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Introduction

The Track Nature Positive/Design for Transformation started
off with a few big questions: Even if we are technologically
able to do so, are we still allowed to create our designed en-
vironment as we see fit? How can we navigate through sus-
tainable transitions and within planetary boundaries? Can a
systemic lens help us creating an overview to better over-
come the present and imminent future conflicts? And can
we regenerate ecological and social damage done? Indeed,
the futures we want tomorrow are enabled by the actions we
take today. Shaping societies, industries, buildings, products,
and behaviours is a task to tackle by those able to cut across
different disciplines and become agents for change. A call out
to designers around the globe to put nature positive transfor-
mation at the heart of their actions. Many of them have re-
sponded within the framework of this Cumulus Conference.

We received 150 abstracts that, after a double-blind review
process, resulted in 37 high-quality academic papers. Fur-
thermore, out of 17 workshop proposals, 5 were selected for
the conference. In addition, the program for our track includes
several visual papers and posters. 8 themes were identified
that determined the final division in paper sessions.

The attention for Design Methodology, a theme to which
2 sessions were allocated, is not surprising, since existing
methods and tools are to be critically assessed with respect
to the challenges we face. The envisioned transformation
concerns a large-scale systems integration of deep ecolo-
gy strategies, which is a complex endeavor. Departing from
the notion that current design approaches are incapable
of dealing with uncertain conditions of critical complexity,
as argued by an increasing number of scholars, we need to
break away from attraction to existing systems and values.
At the same time, high levels of complexity pose new ques-
tions concerning Design Education, which comprises anoth-
er theme within our program. Philosophical and pedagogical
concepts concerning design education are discussed, as well
as the role of the physical learning space. Trans-disciplinarity
is put forward as a mode of collaboration that looks beyond
bridging divides in academia, engaging directly with exter-
nal sources of knowledge. Internalizing environmental and
social awareness has inherent material implications. A third
theme has thus been dedicated to Design Materialization.
Within this theme, the future of material selection for prod-
ucts and interior design is discussed, amongst other topics.

Enhanced guidelines for Life Cycle thinking are addressed in
one of the papers, making the connection with circular ma-
terial use: a hot topic in practices and policies alike. The act
of repairing and caring for living systems in truly restoration-
ist ways is closely connected to this, but often neglected in
simplified circular concepts towards material use. The theme
of Biophilic Approcdches in Design elaborates further on such
notions of restoration. Bio-receptive Design, as an example,
embeds living organisms in design processes through the
creation of materials and artefacts, whilst connecting de-
sign and biology. In another article, boundaries between living
and non-living are pushed through the parametrical control
of plants in the creation of furniture. As such, the biophilic
approach centers on both local and global human/nature
relationships. Other perspectives on those human/nature
relationships are brought to the fore in the theme Eco-So-
cial Transitions. Here, the concepts of systems thinking, and
co-creation have been connected to leadership and business,
for example. One paper takes the role of Design as central to
sustainable change processes, underscoring the transforma-
tive power of the designer to unlock solutions by sequencing
seemingly distant dots and generating new meanings. One
theme has been allocated completely to Fashion Innovei-
tions. The diversity of angles varies from negotiations with
fabrics, form, and future for re-balancing design thinking, to
issues of greenwashing and brand communication, and from
the importance of indigenous textiles and know-how to dif-
ficulties in changing unsustainable lifestyles. Although we
have grouped these articles into one topical session, it can
be observed that challenges and opportunities are in many
ways overlapping with those in other fields of design. From
that perspective, also the urban scale shows parallels, based
on the rationale that human-centric approaches transcend
scales through conscientious contextualization, as can be
found in the session on Urban Design and Citizen Inclusion.
Time-limited planning of urban living circles, for instance,
reconnects the physical proximity of urban residents with
basic daily needs, such as food, health, and education. This
gives way to slower means of traffic, such as walking and cy-
cling, whilst reducing negative effects to human well-being,
climate, and the environment. A similar scope can be found
in yet another research, in which an innovative form of de-
velopment is proposed to radically change the urban land-
scape in favor of a human-centric approach, by means of a
quantitative measuring method. End-user inclusion is also
central to a paper on Do-lt-Yourself studies to establish new
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‘partnerships’ between products and users. This can be filed
under the act or process of democratizing design. And that
aspect seems to join the various tracks within this Cumulus
'23 Conference: no matter from which way one approach-
es it — nature positive, inclusion and care, hybrid realities, or
otherwise - the human scale is paramount for understand-
ing contemporary challenges and finding solutions. Talking of
new methods to facilitate this, the digital world is never far
away. The theme Design & Digitization showcases assets of
computation regarding the shift from a degenerative societal
paradigm, to a regenerative one. For example, through serious
gaming to create awareness, understanding, and - ultimately

—behavioral change. To increase imaginative capabilities, less
conventional methods have been proposed for approaching
unsustainable behavior. One study does not shy away from
using dystopian futures, fantasy-scape, and even zombies,
exploring new ways of inquiry and how (sub)conscious per-
ceptions of time and space affect people’s beliefs and the
choices they make.

Choices made through design should always be ‘nature-pos-
itive'. The opposite is no longer viable. If there is anything this
selection of papers shares, it is that: in the transition we are
all agents of change.
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Abstract

The connection between sustainability and the future has its
roots in the early days of environmental movements. The re-
port ‘The Limits to Growth’ (Meadows et al., 1974) highlights
how sustainable action implies wide-ranging, systemic con-
siderations and forward-looking thinking. This is also reflect-
ed in the definition of Sustainable Development provided in
the Report ‘Our Common Future’ (WCED, 1987). Working for
sustainability, in fact, usually means taking a long-term ap-
proach, which also ties in with radical and socio-technical
innovations. In recent times, however, the world has faced
complex systemic social, technical, and environmental chal-
lenges, which will be increasingly interconnected and inter-
dependent. Systems theory allows us to rethink such phe-
nomena as isolated elements and complex systems made
up of many interacting parts (Vargo et al, 2017). Placed in a
timeling, it is possible to highlight how changing events are
getting closer and vertical, showing us a new vision of time
and the future. Scenario Building is a widely used method in
design to generate future visions. By applying a systemic lens
to this methodology;, this paper aims to provide a new aware-
ness through which it can emphasise the relationships that
a new future implies and underlies. The analysis has made it
possible to define new characteristics of Scenario Building
that emphasise its relationships and spatio-temporal con-
nections. These new considerations converge in the Design
for Sustainability Transitions perspective, showing how the
designer, thanks to the connections capacity and envisioning,
plays a crucial role in transforming a socio-technical system
(Ceschin & Gaziulusoy, 2019).

Author keywords
Systemic Design; Scenario Building; Design for Sustainability
Transitions; Sustainability.

Introcdluction

In recent years the world has been facing significant system-
atic complex challenges such as climate change, inequities,
and lack of natural resources heightened especially because
of the Covid-19 pandemic, the conflict in Ukraine, and the cli-
mate crisis. The nature of these problems is multidimension-
al, and because of this, they will become increasingly inter-

twined and interdependent in the next years. Moreover, when
placed on a timeling, these events show a shattering pecu-
liarity that lies on a new vision of time and future that is not
spread out linearly but is increasingly rhythmic and vertical,
showing shorter and closer time gaps. As a result, many aca-
demics and industry professionals are looking at novel mod-
els that employ design skills, techniques, and expertise to in-
spire futuristic ideas and creative solutions. Consequently, in
a world where the future is constantly crumbling and getting
closer and closer, what are the new parameters to be consid-
ered? And yet, what contribution can Systemic Design make
in this challenging task to be able to act concretely in the
short-term with a long-term impact?

Using a systemic lens, this paper seeks to offer an overview
of the tools and processes related to Scenario Building tech-
niques. The paper initially analyse a theoretical background
that explores the conceptual pillars of the three topics ad-
dressed: Scenario Building, Systemic Design and Design for
Sustainability Transitions. Subsequently, the methodology im-
plemented to analyse Scenario Building techniques through a
systemic lens is shown. Insights from the analysis are report-
ed in the last part of the paper highlighting a new perspective
of Scenario Building, which is more relational, contextual and
ecosystemic. Finally, limitations and opportunities are report-
ed to foster further and subsequent research questions.

Theoretical background

Scenario building

Scenario Building is one of the most popular methods for de-
fining possible futures. It is based on the fundamental sce-
nario concept, often considered a synonym for vision (Carella
& Marengoni, 2022). Historically, the first text on this meth-
odology dates back to the 19th century, however, they spread
from the Second World War onwards, moving from the mil-
itary to the public and finally into the private sphere (Brad-
field et al,, 2005; von Reibnitz, 1988). Since they deal with the
future, scenarios fall within the discipline of Future Studies
(also known as futures field or foresight), i.e. the systematic
study of possible, probable and preferable futures (Carella &
Marengoni, 2022). Scenarios are considered the archetypal
products of the discipline and are condensed representa-
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tions of possible futures with different plausible paths and
endings, told in coherent and engaging forms (Bishop et al,
2007; Buehring & Bishop, 2020). These contain a vast amount
of information on a single topic that is useful in defining a
historical, social, cultural, manufacturing, technological and
environmental context, thus composing the points of view,
relationships and flows between the elements (Bistagnino,
2009). Thus, scenarios require a comprehensive look, where
the present is a fundamental part, to provide a holistic sche-
matic view of futures that are not only possible but also desir-
able (Sardesai et al,, 2021). The capability of the designer is to
use the vast amount of information to create narratives that
are open, interpretable, and exciting, yet concrete and palpa-
ble. A correct balance of technical feasibility, economic via-
bility, and desirability (Zurlo et al.,, 2020). This is also thanks to
the designer’s freedom and ability to observe multiple levels,
understood as different dimensional scales (from product to
systems) and different times and insights. Design is, there-
fore, a carrier of values and beliefs, but also tools and meth-
ods capable of helping those who make strategic decisions in
uncertain times. In particular, Strategic Design can confront
this uncertainty, defining strategic directions through scenar-
ios and glimpsing opportunities in the external environment
(Zurlo et al, 2020). Here is possible to find a common goal
between design disciplines and foresight; both seek to make
sense of uncertain futures through scenarios, inspiring and
communicating possible (better) futures (Buehring & Bishop,
2020). The role of the designer in scenario building is also to
act both as a facilitator in the realisation of scenarios and as a
mediator in defining the steps to reach these futures (Gaziu-
lusoy & Ryan, 2017). Scenario development for designers can
be a means for both stakeholder engagement, realisation of
strategic pathways and alternative systems for sustainable
transition (Gaziulusoy & Oztekin, 2019).

