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Abstract

The transition to a circular economy requires professionals to adopt new strategies and
a systemic approach to product development. This shift demands continuous learning
and the development of new competencies to understand and apply circular economy
principles. In this context, innovative educational approaches that foster engagement and
lifelong learning (LLL) are essential. Gamification can support this process by enhancing
motivation, creativity, problem-solving, and knowledge retention, while interactive tools
help learners critically examine and operationalise circular economy principles. This article
discusses the design and application of the “Circularity Deck of Cards,” a learning resource
developed as part of a European-funded project Be@t, to facilitate the circular design of
products and services. The study follows a mixed-methodological approach encompassing
three phases: a systematic mapping of international tools and methodological approaches;
the conceptual and visual development of the resource; and its implementation and evalua-
tion through a workshop involving undergraduate, master’s, and doctoral students and
researchers in fashion design and textile engineering in Portugal. The data were collected
using a questionnaire that combined quantitative and qualitative questions, designed to
assess the receptiveness to, challenges of, and opportunities arising from gamification in
the teaching of circular design. The findings indicate that participants responded posi-
tively to the tool, recognising its value as both a pedagogical resource and a professional
instrument for promoting sustainability and circularity in the textile and clothing industry.
Ultimately, gamification catalyses training students, designers, and industry professionals
to address the challenges of circularity, fostering new perspectives on circular design in
professional practice.

Keywords: design education; circular design; gamification; pedagogical tool; sustainability;
lifelong learning

1. Introduction
When sustainability and circularity are considered within the textile and clothing

industry, it becomes evident that existing production and consumption systems require
fundamental re-evaluation. The sector represents a significant pillar of the global economy.
It plays an essential role in everyday life (Abtew et al., 2025), with textiles accompany-
ing individuals throughout the entire human lifecycle, fulfilling key functions such as
protection, decoration, identification, and safety. However, increasing global population
levels, combined with increasingly diverse consumer demands, have contributed to a
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continuous rise in textile production, thereby intensifying the environmental and social
impacts associated with the industry (Radev & Marinova, 2023).

Addressing these challenges requires more than technological advancement alone.
It also requires the integration of educational and pedagogical approaches within design
education, enabling both current and future professionals to effectively engage with the
complexity of sustainability and related issues in the field. While many sustainability
initiatives focus on policy and industry-level measures, there is growing recognition that
the transition towards more sustainable and circular systems also depends on the com-
petencies and practices developed by future professionals, highlighting the importance
of education within design and textile disciplines (Wood et al., 2023). In this regard, the
European Parliament (Parlamento EU, 2021) has played a significant role in recent years
by introducing frameworks and policy measures aligned with the principles of the circu-
lar economy, aiming to reduce waste generation and promote the development of more
sustainable products and systems.

These concerns, along with the growing urgency to transition towards more sustain-
able models, are also reflected in recent European research initiatives focused on textile
science and technology (Rubik et al., 2024). In this regard, several collaborative projects
have sought solutions for the transformation of the textile and clothing sectors, placing
strong emphasis on sustainability, circularity, and the upskilling of professionals. In this
context, this article aims to present the development of a gamified methodological tool,
designed by a multidisciplinary team of researchers as part of a large-scale, funded project
dedicated to bioeconomy in the textile industry. The tool was specifically conceived to
support the understanding and practical application of circular design principles through a
methodology centered on active education models and lifelong learning (LLL).

To enhance the understanding of the developed tool and the methodological process
behind its creation, both of which are presented in the following sections, this paper
provides a practical discussion of the key concepts that informed the decisions of the
development team: gamification as an active approach to design education and LLL as a
foundational principle.

Considering the central aim of this article, situated at the intersection of sustainable de-
sign education, principles of circularity, innovative pedagogical practices, and participatory
methodologies, gamification is identified as an approach capable of enhancing motivation,
creativity, and problem-solving skills (Kalogiannakis et al., 2021). These competencies are
essential for integrating circular economy principles into products and service design. In
the same study, the authors define gamification as the use of game elements, mechanics,
design, and game-based thinking. Furthermore, they argue that this approach fosters
proactivity, experimentation, and problem-solving, while simultaneously reducing fear
and failure in contexts that require decision-making. In addition to this approach, other
complementary strategies can contribute to the creation of an active learning environment
in both educational and professional contexts within the textile and clothing industry.
These include collaborative learning, which promotes group-based work grounded in the
sharing of experiences and knowledge, and experiential learning, in which participants’
practical experience is considered as a key factor in the development of strategies and
problem-solving processes (Oliveira et al., 2024).

The methodological approach of gamification, as previously discussed, is particularly
relevant when associated with teaching practices oriented towards LLL, especially in the
context of adult education within the textile and clothing industry. This approach plays
a crucial role in enabling professionals to adapt to the transformations and complexities
characteristic of the sector (Oliveira et al., 2024), while simultaneously fostering the devel-
opment of real and impactful sustainability solutions through the integration of academic
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knowledge and experiential insights derived from workplace contexts. According to Davis
et al. (2023), it is important to expand and diversify short courses that support LLL and
respond to individual learning pathways. Furthermore, the authors emphasize the need
to strengthen the links between design education and vocational training. These recom-
mendations align with the principles set out by UNESCO and Shanghai Open University
(2023), which recognizes LLL as essential for developing the competencies required for
transitioning towards a more sustainable world. LLL is also identified as a foundational
principle for reshaping knowledge within the world of work, enabling the integration of
contemporary academic discourse and approaches, particularly those related to technology
and the implementation of sustainable models (Davis et al., 2023; UNESCO & Shanghai
Open University, 2023). Within the framework of the United Nations Sustainable Devel-
opment Goals (SDGs) (UNESCO, 2025), these educational approaches contribute to the
objectives established under SDG 4—Quality Education, particularly Target 4.3, which pro-
motes equal access to quality technical, vocational, and tertiary education, and Target 4.7,
which emphasises the acquisition of the knowledge and skills required to promote sus-
tainable development. By supporting non-formal and lifelong learning opportunities for
professionals in the textile and clothing industry, the Circularity Deck of Cards contributes
to the development and practical application of knowledge and competencies related to
sustainability and circularity.

