
Prototyping is the Short hand of Design”  

Tom Kelly Prototyping 

‘Prototyping is the short hand of Design’  

Tom Kelly IDEO 



CONTENT 
• Reasons for Prototyping 

• Types of prototypes 

• When to prototype 

• How to prototype 

• Basic testing 

• Case Studies 



OBJECTIVES 
• Understand 3D prototyping 

• Knowing what type of prototype and when  

• Iterating and developing ideas 

• Basic user testing 

 



1.PROTOTYPING …  
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PROTOTYPING 

Prototyping is the realisation of the design 
ideas in physical 3D so they can be handled, 
‘used’ and evaluated.  
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PROTOTYPING 

Prototyping is 3D problem solving. Anything 
can be prototyped from a product, interface to 
a service. 
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BUILD TO THINK:  
Prototypes are disposable tools used 
throughout the concept development process, 
both to validate ideas and to help generate 
more ideas.  
 
‘As writers block happens when writers stop 
writing – so too does innovation grind to a halt 
when prototypes stop being built.’ Tom Kelly 
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BUILD TO COMMUNICATE:  
Prototypes are a powerful form of 
communication and force us to think in 
realistic terms about how someone would 
interact with the concept. 
 
‘Good prototypes don’t just communicate they 
persuade.’ Tom Kelly 
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BUILD TO TOUCH:  
Building a ‘real’ model allows you to hold it in 
your hands providing an understanding of 
scale, form, user interaction & touch points as 
well as functionality and construction. This 
tactile feedback is essential because every 
product will interact with humans at various 
stages of use. 



BUILD TO EXPLORE:  
3D explorations are about both form and 
function. Iterative exploration and refinement 
enhances your sensitivity to form and helps 
you understand manufacturing processes and 
potential issues that might arise. 



11 

BUILD TO VALIDATE:  
Testing Prototypes force us to think in realistic 
terms about how someone would interact with 
the concept.  
The types of testing will vary from the more 
softer user interaction attributes to technical 
specification that represent the aesthetics, 
interaction and functional engineering 
parameters of the device. 
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ROUGH, RAPID, RIGHT:  
Prototypes are not precious.  
They should be built as quickly and cheaply as 
possible. As the design evolves the prototype 
will become more refined, the materials more 
sophisticated and the testing process more in 
depth. 
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ANSWERING QUESTIONS:  
Before you begin prototyping it is essential to 
know what question each specific prototype is 
being used to answer, for example about 
desirability, usefulness, usability, 
viability, or feasibility. Different types of 
prototypes can be used to address different 
questions. 



2.TYPES OF PROTOTYPES …  
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TYPES OF PROTOTYPES 

ID cards used courtesy of Loughborough Design School 
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TYPES OF PROTOTYPES 

ID cards used courtesy of Loughborough Design School 
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EARLY SCOPING MODELS Oxygen Delivery system 

Explore basic ideas in 3D 
Evaluate early ideas 
Eliminate unrealistic ideas 
Early user testing 
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DEVELOPMENT MODELS 

Oxygen Delivery system 

Moving ideas through to concepts 
Early evaluation of functions 
Initial User testing  
Early validation 
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FUNCTIONAL MODELS Paediatric treadmill 

Test rigs for scale, anthropometrics 
Combines components to test functionality 
Potential fail points 
Mid level User testing 
User touch points & ergonomics 
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OPERATIONAL MODEL: ‘Works like’ 

Oxygen Delivery system 

Advance User testing 
In situ testing 
Mapping scenarios, Role-play 
User touch points & ergonomics 
Tactile, visual and aural feedback 
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APPEARANCE MODEL: ‘Looks like’ 

Oxygen Delivery system 

Functional aesthetics 
User Interaction (controls, interface) 
Form refinement 
Storytelling 
Communicate features 



3.WHEN TO PROTOTYPE … 



23 

Phase Goal Action 

Phase 1   
Visualise /Realise   

Have rough models  
Understand the context  
Prove the technical feasibility of 
an idea 
To demonstrate ergonomics, 
grip weight size, etc and human 
factors 
Outline manufacturing strategy 
  