Systemic design

In the previous paragraph a strong need emerged for inter-
connections and relationships between events, people, and
phenomena, all essential elements of systems thinking and
Systemic Design. The latter stems from the opportunity to
integrate systems thinking theory into design through the
three levels of sustainability: environmental, social, and eco-
nomic (Barbero & Pereno, 2020; van der Bijl-Brouwer & Mal-
colm, 2020). Systems thinking emerged about 100 years
ago and is based on the axiom that the “whole is much more
than the sum of its parts” (van der Bijl-Brouwer & Malcolm,
2020). Systemic Design (or System-Oriented Design) has
been formalised by Luigi Bistagnino in 2009 as a local eco-
nomic model based on networks of relationships capable of
exploiting the waste of one production system into resources
for another. Itis a design approach inspired by natural models,
where resources are never wasted, but with a relational and
territorial focus typical of industrial ecology (Ceschin & Ga-
ziulusoy, 2019). Because of this, the goal of Systemic Design
is not only to design products, but rather complex industrial
systems where flows of energy and matter never become
waste and damage the environment but are metabolised,
reducing environmental impact and creating new econom-
ic opportunities (Barbero & Toso, 2010; Bistagnino & Cam-
pagnaro, 2014). Although similarities can be made with other
design approaches, such as System Design, Service Design or
Life-Cycle Design, Systemic Design differs in terms of scale,

complex social systems, and integration (Jones, 2020). The
Systemic Design approach, however, calls for capabilities
from the designer that are also recurrent in other approaches,
such as his strong relational and mediation skills, or his abil-
ity to grasp causal relationships between different elements
(Barbero & Cozzo, 2009; Bistagnino & Campagnaro, 2014).
Visualisation skills are also recurrent, necessary to trace and
communicate the flows and relationships between actors
and the system context (Mosca et al., 2015). The designer is
assisted by methods and tools that have emerged in the last
decade to support the practical application of Systemic De-
sign. Namahn, in collaboration with shiftN, SDA, MaRS have
developed the Systemic Design toolkit to guide the designer
(van Ael et al, 2019). The toolkit consists of several frame-
works and templates, which guide the designer step by step,
from analysing the system to fostering the transition.

Design for Sustainability Transitions

It is important to emphasise the topic of transition since this
represents the meeting point of both Scenario Building and
Systemic Design. The former, as previously mentioned, aims
to imagine the future to define new products, services, and
strategies; the latter triggers a change, a transition from one
state to another, of a territory or acommunity. Design for Sus-
tainability Transitions (DfST) or Transition Design focuses on
the transformation of socio-technical systems by promoting
technological, social, organisational and institutional innova-
tion (Ceschin & Gaziulusoy, 2019). The transformations that
DfST aims to promote are de facto systemic changes affect-
ing both production and consumption systems, as well as so-
cial systems, through a change in institutions, organisations,
socio-cultural constructs and technology (Geels, 2005; Loor-
bach, 2010). However, technology is not seen as a unique and
pre-determined means through which these changes can
be achieved, but rather as a system element supporting the
transition. Such complexity is often associated with wick-
ed problems, i.e. ill-defined, political and systemic problems
(Rittel & Webber, 1973). Designers, and strategic design are
used to tackle such problems by analysing them, re-fram-
ing, looking ahead and proposing innovative solutions (Zurlo,
2022). Transitions are achieved by promoting long-term vi-
sions and transition pathways with step-forwards and step-
backs made of materials, products, services, new behaviours
and new policies necessary to achieve the imagined futures
(Ceschin & Gaziulusoy, 2019). Indeed, transitions need to im-
agine new futures. Still, they also need new configurations of
actors, new systems, but also facilitators of participatory pro-
cesses and strategic decision-making (Gaziulusoy & Ryan,
2017). We can conclude that DfST frames Scenario Building
and Systemic Design in a transformational perspective, giv-
ing them a clear direction and not just absorhing their meth-
ods and tools. Since DfST is a young approach, it is necessary
to consolidate and clarify its theoretical foundations, initiat-
ing a dialogue with real experiences in which methods and
tools are applied and possibly adapted to different contexts
and situations.

Methocdology

The aim of this paper is to identify the contribution of Sys-
temic Design in introducing new parameters to lead the Sce-
nario Building methodology toward a sustainable transition
perspective. Therefore, an exploratory case study methodol-




ogy was planned, in order to obtain insights from real experi-
ences and best practices.

Empirical setting

Six cases that apply the Scenario Building methodology has
been identified to be analysed trough a systemic lens. We
selected and identified the cases according to the following
parameters:

» Cases with different time horizons (short, mid and
long term);

» Cases in which the application of Scenario Building
has different objectives (reading a phenomenon, iden-
tifying strategic directions, defining project briefs ...)

» Cases that have had a real potential fallout/impact.

The case studies differ in the trigger of the process, but all ad-
dress concrete problems faced mainly by organization of the
secondary and third sector from different industries.

Data collection

We conducted semi-structured interviews to get first-hand
data with senior design researchers, responsible and actively
involved in the design research and Scenario Building activi-
ties of the analysed case studies. Each interview lasted on an
average of 1 hour. We applied a research protocol structured
in four main sections:

» General information: aims at collecting information on
the project typology, content, aim, time horizon, peo-
ple involved (quantity and professional background);

» Scenario Building process: aim at understanding ac-
tivity conducted in the research phase (typologies and
relevance in the process), and in the scenario genera-
tion phase (format, people involved, output);

» Results and Impact: aim at understanding the Scenar-
io results, their usage and impact (realization, adop-
tion and feasibility), if measurable;

» Self-assessment: aim at understanding pro and cons
of the process adopted and what could be changed.

Data analysis

Based on the interviews, factual elements were examined
with the aim of identifying commmonalities and differences
in the use of Scenario Building. More specifically, data were
clustered according to the following variables:

» Client typology, to highlight the different sectors and
company typologies commissioning the project, if
any;

» Content, to analyse the territorial, socio-economic
and sectoral variables that define the context in which
the scenariois to be set;

» Time, to identify the time horizon of each case study;

» Format, to highlight the different ways in which the
process is conducted;

» Participant typology, to identify the variety of people
involved in the process;

» Journey, to analyse the sequence of the different ac-
tions performed during the process;

» Research activities, to highlight the different research
activities conducted and understand their role in the
process;

» Involvement of experts, if any, to identify when they
were involved and in what role;

» Output, to examine the variety of formats in which a
scenario is delivered;

» Outcome, to investigate how the scenario’s results are
used;

» Impact, to verify the impact of the scenarios in terms
of fulfilment and feasibility.

Then we searched for regularities and patterns, trying to un-
derstand which of the above variables had a greater role and
weight in the Scenario Building process and its realisation.
Finally, we looked at the variables used to analyse the Sce-
nario Building process through a systemic lens, to understand
whether Systemic Design can help turn Scenario Building
into a tool for the sustainable transition. To do this, we studied
a number of Systemic Design toolkits, in particular the Social
Ecosystem Map developed by Namahn and shiftN in 2016, to
understand the different levels of an ecosystem and its im-
portance in the systemic approach as opposed to that in the
Scenario Building process, where context is usually consid-
ered one of the elements to be observed in the definition of a
user-centred vision. With the toolkit, we began analysing the
Scenario Building process of the selected cases by observing
whether the different levels of the ecosystem had been con-
sidered within the research phase and whether the impact of
the scenarios on the different levels of the ecosystem had
been reached.

Results & discussion

Thanks to the literature review and the analysis, it was possi-
ble to recognise and highlight patterns and reflections with
Scenario Building and Systemic Design as their common
point (Fig.1). Before exploring the outcomes of this research,
it is necessary to cluster the results that emerged into two
macro groups, those relating to the process of Scenario Build-
ing and those relating to its context. Regarding the former, it
was interesting to note how the various research phases are
fundamental to creating a solid base of work and envisioning
capabilities. It is a common and consolidated practice to per-
form at the beginning of the Scenario Building methodology
an initial research that allows the researchers or designers to
grasp the conditions of the context of the users that char-
acterise the background in which the project will be placed.
This is done mainly through PEST analysis (political, econom-
ic, social, and technological) and user research. The former
is that desk research activity that allows the participants to
gather data regarding the context by extrapolating socio-cul-
tural and technological trends, giving a snapshot as both a
starting and ending point of the market, society, and context.
Within this research category, it is possible to find blue sky
research, trend, and mega trend research. The exploratory
case study analysis showed how those trends, whether in-
spirational or innovative, strongly linked to the imposed time
frame allow the designers or researchers to make the sub-
sequent envisioning work truly feasible. On the other hand,
the user research makes it possible to collect qualitative and
quantitative data on the user under consideration. In the case
studies with the most significant impact, it is possible to see
how user research offers a more excellent systemic vision of
the context where the analysis focuses not only on the user,
but on the entire ecosystem of actors surrounding him. This
means identifying, investigating, synthesising, and visualising
not only the latent or non-latent needs of the user but the re-




lationships that exist in the context as an ecosystem of ac-
tors, actions, and touchpoints.

Figure 1. Pathway of research and analysis of Scenario Build-
ing towards sustainable transition through the systemic lens.
The contribution of this work of revision, analysis and updat-
ing of the Scenario Building methodology, therefore, sees the
importance of the research phase not as a critical and su-
perfluous step offering volatile hints without a possibility of
concreteness; indeed, it is a fundamental phase, especially if
spread throughout the process and not just its initial steps,
because it empowers the scenario researcher or design-
er, creating awareness and helpful knowledge to make the
scenario real, be it in the short, medium or long term. Just
as the system is increasingly recognised as a living ecolo-
gy that grows, declines, changes, and evolves (Sevaldson,
2022; Walker et al,, 2004) the scenario has indeed similar
intrinsic peculiarities. Even more revealing is the fact that
a new awareness of Scenario Building towards sustainable
transition has emerged from this analysis, namely the real-
isation that the scenario is not a static snapshot of some-
thing to be achieved, but is a dynamic ecosystem of actors,
relationships, and actions in constant evolution. In recent
years, scholars and practitioners have been able to verify
and agree on how reality is increasingly showing its com-
plexity and how systemic and strategic skills are increas-
ingly valuable for visualising, anticipating, and dealing with
these complex realities or systems. The complexity lies in
the network of relationships between different actors, ac-
tions, and touchpoints, which inevitably imply new research
and design methods. And it is here that Systemic Design
comes into play, the encounter between systems thinking
and design thinking, skills that are useful for grasping the
nodes and edges of every system, be it micro, meso or mac-
ro, ranging from the individual to society to the environment
and so on. It is no coincidence that new design trends incite
us to think and consider non-humans as well, both for the
benefit of humanity and the entire planet. Therefore, it has
become necessary to try to grasp those patterns useful for
building dynamic ecosystem scenarios, capable of affecting
and intervening both the small to the large and vice versa. In
order to aspire to a sustainable transition, it is necessary to
research, ideate and implement this new awareness that the
scenariois a dynamic ecosystem based on two fundamental
characteristics and dimensions:

SCENARIO

BUILDING

LITERATURE
REVIEW

CASE
STUDIES

SYSTEMIC

DESIGN

LITERATURE
REVIEW

1. Scenario as a set of contextual relationships: that
considers the entire network of actors and relation-
ships that exist in its given context.