It is within this approach that the European project is situated, aligning with Euro-
pean frameworks such as the “Micro-Credentials Higher Education Consultation Group”
(Shapiro Futures et al., 2020), which provides short educational programs that foster inter-
action between formal education and labor market requirements. This perspective also
reinforces the importance of initiatives that prioritize continuous learning, highlighting the
urgent need to upskill the European workforce over the coming decade, as well as to imple-
ment new and flexible forms of learning (Davis et al., 2023; World Economic Forum, 2026).

Within this broader educational and industrial context, the Be@t Project—Bioeconomy
in the Textile Industry (Be@t, 2025) focuses on educational and industrial development,
with the aim of supporting the transition of the textile and clothing industry towards
more sustainable and circular practices. By fostering collaboration among research insti-
tutions, educational organisations, industry stakeholders, and professionals, the project
supports the development and dissemination of knowledge and competencies relevant to
the sector’s transition towards sustainability. Its education and capacity-building initia-
tives create opportunities to connect academic knowledge with professional practice while
encouraging interdisciplinary collaboration and the development of practical responses to
contemporary industrial challenges. It was within this context that the Circularity Deck
of Cards was developed as an educational resource intended to support lifelong learning
(LLL) and facilitate the practical application of circularity principles within the textile and
clothing industry.

Building on these objectives, the gamified methodological tool “Circularity Deck of
Cards” is presented, developed through an exploratory research approach guided by an
inductive and creative perspective rooted in design, sustainability, and circularity. The tool
originally emerged in a Portuguese context, shaped by specific local needs and conditions,
and was subsequently expanded and adapted into an English version to broaden its scope
and applicability. The methodological process involved the identification and selection of
relevant guiding and inspirational tools, constructing a framework to represent the creative
process, and collecting and analyzing empirical data obtained during the project’s training
sessions. The questionnaire responses enabled an evaluation of the tool’s applicability and
the identification of key challenges and opportunities associated with its use.
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2. Research Project Methodology
To promote a learning experience centred on solving real-world problems and laying

the foundations for the continuous transformation of knowledge, there was a need to
develop a teaching tool. This tool, underpinned by the active methodology characteristic of
design education, was conceived and designed with the aim of bridging the gap between
academic knowledge in design and the practical realities of the textile and clothing industry.
In line with the thinking of Demirbas and Timur Ogut (2020), this interconnection fosters
an effective link between theory and practice, contributing directly to the development of
professionals capable of responding critically and creatively to contemporary challenges,
particularly those related to sustainability and circularity. In this context, the development
of the tool was aligned with SDG 4 (UNESCO, 2025), particularly Targets 4.3 and 4.7,
by supporting technical and vocational learning opportunities and the development of
knowledge and skills related to sustainable development.

The development process for the “Circularity Deck of Cards” followed a mixed-
methods approach, structured into three main phases: the first two were qualitative,
while the third was both qualitative and quantitative. These phases also serve as guiding
principles for the preparation of this article (Figure 1).

Figure 1. Research Project Methodology framework (Griffin et al., 2016; Ellen MacArthur Foundation,
2021; McDonough & Braungart, 2002).

2.1. Tool Mapping

The initial phase of this study consisted of a survey of international tools designed
to support the teaching of design for sustainability. This preliminary mapping exercise
was carried out exclusively online, using the Safari web browser, during October and
November 2023. The search process followed the principles of saturation and repetition,
with tools being repeatedly identified and reviewed until no substantially new examples
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emerged. To mitigate algorithmic bias and ensure the impartiality of the search results, an
incognito browsing mode was employed throughout the process. The search was guided
by individual keyword searches, including: “circular methodologies,” “textile methods”,
“active methods design,” “creative learning,” “sustainable education,” “deck of design
cards,” “toolbox design,” “tool kits,” and “textile tool kits”. This initial phase resulted
in the identification of 20 tools, of which 18 were selected for further analysis (Section 3,
Tables 1 and 2). The two tools not selected for further analysis did not correspond to any of
the five analytical dimensions established in this study. Following the selection process, the
18 tools were comparatively assessed across five analytical dimensions:

(a) Relevance to the thematic domains of fashion and textile design and/or textile engineering.
(b) Integration of sustainability and circularity principles.
(c) Adoption of active learning methodologies, including gamification and project-based

learning.
(d) Multidisciplinary orientation, fostering the convergence of technical, creative, and

strategic knowledge.
(e) Demonstration of pedagogical innovation in teaching and learning practices, in asso-

ciation with active and multidisciplinary methodological frameworks.

2.2. Development of Circularity Deck of Cards

In the conceptual development of the Circularity Deck of Cards, a collaborative
approach was adopted, integrating theoretical, practical, and professional perspectives. As
illustrated in Figure 1, the initial phase (I) enabled the definition of the tool’s structural
content and the organisation of the two collaborative stages held in phase (II). The first stage,
“Conceptual Development”, involved five professionals with multidisciplinary expertise
across education, design, and textile engineering. Participants were individually invited
by e-mail to reflect on and evaluate the tool’s conceptual development and to record their
observations in a structured evaluation table. The evaluation focused on the texts, content,
examples, and card categories presented in Section 3.2. The second stage, “Prototyping”,
incorporated the observations provided by the multidisciplinary team. A project-specific
team from European-funded project Be@t (2025), comprising seven professionals, was
subsequently granted access to the prototype and assessed its overall design. This team
included two professionals with expertise in graphic design, communication and marketing;
three professionals in education; and two professionals with interdisciplinary expertise
spanning design, engineering, and education. The assessment considered factors such as
card dimensions, the suitability of the paper and printing finish, color selection, font size,
the visual relationship between the tool and the project’s identity, and its alignment with
the project’s academic and educational requirements.