Make crude mock ups or 
modify existing devices. 
Get perceptions and 
feedback from the 
market/users   

Phase 2   
Evaluating  /Refining 
  

Determine manufacturability, 
Develop functional prototypes  
Resolve technical problems   

Emphasise shifts from 
human factors and 
ergonomics to engineering. 
Use of CAD models to 
produce prototypes. 
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Early prototyping 
simple inexpensive     

quick available 
materials 

Final prototypes 
complex expensive 
slow  final materials 

STAGES OF PROTOTYPING 



  
CHEAP AND CHEERFUL 

Early prototyping uses cheap and 
quick materials to build, they don’t 
need to be perfect, if a prototype is 
too perfect users aren’t inclined to 
offer feedback for change. 



4.HOW TO PROTOTYPE …  
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Construct the simplest model possible 
to address the key question or issue. 
Any unnecessary features will 
complicate the testing and distract 
from the main focus. 

Exploring: 

Anthropometrics/ Body fit 

Stride  

Stability 

Manoeuvrability  

 

KEEP IT SIMPLE! 



James video 
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If the project is complex break it down 
into smaller components. Focused 
prototyping  can resolve smaller 
problems one by one. 

FUNCTIONAL BLOCK TESTING 

Exploring: 

Folding mechanism 

Knock down/Storage 
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IT’S ITERATIVE 

Each successive prototype builds on the 
lessons learnt from the previous ones. 
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What is learnt from earlier prototyping can 
be used to create more detailed design 

requirements and technical specifications. 

BUILD ON EXISTING COMPONENTS 



‘TOOLS’ OF PROTOTYPING 

Hand Tools Foams 

Card 

Fillers 

Wood Hot Glue 



5.USER TESTING …  
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Use early 
rough 

prototypes 
to show 

ideas 

Bench 
testing 

features/ 
sub 

assemblies 

Simulated  
use 

testing 

Tissue 
testing 

Acute 
animal 
testing 

Human 
cadaver 
testing 

Chronic 
Animal 
testing 

Live 
human 
testing 

BIO DESIGN TESTING PROCESS 

IDEATION CONCEPT 

GENERATION 

CONCEPT 

DEVELOPMENT 

DESIGN REFINEMENT FINAL DESIGN 
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Use early 
rough 

prototypes to 
explore all 

potential user 
interaction 

(Sketch 
Models) 

Use basic 
models to 

Identify 
Human 
Factors 

(Ergonomics, 

touchpoints) 

Detail the 
interactions 

through 
development 
models (Block 

testing, 
simulated 
scenario)  

 

In-situ testing 

(environment 
of use, 

stakeholders) 

Scenario 
mapping 

(all situations) 

Form 
refinement 

(looks like) 

Functional 
refinement 

(works like) 

Final Product 
Testing 

USER TESTING PROCESS 

iteration iteration iteration 

feedback feedback feedback 

iteration 

feedback 

IDEATION CONCEPT 

GENERATION 

CONCEPT 

DEVELOPMENT 

DESIGN REFINEMENT FINAL DESIGN 
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Best practice: Five basic rules about prototyping  
Richard Eisermann 
 

 

1. Begin early: the sooner you materialise ideas and get them 
in front of people, the richer your final design will be.  
 

2. Beat it up: Make a modifiable prototype so you can easily 
adapt it, even on the spot.  
 

3. Don’t bother with perfection: the prototype exists to get 
information, not to show how brilliant the design is.  
 

4. Do just enough: A little effort goes a long way. Figure what 
you need to test and focus on getting those answers.  
 

5. Record the test If you don’t have a record, it didn’t happen. 
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USER TESTING (EARLY STAGE) 
 
  

User testing at every stage of the process can prove invaluable 
in validating or eliminating ideas.  

 
Getting feedback from stakeholders engages the user at the 
initial stages (ensuring better take-up with final product) and 

drives the iterative design development stages.  