2. Scenario as a spatio-temporal ecosystem: that con-
siders its positioning and evolution in a spatio-tempo-
ral dimension.

An example that can be briefly reported is one carried out in
collaboration with a prefab house manufacturer in southern
Italy, performed in 2018, with a two-year time horizon. The
process saw an initial research phase followed by the brief
reframing and then the development of scenarios, present-
ed through cards with visual stimuli, and possible design di-
rections. The scenarios stimulated the company’s designers
in the realisation of a modular and reusable product, later
launched on the market. The analysis phase focused on the
ecosystem of actors and stakeholders, looking at their needs,
socio-cultural and value context, as well as the market, the
brand partner and blue-sky stimuli. As previously mentioned,
this information highlighted the network of actors and their
relationships, not only understood as exchanges of money,
information or goods, bringing out critical points and possi-
bilities (scenario as a set of contextual relationship). It also
highlighted possible changes in time and space of the actors,
context and relationship giving the possibility to imagine
their evolution in an organic sense (scenario a spatio-tempo-
ral ecosystem).

The new characteristics presented must be considered
throughout the entire scenario process, especially in its im-
plementation. This awareness should therefore contribute to a
strategic plan of sense and purpose to make the scenario via-
ble, feasible and sustainable aware.

Conclusion

Through the systemic lens, it was possible to highlight how
the scenario is inherently relation-based and a spatio-tempo-
ral ecosystem. In this new interpretation, scenarios are seen
as dynamic systems, changing in time and space. Scenar-
io analysis and development with this in mind should allow
companies, organisations, institutions, and communities to
be guided through a sustainable transition, connecting the
needs of today with those of tomorrow, avoiding blind spots.
Such awareness opens further research opportunities. First
of all, it is important to ask whether the skills and capabilities
of today’s designers are adequate to deal with the complexity
that a systemic scenario requires, and if so, which of these

DESIGN FOR

SYSTEMIC
DESIGN
LENS

—> ; ; SUSTAINABLE
' TRANSITION

I DESIGN FOR SUSTAINA

VBLE TRANSITION LITERATURE REVIEW I

Figure 1. Pathway of research and analysis of Scenario Building towards sustainable transition through the systemic lens.




should be implemented. Furthermore, it would be interesting
to understand whether the tools used for Scenario Building
support or limit such systemic vision, both in research, sce-
nario development and narration. If necessary, it might be
interesting to develop new ones. This aspect can also be in-
terpreted as a limitation of this research, since a systematic
analysis of the tools might bring out new considerations. The
tools connect us to a more participative and actionable di-
mension, so a further opportunity could be to test scenario
development from a systemic perspective with organisations
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Abstract

Design research has established several dichotomies around
styles of knowing and thinking, such as ‘thinking vs. doing’
(e.g, Bagchi, 2020), ‘intuitive vs. deliberate” (e.g., Schaathun,
2022; Jones, 1992), or 'rational problem solving vs. reflective
practice’ (e.g, Dorst, 1997). In this paper, the authors explore
and integrate these dichotomies using the ‘intimacy/integri-
ty’ framework proposed by Kasulis (2002). The ‘intimacy’ and
‘integrity’ pair is presented as a heuristic device that can help
us characterize two broad ways people develop and present
arguments, generate knowledge, establish values, and even
develop a metaphysics. An integrity orientation separates
object and subject, and knowledge is objective and verifiable.
In contrast, an intimacy orientation blurs the line between
object and subject, and the self is relational. In an integrity
framework, the knower and the known (whether a thing or
another being) have each an individual, well-delineated iden-
tity, while in the intimacy orientation knower and known (the
self and the other) are interdependent and intertwined with
one another, and can't be seen as separated units. The paper
centrally argues that his framework serves to examine alter-
native individual styles of thinking in design practice. Fur-
thermore, the authors posit that Kasulis’ framework is a use-
ful lens to examine design theory and methodology and can
enrich ongoing debates. In particular, the paper explores the
aforementioned dichotomies to show they can be advanta-
geously subsumed into Kasulis’ conceptual apparatus, which
is more overarching and has greater explanatory power.

Author keywords
Epistemological difference, ethics, intuition, rationality, prob-
lem-solving.

Introduction

Several interrelated dichotomies around styles of knowing and
thinking in design activity have been established in the field of
scholarly design research over the years, such as 'rational prob-
lem solving vs. reflective practice’ (e.g, Dorst, 1997). In this pa-
per, we engage with these dichotomies through the lens of a
framework for conceptualising different styles of knowing and
thinking proposed by philosopher Thomas Kasulis (2002). This
framework; itself a heuristic device, gravitates around two cen-
tral notions: those of ‘intimacy’ and ‘integrity’, which character-
ise two broad cultural orientations in the way people develop

and present arguments, generate knowledge, establish values,
and even develop a metaphysics.

Building on an analysis of well-known dichotomies, we pos-
it that Kasulis's heuristic framework is a useful lens to examine
design reasoning. We are of the view that the ‘intimacy-integ-
rity’ perspective can extend and enrich ongoing professional
and academic debates and perspectives on epistemological
diversity in design activity. What's more, we argue that Kasulis’
conceptual apparatus serves to subsume frequent terminol-
ogy (‘intuition’, 'rationality’, ‘doing’, etc.) into a richer and more
overarching heuristic that has greater explanatory power than
the traditional opposites we are familiar with in design re-
search and practice. It is, however, not our intention to argue
that either of these terms and taxonomies is wrong or false. All
of them have explanatory power and have proven to be useful
to advance design theory and methodology. Our claim is sim-
ply that the integrity/intimacy framework encapsulates and
links many of these.

The content of the paper proceeds as follows. In the next
section, we introduce and briefly discuss three conflicting per-
spectives—i.e, dichotomies—for conceptualising design ac-
tivity. This section is followed by an overview of Kasulis' frame-
work. Together, the dichotomies and Kasulis’' framework serve
as a springboard for the constructive argument we'll develop
in the Discussion section. We close with a general conclusion.

Dichotomies in designh

We will concentrate on three well-discussed dichotomies:
‘thinking vs. doing’ (e.g., Bagchi, 2020), ‘intuitive vs. deliberate”
(e.g, Schaathun, 2022; Jones, 1992), and ‘rational problem
solving vs. reflective practice’ (e.g, Dorst, 1997). These are
particular lenses through which different styles of knowing
and thinking are often approached and studied. They are the
result of different normative and descriptive perspectives on
the design process and design activity.

Furthermore, because they are directly linked to deep-seat-
ed ways of understanding what design is, they are still enor-
mously popular and part of the professional and scholarly de-
sign vocabulary. Nonetheless, their putative conflicting nature
has also been challenged in recent years (see e.g,, Schaathun,
2022; Guersenzvaig, 2015). Before we attempt to present
Kasulis' framework as a suitable alternative; i.e, a richer way of
conceptualising different styles of knowing and thinking in de-
sign, we will briefly introduce these perspectives.

Nature positive/

transformation




Thinking vs doing
One dichotomy we frequently encounter is an elementary
one: the distinction between thinking and doing, in which
these activities are conceptualised as distinct modes of
knowing and acting.

'Thinking’, in the context of this dichotomy, has a mean-
ing akin to ‘reasoning’, involving the contemplating, examining
and evaluating that are classically involved in analytical prob-
lem-solving:

You're a [design] thinker if you like understanding every

aspect of the problem statement, solving it in the abstract

confines of your mind before you even put pen to paper.

People know you for being thoughtful, precise and con-

sistent (Bagchi, 2020).

On the other hand, ‘doing’ is a portmanteau term for imagin-
ing and shaping activities as a way to solve and explore prob-
lems without the need for a preceding full-blown problem
definition. Thus, as a design doer:
You love solving problems and believe in rapid iterations.
People know you for making decisions and moving quick-
ly. You're known for being adaptable and tactical. [..] You're
not afraid to be scrappy and find quick ways to test your
ideas (Bagchi, 2020).

The distinction between thinking and doing, however, is as
helpful as problematic. Bryan Lawson (2006, p. 137), although
using a somewhat different vocabulary, questions it here:
If reasoning and imagining were truly independent cate-
gories of thought, one should not be able to speak sensibly
of ‘creative problem-solving’ or a ‘logical artistic develop-
ment’, which are both quite meaningful concepts.

We follow Lawson in that ‘thinking' and ‘doing’ are just differ-
ent epistemological styles employed by designers, not mon-
olithic and exclusionary descriptions of personality types.
Rather, these modes are alternative—though interrelated,
as we shall see—styles of knowing, reasoning, and acting.
Claiming that no designer exclusively employs one single
epistemological style is an uncontroversial statement, as
modal shifts between, for instance, drawing and evaluating
have been consistently shown in design research since the
mid-nineties (see e.g. Cross, Christiaans and Dorst, 1994; Akin
and Lin, 1996). What's more, one of the most crucial findings
in design research is that given the nature of design prob-
lems, the designer is in most cases unable to move linearly
from problem to solution precisely because these entities
co-evolve. These modal shifts obey the logic of the construc-
tivist task of co-defining problem and solution (see e.g,, Dorst,
2017, pp. 21, 24, 25, 28, 71).

Despite all this, the dichotomy between thinking and do-
ing is persistent and ubiquitous in design activity. Plausibly, it
might be even constitutive of the Western way of understand-
ing knowledge itself, as it was no one less than Aristotle, who
famously divided knowledge into theoria (Greek for theoretical
knowledge), praxis (practical knowledge), and poiésis (produc-
tive knowledge) (Meta 1025b 25). Hence its inclusion in this list.

Intuitive vs. deliberate processes

Another frequent dichotomy is the distinction between ‘intu-
itive’ and 'deliberate processes’. We find a canonical instantia-
tion of the dichotomy in the classification of designers as ‘black

boxes’ and ‘glass boxes’ made by John Chris Jones (1992).

On the black box extreme, Jones describes the designer as
a kind of magician whose mind performs mysterious creative
leaps that produce a result through an unknowable process.
According to Jones (1992, p. 46), for the defenders of this view:
‘[the designer] is capable of producing outputs in which he has
confidence, and which often succeed, without his being able to
say how these outputs were obtained!