This gradual and highly collaborative development culminated in the creation of
the Circularity Deck of Cards, a tool grounded in teaching methodologies focused on
creativity, sustainability and circularity, such as “Design Thinking” (Griffin et al., 2016),
“Circular Design for Fashion”(Ellen MacArthur Foundation, 2021) and “Cradle to Cradle”
(McDonough & Braungart, 2002).

Furthermore, in line with the thinking of Wölfel and Merritt (Wölfel & Merritt, 2013)
and Legaard et al. (Legaard et al., 2025), the physical nature of the cards, their simplicity,
and ease of use reinforce the suitability of the Circularity Deck of Cards as an effective
teaching tool. In recognition of the fact that playing cards are a widely used teaching aid
in the field of design, as evidenced by the analysis carried out, the tool developed was
produced in printed format.
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2.3. Research Project Methodology: Implementation and Evaluation

Although textile design and engineering curricula address issues pertaining to sustain-
ability and the future of the textile and clothing industry, both students and professionals
must apply their knowledge beyond formal curricular frameworks, thereby equipping
themselves to navigate the emerging paradigms and challenges surrounding sustainability
and circularity (Davis & Dubberly, 2023).

Within this complementary training framework, active methodological approaches,
such as the Circularity Deck of Cards, play a central role. The tool was initially introduced
to teachers and trainers to familiarize them with this active methodology and encourage its
potential adoption in classroom settings, professional training programs, and LLL contexts.
These engagements provided the foundational understanding necessary for participants to
evaluate the potential of the resource and consider its integration into their own teaching,
professional training, and LLL practices.

Subsequently, to broaden the scope of the tool’s validation, the implementation and
evaluation process was structured in two phases. The first phase consisted of training
sessions held with teachers and trainers involved in the project, with the aim not only of
presenting the Circularity Deck of Cards but also of gathering preliminary feedback on its
acceptance and relevance amongst these professionals. The second phase comprised a four-
hour workshop held in April 2026, with the participation of eight undergraduate, master’s,
and doctoral students in fashion design from the University of Minho in Guimarães,
in northern Portugal, and one researcher in the field of textile engineering, recruited
through voluntary registration. This group was deliberately selected on the grounds that
its members constitute the primary end-users of the tool, encompassing the academic and
professional profiles for which the “Circularity Deck of Cards” was originally conceived.

During the workshop, participants were organized into three groups to engage directly
with the “Circularity Deck of Cards” and its associated circular board. The activity was
structured as a practical, collaborative exercise in which participants used the tool to explore
sustainability and circularity challenges and develop possible responses through the card-
based methodology. The session was facilitated by the research team, who introduced
the tool, explained the activity and its procedures, and remained available throughout the
exercise to clarify questions and support the participants’ interaction with the methodology.
The facilitation was intended to guide the process without directing the content or solutions
developed by the participants.

With respect to this latter group, a questionnaire was administered at the end of
the session to examine participants’ interaction with the tool and assess its strategic and
creative value, as well as its relevance in addressing professional challenges related to the
development of sustainable and circular products.

To structure the analysis and interpretation of the data collected through the eval-
uation questionnaire, the results were organized into five thematic categories, defined
in accordance with the objectives of the implementation and evaluation phases. The re-
sponses to the open-ended questions were reviewed and organized according to these
five thematic categories, with recurring ideas and common points of feedback identified
within each category. Selected participant quotations were subsequently used to illustrate
the main points emerging from these responses. This categorization provides a coherent
and systematic framework for the presentation of the findings, thereby supporting their
subsequent interpretation.

The first category, “General Workshop Assessment,” encompasses questions related to
participants’ overall perceptions of the content covered and their experience throughout
the workshop.
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The second category, “The Impact of the ‘Circularity Deck of Cards’ on Learning,”
consolidates the results derived from questions designed to examine the tool’s contribution
to the development of knowledge on sustainability and circularity in the textile and clothing
industry, as well as the suitability of the tool’s content.

The third category, “Educational Assessment of the Resource,” groups questions that
evaluate the tool’s relevance as reported through the user experience of workshop participants.

The fourth category, “Professional Applicability,” encompasses questions focused
on participants’ perceptions regarding the potential application of the tool within a
professional context.

The fifth and final category, “Feedback and Improvements,” collates suggestions,
observations, and proposals for enhancement, pertaining not only to the tool itself but also
to the activities carried out during the workshop.

Taken together, these five categories provide a structured and comprehensive evalua-
tive framework, enabling a rigorous assessment of the Circularity Deck of Cards across its
educational, professional, and methodological dimensions and ultimately informing future
iterations of the tool.

3. Results and Discussion
This section presents and critically discusses the findings obtained through the method-

ological framework outlined above, with the overarching aim of addressing the research
objectives, most notably, the development and evaluation of the “Circularity Deck of Cards”
as a pedagogical instrument applied to LLL in the textile and clothing industry. The discus-
sion is structured across three interconnected dimensions: I. Tool Mapping, which surveys
and analyses existing tools and active methodological approaches; II. Development of the
Circularity Deck of Cards, which details the conceptual and visual development of the
resource; and III. Implementation and Evaluation, which applies the analytical categories
established and presented in the preceding section while examining the tool’s performance,
considering workshop participants’ responses. Each stage is examined in relation to the
theoretical foundations established in the introduction, thereby enabling a rigorous and
contextualized interpretation of the results.

3.1. Tool Mapping

Based on the analytical dimensions presented above, Table 1 summarizes the edu-
cational resources identified through the mapping process, comprising gamified tools,
educational platforms, websites, and teaching methodologies related to sustainability, cir-
cularity, and design education. Spanning from 1996 to 2022, these initiatives illustrate
the progressive evolution of educational resources from sustainability-oriented design
support towards increasingly collaborative, participatory, and card-based approaches. This
mapping provides the methodological basis for identifying educational trends and, more
importantly, the existing gap that informed the development of the proposed tool.

