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Abstract  

In this paper, we explored a design methodology for teaching circular economy concepts to 52 

engineering students in a French higher institution. Considering the collaboration between fashion and 

sports industries, students explored disassembly solutions for diving masks and swimming goggles in 

order to use the material for recycling or recuperate spare parts for repair strategies. The methodology 

was based on the Double Diamond diagram for innovation, starting from a general problem to get to a 

specific solution. Deliverables include machinery and tool prototypes, as well as service design. Finally, 

students evaluated the course, presenting promising results regarding support materials, interest in the 

course and comprehension of circular economy.  
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1. Introduction 

Sports are a significant source of inspiration for fashion designers (Lee & Park, 2012)). Considering 

collaborations within the fashion industry, sports and casual clothing manufacturers and distributors 

may have synergy and win-win effects (Jang, 2006). Also, once we combine fashion and sports 

technology, sports lines can get more refined and fashion can be displayed more vividly (Jang, 2006). 

Parallelly, circular economy (CE) emerges as an alternative to our current linear logic of extracting, 

producing, consuming and throwing away, as it proposes a restorative system that relies on renewable 

energy, minimising tracks and eliminating the use of toxic chemicals; and eradicating waste by careful 

design (Ellen MacArthur Foundation, 2013). Educating engineers for CE is an important action towards 

circularity, once they will shape the industry’s future (Kirchherr & Piscicelli, 2019). 

In the sustainability and CE context, the fashion industry plays an essential role considering its 

strategic areas of innovation, especially in the textile sector, and its environmental impact (Jacometti, 

2019). Considering these factors, in this paper, we analyse the results of a workshop based on a 

methodology for teaching CE to engineering students, focusing on diving masks and swimming goggles 
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from a partner sports company, responsible for developing and distributing its products.   

 

2. Literature review 

CE is defined as “an industrial economy that is restorative by intention; aims to rely on renewable 

energy; minimises tracks, and eliminates the use of toxic chemicals; and eradicates waste through 

careful design” (Ellen MacArthur Foundation, 2013).  Singh and Ordonez (2016) add that it is a strategy 

that uses innovation to transform the current linear system of consumption into a circular one that 

leads to economic sustainability combined with material savings. CE is usually seen as a condition for 

sustainability, in which human activity happens in a way that does not harm Earth’s ecosystems 

(Geissdoerfer et al., 2017).  

Putting CE into practice demands the transformation of businesses, especially in the manufacturing 

industry, which calls for the re-thinking of design and engineering education in order to develop new 

proficiencies related to material science, engineering technics, operational processes, service design and 

human behaviour (De los Rios & Charnley, 2017). Higher education can play a significant role when 

grounded in five principles: interactivity, non-dogmatism, reciprocity, constructive alignment and 

problem-based learning (Kirchherr & Piscicelli, 2019). 

In this context, active learning is defined as “any instructional method that engages students in the 

learning process. In short, it requires students to do meaningful learning activities and think about 

what they are doing” (M. Prince, 2004). Active learning methods focus on involving the students in 

activities that promote manipulating, applying, analysing, and evaluating ideas (Crawley et al., 2007). 

As part of active learning, problem-based learning confronts students with “an open-ended, ill-

structured, authentic (real-world) problem and fosters them to work in teams to identify learning 

needs and develop a viable solution, with instructors acting as facilitators rather than primary sources 

of information” (M. J. Prince & Felder, 2006).  In sustainability and CE courses using problem-based 

learning, engineering students recognise the project as a stimulating challenge that enables reflection 

and learning on sustainability issues (Alves et al., 2017). It resulted in deliverables based on the choice 

of raw materials, digital and physical projects, and the production systems design and product prototypes 

(Alves et al., 2017). 

 

3. Methodology 

In this section, we will explain each step of this course, focusing on active learning practices for CE. 

Also, we present how students evaluated the course. 

 

3.1. Course methodology 

We gave this course to 52 students from the first year of engineering studies in a higher education 

institution in France. We planned each class (2 hours long) to be focused on a phase of the Double 

Diamond framework for innovation : (1) discover, (2) define, (3) develop, and (4) deliver. The objective 

is to pass from a general problem to a specific solution. 
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Figure 1. Double Diamond Framework (Framework for Innovation, s. d.) 

 

3.1.1    Discover 

We invited a designer from the sports company who explained the circularity challenge for swimming 

goggles and diving masks. These products are composed of glass, buckle, and frame in polycarbonate; 

textile straps; metal screws; and silicone skirt. Based on internal research, the company found that 

57.0% of sold goggles and 81.4% of sold masks are products from the cheapest range. Analysing the 

customers’ reasons for switching products, most of it is due to fog (22%), scratches (14%), mould (16%), 

broken glass or buckle (12%) or torn strap (11%). Masks and goggles are considered products of 

individual protection, so repairing them in workshops can be difficult once it demands re-

homologation through a destructive test. Thus, the company explores do-it-yourself (DIY) solutions. 

