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Material Ideation Toolkit:

Flashcard-based Experiential Learning in Product Design

Material Ideation is a design approach that leverages unconventional

and traditional materials to inspire new ideas and solutions.

By exploring the properties, limitations, and possibilities of different
materials, designers can develop innovative products that challenge

expectations and expand creative boundaries.
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Design A Chair...

Oak Chair Expanded Polystyrene Cup Max Lamb - Poly Chair
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The Ideation Process:

Ideas
At the core of design education is problem-based learning.
This is due to the discipline’s nature, which uses creative
skills and processes to define and solve problems.
; PINERGE 1 CONVERGE .
Problem create cholces make choices Solution

Material Ideation is a design approach that leverages
unconventional and traditional materials to inspire new

ideas and solutions - Stimulate Creative Thinking.
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The Ideation Process:

Students can use flashcards to ‘Stimulate Creative Thinking®’ about materials in

product design and support the development of material-driven ideas and solutions.

Ideas

COMPOSITE

FIBREGLASS

GLASS FIBRES & RESIN
Composite / Fibre Reinforced

Lightweight, durable composite widely used in
boats, construction, and automotive. Offers
excellent corrosion resistance and impact
durability but may degrade under UV without
protective coatings

Design Considerations
Impact-esistant
Suitable for durable designs

Key Characteristics
Lightweight; Durable
Corrosion-resistant

Chemical & Environmental Resistance
Good chemical resistance
UV-sensitive

Applications
Boats
Automotive parts
Furniture

Practical Notes
Cost-effective
Requires protective coating for UV

ABS

ACRYLONITRILE BUTADIENE STYRENE
Thermoplastic / Amorphous

ABS is widely used material in various industries,
including automotive, electronics, and consumer
goods. The combination of strength, durability,
and versatility makes ABS an important plastic
in modem manufacturing and design

Design Considerations
Impact resistance
Available in various colors
Not ideal for outdoor use

Key Characteristics
High impact resistance
Moderate temperature stability
Smooth surface finish

Chemical & Environmental Resistance
Resistant to oils, weak acids
Susceptible to UV degradation

lications
Automotive parts
Electronics casings
Appliance housings

Practical Notes
Cost-effective
Easily molded
Best for indoor use

NITINOL —

NICKEL-TITANIUM
Alloy

Shape-memory alloy capable of returning to its
original shape after deformation. Used in
medical devices, robetics, and actuators due to
its flexibility and biocompatibility.

Design Considerations
\deal for applications requiring flexibility and
shape recovery

Key Characteristics
Shape-memory
Corrosion-resistant
Flexible

Chemical & Environmental Resistance
Excellent corrosion resistance
Biocompatible

Applications
Medical devices
Actuators
Robotics

Practical Notes
Expensive
Requires precise processing
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The Flashcard Design:

Sensory Input
(Flashcards)

Facilitates Discussion
Encourages Reflection

Informs Knowledge Development
Supports Ideation Process

Creates An Experience For Students

FIBREGLASS

GLASS FIBRES & RESIN

Composite / Fibre Reinforced

Lightweight, durable composite widely used in
boats, construction, and automotive. Offers
excellent comosion resistance and impact
durability but may degrade under UV without
protective coatings.

Design Considerations
Impact resistant
suitable for durable designs

Key Characteristics
Lightweight; Durable
Corrosion-resistant

Chemical & Environmental Resistance
Good chemical resistance
UV-sensitive

Applications
Boats
Automotive parts
Fumiture

Practical Notes
Costeffective
Requires protective coating for UV
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PLASTICS

ABS

ACRYLONITRILE BUTADIENE STYRENE
Thermoplastic / Amorphous

ABS is widely used material in various industries,
including automotive, electronics, and consumer
goods. The combination of strength, durability,
and versatility makes ABS an important plastic
in modern manufacturing and design.