The analysis showed that most initiatives are firmly rooted in the field of design, con-
firming that educational resources addressing sustainability have predominantly evolved
within design practice rather than textile engineering or textile-specific education.

Among the mapped initiatives, “The TEN—Textile Environment Design Toolbox”
(Earley & Politowicz, 1996) is one of the few resources explicitly related to textile and
fashion design, presenting a gamified approach to support sustainable product devel-
opment. This finding highlights the relatively limited number of educational resources
specifically developed for the textile and clothing sector despite its increasing demand for
circular competencies.
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Regarding sustainability, the topic is consistently addressed across all proposals, al-
though through different perspectives. “Sustainable Design Cards” (Design School Kolding,
2018) and “Circular Design” (Franconi, 2016) adopt broader strategic approaches to sustain-
able design, whereas “Anatomy of Action” (UN Environment & UnSchool, 2019) focuses
on behavioral change and sustainable lifestyles. Likewise, “Design Play Cards” (Acaroglu,
2011) contributes by framing creative problem-solving through a sustainability lens, encour-
aging systems thinking and eco-design awareness through card-based activities. Circularity
is similarly integrated into the mapped methodologies, either through conceptual frame-
works, applied tools, or educational resources supporting the transition from linear to
circular production models. In this respect, “The Circular Classroom” (Walki Group Oy,
2018) and the “Ellen MacArthur Foundation” (Ellen MacArthur Foundation, 2021) are
particularly noteworthy. While the former provides practical educational resources suitable
for different educational contexts, the latter offers internationally recognized frameworks,
case studies, and educational materials supporting circular design throughout the textile
and clothing value chain.

Regarding the use of active methodologies, all initiatives incorporate explicit participa-
tory approaches through gamification, challenge kits, project-based learning, simulations,
or collaborative workshops. This widespread adoption reflects the growing importance of
learner-centered methodologies capable of promoting experiential learning and collabora-
tive problem-solving. In this context, “MethodKit” (Möller, 2012) and “Learning Loop Card
Decks” (Learning Loop, 2007) are particularly noteworthy for their structured card-based
facilitation systems, which support communication, team alignment, and shared under-
standing across educational and professional settings. Similarly, the “21st Century Business
Skills Card Decks” (Novalead Limited, 2022) demonstrate the applicability of modular
card-based methodologies for workplace learning and professional upskilling. A multi-
disciplinary perspective is also evident across the surveyed initiatives, integrating design,
sustainability, business, communication, engineering, and innovation while promoting
pedagogical approaches aligned with the Sustainable Development Goals (SDGs).

To further examine the methodological scope of these initiatives, Table 2 compares each
resource according to the five analytical dimensions established in this study: (A) textile
design and/or textile engineering; (B) sustainability and circularity; (C) active learning
methodologies; (D) multidisciplinary approach; and (E) pedagogical innovation.

The comparative analysis demonstrates that sustainability, circularity, active learning
methodologies, multidisciplinary approaches, and pedagogical innovation are represented
to varying degrees across the surveyed initiatives. Notably, five of the analyzed resources
fulfil all five analytical dimensions established in this study. However, these initiatives were
primarily developed as general educational or professional design resources rather than
as pedagogical tools explicitly intended for LLL within the textile and clothing industry.
Although they may be successfully adapted to LLL contexts, lifelong learning does not
constitute their central educational purpose. Consequently, the identified gap lies not in the
absence of these methodological dimensions, but in the lack of an integrated educational
resource specifically conceived to support LLL through the combination of textile-specific
knowledge, sustainability, circularity, active learning, and multidisciplinary collaboration.
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Table 1. Overview of the educational resources mapped in this study.

Tool/Initiative Author

Type 1

Objective Focus Main Content

Ed
uc

at
io

n
Pl

at
fo

rm

To
ol

ki
t

D
ec

k
of

C
ar

ds

W
eb

si
te

The TEN—Textile
Environment Design
Toolbox [Free Access]

Earley and
Politowicz (1996)

Assist designers in integrating
sustainability into textile and

fashion projects

Sustainability Textile
Design

TEN sustainable textile strategies,
design guidance and
practical frameworks

VentureWell
[Free Access]

VentureWell
(1999)

Support innovation and
entrepreneurship education

through experiential learning

Engineering,
Innovation and
Sustainability

Educational resources,
workshops, project-based

activities and innovation tools

Learning Loop Card
Decks [Paid Access]

Learning Loop
(2007)

Facilitate collaborative product
and service

development processes

UX, Product
Development

and Innovation

Thematic card decks supporting
ideation, validation and

communication

Design Kit (IDEO)
[Free Access] IDEO (2011) Promote human-centred

problem-solving and innovation
Human-Centered

Design
Design methods, mindsets, case
studies and workshop resources

Design Play Cards
[Free Access] Acaroglu (2011) Encourage sustainable thinking

through interactive activities
Sustainability and
Systems Thinking

Design prompts, sustainability
challenges and

reflection exercises

Methodkit
[Paid Access] Möller (2012) Structure discussions and

collaborative learning processes
Design, Innovation and

Facilitation
Modular thematic card sets

covering multiple disciplines

The UnSchool
[Free Access] UnSchool (2014)

Support learning and action
towards

sustainable development

Sustainability, Social
Innovation and

Circularity

Courses, toolkits, educational
content and

collaborative resources
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Table 1. Cont.