Their research shows the percentage of customers that said that they would repair their own masks 

(Figure 2). In addition, we can think of recycling solutions for polycarbonate and metal and 

reintroducing crushed silicone with virgin material. Thus, the generic problem was: what are the 

circularity solutions for masks and goggles at the end of life?  

 
Figure 2. Customer positioning towards DIY repair solutions 

The designer brought two products of two mask models (M1 and M2) and two goggles modes (G1 and 

G2): one product for each one of the eight groups. Then; the students dismantled them and classified 

https://www.zotero.org/google-docs/?wZCzG9


 

 

 

 

 

each component and assembly type, following the Unlinear Methodology (Demarcq et al., 2022).  

 

3.1.2    Define 

We started the class with the question: “What is CE for you ?” Afterwards, we presented CE concepts 

that were developed by Ellen MacArthur Foundation (2013), focusing on the technical loops and the 

analysis by shape degradation (Menu et al., 2019). Based on it, we showed them the framework from 

Figure 3, which combines the previous studies. 

 

Figure 3. Circular Loops Framework by Shape Degradation (by the author) 

Next, the students had a practical activity.  Considering the information they had in the last classes, 

they had to create a mindmap describing the possibilities of disassembly for their group’s end-of-life 

product and reflect on the circular loops related to it. Then, they should synthesize their discussions 

following the framework below (Figure 4). The goal was to pinpoint a specific problem when 

dismantling masks and goggles at the end of life, so that they can fit certain circularity loops, such as 

reparability and recycling. 

 
Figure 4. Problem Definition Framework 

3.1.3 Develop 

https://www.zotero.org/google-docs/?qMgpva
https://www.zotero.org/google-docs/?wrvioz
https://www.zotero.org/google-docs/?9EkCWi


 

 

 

 

 

The students should explore different solutions to enable end-of-life solutions for the masks and 

goggles. We incentivized them to explore and experiment with possibilities regarding the technical 

process, service storyboards and scenarios, and creating through computer-aided design.  

 

3.1.4 Deliver 

Finally, the students selected one of the proposed solutions. In order to give more structure, we asked 

them to make a business model canvas (BMC) to explain their solutions. It pushes them to go further 

into their thinking, once they need to define users, the value proposition, resources, partners, client 

relationships, distribution channels, costs, and revenues.  

 

3.2. Course evaluation 

After finishing the course, we assessed it with a questionnaire. It was composed of the following 

affirmatives that should be evaluated using a Likert Scale from 1 to 4, in which 1 meant “I do not agree 

at all” and 4 meant “I agree a lot”. 

i. The support material was clear, and it helped me to understand the subject. 

ii. The activities were interesting to me. 

iii. The project helped me to comprehend CE. 

iv. The activities had a good duration. 

In the end, there was also a space where the students could make free comments regarding the course. 

 

4. Results 

In this section, we present the results of each step of the course methodology. Additionally, we show 

the responses from the students’ questionnaire evaluating the course.  

 

4.1. Course methodology: results 

In this subsection, we describe how the activities were conducted, and the student's project 

development from discovering the problem to delivering solutions, using prototypes, service design and 

industrial operations. 

 

4.1.1 Discover: results 

The students disassembled the masks and goggles, taking pictures of the final result: the separated 

components (Figure 5). Next, using the Unlinear Method, they made a scheme (Figure 6) in which each 

hexagon represented a component, describing its function and material. The hexagons were connected 

by lines, in which they described how the components were assembled. We noted that the cheapest 

the products, the fewer components the product had. 



 

 

 

 

 

 
Figure 5. Disassembled mask 

 

 

 

Figure 6. Unlinear Methodology for a mask (translated) 

 

4.1.2 Define: results 

With the knowledge that was acquired in the previous class, students had to imagine different kinds of 

disassembly processes. Next, in another level of the mindmap, they described the resulting 

components, and what kind of circular strategy they could apply to it. For example, if they decided to 



 

 

 

 

 

crush the product, they could envision downcycling all materials together or recycling certain 

materials (e.g. polycarbonate) after sorting. On the other hand, if they disassembled the product 

without degrading it, they could reuse the spare parts in a repair strategy. In Figure 7, we show part of 

a translated mindmap that was created by a group. 

 
Figure 7. Example of a translated mindmap 

Afterwards, they selected one of the items they have mapped. For example, another group decided to 

focus on manual disassembly. In Table 1 below, they detailed the defined problem to be developed.  

Table 1. Framework for problem definition—mask manual disassembly 

What is the issue 
you are trying to 
address and why is 
it important? 

Who is it a problem 
for? 

What social or 
cultural factors 
shape this problem? 

What evidence do 
you have that this is 
worth the 
investment? 

 Can you think of 
this problem in a 
different way?  
Can you reframe it? 
 

The chosen solution 
is the manual 
disassembly of the 
mask, it is important 
because we need to 
be able to recover 
all the components 
of our mask without 
damaging them. 