The black box view of designing is anchored on common
definitional features of intuition. Herbert Simon (1992, p.13)
highlights the (at least partial) lack of awareness that, in line
with black box design, is characteristic of intuition: ‘a perfor-
mance that is speedy and for which the expert is unable to de-
scribe in detail the reasoning or other process that produced
the answer! Intuition is more a category than a homogeneous
cognitive process and there is both agreement and controver-
sy about what intuition is. Gléckner & Witteman (2010, pp. 5-6)
find common ground between alternative views:

Intuition is based on automatic processes that rely on

knowledge structures that are acquired by (different

kinds of) learning. They operate at least partially without
people’s awareness and result in feelings, signals, or inter-
pretations.

The intuitive 'black box' perspective can be contrasted to
the deliberate, conscious processes that are characteristic
of ‘glass box' designing. The designer as a Glass Box operates
computationally to produce an optimal result. In this view,
designers carry out a perfectly discernible design process
which is transparent, hence the glass, and it can be rational-
ly explained. A canonical sequential process (see e.g., Cross,
2008) is structured around at least three clear stages: (1) a
stage of analysis consisting of a list of requirements and a
performance specification, (2) a stage of synthesis consist-
ing in finding solutions for every performance specification,
and (3) evaluating these solutions according to various crite-
ria (e.g. cost-effectiveness, ease of use, commercial impact,
etc.). The characteristics of these models are: (1) objectives
and criteria are fixed in advance, (2) analysis is completed be-
fore solutions are sought, (3) evaluation is logical (not empir-
ical), and (4) strategies are fixed in advance (Jones, 1992). An
early example of a deliberate process is the systematic mod-
el of design proposed hy Archer in 1965 and a more recent
example is the one proposed by Pahl & Beitz in 1999 (see
Jones 2008, pp. 34-41).

Granted, these are just two models of design activity and
many other models do not proceed linearly from problem to
solution but highlight the co-evolution of the problem-solution
pair (Dorst, 2017, p. 21). However, the logical linearity embed-
ded in the ‘glass box’ methods has been for decades hailed as
a standard even in process models that are purportedly itera-
tive and less rationalistic than the classic ones—think of the all
ubiquitous ‘Double Diamond’ model of design (Ball, 2019).

Paradigms of rational problem-solving
vs. reflective practice
We based this dichotomy on a distinction made by Dorst
(1997), in which design methods can be seen to belong to ei-
ther one of two paradigmatic perspectives on design:

1 The paradigm of design as rational problem solving

2 The paradigm of design as reflective practice




Let's consider the first paradigm. In line with ‘'The Sciences of
the Artificial’ (Simon, 1996 [1969]), the most influential work
within this paradigm, design can be understood as a rational
search process: the designer defines the problem space that
has to be examined in search of a satisfactory solution. This
paradigm is registered within a positivist outlook on science
with a strong emphasis on rigour: objective observation and
logical analysis must lead to general formal models of the de-
sign process. The rationalistic, deliberate models and meth-
ods discussed above can be assigned to this paradigm. While
more could be said about it, due to space reasons we switch
to the other part of the dichotomy.*

The publication of 'The Reflective Practitioner’ (Schon,
1983) marks a point of inflexion in design methodology where-
by early rationalistic methods are superseded by the paradigm
of the designer as a reflective practitioner, in which the design
process can be seen as a reflective conversation with the situ-
ation. This paradigm views design as inherently argumentative
and constructivist, in the words of Schon (1983, p.79):

Because of [...] complexity, the designer's moves tend,

happily or unhappily, to produce consequences other than

those intended. When this happens, the designer may take
account of the unintended changes he has made in the
situation by forming new appreciations and understand-
ing and by making new moves. He shapes the situation in
accordance with his initial appreciation of it, the situation

‘talks back’, and he responds to the situation’s back-talk.

In a good process of design, this conversation with the
situation is reflective. In answer to the situation’s back-
talk, the designer reflects-in-action on the construction
of the problem, the strategies of action, or the model of
the phenomena, which have been implicit in his moves.

The reflective turn moves the designer away from technical
rationality and thus from the separation of knowing from do-
ing. It fully positions the designer in a situated rationality of
reflection in practice. Schon highlights alternative epistem-
ic styles other than applying general principles and standard
scientific knowledge to dealing with ill-defined problems.
This new stage in methodology and epistemology ‘tried to
embrace a wide range of issues (poetical, rhetorical, phe-
nomenological, hermeneutical, and ethical) in order to obtain
greater insights and an improved understanding of the design
phenomenon’ (Bousbaci, p. 39).2

The paradigm of design as a reflective practice is a con-
structionist epistemology, where means and ends are inevi-
tably intertwined. Knowledge is often tacit and situated in a
practice. It is thus a radically different paradigm that arises in
reaction to the rationalist paradigm. For Dorst (1997, p.70), in
‘reflective practice design tasks may be analysed and subdi-
vided in a number of different ways, and there is no a priori way
to determine which approach will be the more fruitful. There-
fore, design task and solution are always and inherently devel-
oped together!

As Dorst argues, both paradigms are useful in approaching
different design problems and each of them can be applied to
one of the two fundamental classes of design activities:

1 Objective interpretation activities in which the in-
terpretations of design or solution are based on an
impression caused by something beyond the design-
er, which prints meaning on the subject. In this case,
the designer behaves according to the rational prob-
lem-solving paradigm.

2 Activities that suggest subjective interpretation or the
modification of the design tasks print meaning or val-
ue on it—Schon (1984) calls it framing; i.e., a particu-
lar way to perceive a design situation. In this case, it is
the subject that prints meaning on something. These
kinds of activities can be better addressed from the
paradigm of reflective practice.

To Schaathun (2022), Simon and Schén have more in com-
mon than suggested. Namely, they share the view that practi-
cal reason is indispensable to deal with real-world problems.
However, one important difference remains. Unlike Simon,
Schon invokes a distinctly human power to see-as for goal
setting; i.e, for figuring out what to do in terms of being a hu-
man individual, in a way that is different from the prevailing
scientific paradigm.

Mapping dichotomies: the ‘generation game’

in design methodology

Design’s methodological and epistemological developments
since the 1960s are discussed in a historical timeline called
the 'generation game' (Cross, 1981; Bousbaci, 2008). The
‘seneration game’ illustrates the profound changes that oc-
curred in design methodology from the first generation of ra-
tionalistic design methods, at one extreme of the timeling, to
the reflective turn at the other extreme.

We believe the dichotomies we explored above come back
as conceptual building blocks in this well-known historical
timeline. The dichotomous terminology can be mapped onto
this timeline rather neatly. Consider, for instance, Bousbaci's
(2008, p. 38) description of the origin of the first-generation
design methods in terms of ‘a strong reaction against the in-
tuitive, artistic, and ‘beaux-arts” vision of the design process
[in favour of a] very logical, systematic, and rationalist view of
design activities'.

Along these lines and using the terminology from the di-
chotomies, first-generation methods could be characterised
as thinking-centred, deliberate, rational problem-solving, with
the glass-box as a model for the designer. There's a caveat, we
can see that to obtain a rich description we need to interlace
terminology from several dichotomies. More needs to be said
about this but we will expand on these themes later through
the integrity-intimacy lens. First, we need to introduce Kasulis’
framework in the next section.

The integrity/intimacy framework

Originally, Kasulis's intimacy versus integrity framework is pre-
sented as a way of understanding and analysing cultural differ-
ences in styles of generating, validating and transmitting knowl-
edge. According to this framework, cultures, relationships and
thinking models can be characterised as either emphasising

1 Simon made profound changes to his own theory in the third edition of his influential book in 1996, conceding that due to their limited cognitive capabilities, humans cannot
oversee all aspects of a problem, which invalidates the early methods to a certain extent due to their psychological implausibility.

2 Due to space reasons, we take no issue with establishing whether more recent streams in design research and practice such as ‘Speculative design’ (e.g,, Dunne & Raby, 2013)
or '‘Design for the pluriverse’ (e.g, Escobar, 2018) are part of the reflective turn, an evolution thereof, or something new altogether. We believe that for the purposes of this paper,

answering this question isn't necessary.




intimacy or integrity.® Even though Kasulis is more interested
in comparative philosophy (i.e, comparing cultures and geogra-
phies), we believe his framework serves also to examine alter-
native individual styles of thinking, which also manifest within a
given subculture or practice, such as design practice.

Intimacy
Kasulis characterises ‘intimacy’ as making known to a close
friend what is innermost (Kasulis 2002, p. 42). Intimacy-ori-
ented cultures place a high value on emotional connections
and personal relationships, to create a feeling of belong-
ing-with. According to Kasulis (2002, p 46), the main charac-
teristics of an intimacy mindset are:
1 Intimacy is objective but it is personal, not public.
2 Within an intimate relationship, self and other are con-
nected in a way that it is not easy to distinguish them.
3 Intimate knowledge has an emotional, affective di-
mension.
4 Because of such an emotional dimension, besides be-
ing a psychological state, intimacy is also somatic.
5 In general, the ground of intimacy is not self-con-
scious, reflective or self-illuminating.

When these five characteristics are present, the subject will
build a feeling of belonging with the situation they are in. In-
timate knowledge is therefore extensive as well as intensive:
someone knows something intimately if that knowledge is
key for them; i.e,, if it is part of their definition as a person.

A relevant process of learning within an intimacy frame-
work is empathic imagination. According to Kasulis, this is a
learning-by-imitation process, in a non-discursive way. This
imitation process does not relate only to a mechanical level of
know-how, but it implies putting on the teacher’s shoes, imag-
ining how the teacher thinks, feels and acts, and then putting
all this into practice, learning by doing, without following a spe-
cific model. (Kasulis 2002, pp. 54, 58)

This implies that knowledge is transmitted in an esoteric
manner. That is, key aspects of knowledge are only accessi-
ble to insiders, who have practised for several years, and that
knowledge cannot be transmitted in a public manner, even if
one states all the steps logically (Kasulis 2002, p. 62).

Integrity

Integrity is understood as the ability to remain whole, in one
piece. It is the ability to have an autonomous identity that is
not influenced or corrupted by whatever is outside (Kasulis,
2002, p. 67). The main characteristics that define integrity
are the following (Kasulis, 2002, pp. 70-79):

1 Integrity is impersonal. Knowledge should be estab-
lished objectively, independently of the individuals
that generate or test it. Evidence should speak for it-
self, and subjectivities are irrelevant.

2 Integrity establishes a 'belonging to’ type of relation-
ship. That s, if Aand B establish a relationship between
them, they both belong to such a relationship, but they
remain the same in essence. The fact of belonging to
such a relationship doesn’'t change them.

3 Integrity is purely intellectual. Emotions are irrelevant,

or even worse, counterproductive. One should mis-
trust emotions and be guided just by reason if one
wants to find out the truth

4 Integrity leads to pure conceptual knowledge. That
means that any somatic component is suspicious and
should be eliminated. That implies that knowledge is
exoteric, public and accessible to everyone, without the
need for years of practice to reach the expert state.

