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Abstract 
Learning by doing is an effective way to teach to design students and enables educators to provide 
them a durable knowledge about materials. This way of learning is essential for designers to exploit 
with awareness the potentials and the limits of materials. In this perspective, the presented workshop 
focuses on introducing the class of smart materials to the students, in order to facilitate a material 
replacement activity in some product design icons. Smart Materials are a peculiar category of 
materials characterized by a “non-intuitive” behaviour when submitted to the action of a certain 
chemical-physical stimulus.  

The use of those materials allows designers to imagine new kinds of interaction between users and 
products: the responsive behaviour of smart materials is very effective when designing products is 
oriented to emphasize the user experience. So, the object of this work is a one-day workshop with the 
aim to transfer theoretical knowledge, deepen it, touch it and apply it to product design.  

The aim of this study is allowing students to have a hand-on appropriation of smart materials 
characteristics and properties but also to let them understand that designing starting from the 
materials does not lead only to technical performance improvements, but it can act directly on the 
user-product interaction. 
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1 INTRODUCTION  
Materials are one of the essential ingredients for the realisation of every physical object. They are in 
charge of carrying not only functional properties, but also aesthetical and emotional values [1]. A 
proper material choice allows the designer to play a key role on the definition of the product’s 
feasibility, character and also on the end user’s experience management. 

To avoid mistakes and to have a complete control of the functional and experiencing properties of the 
final product, students need to appreciate both the technical and sensorial properties of materials 
[2,3].  

In this optics, learning by doing represents an effective alternative to teach to students. It enables 
educators to provide them a durable knowledge and allows students to immediately perceive the 
theoretical teachings into something tangible by experimentation and direct experience [4, 5].  

In the case of product design students, the same approach is even more efficient to promote 
responsible choices: for designing with materials, is not only compulsory to know notions about their 
technical properties, even the sensory criteria and aesthetic properties are essential information to 
produce an aware design [6]. 

Furthermore, if the material changes its properties or its behaviour in function of some environmental 
factors (smart materials), is even more required an aware material selection activity [7]. 

In this perspective, the presented workshop focuses on a learning by doing based teaching about the 
class of smart materials to the students, in order to investigate a material replacement activity in some 
product design icons. 
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1.1 Smart Materials 
Smart Materials are a peculiar category of materials characterized by a “non-intuitive” behaviour when 
submitted to the action of a certain chemical-physical stimulus [8, 9].  

Those particular properties allow them to “react” in a replicable and reversible way to different 
environmental inputs such as light, temperature, mechanical stress, moisture, magnetic fields or 
electric current [10]. 

When a smart material is exposed to one of those external stimuli, it responds by changing at least 
one of its physical properties, exhibiting a dynamic behaviour. 

In example, a thermochromic material will change its colour if heated, a mechanoluminescent will emit 
light if mechanically deformed, a magnetostrictive material will change its shape if exposed to a 
magnetic field and so on. 

In Fig.1 we can find the main smart material classes organised by their output for a certain input 
received. 

 
Fig.1: Input-Output scheme for the most common smart materials classes,  

re-elaboration of the Authors of the Addington & Schodek (2005) [11]. 

The smart material classes analysed with the students have been chosen due to some peculiarity 
belonging to the materials themselves, in example the level of the technology maturity, the immediacy 
of the property change and its repeatability. More in detail, the following characteristics have been 
considered: 

• Transiency: The material has different possible states and change between one another 
• Self-actuation: The behaviour is internal of the material: the material act both as sensor and 

actuator 
• Directness: The response of the material is local: it occurs where and only where the input is 

applied 

• Selectivity: The transition(s) occurring in the material is predictable and repeatable 
• Immediacy: The transition phenomenon occurs as soon as the material receives the input and 

reverse when the input stops. 