38 

• Decide what questions you want answered during the testing sessions  
      – about usability, ergonomic issues, desirability, aesthetics,  functionality etc. 
 
This will determine the type of prototypes you build for the test. 
 

 
• For each prototype the team should have 3-4 questions they would like 

answered during the ‘test’ session. 
 

• Standardise the ‘script’ and test environment so the testing is somewhat 
consistent. 

 

User Testing 
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• Encourage the users to give honest feedback- both positive and negative.  
 

• The best feedback is the type which makes you rethink and redesign. 
 

• Look for critical errors (product not working), non-critical errors (detail 
fails), subjective evaluations and work-arounds with the user interaction. 
These will help refine and re-iterate the design. 
 

• Record all of the feedback, as this stage can never be repeated with the 
same users. 
 

User feedback 
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• Prototypes should be tested amongst the original research stakeholder 
group (where possible).   
 

• Speak to new participants (those who did not take part in the research & 
needs finding). This will give objective unclouded responses. 
 

• Test with extremes of stakeholders (both physical and behavioural 
extremes) e.g. 5th %ile female- 95th %ile male. 
 

• Test in situ (where possible) so you understand environmental 
influences. 
 

• Map out potential scenarios with extremes of situation, stakeholders and 
behaviours etc. 

 

Testing Protocol 1 
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• Bringing more than one prototype to a testing session encourages more 
honest feedback, people are reluctant to criticise when there is only one 
idea presented to them. When several are available people can compare 
and contrast and tend to be more honest in their feedback. 
 

• ‘This is not a finished idea!’- Tell the groups that these are ‘rough’ early 
stage prototypes and that further development is required. 
 

• You may have to prompt to encourage feedback, but try to avoid leading 
the users.  

 

Testing Protocol 2 
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• Be prepared. 
 

• Record everything that is said and done during the session, assign a 
recorder role to one of the team members. 
 

• Videos are useful at this stage as they can be reviewed after the session 
to uncover things that might have been missed.  

• The prototype may get damaged during the testing, so bring materials 
to repair it with you if you are moving from one session to another. 

 

Testing Protocol 3 



SCENARIO BUILDING 

Build controlled 
environments for early 
concept testing. 
 
 

 

 

 

 

Exploring: 

User interactions 

‘Object’ interactions 

Contextual relationships 

Early systems design 
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FIELD TESTING 

Test in-situ for real 
environment of use. 
 
 

 

 

 

 

Exploring: 

Real User interactions 

Real ‘Object’ interactions 

Contextual relationships 

Environmental conditions (variations) 

Real-life scenarios 
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• Pilot your prototypes with the group getting the ‘actors’ to play the roles 

of the users interacting with the product. 
 

• Use techniques like ‘think out lout’,& ‘5 W’s’, can help to elicit feedback 
and gain an understanding of the user experience. 
 

• Identify potential ‘errors’ and fail points. Refine those that will limit the 
test but allow ambiguous ‘risks’ to remain.  
 

• Record what happens.  
 
• Review the information and revise the testing for the real testing phase 
 

Pilot Testing 



6.CASE STUDY 1: Bio Design … 



47 

Use early 
rough 

prototypes 
to show 

ideas 

Bench 
testing 

features/ 
sub 

assemblies 

Simulated  
use 

testing 

Tissue 
testing 

Acute 
animal 
testing 

Human 
cadaver 
testing 

Chronic 
Animal 
testing 

Live 
human 
testing 

BIO DESIGN TESTING PROCESS 

IDEATION CONCEPT 

GENERATION 

CONCEPT 

DEVELOPMENT 

DESIGN REFINEMENT FINAL DESIGN 
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CASE STUDY 1: 

Transapical core valve delivery system 
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Rapid prototypes  
produced from CAD 
models/ technical 
drawings. 
 