5 Integrity is bright and clear. Knowledge is accessible
to everybody if they apply their intellect and reason to
find the truth, so it is self-illuminating.

Discussion: Integrity and intimacy

in desigh research

In this section, we will present two examples of how the in-
tegrity/intimacy pair could be used to discuss and analyse
design methodology and epistemology. In the first example,
we will try to show that the framework could be used instead
of the dichotomous vocabulary that is already used in discus-
sions of design methodology. In the second example, we will
attempt to use intimacy and integrity in an altogether differ-
ent and quite unrelated discussion (design negotiations). If
our descriptions are cogent, then we will have succeeded in
showing the strong descriptive and explanatory capacities of
the intimacy/integrity framework.

The generation game: from integrity to intimacy

As we mentioned earlier, the dichotomies are insufficient
when used individually—in the sense that they need to be
interlaced with one another to produce rich descriptions of
design broad phenomena. The integrity/intimacy framework
solves this by offering an overarching terminological ap-
proach. To illustrate the potential of Kasulis’' framework, we
will augment the ‘generation game’ conceptual apparatus by
using the intimacy/integrity pair as an overarching and inte-
grative approach instead of using more fragmentary dichot-
omous terminology.

We find Integrity at the foundation of the first generation
of design methods, which were a reaction against the artistic
and ad hoc design methods that were in use before 1960. The
new methods proposed variations of scientific, logical models
of the design process, anchored in a view of unlimited rational-
ity. These models would release the designer from their bonds
with the traditions from the past and idiosyncratic, arbitrary
decision-making. This is directly related to an integrity-centred
conception of what can count as a legitimate basis for knowl-
edge. The dominant orientation in Western thinking has to do
with the expectation of supporting assertions with evidence
so that everyone can investigate for themself. Truth is thus un-
derwood as something others can verify. Unbeknownst to the
early methodologists, everything in their methods was guided
by integrity reasoning.

The second and third-generation design methods moved
away from this ambition of modelling an omniscient designer
with unlimited rationality and a transparent and complete pro-
cess of design activity that characterised the first-generation
methods. During these years (the 1970s and early 1980s), we
see moves towards intimacy and a growing rejection of integ-

3 Thelocus of Kasulis’' framework is cultural differences across the world. Yet, while it highlights cultural differences (especially detectable when comparing Asian and Western
thought), it does not in the least suggest that different cultures are monolithic and unchangeable nor perfectly demarcated. Rather, Kasulis shows how particular facets of
human experience are emphasised in some settings, while others are placed in a secondary role. So, in every culture, we can find instances of both intimacy and integrity.




rity. For instance, consider Alexander’s famous rejection of the
Design Methods Movement (I would say forget it, forget the
whole thing’) (cited in Cross, 1981, p. 3) and Rittel's proposal for
participatory and argumentative methods (Cross, 1981; Bous-
baci, 2008, p. 38).

Another important move towards intimacy is the ‘prima-
ry-generator model’ proposed by Jane Darke (1979), which
draws not on the integrity of rational analysis as a starting point
of the design process but on a profoundly personal conjecture
that blurs the separation between analysis and synthesis. This
model famously describes how empirical, situated, and expert
knowledge are intertwined to yield that type of knowledge
Kasulis has characterised as intimate. Because of design's in-
tractability, an initial, subjective narrowing down and framing
occurs when early ideas or organising principles define the
boundaries of the problem space and suggest the nature of its
possible solution.

Yet, integrity was far from gone. Despite a manifest recog-
nition of the complexity and intractability of design problems,
second and third-generation methodologists still maintained
the view of design as an essentially problem-solving activity,
all of which entails ‘some shared beliefs in a certain degree of
rationality, logics, and objectivity which fundamentally charac-
terise the design process’ (Bousbaci, 2008, p. 41).

Because of their complexity, design problems or briefs
can seldom be solved simply by examining requirements and
processing information mechanically in a detached manner.
Integrity is insufficient. Arguably, the very failure of the early
design methods was due to erroneous premises centred on
integrity. Design problems are not to be taken as a given but
actually start with a particular action of framing (Kolko, 2010),
in which subjective interpretation is a fundamental aspect of
sensemaking and synthesis; that is, intimacy.

Does this mean we go back to viewing the designer’'s mind
as a black box? To the 'beaux-arts’ vision of the design pro-
cess? Not at all.

Intimacy doesn't reject or exclude the possibility of ‘ob-
jective' knowledge, it just accepts that a legitimate basis for
making claims about certain aspects of reality needn’t be nec-
essarily publicly verifiable (Kasulis 2002, p. 33). Objectivity is
preserved by reconsidering it; while an Integrity mindset un-
derstands objectivity as publicly verifiable knowledge that is
based on hard facts that can be computed (i.e., the glass box
model), an intimate form of knowing, even without publicly
verifiable knowledge, retains objectivity in a substantive sense
(the designer as a reflective practicer). Kasulis (2002, pp. 35~
36) writes that intimate knowledge's objectivity:

is accessible only to those within the appropriate intimate
locus, those who have achieved their expert knowledge
through years of practical experience. Trust in intimate
knowledge's objectivity, like that in positivistic knowledge's
objectivity, relies on an assumption of universality, but this
universality has a somewhat different formulation.

The key aspect here is that knowledge that is acquired
through years of practical experience’ becomes a legitimate
source, regardless of its verifiability. This, of course, aligns
with the Schdnian perspective of reflective practice and oth-
er scholarly work on design expertise (Lawson & Dorst, 2009).

A short detour before proceeding to the next subsection. The
orientations of intimacy and integrity can also be applied to

analyse the creation of the very models of design we formu-
late as design methodologists, which are the main characters
in the ‘generation game’. But what are models? A model is a
representation of a phenomenon; i.e., a fact or situation that
is observed, inferred or assumed to exist or happen. For Frigg
and Hartmann (2020):
Models can perform two fundamentally different rep-
resentational functions. On the one hand, a model can be
a representation of a selected part of the world (the ‘tar-
get system’). [..] On the other hand, a model can represent
a theory in the sense that it interprets the laws and axi-
oms of that theory.

Any model necessarily embodies a particular way of under-
standing and framing phenomena. In other words, they are
grounded on particular styles of knowing and thinking. From
an intimacy mindset we get different models than when ap-
proaching an issue from an integrity perspective. Both the
black box and the glass box models we referred to above
are Aristotelian idealisations; i.e, simplifications aiming at
making reality more tractable. The model maker only mod-
els those and only those properties that they have reason to
believe are relevant to the problem at hand. We believe that
Kasulis's apparatus serves well to explain how the decision
occurs concerning what to include or exclude in a model.
What counts as relevant and how relevance is judged is de-
pendent on the employed epistemological style.

Kasulis (2002, p. 80) uses the metaphor of a computer op-
erating system to understand the frameworks of intimacy and
integrity. Choosing between them implies that certain proce-
dures will work differently, that some ways of reasoning wiill
be available while others won't, just as the way we sort doc-
uments and folders or the software we have access to varies
depending on the OS in our computers.

To round up this part of the discussion, Bousbaci (2008, p.
40) convincingly argues that ‘each shift in the evolution of de-
sign thinking in fact corresponds to a major shift in the implicit
models of the designer included within the analogous theoret-
ical discourses! We add that any shift in design thinking, such
as the fluctuation from first-generation methods to the reflec-
tive practitioner, is also a shift in the implicit epistemic models.
Intimacy and integrity seem to be well-fitted to illustrate and
explain what these implicit models of styles of knowing and
thinking in design activity consist of.

Designh negotiations as ‘belonging-with’
Our second exploration is about negotiations in design. Let's
start with a quote in which Paula Scher (cited in Millman,
2007, pp. 50-51) talks about this issue:
There are all kinds of problems and compromises that
[one] must negotiate. Things that have to be held on to,
things that have to be protected to make something
move forward. And it's very, very, very hard work.

What's important to note is that Scher is not merely wishing
to hold on to the elusive things she alludes to. She makes
these things especially her own; they truly matter to her be-
cause she intimately identifies with them and it would be a
personal loss if what she cares about was diminished. For
Kasulis (2002, 37), ‘'my intimate relations are more than con-
nections | have made; they are actually part of what | am or
have become!




Scher’s intimate relation with her work highlights how de-
sigh work and the designer as a whole person are irremedia-
bly intertwined: there is no external work that is fully separat-
ed from the person who creates it. In an intimate relation, the
work overlaps the person and is thus internalised. In this sense,
the work belongs with the designer; it is not merely a separate
object. One of us has explored this in more detail elsewhere
(Guersenzvaig, 2021; Guersenzvaig & Ventura, 2022 ).

As per Kasulis, this phenomenon of being intimate with the
work is known to be 'known only to those within the locus of
intimacy’ (p. 38). In this sense, a work—a design—overlaps in
an intimate relation first with the design team and the project
commissioner, but when the design is instantiated in a re-
al-world artefact, it can also be part of an intimate relation with
others. So, in principle, every stakeholder, design participant, or
user could have this intimate relation.

Indeed, we are intimately connected to a myriad of objects
and things, and some of them end up mattering very much to
us. We all have a special chair or T-shirt with which we are in-
timately related. These relationships have an anthropological
dimension. Not only do designers and project commissioners
engage in meaning-making, but also people carve meaning into
their own possessions. A friend of one of us had one wheel of
his favourite bicycle compacted into a metal cube. He belonged
with the bike—just like Paula Scher was intimately connected
to her own work. Naturally, a classical Western rationalist—in-
tegrity—mindset would suggest that this is utter nonsense as
the bicycle and the cyclist can't possibly be anything but sepa-
rated entities. A view from intimacy suggests otherwise.

Conclusion

Throughout this article, we have presented how supposedly
unrelated dichotomies used to describe design activity can be
subsumed into Kasulis’ more overarching distinction between
integrity and intimacy. A simpler, yet richer, heuristic facilitates
a more comprehensive approach to describing design thinking
styles, without the need to rely ad hoc on ambiguous opposites
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Introduction: an unsustainable

human-product relationship

Traditionally, design merely focuses on satisfying the in-
creasing ‘need’ of consumption. However, (1) a higher level
of consumption does not elevate the perceived happiness
of people (Lipovetsky, 2006; Porritt, 2003). (2) Maintaining
the economic principles of growth and profit, in a mass pro-
duction context, promotes and accelerates the exhaustion
of nature; it impedes a healthy human-product relationship
and a proper relation with nature (Hirsch & Pauw, 2022).
In this context, designers have been ‘active agents of an
un-sustainable idea of well-being’, says Manzini (2006). An
alternative “..Interpretation of well-being is (...) required, dis-
connected from a perceived need to increase consumption”
(Thorpe, 2010). A reconnection would help counter so-called
‘alienation’ and it would align to the views of various scholars
(Ehn, 2008; Pacey, 1992; Papanek, 1985) who advocate for
a 'new partnership’ between people and the products they
use and own.