• Activation time: The time needed for the effect to occur from the moment the input is received 
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• Relaxation time: The time needed for the material to turn back to its initial state  

• Reversible change: once a change has occurred, the material can turn back to its initial state 

• Irreversible change: the change occurs only once, and the material stays at its arrival state 
• Single change: one change occurs at a precise value of the input, giving the material two states 

between which, it switches 

• Multiple change: several changes can occur at precise values of the input 
• Continuous change: the change is gradual occurs between two values of the input 

• Bi-directional change: the input and the output can be switched 

So, the work with the students that we are going to present will be set on the following smart material 
classes: 

• Photochromics: exhibit a change in colour when exposed to specific radiation (UV); 

• Electroluminescents: exhibit light emission phenomena if electrically stimulated; 
• Photoluminescents: exhibits a light emission phenomenon when exposed to the variation of 

electromagnetic irradiation; 

• Thermochromics: materials that change their colour if exposed to a thermal variation 
• Shape Memory Polymers: polymers that can recover their original shape if heated, even after 

an imposed deformation; 

• Mechanoluminescents: materials that exhibits light emission phenomena if mechanically 
deformed;  

• Magnetorheologicals: materials that can change their stiffness/viscosity if exposed to a 
magnetic field [10]. 

1.2 Smart Materials in Design Projects 
Smart materials offer to designers the opportunity to design new products or integrate existing ones, 
developing intelligent ones with enhanced experiential properties. The changing properties of 
intelligent materials make them fundamentally different from "static" materials. These are often used to 
give fixed properties to an object. 

Smart materials, on the other hand, autonomously respond to stimuli in the environment to produce a 
reaction, usually reversible, which creates a new dimension of interaction. Products integrated with 
intelligent materials can present interesting properties such as: self-cleaning, self-healing, pH-
sensitive, antimicrobial, shape-shifting or other intelligent properties, or create a different user 
experience. In developing a new product, these materials are often not widely considered, managing 
interactivity through technological additions of electronic systems. 

Through the integration of intelligent materials, IT systems, sensors and electronics can therefore be 
avoided, and this aspect makes it possible to increasingly decrease the complexity of the product and 
to optimize its user experience. Designing instead with intelligent materials, functionality is 
incorporated into the material itself and devolved to the product. 

The use of those materials allows designers to imagine new kinds of interaction between users and 
products: the responsive behaviour of smart materials is very effective when designing products is 
oriented to emphasize the user experience [9]. 

2 METHODOLOGY 
The workshop experience for the students of the "Nanotechnologies and functional materials for 
design" elective course at the Design School of Politecnico di Milano aimed at integrating Smart 
Materials into iconic design products. Half students belong to the "Design & Engineering" Master 
Course and half to “Integrated Product Design” Master Course, they were divided into 7 groups, as 
many as the main classes of functional materials: thermochromic, photoluminescent, photochromic, 
electroluminescent, mechanoluminescent, photoluminescent, shape memory alloys. Given the 
complexity and technicality of the materials on which to base the design actions, activities have been 
planned to: provide the context for re-design actions, provide a shared knowledge base on the subject, 
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go deep into research in a way to have all the bases on which to design with smart materials. The flow 
of the activities presented here and subsequently described in detail are shown in Fig. 2.  

 
Fig.2: Graphic representation of the workshop structure. 

2.1 What designers loves 
Before starting the workshop, it was asked to students to identify the most iconic design product in 
their own opinion and to analyse them by enlighten some information such as the designer, the year of 
production but also the materials and the production technologies chosen to realise it. This preliminary 
activity was proposed to students in order to let them get involved into the next activities exploiting 
something they already love. In the first day of the workshop, every student made available its own 
research to others: this second activity was asked to create a familiar environment in the classroom by 
let the students know each other and facilitate the definition of working groups. 

2.2 Theoretical and practical lecture 
After the warming activity in which students got involved into the topic and had the chance to know 
each other exploiting the information deriving by their favourite design product showing, the workshop 
started with a theoretical lesson on smart materials. In the lecture both technical and sensorial aspects 
of smart materials have been explained to the students. 

In the first half of the lecture notions about physical behaviour and technical information on smart 
materials were shared with students, focusing on the main characteristics that let them differ from 
classical material classes. Also, the main smart material classes have been introduced. 

In second half of the lecture, a focus on the current application and the potential expressivity and 
sensorial properties of those materials have been presented. 

At the end of the lecture, almost all the materials described during the lectures have been physically 
shown to the students: this first hands-on moment was significative to let the students appreciate the 
dynamic behaviour of smart materials when they are exposed to a certain input.  