Tool/Initiative Author

Type 1

Objective Focus Main Content

Ed
uc

at
io

n
Pl

at
fo

rm

To
ol

ki
t

D
ec

k
of

C
ar

ds

W
eb

si
te

Circular Design
[Free Access] Franconi (2016)

Provide guidance for
implementing circular

design principles

Circular Economy
and Design

Circular strategies, examples,
methods and

educational materials

Circular Design
Toolkit [Free Access] Wigwam (2016)

Support the development of
circular products, services and

business models
Circular Design Design tools, canvases, strategies

and workshop activities

Open Design Kit
[Free Access]

Creative
Commons (2017)

Facilitate collaborative design
and creative problem-solving

Design Methods and
Innovation

Open-access methods, workshop
templates and learning resources

Sustainable Design
Cards (SDCs)
[Free Access]

Design School
Kolding (2018)

Integrate sustainability criteria
into design decision-making Sustainable Design Sustainability prompts, design

principles and reflection activities

The Circular
Classroom

[Free Access]

Walki Group Oy
(2018)

Promote understanding of
circular economy concepts

through education

Circular Economy
Education

Teaching resources, classroom
activities and

sustainability content

Circular Redesign
Workshop Toolkit

[Free Access]

Disrupt Design
(2019)

Facilitate redesign processes
towards circular systems

Circular Economy and
Product Redesign

Workshops exercises, redesign
methods, canvases and
collaborative activities

Anatomy of Action
[Free Access]

UN Environment
and UnSchool

(2019)

Encourage sustainable behavior
through practical actions

Sustainable Lifestyles
and SDGs

Action cards, challenges and
behavioral change activities
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Table 1. Cont.

Tool/Initiative Author

Type 1

Objective Focus Main Content

Ed
uc

at
io

n
Pl

at
fo

rm

To
ol

ki
t

D
ec

k
of

C
ar

ds

W
eb

si
te

Creative Content Kit
[Paid Access] Bender (2020) Stimulate creative thinking and

content generation processes
Creativity and Strategic

Communication
Ideation exercises, prompts and

creative development tools

Ellen MacArthur
Foundation

[Free Access]

Ellen MacArthur
Foundation (2021)

Disseminate circular economy
knowledge and best practices

Circular Economy
and Fashion

Report, frameworks, courses,
case studies and

educational resources

21st Century Business
Skills Card Decks

[Paid Access]

Novalead Limited
(2022)

Develop professional
competencies through
experimental learning

Professional
Development

Activities related to
communication, leadership

and teamwork

Use2Use Design
Toolkit [Free Access]

Rexfelt &
Selvefors (2022)

Support user- centred circular
innovation processes

Circular Design and
User Experience

Ideation cards, circular strategies
and workshop materials

1 Black squares correspond to the inclusion of the criterion; white squares, to criteria not included.
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Table 2. Comparative assessment of the mapped educational resources according to the analytical
dimensions adopted in the methodology approach.

Tool/Initiative

Analytical Dimensions

(A
)R

el
ev

an
ce

to
th

e
T

he
m

at
ic

D
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The TEN—Textile Environment Design Toolbox

VentureWell

Learning Loop Card Decks

Design Kit (IDEO)

Design Play Cards

Methodkit

The UnSchool

Circular Design

Circular Design Toolkit

Open Design Kit

Sustainable Design Cards (SDCs)

The Circular Classroom

Circular Redesign Workshop Toolkit

Anatomy of Action

Creative Content Kit

Ellen MacArthur Foundation

21st Century Business Skills Card Decks

Use2Use Design Toolkit

This identified gap provided the conceptual and methodological rationale for de-
veloping the Circularity Deck of Cards, conceived as an active gamified methodology
that bridges academic teaching and industrial practice while promoting systemic learning
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focused on sustainability and circularity. Furthermore, it is important to note that the most
recent publicly available resource directly addressing some of the analytical dimensions es-
tablished in this study is the “21st Century Business Skills Card Decks” (Novalead Limited,
2022), although it does not fulfil all five dimensions, particularly Dimensions A and B. This
reinforces both the relevance and timeliness of developing new educational methodologies
capable of responding to the contemporary challenges of the textile and clothing industry.

This analysis informed the design of the Circularity Deck of Cards, guiding the devel-
opment of its conceptual, textual, and visual structure, presented in the following section.

3.2. Development of Circularity Deck of Cards

The Circularity Deck of Cards is a tool developed based on empirical knowledge in
design, focusing on circularity and sustainability. The main aim of this tool is to promote
the circular development of new ideas, problem-solving, and the redesign of products,
services, materials, and components.

During the development of the tool, several methodological implications were iden-
tified which require creative and carefully considered solutions to ensure the conceptual
coherence, applicability, and effectiveness of the resource. One of the main implications is
the need to integrate, clearly and concisely, the various concepts from the fields of design,
textiles, sustainability, and circularity. Consequently, during the first stage: “Conceptual
Development”, three distinct sets of key strategies were defined and refined (Figure 2).
These key strategies are based on conceptual explanations, suggestions, and guiding exam-
ples that were studied and analysed in accordance with the theoretical framework “Design
Thinking” (Griffin et al., 2016), “Circular Design for Fashion” (Ellen MacArthur Foundation,
2021), and “Cradle to Cradle” (McDonough & Braungart, 2002).

Figure 2. Three Distinct Sets of Key Strategies.

In this stage of the study, sessions with professionals, the challenge lay in simultane-
ously condensing both the broad underlying interdisciplinary theoretical framework and
the entirety of the content deemed essential, whilst ensuring that the material remained
comprehensible, accessible and faithful to the strategy’s fundamental principles. Many of
the terms used in the field of circularity and sustainability can have different meanings,
depending on the user’s vocabulary, their academic background or even their cultural
context. This realisation led the research team to seek to adopt clear and objective ter-
minology, accompanied, wherever possible, by examples or additional explanations, to
minimise interpretative ambiguities. Consequently, the need to incorporate these elements
indirectly contributed to the definition of the graphic language of the chart, discussed
within the second stage: Prototyping Phase. In this regard, each key strategy consists of an
introductory chart and a set of constituent charts. Each of these constituent cards features a
title, a concise definition, and, in a smaller font, an example of its application. The cards
that make up the strategy also have an identification number, as well as a specific shape
and colour.