Design for DIY

Anticipating (a) today's distant human-product relationship
in a mass-production context (Cerny, 1999; D. Ehrenfeld,
2003), (b) people's desire to create (Csikszentmihalyi, 1998; J.
R. Ehrenfeld, 2008; Maslow, 1943; Press, 2007; Sanders, 2006;
Sennett, 2008), and (c) anticipating the great potential of
novel making tools and the availability of online information
(Anderson, 2010, 2012; Bonvoisin, Galla, & Prendeville, 2017;
Salvia, Bruno, & Canina, 2016), this paper introduces a ‘Design
for DIY' scenario and a novel ‘Design for DIY' framework. A va-
riety of scholars suggest that the practice of DIY promises to
support a sustainable relationship between things and peo-
ple, respectively between people and nature (Bianchini & Ma-
ffei, 2013; Bonvoisin et al,, 2017; Hoftijzer, 2012; Salvia, 2013;
Van Abel, Klaassen, Evers, & Troxler, 2011). More specifically,
this paper addresses the facilitation of DIY activity, the role
and responsibility of design therein, and the grounding and
design of a 'Design-for-DIY’ framework to help designers fa-
cilitate DIY activity.

a

Do-It-Yourself (DIY)

As the opposite of ‘passive consumption’, designing and
making things for oneself aligns better with people’s natural
motivations (Franke, Schreier, & Kaiser, 2010). DIY enables
people to express their intentions, capabilities and identity
(Atkinson, 2006; Shove, Watson, & Ingram, 2005; Wolf & Mc-
Quitty, 2011). According to Schreier (2008), as a result people
benefit from functional advantages, from the uniqueness of
the outcome, from enjoyment of the process and from the
‘pride of authorship’, even in case of limited input. DIY activ-
ity enhances awareness and product attachment; it imbues
a product with meaning (Csikszentmihalyi & Halton, 1981,
Maldini, 2016; Mugge, Schoormans, & Schifferstein, 2009;
Seldis, 2017). In short, DIY brings people closer to ‘Being’
(Helne & Hirvilammi, 2016; Maslow, 1998), and aligns well with
Ehrenfeld's definition of sustainability (J. R. Ehrenfeld, 2008)
which involves ethics, human and nature. Despite these ad-
vantages in the long run, it would be fair and valid to state that
DIY activity has the potential of asking a lot time from people,
and of producing waste and of littering the environment with
DIY experimental results, in the short term (Hulbert, 2015).

The role of the designer, the Design for DIY scenario
According to various authors, the designer has a moral re-
sponsibility to try solving the imperfect human-product re-
lationship (Kries et al, 2018; Myerson, 2016; Papanek, 1985;
Schumacher, 2010; Sparke, 1987). Schumacher and Myerson
suggest that designers need to reverse their thinking and
concentrate on 'scaling down’: adopting a mind-set of partic-
ipation, designing for people and aiming for engagement (My-
erson, 2016; Schumacher, 2010). In line with Manzini's view
(2012), who suggests that designers can no longer maintain
their ‘'monopoly on design, this paper proposes a Design-for-
DIY scenario in which the designer takes responsibility and
facilitates the layperson’s DIY activity. The designer’s role thus
changes from being a directive, decisive authority to that of
a facilitator.

‘Design-for-DIY’ studies: exploration

of the ‘Design-for-DIY’ process

In order to gain knowledge of the process of designing for DIY,
this study considers a series of four ‘Design-for-DIY' studies
(Table 1). The study presented here focuses on the design
steps a designer can perform to facilitate a layperson’s DIY
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Table 1. Design-for-DIY studies

activity. The studies were exploratory in nature and designed
to help bring to the surface issues to take into account in
developing a Design-for-DIY framework. They also helped to
discern whether the notion of a generic framework captur-
ing all the various approaches taken and design challenges
addressed would be feasible. The data that support the find-
ings of this study are available from the corresponding author,
upon reasonable request.

Design-for-DIY studies conclusions

The insights and models from the studies serve as valuable and
relevant information in search of a suitable, preferably generic,
Design-for-DIY framework. They helped to map the develop-
ment steps taken by the facilitator, which supported the iden-
tification of numerous common aspects of the Design-for-DIY
process. All four projects included instructional media and a
concrete kit that distinguished fixed elements from the free
design space available to the layperson concerned. To reach
their intended audiences, all the cases included a DIY platform
environment to enable laypersons to enrol in the DIY project
and obtain the necessary support materials. All four studies
had to consider the varying layperson'’s skills and level of expe-
rience, which was done by distinguishing means of facilitation,
accommodation and support. In line with conclusions drawn
from DIY practices in history (Atkinson, 2006; Bonvoisin et al,
2017; Goldstein, 1998; Hollinetz, 2015), the studies highlighted
the importance of collaboration, templates and tools for ma-
nipulation, adjusted to the layperson’s level. As a general con-
clusion following the studies, the DIY projects appeared to be
possible, feasible and doable, and the Design-for-DIY process-
es were reasonably similar. A generic step-by-step scenario of
a Design-for-DIY process was derived from the studies.

Taxonomies of desigh models and frameworks

To learn and to serve as a reference for the development of a
generic Design-for-DIY framework, this paper explores a rele-
vant selection of existing frameworks and design models.

Schon's reflective practitioner model though approach-
es designing as a process of solving a unique problem, not as
a generic step-by-step process (Schon, 1984). Roozenburg
& Eekels' (1998) basic design cycle, similar to Schén’s mod-
el, emphasizes its circular, thus reflective, intention. Similarly,
Evans has long ago proposed a spiral-shape process model
to 'highlight the iterative nature of the design process’ (Evans,
1959; Vossen, Kleppe, & Randi, 2013; Wynn & Clarkson, 2018).
He argues that a design project cannot be run through follow-
ing a sequential process alone. He suggests a procedure of iter-
ation, reflection, and refining; a spiral shape.

Since ‘Design for DIY' specifically and clearly comprises
the elements of reflecting and experimenting, as the ‘endless’
learning cycles of Kolb (Kolb & Kolb, 2008) and Gibbs (Gibbs,
1988) do, a cyclic and ‘prescriptive’ character would suit best
for the Design for DIY framework.

DIY process models

When regarding specific design models or frameworks for DIY
or Design for DIY, Fablab (Bo-Kristensen, 2018; Gershenfeld,
2012) has depicted its ‘designing the design process’ mod-
el in their Fablab manual, approaching it from an educational
perspective: the model clearly distinguishes the concentric
shells of (1) setting learning goals, (2) arranging design mate-
rials, and (8) design activities. Although this model does not
operationally guide the designer in facilitating DIY, the mod-
el is relevant for this study, as it distinguishes the different
cycles of preparation, and the design stages inside the most
centric design activities shell.

Set up of a Design-for-DIY framework
The knowledge gained in this research serves as input for the
construction of the Design-for-DIY framework, a means to help
the designer set up DIY projects. Additional to the aforemen-
tioned challenges, the Design-for-DIY framework should ad-
dress both the designer tasks and the steps to be taken by the
layperson, each of which forms a design process by itself. The
framework, consequently, needs to describe a process model
inside a process model. All has led to the insight that ‘Design-
for-DIY’ requires a novel Design-for-DIY process model.

Key elements from that gained knowledge have served as
requirements for the shape and structure or the framework
(see Table 2). We highlight two of them.
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Table 2. Knowledge and requirements for the setup of the Design for DIY framework

(1) The Design-for-DIY scenario and the Design-for-DIY stud-
ies have taught us that the entire process is represented by a
'sequential’ range of distinctive design cycles, to be executed
one cycle after the other, and that each of those tasks can
be seen as a process by itself. Additional to the consideration
of example frameworks from literature (Bo-Kristensen, 2018;
Vossen et al, 2013) and from the Design-for-DIY studies, this
pleads for a multi-level approach. (2) Both literature (Peppler
& Bender, 2013) and the Design-for-DIY studies indicate the
pedagogic character of '‘Design-for-DIY’ and the importance
to support creativity, elements associated with circular and
even with spiral shapes and structures that represent design-
ers' cognitive processes.

All the findings together in this study have contributed to the
development of the multi-cyclic Design-for-DIY framework
depicted in Figure 2, comprising two dimensions: (1) the di-
mension of concentric design cycles (tasks, functions) to
perform, and (2) the analytical and iterative design stages
that are part of each cycle.

Design levels represented in the cycles

of a Design-for-DIY framework

The proposed Design-for-DIY framework represents the ma-
jor design tasks to be done, at different decision levels. The




model aims to facilitate a dialogue between the designer and
the layperson. The concentric shape also reflects the itera-
tive cyclical character of models for teaching and learning
documented by various scholars (Gibbs, 1988). The option
of re-running a cycle resonates with the ‘learning-by-doing’
approach.

Figure 1 shows the proposed spiral shaped Design-for-DIY
framework. Each cycle prepares for the next, in centripetal di-
rection. The order in which successive cycles are positioned
in the framework is considered fixed, however the designer is
free to improvise, and choose his or her preferred path.
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Figure 1. The proposed Design-for-DIY Framework and its elements,
visualizing its dimensions: the cycles and the stages.

Referring to Figure 1, cycles 1 to 4 represent preparatory and
facilitating tasks by the owner/designer, while the fifth (the
DIY cycle) is where the layperson actually undertakes the DIY
project, guided by the designer.

Cycle 1: The Project cycle helps to define the goals and con-
tents. The layperson’s interests, the product’s suitability and
accessibility, all need to be considered, as was e.g. the case
in study #1. Cycle 2: The pre-design serves as a preliminary
product design and as a reference for the project, as well as
an example for the layperson. Activities in the Pre-design cy-
cle are geared towards anticipating DIY options. The need for
such a cycle was observed in all four case studies. Cycle 3: The
design of the toolkit, a fundamental element of all Design-for-
DIY cases run, should include clear task allocation (to what ex-
tent is the layperson involved, and for which aspects), specific
tools and instructions, and e.g. a specific design-space medi-
um that supports relevant techniques. Cycle 4: The Platform
cycle considers designer support, tangible and digital mate-
rials for inspiration, examples, and e.g. community and net-
work. Related to this, this cycle should cater for a ‘post-design’
re-interpretation step, in respect of manufacturing, safety,
aesthetics and so on. The Design-for-DIY studies #2 and #3
indicated the value of such a 'Post-design’ step. The Platform
should be inviting, attractive and accessible, and potentially
offer multiple projects. Cycle 5: The DIY Design cycle is when
the layperson is invited to perform their DIY task, guided to a
greater or lesser extent by the facilitating designer.