2.3 Smart material in depth analysis 
At this point, all the students have been asked to divide themselves into working groups made by four 
students each. 

A smart material application case study class has been assigned to every working group and, hands 
on the samples, they were asked to conduct an in-depth analysis of the smart material class. 

This focusing activity was thought to let the students get curious on current application of the smart 
material classes in existing design products and concepts, so that they can appreciate the big 
expressive potential of those materials. 
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The in-depth analysis activity was guided by a defined format and students were asked to investigate 
and reflect on: 

• Finding the correspondent sample of smart materials 

• Triggering the smart material reaction 
• Analyse the time span needed to obtain the maximum output from the material and its 

repeatability 

• A research on the maturity of the material itself and a comparison with other materials 
• An analysis of pro and cons of the smart material application in the case study product [9]. 

 
Fig.3: Picture taken during the in-depth analysis activity with the samples. 

2.4 Boost the product 
After enlightening the most important features of the material class itself and its application, the 
students were asked to apply the received knowledge into a practical activity. 

The last question of the format, in fact, driven the groups of students to choose one of the products 
presented to the classroom during the “what designers love” activity and try to apply on it the smart 
material analysed. This activity has been useful to enlighten how the use of smart materials may 
enhance the user experience on existing products: this exercise was not supposed to assume that the 
chosen products need a better study on user experience, but it was an example to show to the 
students how the user experience with a product may change by applying a material substitution. 

Moreover, reflecting about materials that present a dynamic behaviour, this material replacement 
exercise has been done to stimulate students’ creativity on imagining smart materials design driven 
products for their future projects. 

3 RESULTS 
In the following paragraphs we are going to present the results obtained in the workshop, divided by 
activity. Although the results were divided along the activities planned for the workshop, the path was 
a single flow. The flow moved from the theoretical to the practical approach and then repeated with an 
ever-increasing level of depth. The projects completed and which have had satisfactory results are 
those in which the designers have followed the flow of activities and carried them out correctly. In fact, 
those groups who during the in depth and autonomous research provided erroneous results, were not 
able to transfer the smart material to product in sensible way.  

3.1 What designers love 
The “What designers love” activity ended with a specific output: every student have chosen its 
favourite design iconic product and analyse it by enlighten its main characteristics such as some 
general information about the designer, a product description and the materials and the technologies 
used to produce the product. 

All the contents have been resumed in the format presented in Fig. 4. 
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Fig. 4: “What designers love” activity restitution format. 

Moreover, in order to facilitate the exchange of information through the students, the class has been 
divided in four groups and all the products have been re-organised in four categories: 

- year of production (Fig. 5) 
- materials 
- technologies 
- geographical area of production (Fig. 6). 

 
Fig.5: (left) Schematic representation of the products 

timeline 

 
Fig.6: (right) Schematic representation of the 

products’ geographical provenance 

At the end of the activity, every student had the chance to see all the student’s favourite design icons 
and, in this way, the educators had the chance to stimulate and improve the classroom members 
cohesion and cooperation.  

3.2 Theoretical and practical lecture 
The results obtained by the combination of the theoretical and practical lecture are in alignment with 
the expectations derived by the learning-by-doing approach: in the first step, a front lecture has been 
proposed to the students to introduce general information and technical notions about the smart 
materials (Fig.7). In second hand, the described behaviour of those material classes have been 
directly shown to the class by presenting and giving the chance to play with some samples to 
appreciate the material properties (Fig.8). 
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Fig.7: (left) Theoretical lesson 

 
Fig.8: (right) Practical activity with samples. 

3.3 Smart material in depth analysis 
To consolidate the technical and scientific notions acquired during the lecture, a deductive exercise 
and an in-depth analysis has been required to students. 

The firs exercise stressed on their deductive capabilities: an existing product using smart materials 
has been assigned to each group of students. Then, they were asked to find the class of smart 
material applied in the product by reflecting on its characteristics. At this point, they were asked to find 
the correspondent sample and to analyse it by testing its smart properties. The following questions 
were asked to each group: 

• Find the sample related to the example. Try to provoke the change. With which kind of stimulus 
the samples are activated?  