Firstly, regarding “Design Practices”, it is important to note that this set offers a
range of strategic possibilities to be considered when developing a product, redesigning it,
providing a service, or selecting new processes. It therefore comprises a range of deliberate
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options to integrate circularity principles from the earliest stages of development. These
strategic options include: “disassemble”, “remake”, “recycle”, “reduce”, “reuse”, “repair”,
“redesign”, “renew”, and “redirect” (Figure 3).

Figure 3. “Design Practices” Cards.

About “Materials and Processes”, this set offers a range of strategic guidelines to
consider when selecting the materials and processes involved in the design of a new
product, a redesign, or the provision of a service. The relevance of these guidelines lies in
the recognition that the selection of production methods is one of the most critical stages
for incorporating principles of circularity and sustainability. Thus, these strategies include:
“avoid”, “replace”, “modify”, “reuse”, and “minimize” (Figure 4).

Figure 4. “Materials and Processes” Cards.

Regarding “Approaches”, this set proposes a range of reflective questions that invite
the user to explore different perspectives on how to tackle the problem, focusing on the
selection of options for resolution, creation, and redesign. The reflections include: “closing
the circle”, “expanding use”, “materials, technologies”, “creating value/dead stock”, and
“adding value for the user” (Figure 5).

Figure 5. “Approaches” Cards.

Finally, to round off these four sets of key strategies, we have the “Open Box”, a blank
card designed to allow for the addition of new ideas, strategies, questions, and solutions.
This card makes it easier for each participant to include contexts that encompass both
academic and/or industrial approaches (Figure 6).
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Figure 6. “Open Box” Card.

To complete the 26-card deck, there are still three cards left to introduce. The cards
“Circularity”, “Used For”, and “How to Use” are designed to explain how this tool works
in general (Figure 7).

Figure 7. “Circularity”, “Used For” and “How to Use” Cards.

As shown in the figures presented earlier, this tool consists of a deck of 26 cards, each
card provides a brief explanation of its content, accompanied by illustrative examples
that demonstrate possible applications. By linking the different sets of key strategies
described above, the cards help to establish connections between them, thereby reinforcing
the feasibility of the solutions to be developed. The inherent versatility of this tool allows
the trainer to adapt it to the educational needs and specific context of the participants.

This educational resource is accompanied by a circular board and a trainer’s manual.
The circular board (Figure 8) features, initially, an inner circle where the problem is to be
placed; and secondly, a set of questions organized into four distinct areas, “value” “match”,
“create” and “replace”, which are designed to foster critical thinking about circularity and
to assist in the development of viable solutions to complex and relevant problems in the
textile and clothing industry. The trainer’s manual (Figure 9) serves as a support tool for
implementing the Circularity Deck of Cards; it not only provides a detailed description of
the tool but also offers a set of activities that can be carried out using the “Circularity Deck
of Cards”.

Figure 8. Circular Board.
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Figure 9. Trainer’s Guide.

Through this methodology, it is hoped that users will develop skills related to sus-
tainability and the circular economy, both in theory and in practice. These educational
objectives cover two areas: the academic and the professional. As highlighted by Davis
and Dubberly (2023), it is essential to adopt educational approaches capable of addressing
both the practical and professional dimensions of the contemporary context, whilst also
addressing theoretical issues in the field of design. In this regard, the “Circularity Deck
of Cards” is characterized by its ability to meet this need for versatility. Taken together,
these learning objectives demonstrate the educational relevance and adaptability of the
tool, not only as a training aid but also as a means of promoting deeper critical thinking
and sustainable innovation within the field of textile design.

3.3. Implementation and Evaluation

To evaluate the development of the proposed tool, a questionnaire in Portuguese
(Appendix A) was created using Google Forms and completed by the nine workshop
participants, as previously mentioned in the methodology section. Before the questionnaire,
the workshop provided participants with a hands-on experience of the “Circularity Deck
of Cards” in an academic setting, as illustrated in Figure 10, which documents the session
conducted in April 2026 at the University of Minho, Guimarães, Portugal. The images
capture participants actively engaging with the card sets and the circular board, offering
a visual account of the tool’s application in practice. The results of the questionnaire
(Appendix B) are presented below, according to the five different areas.

Figure 10. Overview of the workshop session conducted in April 2026 at the University of
Minho, Guimarães, Portugal: (A1,A2) participants engaging with the “Circularity Deck of Cards”;
(B1,B2) group activity using the circular board.

General Workshop Assessment (Q1; Q2): The results of the first two questions indicate
that participants responded positively to the overall content of the workshop and to the
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extent to which the workshop encouraged reflection on the importance of accessibility in
fashion design. Both items achieved the maximum score (Q1: Average = 10, Range = 10/10;
Q2: Average = 10, Range = 10/10), reflecting a highly positive assessment of these aspects.
Graphs illustrating the responses to all quantitative questions are available in Appendix B.

The Impact of the “Circular Deck of Cards” on Learning (Q3; Q5): The responses to this
category reveal that participants perceived the tool as a meaningful contributor to their
understanding of sustainability and circularity within the textile and clothing industry. The
quantitative results (Q3: Average = 10; Q5: Average = 9.67, Range = 8/10) indicate a strong
alignment between the tool’s content and participants’ learning expectations, with most
respondents affirming that the “Circularity Deck of Cards” was perceived as supporting
the development of knowledge in these areas.

Educational Assessment of the Resource (Q4; Q6): When invited to describe their expe-
rience with the tool, participants offered consistently positive feedback, underscoring its
relevance as both an academic and professional resource (Q4: Average = 10, Range = 10/10).
Several respondents highlighted the tool’s accessibility and clarity: one participant noted
that it “allowed me to see the nuances of circular fashion more clearly,” while another
described it as “a well-thought-out tool for the proposed methodology, easy to use, simple,
and straightforward.” The gamified format was frequently referenced as a key strength,
with participants describing the experience as “fun,” “enriching,” and “different from
conventional problem-solving approaches.” One respondent, a fashion design student,
noted that the workshop allowed them to “learn many new things” and that they “would
undoubtedly repeat the experience.” Notably, one participant, a researcher, explicitly stated
their intention to implement the tool in their own teaching practice, indicating its perceived
potential for adoption in LLL and professional training contexts.