Design Considerations

. Impact resistance

' Available in various colors
' Not ideal for outdoor use

Key Characteristics

' High impact resistance

' Moderate temperature stability

' Smooth surface finish

Chemical & Environmental Resistance
. Resistant to oils, weak acids

. Susceptible to UV degradation

Applications

. Automotive parts

. Electronics casings
. Appliance housings

Practical Notes

' Cost-effective

. Easily molded

' Best for indoor use
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NICKEL-TITANIUM
Alloy

Shape-memory alloy capable of returning to its
original shape after deformation. Used in
medical devices, robotics, and actuators due to
its flexibility and biocompatibilty.

Design Considerations
Ideal for applications requiring flexibility and
shape recovery

Key Characteristics
Shape-memary
Corrosion-resistant
Flexible

Chemical & Environmental Resistance
Excellent corrosion resistance
Biocompatible

Applications
Medical devices
Actuators
Robotics

Practical Notes
Expensive
Requires precise processing
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The Studio Impact:

Problem-Based Learning
(Design Projects)

First Year Studio Project / Coat Hook Design

PLYWOOD POLYMER (ACRYLIC)
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The Studio Impact:

Problem-Based Learning (Design Projects) = - -

’ PLYWOOD STEEL ACRYLIC
Sensory Input (Flashcards) -

Thermoplastic./ Amorph

By experimenting with materials, designers push the
boundaries of what’s possible, often leading to innovative
forms and concepts that resonate on both functional and

emotional levels.

Student Discussions:
* Acrylic / Will it break? Does it need to be thicker? (Form)

+ Steel / Will it rust? (Environmental)

KRR

S S e —

o
e

* Plywood / How do we form this? (Manufacturing)

PLYWoOOD POLYMER (ACRMLIC)

The students’ design is pushed forward and developed

through dialogue and reflection based on materials.
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The Theory:

Constructivist Pedagoqgy

Emphasises that learners actively construct their understanding and
knowledge through experience, reflection, and interaction.

Facilitates knowledge growth using problem-based learning and response
to sensory inputs (Brown and King, 2000).

Bruner (1990) defined this constructivist framework for teaching and
learning as ‘meaning making’.

* Linking of modules, learning and application skills.

* Students must make meaning of knowledge and apply it to the
studio projects (coat hook).

Materials as a solution pathway require a foundational understanding of
materials and their characteristics (Parisi et al., 2017). This is grounded by
didactic pedagogy in the materials module and linked to Studio Projects
through flashcards.
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FIBREGLASS

GLASS FIBRES & RESIN

Composite / Fibre Reinforced

Lightweight, durable composite widely used in
boats, construction, and automotive. Offers
excellent corrosion resistance and impact
durability but may degrade under UV without
protective coatings.

Design Considerations
Impact-resistant
Suitable for durable designs

Key Characteristics
Lightweight; Durable
Corrosion-resistant

Chemical & Environmental Resistance
Good chemical resistance
UV-sensitive

Applications
Boats
Automotive parts
Furniture

Practical Notes
Cost-effective
Requires protective coating for UV
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ABS

ACRYLONITRILE BUTADIENE STYRENE

Thermoplastic / Amorphous

ABS is widely used material in various industries,
including automotive, electronics, and consumer
goods. The combination of strength, durabiiity,
and versatility makes ABS an important plastic
in modern manufacturing and design.

Design Considerations
Impact resistance
Avallable in various colors
Not ideal for outdoor use

Key Characteristics
High impact resistance
Moderate temperature stability
Smooth surface finish

Chemical & Environmental Resistance
Resistant to oils, weak acids
Susceptible to UV degradation

Applications

. Automotive parts
Electronics casings
Appliance housings

Practical Notes
Cost-effective
Easily molded
Best for indoor use
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NICKEL-TITANIUM

Alloy

Shape-memory alloy capable of returning to its
original shape after deformation. Used in
medical devices, robotics, and actuators due to
its flexibility and biocompatibility.

Design Considerations
Ideal for applications requiring flexibility and
shape recovery

Key Characteristics
‘Shape-memary
Corrosion-resistant
Flexible

Chemical & Environmental Resistance
Excellent corrosion resistance
Biocompatible

Applications
Medical devices
Actuators
Robotics

Practical Notes
Expensive
Requires precise processing
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The Next Steps:

* Positive feedback from students - Having a physical tool to hand provides a sense of structure and inspiration within the ideation process.