• Is the change immediate? How much time does it takes to get to the maximum intensity of the 
effect? Is always the same time needed?  

• How much time the material takes to turn back to its initial state after the correct stimulus is 
removed? Give an approximation of the time it takes and search for more precise values on the 
internet.  

• What is the maturity of the case study (is it an industrialized product or a prototype)? Which 
materials serve as a substrate for the functional material? How the functional material has been 
added to the substrate material (most likely)?  

• Search for materials that can exhibit the same transition phenomenon as the one used in the 
application. Which variations can be obtained? Are they used as additives (e.g. pigments), as 
surface treatment, as structural materials by themselves, or as part of a composite? With which 
structural materials can they be used?  

• What are alternative solutions to the problem solved by this application? Search on the internet 
for them. What are the pros and cons of the studied solution compared to the other ones?  

3.4 Boost the product 
At the end of the analysis, students have been asked to reinterpret one of the iconic products 
analysed in the previous activity on “What designers love” by introducing a “smart” component. 

Each group has been invited to choose the product that better fits with the introduction of the smart 
material class just analysed.  

The choice of the product and the introduction of the smart material in a component or in the whole 
body of the object must have been justified, trying to enhance both the product’s user experience and 
the material itself by a clever material substitution. 

This activity, of course was not required to improve existing product’s user experience, but was simply 
an exercise of smart material application by exploiting student’s favourite choices: in this way, the 
educators were able to limit the students action field on redesign activity and could push the students 
in doing the effort of adapting the smart materials onto specific, iconic products. 

In the following paragraph some of the main concepts, in particular the ones that have reached the 
goal of the workshop activity, will be described in the following paragraph. The results that instead 
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have not led to sensible smart materials integration in products come from groups that have failed to 
gather information in the research phase.  

3.4.1 Concept 1: Photoluminescence 
The group of designers has chosen, as the product to be boosted, the Opinel knife No. 8, made by 
Joseph Opinel dated 1890 and produced by the laboratory of family from 1890 to 1901 and subsequently 
from the Opinel company from 1901. 
The group of designers has chosen this product, from those analysed by the class for the integration of 
the photoluminescent smart material. Thanks to the integration of these materials, the knife acquires 
increased safety, information and communication to user. The photoluminescent material has been 
integrated into three basic positions: the blade, the handle and their connection ring. 
A photoluminescent offset on the blade as shown in Fig.9 is aimed at identifying the profile of it, in order 
to increase the safety of use and the visibility of the cutting area in case of poor lighting. Furthermore, the 
use of the smart material in the blade extraction zone was also integrated in order to effectively indicate 
the area of user interaction as shown in Fig.10. An indicator has been added using the photoluminescent 
material in order to indicate the locked/unlocked blade position, in this way the user is guaranteed to be 
able to use the product safely. An action of integration of the smart material has also been designed to 
create a photoluminescent profile of the handle that indicates the correct grip and makes the product 
identifiable even when closed in case of poor or no visibility as Fig.10 shows. In its entirety, the product 
thus integrated, despite retaining the same identity, takes on new characteristics, a new look that aims to 
create an incremental user-experience. 

 
Fig.9: (left) Concept sketches by Gianmarco 

Angeletti, Stefano Ferraresi, Giacomo Bacchini, 
Andrea Pasotti 

 
Fig.10: (right) Concept rendering by Gianmarco 
Angeletti, Stefano Ferraresi, Giacomo Bacchini, 

Andrea Pasotti 

3.4.2 Concept 2: Mechanoluminescence 
The group of designers who were assigned the mechanoluminescent material, chose as a product to 
reinterpret the carbon fibre guitar designed by Adam Klosowiak in 2014 and produced by Klos Guitars. 
The group decided to focus attention on the keyboard, applying mechanoluminescent material to it. In 
this way, when the user goes to press the string to the keyboard, the material will give a light output. This 
integration of the smart material is directed towards the creation of a scenographic environment for 
concerts and events. It can also be suitable for musical instrument teaching to highlight the correct finger 
position during chord execution (Fig.11). 