Professional Applicability (Q7; Q8): A significant proportion of participants indicated
that they could envisage the application of the “Circularity Deck of Cards” in a profes-
sional context (Q7: All the nine participants answered “yes” to the question: In your
opinion, can the circularity deck of cards be used in a professional context?). Among those
who elaborated on this perception, responses pointed to the tool’s perceived potential
as a brainstorming instrument for the development of sustainable and circular solutions
within organizations. One participant described the cards as a “visual tool that guides the
resolution of possible improvement points within the business ecosystem, serving as a
transversal axis understandable by all team members.” Others highlighted applications
in internal training, team collaboration, and the promotion of continuous questioning of
organizational processes. These responses suggest that the tool may have potential for use
beyond academic settings, particularly in corporate upskilling and continuing professional
development initiatives.

Feedback and Improvements (Q9; Q10; Q11): Overall, participants expressed high levels
of satisfaction with both the tool and the workshop activities, with the majority indicat-
ing that no significant improvements were necessary. When specific suggestions were
offered, they pointed to minor enhancements rather than structural changes: one respon-
dent proposed the addition of cards addressing communication strategies, while another
suggested that the language and number of cards could be simplified for audiences with
no background in fashion, such as younger participants from non-design disciplines. One
respondent offered an innovative material suggestion, proposing that the cards be pro-
duced on textile substrates, a proposal that aligns conceptually with the tool’s focus on
the textile and clothing industry. In their closing remarks, participants reinforced the
tool’s broader relevance: one described it as “a methodology that can be adapted to other
contexts,” while another emphasized its potential to “help many companies and people
seek increasingly sustainable processes and systems.” These responses collectively indicate
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that the “Circularity Deck of Cards” was well received as a pedagogical resource and that
its core structure and content were considered appropriate for the target audience, while
also highlighting specific areas for iterative refinement in future versions of the tool.

Together, these findings suggest that the “Circularity Deck of Cards” was well received
as a pedagogical resource, with its core structure and content considered appropriate for
the target audience, while also highlighting specific areas for iterative refinement in future
versions of the tool.

Beyond the immediate workshop context, in a higher education setting, the peda-
gogical innovation of the tool lies in its potential to facilitate the conceptual application
of theoretical approaches to sustainability and circularity, as explored across multiple
disciplines, and to support students in developing solutions to real-world problems in a
creative, strategic, sustainable, and multidisciplinary manner, tailored to the actual needs
of the textile and clothing industry. Within this same multidisciplinary educational con-
text, the “Circularity Deck of Cards”, when combined with other active and participatory
teaching methods, as described in previous research (Oliveira et al., 2024), may support
students’ professional development by broadening opportunities to make connections
between different fields and industry sectors, thereby potentially enabling them to better
address contemporary complexities. As argued by Davis et al. (2023), Jiang et al. (2020),
and Kalogiannakis et al. (2021), students need to develop a close connection with the real
world and its complexities, and methodological approaches such as the one proposed in
this research may represent a strategic approach for supporting these dynamics.

Regarding the use of the tool by textile and clothing industry professionals in contexts
of continuing professional development and training workshops, participants’ responses
indicate considerable potential for its use in terms of updating theoretical concepts relating
to sustainability, circularity, strategies, innovation, and the development of critical thinking.
This perceived potential is supported by the fact that the tool is structured around an easily
recognisable gamified logic, drawing on common games present in everyday social life
from childhood onwards, as discussed by Wölfel and Merritt (2013) and Legaard et al.
(2025). In addition, the personal and professional context of each user may reinforce its
adaptability, as the tool was designed to support the development and application of skills
acquired by participants in their various contexts: professional, educational, academic, and
social environments.

4. Key Findings and Implications
This section synthesizes the key contributions of the “Circularity Deck of Cards”

across the three dimensions examined in this study: tool mapping, tool development,
and implementation and evaluation, situating the findings within the broader theoretical
framework discussed in the introduction and addressing their educational, conceptual, and
methodological implications.

The tool mapping exercise revealed a significant gap in the existing landscape of active
methodological resources: while a growing number of card-based and gamified tools have
been developed across design, sustainability, and business education since the late 1990s,
none comprehensively addressed the convergence of textile design, textile engineering,
circularity, and LLL within a single pedagogical instrument. This finding provided the
foundational rationale for the development of the “Circularity Deck of Cards” and confirms
the timeliness of its contribution to the field.

With respect to the gamification dimension of the proposed tool, the findings align
with Kalogiannakis et al. (2021), who argue that gamification increases participant en-
gagement and facilitates a more effective and indirect approach to teaching. By drawing
on the logic of familiar card-based games, a format widely recognized from everyday
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social life, as discussed by Wölfel and Merritt (2013) and Legaard et al. (2025), the tool
contextualizes complex and contemporary challenges related to sustainability and circu-
larity within an accessible and dynamic framework. The workshop results corroborate
this observation: participants consistently described the experience as engaging, enriching,
and conducive to new ways of thinking about circular design problems. Furthermore, the
proposed methodological structure was found to favor collaborative pedagogical practice,
promoting reflective thinking oriented toward the development of circular textile products
and services.