 

 

 

 

 

Exploring: 

Ergonomic refinement 

Functional Aesthetics 

Anthropometric info 

User interaction  

User feedback 

SKETCH MODELS 
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Rapid prototypes for functional 
detail testing. SLA/3D routing 

DESIGN DEVELOPMENT MODELS 

Exploring: 

Assembly details 

Moving parts 

Functional details 

Ergonomic fit 
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CAD models allow for detailed 
fully functional prototypes. 

OOPERATIONAL MODELS 

Exploring: 

Testing to design spec: 

Functional tests 

Mechanical 

Environmental 

User needs /Ergonomics… 
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OPERATIONAL MODELS 

Exploring: 

User trials 

Scenario of  use building 

Ergonomic fit 5th-95th  

Percentile /selecting users 

Feedback of  controls 

Human error 
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Deployment of core valve 

Bench testing involves the testing 
of materials methods or 
functionality in a controlled 
environment such as a 
laboratory. Individual 
components or subassemblies 
are tested and all variables are 
independently controlled to give 
clear test results 

BENCH TESTING 
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Deployment of core valve in simulated 
conditions. 

Simulated use testing also 
involves testing in a controlled 
environment.  Procedures may 
be simulated with the use of 
substitute organs made from 
silicone nylon foam or ceramic.  

SIMULATED USE TESTING 
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Tissue/ animal testing 

Tissue/animal testing is 
essential in medical device 
testing but is only generally 
carried out when a concept has 
been proven in simpler tests. 

ACUTE ANIMAL TESTING 



7.CASE STUDY 2: User focused … 
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Use early 
rough 

prototypes to 
explore all 

potential user 
interaction 

(Sketch 
Models) 

Use basic 
models to 

Identify 
Human 
Factors 

(Ergonomics, 

touchpoints) 

Detail the 
interactions 

through 
development 
models (Block 

testing, 
simulated 
scenario)  

 

In-situ testing 

(environment 
of use, 

stakeholders) 

Scenario 
mapping 

(all situations) 

Form 
refinement 

(looks like) 

Functional 
refinement 

(works like) 

Final Product 
Testing 

USER TESTING PROCESS 

iteration iteration iteration 

feedback feedback feedback 

iteration 

feedback 

IDEATION CONCEPT 

GENERATION 

CONCEPT 

DEVELOPMENT 

DESIGN REFINEMENT FINAL DESIGN 
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CASE STUDY 2: 

Patient transfer system 

Early stage prototypes 
 

Exploring: 

Basic design functionality 

Anthropometrics 

Weight Distribution 

Support 

Movement 
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BENCH TESTING 

Sub components exploring functional 
features of the design. Materials and 
accuracy are important. 

Exploring: 

Mechanical features 

Human – Product interaction 

Movement process 

Assembly features 
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SIMULATED USE TESTING 

Testing refined prototype 
components  in-situ (hospital 
ward) 

Exploring: 

Environmental Factors 

User experience 

Ergonomic testing (5th female-95th male %ile) 

Contingent occurrences  

 



SIMULATED USE TESTING (EARLY STAGE) 
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SIMULATED USE TESTING 

Testing refined complete prototype in-situ (hospital ward) 
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FINAL PROTOTYPE TESTING 

5th %ile female -95th %ile male 



FINAL PROTOTYPE  TESTING 
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COMMUNICATING FUNCTIONALITY 



FINALLY 
• Every project is different! 

 

• Choose the most appropriate type of prototype for the 
stage of the project you are at. 

 

• Use prototypes to iterate ideas and refine details. 

 

• Everything should be prototyped - entire products, 
single details/features (physical objects), interfaces 
(paper prototyping) and systems (scenario building). 

 



67 

MY PROTOTYPING PROCESS 

iteration iteration iteration 

feedback feedback feedback 

iteration 

feedback 

IDEATION CONCEPT 

GENERATION 

CONCEPT 

DEVELOPMENT 

DESIGN REFINEMENT FINAL DESIGN 
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ADDITIONAL RESOURCES 
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Behaviour, Rosenfield Media. 
 
Morridge, Bill, 2006, Designing Interactions, Cambridge & London, MIT 
Press. 
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