 
Fig.11: Concept rendering by Louis Cluzel, Ramiro Torres, Roberto Ionno, Nadja Fottner 
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3.4.3 Concept 3: Magnetorheologicals 
The group of designers that had to apply magnetorheological materials has chosen to do it on the 
product design icon: Radio Cubo TS 502 by designers Marco Zanuso and Richard Sapper from 1962, 
produced by Brionvega. The material has been integrated into the shells of the product, thinking of 
being interposed between a rear body and a body shell. Under the impulse of the magnetic field 
generated by the radio waves, the smart material will be able to move in the cavity creating visual 
effects that could even go to music as shown in Fig. 12. This integration of magnetorheologicals has 
brought an alternative solution to the use of classic screens or displays. The advantage of this solution 
is to create a different and suggestive effect, and to have as input a simple magnetic field. 

 
Fig.12: Concept Sketches by Alice Ventura, Lorenzo Lanzoni, Laila Amdouni, Giacomo Eugenio Delia  

4 CONCLUSIONS 
The overall consideration about the applied methodology for the workshop is positive: the whole 
procedure shown that students were able to apply all the notions into a practical resolution. The 
theoretical lecture combined with a direct experimentation of the materials themselves and an in-depth 
analysis was a sufficient background to allow students in the application of smart materials into a 
design project. Even if not every concept has been presented into the paper, we can affirm that the 
combination of the theoretical, practical and research activities was sufficient to encounter the need of 
the designer to face up an activity as the material replacement to implement UX on an iconic product. 
The activity was finalised to improve the material selection and replacement skills of the students and 
certainly not to improve the existing product UX. The results obtained in the end of the workshop are 
sufficiently positive to allow the educators in repeating the activity again.  

As future development, for next workshop sessions, we will include into the activity flow a verification 
and revision step after the depth analysis, in order to verify the scientific-based correctness of the use 
of the materials before integrating them into the product boost.  

REFERENCES  
[1] Ashby, M., Figuerola, M., Lai, Q. “The CES EduPack Products, Materials and Processes 

Database The CES EduPack Products, Materials and Processes Database-a White Paper”. 2016. 

[2] Dutson, A. J., Todd, R., Magleby, S., Sorensen, C. “A Review of Literature on Teaching 
Engineering Design Through ProjectOriented Capstone Courses”, J. Eng. Educ., 1997 

[3] Dym,C. L., Agogino, A. M., Eris, O., Frey, D. D., Leifer,L. J. “Engineering Design Thinking, 
Teaching, and Learning”, J. Eng. Educ., 2005 

[4] Piselli, A., Dastoli, C., Santi, R., & Del Curto, B. “Design tools in materials teaching: Bridging the 
gap between theoretical knowledge and professional practice.” Proceedings of the 20th 
International Conference on Engineering and Product Design Education, E and PDE 2018. 

[5] Piselli, A., Baxter, W., Simonato, M., Del Curto, B., & Aurisicchio, M. “Development and evaluation 
of a methodology to integrate technical and sensorial properties in materials selection”. Materials 
& Design, 153, 259–272, 2018 

[6] Karana,E., Pedgley, O., Rognoli, V. “On Materials Experience”, Design Issues, vol. 31, 2015  

6100



[7] Hölter, M., Piselli, A., Colombo, S., Del Curto, B. “A material database framework to support the 
design of shape-changing products”. Advances in Intelligent Systems and Computing, 2019 

[8] Del Curto,B. “Nanotecnologie e materiali funzionali. Strumenti per una nuova progettualità”, 
Epitesto, 2008 

[9] Cardillo, M., Ferrara, M. “Materiali intelligenti, sensibili, interattivi”, Materiali per il design – vol.2, 
Lupetti, 2008 

[10] Lefebvre, E., Piselli, A., Faucheu,J., Delafosse, D., Del Curto, B. “Smart materials: development of 
new sensory experiences through stimuli responsive materials”. 5th STS Italia Conference A 
Matter of Design: Making Society through Science and Technology, 2014 

[11] Addington, M., & Schodek, D. L. “Smart Materials and Technologies in Architecture”. Elsevier, 
2005 

6101