* Develop High-level Material Cards & Manufacturing Process Cards.

* Integrate Technology (Material Scanner)

PLASTICS

Plastic as a Creative
Catalyst: Unlocking Form,
Function, and Imagination

Plastics are incredibly versatile materials
that can be moulded into almost any
shape. enabling bold, innovative forms
that are difficult orimpossible with other
materials.

They're lightweight, durable, and available
in a wide range of colours, textures, and
transparencies—opening up endless
creative possibilities.

Their adaptahility also makes them ideal
for rapid prototyping. helping designers
test and evolve ideas quickly.

Mmertal ideation To ¢ PrOSUCT Desg Iavation { SETU

(COMPOSITE

FBREOLASS

NITINOL

NICKEL-TITANIUM
Ao

+ impact resistance

+ Notdealfor outdoor use.

Key Characteristics

ACRYLONITRILE BUTADIENE STYRENE m
ke o Amorph
‘

INJECTION MOULDING

Molten plastic is injected into a mould cavity,
cooled, and solidified.

Key Features / High production efficiency,
repeatability, suitable for complex parts.

Common Materials / Thermoplastics (ABS, PP, PE,
Nylon), Thermosets, Elastomers.

Applications / Consumer products, automotive
components, electronics, medical devices.

Advantages / High precision, cost-effective for high
volumes, minimal waste.

Limitations / High tooling cost, long mould
development time.

Design Considerations / Uniform wall thickness, draft
angles, gate placement affects aesthetics.

-~y
t. v
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PSMK?2 Plastic Scanner

P— Manufacturing Process

High-Level Overview
9 Flash Cards Development

Flash Cards Development SATLE24 Application (T&L)
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Contosion-esistant metal commonly used in
galvanising and dis.casting. It is costeffectiie
for small mechanical parts bt lacks the
srength rquire forheavy.duty agplicatons

Design Consideratio
Sukabefo o sos, arrosonesistank
castings
ey Charaiisies
D onmeingpom
Chemiat EnvronmenaReistarce
‘Good conosion esista
Uimited sength

sopicatons

aing
Scnms
+ Smallmechanicalparts
PNt

- Easiy ca
© ot forswuctura apptcations

COPPER-ZING

Alloy

Strong, conosion-esistamt_alloy with an
e speararc, conmon

]

decontive nga, akes. oo musied]

snumens. O good mechnaity and
bty

Design Considerat

METAL

NICKELTITANIUM

Aloy
Shapememory ally capble of retuing to ts
orginal shape  after_ deformaton. Used i

medical devioe, obotics, and sctustors dus 1o
s oAbl and biocompadbiry

Design Considerations

Suitatle for decoratve and
applcatons

Koy Charactrstics
Corosion-esistant
Atactie sppesrance

Chemical & Enironmental Resistance

Good corosion esistance
Ternishes over time

Appications
- Fitings
Musical nstumants
Janalry

PracticalNotes
lesble

yclabie
Requres polishing

shape recovery

Koy Crarctrisies
Shape-memory
cmm esstant

L e

Chemical & Environmental Resistance
Excellent comosion resistance.
Blocompatile

Applcations
edal devcos.

Actuators
Robotics
Pt tows

Remeapreissprocessing

COMPOSITE

CARBON FIBER

‘GARBON FIBRES 6 RESIN

Composite Fibre Reiforced

Stong. lightweight _composte used i
aerospace, auomotive, and sports. Offers
excellent tensie strength and low weight for
Fighperformance appications. though costly
nd abeur mtenaie to manufacture

Design onsiderstons
Latineon i svennsplcsions
+ ot suftabl forcomplex shaper

Ky Craractontcs
Extvemely suong
+ Ughtweight Rigd

Chemical & Envionmental Resistance
Excellent chemical esstance.
OV-sensicve unles coated

Applcations

P eraspace

© huomotne

* Sports equpment

Reues speiasedhanding

PLYWOOD

WIOOD SHEETS:

5 ADHESIVES
Composite / Natural Materal

Ronevae oyt vond product wed o
construction furnure, and packagng. Offers &
o svengho el ey o com 5 veve
for improved moisiure and fir resistance in
outdodr seftngs.