Design process stages represented in each

of the framework’s cycles

Explained, each of these cycles comprises a full and iterative
design process. Either a model as e.g. the Double Diamond

model (Design-Council, 2019) or Roozenburg and Eekels’ Ba-
sic Design cycle could represent the stages within each of
the cycles. The latter has served as a reference here.

Validation

An experiment was conducted to evaluate the Design-for-
DIY framework as a method, in which twelve designers were
asked to develop a DIY project for laypersons to facilitate
them in designing and making their own radio receiver. The
experiment’s research questions, the procedure, the results
and conclusions are described below.

Goals and experiment research questions

The goal of the experiments was to evaluate the quality of the
Design-for-DIY framework using questionnaires for numeri-
cal assessment. The research questions addressed in under-
taking the Design-for-DIY experiments centred on the quality
and usability of the Design-for-DIY framework as a method
and tool to support the designer in establishing a DIY project
for the layperson. The specific Experiment Research Ques-
tions (ERQ's) were as follows:

ERQ (1). Do designers judge the Design-for-DIY framework as
complete?

ERQ (2). Is the Design-for-DIY framework clear?

ERQ (3). Is the Design-for-DIY instructional video clear?

ERQ (4). Do designers perceive the framework as providing
sufficient freedom to design?

ERQ (5). Is the Design-for-DIY framework sufficiently acces-
sible?

ERQ (6). Does the Design-for-DIY framework provide new
knowledge for building DIY projects?

ERQ (7). Do designers understand the reasoning behind the
Design-for-DIY framework?

ERQ (8). How can the Design-for-DIY concept (the vision of
Design-for-DIY) and the Design-for-DIY framework be imple-
mented?

Experiment set up and method

The experiments concerned six runs (Table 3), | to VI, each
conducted by a different pair of collaborating designers. In
doing the experiments, each pair of designers were assigned
to the task of running a ‘Design-for-DIY’ project’ by using a set
of tools for support: The Design-for-DIY framework (present-
ed as a board game), sketching tools, paper, glue, tape, radio
electronics (for indicating the size of the components).
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Table 3. Design-for-DIY experiments: Design-for-DIY of a radio

Detailed spreadsheets and footage showing all the exper-
iment results are available from the corresponding author,
upon reasonable request. The experiments concentrated on
cycles 2 to 4 of the framework, respectively on the stages
from ‘problem’ to ‘concept’ within each cycle.




Results and findings

The questionnaires subsequently completed by the twelve
participants have generated numerical data on a Lickert scale
(graded responses to closed questions). These are presented
below, in turn. The data that support the findings of this study
are available from the corresponding author, upon reasona-
ble request. Table 4 shows the results from the question-
naire completed by participants following the experiments.
It shows only significant results. The maximum number of
responses to each question was 12, since there were 12 par-
ticipants. As we were interested only in retrieving the positive
and negative opinions, since the random results would have
been either positive or negative, all neutral scores were omit-
ted from the X2 analysis.
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Table 4. Numerical results from experiments | - VI: Only significant results are shown
(df=1, p<0.05). Results are significant if X2 > 3,84 (a result from df=1, p<0.05,
according to standard X2 table).

Discussion and conclusions

Reflecting on the quality of the Framework

The framework does address the different design tasks and
design abstraction levels, it offers freedom to design your
own path as a designer, and it addresses the iterative and
pedagogic character that was required. It seems plausible to
conclude that the participating designers judged the qual-
ity of the proposed framework as positive. The framework
provided guidance, appeared to be fairly clear, suitable and
complete. The outcomes of the experiment allow us to con-
clude that the goal of ‘creating a Design-for-DIY framework
that sufficiently helps the designer to develop and establish
a DIY project’ has been achieved, which contributes to a sus-
tainable approach to product design and making, through the
small-scale and democratised approach of design for DIY.
Hence, the outcomes align to the ambition of the paper.

Limitations

Albeit the results of the questionnaire answers in Table 4 are
significant, according to the X2 analysis methodology, which
means that the answers are definitely not random, it would be
valuable to conduct further experiments in search for poten-
tial areas for improvement, and in search for the character of
these improvements. Further, the authors advice to carry out
studies that include an active role of the layperson to whom
the Design-for-DIY framework is addressed, and so learn from
the implementation of the Design-for-DIY framework.

Implications and future research

To sketch an optional scenario for what Design-for-DIY could
entail, the designer’s capacity could be envisioned as serving
the supplier of either DIY materials, DIY tools, or the platform
(compare Maker Nexus). The designer could also be subsi-
dized by the (local) government to propel people to engage
in DIY and making activity. As attitudes and contexts change,
the Design-for-DIY approach has the potential to gain ground.
Our framework and the accompanying vision could help to
increase awareness and so inspire the democratization of
design, e.g. through teaching the concept of Design-for-DIY
as part of design curricula. In manifesting the Design-for-DIY
vision, the framework stresses the importance of the respon-
sibility designers should take.
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Abstract

Imagination is a faculty that can underlie the transformations
towards alternative futures, which are central in the discourses
developed in Futures Studies and Design Futures, composed
of different approaches and methodologies, such as Specu-
lative Design (Dunne & Raby, 2013), Design Fiction (Bleecker,
2009) and Experiential Futures (Kelliher & Byrne, 2015). All
these share a common goal: the crafting of questions relat-
ed to futures to foster dialogues about present wicked issues
rather than problem-solving (Angheloiu et al,, 2020).

Focusing on the topics of interest, imagination has demon-
strated to be able to influence transformations towards sus-
tainable and just futures (Moore & Milkoreit, 2020) and, if fos-
tered and enhanced, it can be become a powerful medium to
engage with more-than-human actors (Romani et al. 2022);
however, as R. Bendor (2018) argues there is still a lack of col-
lective ability to imagine rich possibilities for building alterna-
tive futures. Wapner and Elver (2016) note the same lack of
options and pathways to achieve them. Imagination turns out
to be necessary to draw experience and knowledge from the
present and the past and to reconstruct this knowledge with a
new meaning, thus acquiring a new (Abrahams, 2020; Salis &
Frigg, 2020). This characteristic of imagination, also referred to
as counterfactual thinking, and strongly linked to what-if ques-
tions, introduces an initial gap found both in the discipline of
Futures Studies and Design Futures: it is clear the connection
between counterfactual thinking and future thinking, and, con-
sequently, the link that exists between pasts, alternative pasts
and possible futures, which is a still poorly researched subject
by future scholars and practitioners (Bendor et al, 2021). Like
the future, also the past may be seen as a plurality and a sort
of repository for opportunities and possibilities (Bendor et al,
2021) that can deepen and strengthen the engagement with
alternative futures and their potentiality in shaping, in return,
new worldviews and mindsets in the present. Within the field
of Design Futures, several researchers highlight a second gap
that can be defined as an experiential gap: the difficulty in
making futures livable and tangible.

To overcome this gap, immersive technologies can repre-
sent an important design opportunity, capable of implement-
ing the frameworks, methods and tools related to Design Fu-
tures. In this direction, the research introduces the concept of
Immersive and Experiential Counterfactuals, as an approach to
be integrated to Experiential Futures.

Author keywords
Imagination; Counterfactual thinking; Immersive experience;
Nature-human interaction; Alternative pasts.

Introduction

Imagination can underlie the transformations towards alter-
native futures, which are central in the discourses developed
in Future Studies and Design Futures, a Design field that tries
to nurture questions, reflections, and dialogues about current
and potential trends, issues and opportunities, by projecting
possible scenarios in the future and backcasting them in the
present to define and design the paths to achieve what is con-
sidered to be desirable.

The research introduced in this contribution focuses on
the interaction between human beings and nature and the re-
lationship with more-than-human actors, by identifying imag-
ination and immersive experiences as potential media to raise
people’s awareness and involvement on the topics of interest.

It is interesting to note that imagination, in its complex
functioning, contributes both to our ability to think about fu-
ture and to our capacity to remember past situations: it can be
seen as a medium that let us to travel backward and forward
in time, of which the latter, as stated above, constitutes one
of the fundamental pieces for the Design Futures field. These
aspects allow to introduce a first disciplinary gap, which is a
key focus of the research being presented: the link that exists
between pasts, present and futures is still a poorly researched
subject by future and design scholars and practitioners (Ben-
dor et al, 2021). By traveling backwards in time, it is possible
to pluralize the past, and then, moving forward to present, the
result is a set of alternative and desirable presents that can be
projected forward in time, exponentially multiplying the path-
ways to achieve future goals.

Both futures and (distant) pasts are inherently nearly im-
possible to actually experience, precisely because of their
temporal placement: this aspect represents a second gap,
which can be defined experiential, and which led to the defi-
nition of the framework of Experiential Futures (Candy & Dun-
agan, 2017), that, exploiting Design tools, tries to bridge this
gap, making futures liveable and tangible. To utterly overcome
this issue, immersive technologies can play an important role
and opportunity: in this direction, the research introduces the
concept of Immersive and Experiential Counterfactuals, as an
approach to be integrated by Experiential Futures.

Nature positive/

transformation




The first part of the paper presents a discussion on imagina-
tion; the second deals with the theme of immersive experi-
ence and immersive technologies, while the third briefly pre-
sents the field of Design Futures, with particular attention to
speculative approach, Design Fiction and Experiential Futures.
The fourth part is dedicated to the introduction of Immersive
and Experiential Counterfactuals. The contribution ends with
the conclusions that summarize what was previously stated.

Imagination

From a general perspective, imagination is a speculative state
of mind that allows us to consider situations outside of the
here and now (Kind, 2017); it is also capable of producing ideas
and images without direct sensory stimulus, often by combin-
ing fragments of previous sensory experiences into new syn-
theses (Van Den Bos, 2007). It presents perceptual, recollec-
tive, generative, phenomenological, and altered-state-of-mind
(Abraham, 2020) facets.

Focusing on the topics of interest, imagination has demon-
strated to be able to influence transformations towards sus-
tainable and just futures (Moore & Milkoreit, 2020), but as R.
Bendor (2018) argues there is still a lack of collective ability to
imagine rich possibilities for building alternative futures. Wap-
ner and Elver (2016) note the same lack of options and path-
ways to achieve them. Imagination turns out to be necessary
to draw experience and knowledge from the present and the
past and to reconstruct this knowledge with a new meaning,
thus acquiring a new (Abrahams, 2020; Salis & Frigg, 2020).
However, it also represents a form of liberation from reality
(Kind & Kung, 2016), becoming a resource for the creation of
ideas that does not suffer from the constraints given by ration-
ality (Hairston, 2016), and, so, a source for novelty and change
(Hawlina et al,, 2020).

Interestingly, imagination is strongly situated and influ-
enced by different factors, such as physical, social and ecolog-
ical realities that shape our memory and experiences (Whyte,
2018).

