informed decision-making
› Preliminary experiments or studies on

feasibility, functionality, and usability
› Cost-efficient testing before investing money in 

actual production
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Prototyping

Evaluation Criteria

“Toward a Framework for Evaluating Ubiquitous Computing Applications”, Scholtz and Consolvo (2004), IEEE Pervasive Computing, https://doi.org/10.1109/MPRV.2004.1316826.

The Power of Prototyping
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Prototyping
The Power of Prototyping
Evaluation Criteria

“Toward a Framework for Evaluating Ubiquitous Computing Applications”, Scholtz and Consolvo (2004), IEEE Pervasive Computing, https://doi.org/10.1109/MPRV.2004.1316826.
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Prototyping
Prototyping Process

Prototyping Process
› Iterative design process
› For example ISO 9241-210,

Human-Centered Design for
Interactive Systems

Niels Henze, University of Regensburg, https://mediathek2.uni-regensburg.de/list/242 (accessed on 2023-10-17).
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Prototyping
Prototyping Process

Evaluation
› Costs of (heuristic) evaluation vs. problems identified

https://www.nngroup.com/articles/ten-usability-heuristics/ (accessed on 2023-10-17).
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Prototyping
Pilot Study

“Defense Against the Dark Cars: Design Principles for Griefing of Autonomous Vehicles”, Moore et al. (2020), ACM/IEEE HRI, https://doi.org/10.1145/3319502.3374796.

How do pedestrians interact with
autonomous vehicles?
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“Defense Against the Dark Cars: Design Principles for Griefing of Autonomous Vehicles”, Moore et al. (2020), ACM/IEEE HRI, https://doi.org/10.1145/3319502.3374796.
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Prototyping
Definition of a Prototype

Definition
› Preliminary model of a product or system
› “A concrete representation of part or all of an

interactive system” 1 (HCI)
› Often a tangible representation
› Implements key functional aspects
› Used to test feasibility, functionality, and usability
› Wide variety of complexity and fidelity levels

1 “Prototyping Tools and Techniques”, Beaudouin-Lafon and Mackay (2007), The Human-Computer Interaction Handbook, CRC Press, https://doi.org/10.1201/9781410615862.
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Prototyping
Levels of Prototyping

Levels of Prototyping
› Diverse prototyping techniques
› Effort vs. Fidelity
› Functionality gradually improves
› Desired process:

1. Low fidelity & many iterations
2. High fidelity & few iterations

Adapted from “Introduction to Prototyping”, Niels Henze, https://mediathek2.uni-regensburg.de/playthis/5f0617243494b7.92053756 (accessed on 2023-10-17).

fidelity / iteration
effort / cost

low functionality high functionality



18| Florian Wolling

Prototyping
Levels of Prototyping

Sketch
› Early concept phase
› Close to the creative process
› Flowcharts, wireframes, …

fidelity / iteration
effort / cost

sketch

low functionality high functionality

Adobe Stock: 542452298.
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Prototyping
Levels of Prototyping

Visual
› User experience
› Analog, e.g., paper prototype
› Digital in 2D/3D, e.g. Virtual Reality

(VR) and Augmented Reality (AR)

fidelity / iteration
effort / cost

sketch
visual

low functionality high functionality

Adobe Stock: 330782947, 718121365.
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Prototyping
Levels of Prototyping

Mockup
› Low-fidelity prototype
› Proof of principle
› Scaled or full-size model
› At least part of the functionality and

enables testing the design
› Mainly built for feedback from users

fidelity / iteration
effort / cost

sketch

mockup

visual

low functionality high functionality
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Prototyping
Levels of Prototyping

Functional / Working
› Highest level of prototyping
› Focus on functionality
› Often 3D printed physical objects
› Off-the-shelf components,

link to bulky, outlying electronics
› For user studies and final testing

fidelity / iteration
effort / cost

sketch

mockup

functional

visual

low functionality high functionality
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Prototyping
Levels of Prototyping

Virtual vs. Haptic Prototypes
› Still not an equal substitute
› Hands-on and tangible experience
› Virtual prototypes are inexpensive
› Functional prototypes are expensive
› Physical prototypes still superior

fidelity / iteration
effort / cost

sketch

mockup

functional

visual

low functionality high functionality
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Prototyping
Levels of Prototyping

Mechanical Turk
› 1770 – 1854
› By Wolfgang von Kempelen
› To impress Maria Theresa of Austria
› “Wizard of Oz” prototypes
› Simulate / mimic functionality

Wikipedia, File:Racknitz_-_The_Turk_3.jpg (accessed on 2023-10-17).