The implementation and evaluation phase further substantiated the tool’s relevance
across both academic and professional dimensions. The strong alignment between the tool’s
content and participants’ learning expectations, combined with the explicit willingness
of a researcher participant to adopt the resource in their own practice, suggests that the
“Circularity Deck of Cards” effectively bridges the gap between formal design education
and the demands of LLL, as theorized by Davis and Dubberly (2023) and UNESCO and
Shanghai Open University (2023). This finding is particularly significant considering the
tool’s original conception as a resource for LLL in the textile and clothing industry, confirm-
ing that its pedagogical design resonates with both academic and professional end-users.
The feedback collected further reveals that the tool’s core architecture is considered sound
by its target audience, with improvement suggestions concentrated on content expansion
and accessibility rather than structural redesign, an indication of conceptual maturity that
supports its readiness for broader dissemination. These findings collectively reinforce the
argument advanced by Demirbas and Timur Ogut (2020) that effective pedagogical tools
must establish a meaningful connection between theoretical knowledge and real-world
professional practice. As acceptance of interactive and participatory methodologies may be
influenced by the predominance of traditional teaching approaches in certain educational
contexts, the gamified structure of the “Circularity Deck of Cards” is positioned as a strate-
gic and accessible alternative, one that is grounded in empirical evidence and responsive to
the evolving demands of sustainability education in the textile and clothing sector.

Nevertheless, despite the contributions identified, it is important to acknowledge
certain limitations of this research. Firstly, the implementation and evaluation of the
Circularity Deck of Cards took place within a single institutional context, as the workshop
involved participants exclusively from the University of Minho, which limits the possibility
of generalizing the results to other academic and institutional contexts. Secondly, the
sample used, comprising just nine participants, is small, which highlights the need to
increase both the number and diversity of participants. Moreover, the immediate post-
workshop self-report design may have been influenced by novelty and social-desirability
effects, as participants evaluated the tool immediately after their first experience with
it and were aware of its development context. The evaluation also relied primarily on
participants’ self-reported perceptions and did not include objective measures of learning,
skill development, or behavioural change. Finally, this study reports only on an initial
phase of implementation and evaluation and therefore does not provide evidence regarding
the long-term use of the resource. Further research involving repeated or longitudinal
assessment and objective outcome measures would therefore be necessary to examine the
sustained educational and professional relevance of the tool.

5. Conclusions and Future Work
The adoption of gamification as a creative approach was perceived by participants

as supporting engagement and active participation with the “Circularity Deck of Cards”.
Furthermore, the use of such active methodologies may support the development of essen-
tial skills, such as creativity, critical thinking, and problem-solving, which are particularly
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relevant to the contemporary challenges faced by the textile industry. This aligns with Kalo-
giannakis et al. (2021) and Meyer and Norman’s (2020) argument that such competencies
are crucial for preparing designers to meet emerging industry demands.

Moreover, the “Circularity Deck of Cards” is conceptually aligned with
SDG 4—Quality Education for All (UNESCO, 2025) and has the potential to support
inclusive LLL opportunities. This initiative fits within the emerging trends in education
and vocational training, which, in line with Davis et al. (2023), offer flexible, accessible,
and market-relevant educational alternatives. This is precisely exemplified by the project
underpinning this study, which was designed to provide accessible education and practical
knowledge for professionals in the textile and clothing industry.

A key distinguishing feature of the tool is its ability to integrate theory and practice, for-
mal education and professional experience, through its development by a multidisciplinary
design team. Unlike other tools reviewed, this one offers a synthesis of the theoretical
themes of circularity with direct application to the textile and apparel sector, addressing
an identified methodological gap within the European context. It is important to note that
methodological tools tailored to the specific needs of designers are essential, particularly
given that they face complex networks of interdependencies in their professional envi-
ronments. Accordingly, the role of the designer in this new work context transcends the
traditional maxim “form follows function” (Davis & Dubberly, 2023), evolving to encom-
pass mediation between natural, technical, and social systems to create sustainable and
circular solutions for the textile and clothing industry. The tool presented in this article
was perceived by participants as a useful resource for supporting critical reflection and the
explorations of skills aligned with the principles of circularity.

In terms of future developments, several points raised in the evaluation survey were
considered, leading to an assessment of the possibility of further developing and broad-
ening the potential applicability of this resource. Among the improvements suggested by
participants, the addition of cards specifically addressing the communication of sustain-
ability was identified as a relevant direction for future iterations of the tool. As highlighted
in the report published by the Portuguese Observatory on Disability and Human Rights
(Observatório da Deficiência e Direitos Humanos, 2024), there are currently 4063 students
with disabilities in higher education, representing an 8.3% increase compared to the previ-
ous year. Therefore, the inclusion of accessibility enhancements is considered imperative
for the future development of the tool, such as the incorporation of a braille version, with
the aim of supporting its potential use among users with visual impairments. Finally, these
proposed developments require further research and interactive evaluation, including
quantitative monitoring over time and the assessment of those involved, to examine the
tool’s relevance and potential applicability for professionals in the textile and clothing
industry. These considerations highlight the need to continue and expand the research
through a new phase more closely connected to the textile and clothing industry and
supported by an interdisciplinary team comprising education professionals, researchers,
and industry representatives. This phase should include further testing and workshops
involving a larger and more diverse group of professionals from the textile and clothing
industry to evaluate the tool’s relevance, applicability, and potential contribution to pro-
fessional practice. Its implementation will require an extended timeframe, as it entails the
adoption of new research approaches and the adaptation of the resource to address specific
accessibility and social inclusion needs. Such an approach would enable the tool to respond
more effectively to the lifelong learning (LLL) needs of professionals across the textile
and clothing value chain while fostering dialogue and supporting the development of
practical solutions for circularity and sustainability. Achieving these objectives will require
sustained funding and collaborative partnerships among research institutions, educational
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organisations, industry stakeholders, and companies, thereby translating the principles
and objectives of circularity into practice.
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Figure A1. Four-page evaluation questionnaire, available at [https://forms.gle/s3RHegz2o7
VBtxUn7] (accessed on 11 August 2026).
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Appendix B

Figure A2. Quantitative Answers.

Figure A3. Q2 Quantitative Answers.

Figure A4. Q3 Quantitative Answers.
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Figure A5. Q4 Quantitative Answers.

Figure A6. Q5 Quantitative Answers.

Figure A7. Q7 Quantitative Answers.
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