We have 
encountered a 
problem 
disassembling the 
button. It is a 
problem for all 
users. 

Lack of the 
necessary 
equipment for the 
manual disassembly 
of this part, 
moreover the fact 
of inciting the users 
to bring back to the 
store to be able to 
reuse the reusable 
parts. 
  

The investment is 
worth it because 
millions of these 
products are sold, 
allowing us to reuse 
millions of non-
defective parts to 
limit the ecological 
impact and at the 
same time save 
money.  
 

From a different 
perspective, we can 
say that the 
problem comes 
from the design of  
the button that 
cannot be 
disassembled 
without a tool. It 
forces us to destroy 
this piece. 
 
One solution to this 
issue would be to 
redesign the part so 
that it can be 
disassembled and 
reassembled very 
easily without the 
help of a specific 
tool. 



 

 

 

 

 

The solution chosen 
has been to develop 
a tool that people 
can use directly in 
the shop. 

 

4.1.3 Discover: results 

Some groups explored the spare parts flow and interactions from masks’ end-of-life to the reuse phase 

of some spare pieces in repair. They focused on searching the ways to engage clients in this CE 

business. It is the case of the group that created the scheme from Figure 8 below. 

 
Figure 8. Interactions from the end-of-life to the reuse of spare parts 

Another group created a design for machinery that could cut the straps automatically, as shown in 

Figure 9. A third group designed a tool, presented in Figure 10, that could help disassemble the mask 

by triggering a button, which would avoid damaging the product. 



 

 

 

 

 

 
Figure 9. Machinery to automatically cut straps 



 

 

 

 

 

 
Figure 10. Tool for triggering the mask button 

4.1.3 Deliver: results 

Each group created a BMC that would be adapted to their solution. For example, in Figure 11 below, 

we present the BMC from the group responsible for the tool above (Figure 10). 

 
Figure 11. BMC  considering on tool-based solution 



 

 

 

 

 

4.2. Course evaluation: results 

From the fifty-two students, 46.15% responded to the questionnaire. The graphs below present the 

result of their perception of affirmations about this course. In this context, 1 meant “I do not agree at 

all” and 4 meant “I agree with it a lot”. 

i. The support material was clear, and it helped me to understand the subject (Figure 12). 

 
Figure 12. Evaluation of the class’ support material 

ii. The activities were interesting to me (Figure 13). 

 
Figure 13. Evaluation of the student’s interest regarding the course 

iii. The project helped me to comprehend CE (Figure 14). 

 
Figure 14.  Evaluation of the student’s comprehension regarding CE 

iv. The activities had a good duration (Figure 15). 



 

 

 

 

 

 
Figure 15. Evaluation of the activities’ duration 

We also received a comment, saying there was not enough time to develop the required activities. 

 

5. Discussion / Conclusion 

The students realized that in most of the cases, it was difficult to dismantle the masks and goggles by 

hand. Sometimes, even with general tools and their engineering background, it was not possible and 

some pieces had to be broken. The Unlinear Methodology (Demarcq et al., 2022) proved to be useful to 

analyse the assembly of different components. However, it raised doubts regarding assembly pieces, 

such as screws: should they be analysed as a component (represented by a hexagon) or a connective 

(represented by a line)?  

When defining the problem, there were two major subjects: automatic disassembly by crushing and 

then recycling, or manual disassembly to reuse spare parts for repair loops. Regarding the framework 

for problem definition, most of the students had difficulties when filling in the required cases (Table 1). 

Instead of choosing one of the mapped elements, the issue they addressed was masks and goggles 

circularity in general, lacking focus in the problem definition. This could affect the project's evolution, 

once it causes a more superficial analysis. Yet, one common element was when asked to reframe the 

issue, most of the groups mentioned the importance of designing for circularity to prevent disassembly 

difficulties in the end-of-life. 

In the explore phases, there was a diverse range of solutions. Some groups developed machinery 

designs, others tool prototypes, and also service designs. It shows that circularity could be approached 

from different perspectives, considering products’ characteristics, such as price. For example, cheaper 

products had fewer chances of being repaired, so circular solutions were based on recycling.  

Then, in BMC, marketing campaigns were a central point in customer relationships to raise awareness 

among customers. Also, students explored the role of employees in disassembling, which could increase 

operations costs. Finally, private clients in a B2C model were the main customer segment, but they also 

saw an opportunity with companies that worked directly with swimming and diving clubs. 

We had promising results when analysing the course evaluation. On a scale from 1 to 4, we see that 

most of the students thought the support materials were clear (3.75 average), that the activities were 

interesting (3.46 average) and that this course helped them better understand CE (3.63 average). Yet, 

the activities had a very limited time (2.29 average): only four 2 hours long classes to develop the 

projects were not enough to deepen the project’s solutions. However, this course was a good initiative 

to educate students of their future role as engineers in the context of CE. 
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