24| Florian Wolling

Did anyone hear about
Rapid Prototyping?

Prototyping
Rapid Prototyping

www.pngwing.com, 2023.
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Prototyping
Rapid Prototyping

Rapid Prototyping
› Early stage of project development
› Fast fabrication of physical parts
› Quick iterations toward initial design
› Testing form, fit, and function
› Only necessary, essential features
› All about testing and user feedback
› Minimum Viable Product (MVP) fidelity / iteration

effort / cost

sketch

mockup

functional

visual

low functionality high functionality

rapid prototyping
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Prototyping
Rapid Prototyping

Rapid Prototyping Techniques
› Paper prototypes
› Building blocks (e.g., Lego)
› Mockups (e.g., cardboard)
› Subtractive manufacturing,

e.g. CNC machining, laser cutting, …
› Additive manufacturing,

e.g. 3D printing (most common)

Adobe Stock: 465037904.
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What are your questions?

Prototyping
Questions?

www.pngwing.com, 2023.



Tutorial
Creativity Techniques



Creative 
Thinking 
Techniques



SCAMPER

30



SCAMPER
Brainstorming technique

• Exploring different ways to modify or 
improve an existing product, service, or 
idea

• SCAMPER stands for Substitute, 
Combine, Adapt, Modify, Put to another 
use, Eliminate, and Rearrange

• Follow the rules of brainstorming

3
1

https://www.edrawmind.com/article/what-is-scamper.html



Details

32

SCAMPER

Substitute

Replacing a part or component of an 
existing idea or object with something 
else. Example - substitute the metal key 
with a digital passcode for a door lock

Combine

Merging two or more existing ideas 
or objects to create something new. 
Example - combining a skateboard 
and a kite to create a new mode of 
transportation

Adapt

Modifying an existing idea or object to 
better fit a new situation or context. 

Example - adapting a traditional office desk 
to make it more ergonomic and 

comfortable to special needs
Modify, Magnify or Minify

Changing the size, shape, or other attributes of 
an existing idea or object. Example - modify the 
shape of a toothbrush to fit better in a user's 
hand

Put to other uses
Involves taking an existing idea or object and 
using it in a new or unexpected way. Example -
ladder as a makeshift bookshelf

Eliminate
Involves removing or reducing a component or 
feature of an existing idea or object. Example -
eliminating the need for wires in a wireless 

charging system

Rearrange or Reverse
Involves changing the order or 
arrangement of an existing idea or 
object. Example - rearrange the 
seating in a classroom to facilitate 
better discussion



Example



34

Timer

Scan to navigate to the online 
whiteboard






Verplank 
Sketching 
Framework

Beyond craft to design

35
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Sketchbook

» Idea: Core concept behind a product.

» Metaphor: Familiar concept aiding user 
understanding.

» Model: Underlying system logic.

» Display: User feedback.

» Error: Potential mistakes and corrections.

» Scenario: User interaction narrative.

» Task: User's goals with the product.

» Control: Interfaces for user interaction.

https://tinyurl.com/SketchVerPlank



Example
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Timer
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Thank You!



Project
Examples
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Project
Examples (2023)

Smart Glasses with AI supported zoom in/ out features

EchoLid: Voice command activated 
assisted cooking

Safe rider: Traffic safety bike indicators

Smart bottle cap: Combines bottles and 
measuring cups

PillPal: Smart Pill Dispenser

Espico: Automatic nutrition delivery
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