Design Conciderat
deal for i, sustainable designs.
Can be post prosessed - CNC

Ky Charactrisics
Renewable

High strengthto-weight et
Versatie

Chemcal & EnvironmentalResistance
iure

Consttucton
packagng
Lighting

Applcations
Food cortai

Vol poducts

Automotie parts

Practica Notes
Limitod outdoor durabity unloss woated

FIBREGLASS

GLASS FIBRES

N
Camposite  Fiore Renforced

Lightweight, durable compasite widely used in
boats, construction, and automaive. Offers
excallen corosion resistance and impact
sty b mey dograce undr U Wit
protectve coatns

Design Considerations
- impactesistant
- Sukablefordurable designs.

Key on
O e Durble
Canosionesistant

Chemical & Envtonmental Recistance
hemical esisar
Wsensitve

sopicatons
Atomatvepars
Furniture

Practical Notes.
Costefiective
Redquies prtective coating for UV

GLASS-FILLED PP

POLIPRIPYLENE 6 SLISS BRES
mposie Fibre Renforced

Reinforced polyropylene with added strength
for automotve and elecirica parts. Combines
the ightweight flexbilty of polypropylene with
enhanced tensie and themal propertes for
alass e,

Seign Considerstons.
abie for renforced plastic designs
Tequtingsengt and lgnmueat
ehnarsctenstios

Ky cracsmtten
oo
Rigid

Chemical & Environmental Resistance

- God cnemicalresistance.
Ulzensitive

Applcations

P ainomotie pars
Ecctricalhousings
Medical devices.

ractal Not
Stonger han standad polropyene

Stimulate Creative Thinking

Sensory Input > Problem-Based Learning

Material Toolkit / Pedagogy Development / Product Design Innovation
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Material Ideation Toolkit:

Flashcard-based Experiential Learning in Product Design

SETU Carlow / Product Design Innovation
Alan Grincell
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COMPOSITE

FIBREGLASS

GLASS FIBRES & RESIN
Composite / Fibre Reinforced

Lightweight, durable composite widely used in
boats, construction, and automotive. Offers
excellent corrosion resistance and impact
durability but may degrade under UV without
protective coatings

Design Considerations
Impact-resistant
Suitable for durable designs

Key Characteristics
Lightweight; Durable
Corrosion-resistant

Chemical & Environmental Resistance
Good chemical resistance
UV-sensitive

Applications
Boats
Automotive parts
Fumniture

Practical Notes
Cost-effective
Requires protective coating for UV

Material idzstion Taolkit/ Product Design Innovation / SETU

PLASTICS

ABS

ACRYLONITRILE BUTADIENE STYRENE
Thermoplastic / Amorphous

ABS is widely used material in various industries,
including automotive, electronics, and consumer
goods. The combination of strength, durability,
and versatility makes ABS an important plastic
in modern manufacturing and design.

Design Considerations
Impact resistance
Available in various colors
Not ideal for outdoor use

Key Characteristics
High impact resistance
Moderate temperature stability
Smeoth surface finish

Chemical & Environmental Resistance
Resistant to oils, weak acids
Susceptible to UV degradation

Applications
Automotive parts
Electronics casings
Appliance housings

Practical Notes
Cost-effective
Easily molded
Best for indoor use

Materia! Ideation Toolkit / Froduct Design Innavation / SETU
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NITINOL —

NICKEL-TITANIUM

Alloy

Shape-memory alloy capable of returning to its
original shape after deformation. Used in
medical devices, robotics, and actuators due to
its flexability and biocompatibility.

Design Considerations
Ideal for applications requiring flexibility and
shape recovery

Key Characteristics
‘Shape-memory
Corrosion-resistant
Flexible

Chemical & Environmental Resistance
Excellent corrosion resistance
Biocompatible

Applications
Medical devices
Actuators
Robotics

Practical Notes
Expensive
Requires precise processing

Material Ideation Teolkit/ Product Design Innovation / SETU
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