It can enable transformation-focused agency (Moore,
2017), helping in identifying goals and actions to support the
realization of the hypothesized situations (Galafassi et al,
2018). Finally, it needs time and spaces for interaction and
collaboration, to let people share ideas and thoughts (Yussof
& Gabrys, 2011) about alternative worldviews. There are other
agents capable of

influencing individual and collective imagination which
clearly contribute to transformations and transitions towards
alternative futures: nature (Milkoreit, 2017) and technology
(Balsamo, 2011).

The technological imagination can be defined as the mind-
set which enhances people to think and perform with technol-
ogy, and to transform the unknown into possibilities (Balsamo,
2011).

Other authors define the concept of imagination in relation
with technology: for example, G. Wellner (2018) defines the
posthuman imagination, from an examination of the concept
of imagination in modern and postmodern philosophy: a facul-
ty that works by layer and it is co-formed by the relationships
between human beings and technologies, which empower,
mediated and shift; it is distributed and incorporated by hu-
mans and technologies.

Through this process of analysis, it has been possible to de-
fine imagination as “the recollective (related to experience

and memory), generative (related to hypothetical reasoning
and counterfactual thinking), immersive (related to action and
interaction), and phenomenological process (related to emo-
tions, engagement, and sensemaking), that enables to experi-
ence past, present and future situations and generates pecu-
liar conditions to embrace alternative possibilities” (Fig. 1).
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Figure 1. The imaginative framework

Immersive experience

Imagination is strongly connected to and influenced by expe-
rience, which represents, in its immersive aspect, the second
subject of the research, with particular attention for immer-
sive technologies. Regarding this topic, it has been decided to
provide a single taxonomy (Milgram & Kishino, 1994; Skarbez
et al, 2021), to define the reality-virtuality continuum: starting
from reality, and moving to the right, the degree of virtuality
of possible environments and interactions increases, finding
Augmented Reality (AR), Augmented Virtuality (AV), Virtual
Reality (VR), and what has been defined as Matrix-like Virtual
Environment).

To make clear the connections between this topic and the
subject of imagination, it is interesting to cite the research by
Stapleton and Davies (2013) which is focused on extended
and mixed reality technologies and the role that imagination
can play in relation to these: it becomes a third reality in the
reality-virtuality continuum that benefits from mixed reality
as a new medium to be exercised in different fields. The com-
bination of immersive technologies with the activities among
different fields creates what is known as immersive experienc-
es (Lucho Lingan et al, 2021). In order to define and achieve
an immersive experience, various aspects must be evaluated
and taken into consideration: sensorial fidelity (Bowman &
MacMahan, 2007), sensorial immersion (Dangxiao et al., 2019),
sensorial stimuli (Bowman & MacMahan, 2007; O'Brein &
Toms, 2008), “being there" (Bowman & MacMahan, 2007; Shin,
2017), challenges (Ermi & Mayra, 2005; O'Brein & Toms, 2008),
connection participation (Pine & Gillmour, 1999), involvement
(Pine & Gillmour, 1999; Slater & Wilbur, 1997), imagination (Ermi
& Mayra, 2005; Pine & Gillmour, 1999), presence (Shin, 2017),
interaction (Dangxiao et al, 2019), and, finally, engagement
(O'Brein & Toms, 2008; Shin, 2017). Starting from this analy-
sis, Lucho Lingan et al. (2021) proposed a framework to map,
ideate, design, and produce immersive experience, namely Im-
mersive Cycle, divided into different steps, for which they also
developed guidelines (Fig. 2).




Figure 2. The immersive cycle.
(Credit: Lucho Lingan et al, 2021. Graphic revision by the author)

It is interesting to note the different overlaps between the Im-
mersive Cycle and the framework developed to define Immer-
sive Imagination, especially noticeable in the IC areas of the
user (step 1) and in the ones dedicated to engagement (step 5)
and immersion (step 6).

Merging the two frameworks may result in an effective
starting point for developing a set of guidelines to facilitate the
design of alternative situations (Candy, 2010), and, therefore,
to let people be able to experience these, utterly facilitating the
identification and the immediacy of the user's experience it-
self, and, thus, the bridging of what Candy (2010) indicated as
the experiential gap.

The research recognizes Augmented Reality as the most
suitable and promising technology to be applied in the field of
interest, for several reasons: its accessibility and ease of use
and less complex design compared to other immersive tech-
nologies, due to the numerous tools and platforms available.
Finally, by working through layers, it allows us to experience
multiple alternatives and realities simultaneously, thus ena-
bling the collapse of different timelines onto each other. In on-
tological terms, this characteristic brings it closer to the field
of design futures and to certain intrinsic traits of imagination.

Design Futures

Throughout the last two decades, the intersection between
the field of Design and the field of Future Studies has gener-
ated various approaches such as Speculative Design (Dunne
& Raby, 2013), Design Fiction (Bleecker, 2009) and Experi-
ential Futures (Kelliher & Byrne, 2015). Although they are not
structured methodologies, it is possible to identify common
strategies in these approaches, taking into consideration what
reaction is intended to be triggered in the people who benefit
from the designed outputs in some way: at a first level, there
is an exploratory strategy, whose aim is to make people aware
about the topics of interest and alternatives and possibilities;
the second strategy deals with reflection and it aims to pro-
voke or stimulate the creation of critical thinking regarding the
topics and the explored alternatives and possibilities; finally,
there is a strategy that aims at a real understanding of the top-
ics and alternatives and, therefore, at embracing the possibility
for a change. These highlighted strategies informed the design
of the framework that will be described in the next section.
Speculative Design is an approach that deals with long-term
futures, focusing on technologies, social and environmen-
tal trends, weak signals and wild cards, to stimulate the criti-
cal thinking of projects’ users (Kerridge, 2016). Design Fiction

can be defined as a design practice that creates provocations
about possible futures, narrated through designed and diegetic
artefacts (Kirby, 2010). The aim of Design Fiction is to facilitate
and foster conversations regarding issues of interest, related to
alternative presents and near possible futures (Coulton et al,
2017). Finally, Experiential Futures refers to a set of approaches
to make alternative futures present, cognitively and culturally
understandable (Candy & Dunagan, 2017) and to produce mul-
tisensory, transmedia, and diegetic representations of images
of the future (Candy & Kornet, 2019).

Compared to what has been previously stated, the last ap-
proach presented turns out to be the most interesting for the
research, which aims at integrating the knowledge derived
from the study on imagination and immersive experiences,
together with those related to alternative pasts (explained in
the next part), to further discourses related to alternative and
sustainable futures.

Immersive and experiential counterfactuals
Counterfactual thinking, a concept already explored in relation
to imagination, is a psychological concept that indicates the
human tendency to create and explore alternative situations
to eventsthat already occurred, and itis usually based on “what
if" questions. One of the most interesting and important char-
acteristics of counterfactual thinking is the analysis of past er-
rors in order to avoid them in the future, revolving around the
idea that similar situations may take place again (Epstude &
Roese, 2008). Another important aspect is its capacity to fa-
cilitate behavioural change (Scholl & Sassenberg, 2014), and
to drive collective actions, since they can increase the level of
group identification and efficacy (Van Zomeren et al,, 2010).

Yet strongly dealing with past experiences and the poten-
tial of "what if” questions in exploring alternative situations, it
is clear the connection between counterfactual thinking and
future thinking, and, consequently, the link that exists between
pasts, alternative pasts and possible futures, which is a still
poorly researched subject by future scholars and practitioners
(Bendor et al,, 2021).

Like the future, also the past may be seen as a plurality and
a sort of repository for opportunities and possibilities (Bendor
et al, 2021) that can deepen and strengthen the engagement
with alternative futures and their potentiality in shaping, in re-
turn, new worldviews and mindsets in the present. Therefore,
past-facing approaches are a tool to extend the imagination
and, with it, the realm of possibilities, to reflect on past deci-
sions, events and situations (Bendor et al, 2021). Furthermore,
past-facing approaches are extremely useful to learn from the
past in order to understand all the paths undertaken through-
out the histories of humankind (Voros, 2019), and the influ-
ence that every timeline (pasts, presents, futures) have on the
others (Poli, 2018). They can also be seen as a temporal device
that creates an interesting context for considering anticipa-
tion, due to their capability in providing forks in the past from
which futures may flow forward (Light, 2021).

The Immersive and Experiential Counterfactuals frame-
work is to be intended as a set of tools and guidelines which, in
the first steps, facilitate the process of scenario and alternative
situation building, exploiting counterfactual thinking and what
if questions, filtered by the above-mentioned strategies, and
simulating the typical approach of Experiential Futures; while
in the second stage, drawing on the designed scenarios and
alternative situations, it proposes guidelines to design immer-




sive experiences, mediated by augmented reality and useful to
make more tangible what has been hypothesized (Fig. 3).
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Figure 3. The general view of Immersive and Experiential Counterfactuals framework.

Conclusion

The contribution suggests the definition of a framework en-
titled Immersive and Experiential Counterfactuals, which is
based on counterfactual thinking, an integral part of the imagi-

native process, and on Augmented Reality technology as a me-
dium to make temporal alternatives and new possible points
of view more livable and tangible, capable of building new rela-
tionships with the natural world and non-human actors.

The framework, consisting of a series of tools and guide-
lines, is positioned within the field of Design Futures - and in
particular stands as an integration to the framework of Expe-
riential Futures - a design domain that aims at building alter-
native and future visions concerning issues of interest, often
related to the concepts of sustainability and regeneration of
more balanced relationships with nature.

The design of this framework attempts to address two
gaps inherent in the discipline of interest: a historical gap,
which can be further defined as a lack of comprehensive re-
search and literature, within the field of Design Futures, regard-
ing the correspondence between counterfactual thinking and
future thinking and, consequently, between the past, alterna-
tive pasts and futures scenarios construction; and an experi-
ential gap, conceivable as the challenge in making experiential
events and situations that happened far back in time or have
not yet happened.
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Abstract

According to the 2019 Revision of World Population Pros-
pects, by 2050, people aged 65 and above will account for
259 of the population in Europe and Northern America. The
number of people aged 80 or above is estimated to triple to
426 million by this time. Global aging has widespread impli-
cations for our society. With the emergence of technological
and biomedical advances, people now hold higher expecta-
tions for their physical and mental health throughout their
longer lifespans. People expect to live not only longer, but also
better, calling for improved quality of living and working en-
vironments to support later adulthood (Coughlin, 2017). This
new longevity presents complex opportunities for partici-
patory and systems-oriented design thinking and processes
(Nightingale & Rhodes, 2015; Leg, Zhu et al, 2020). It has be-
come more important than ever for multidisciplinary teams
of designers and engineers to contend with older age, includ-
ing considering the role of immersive empathy and service
tools in educating innovators on the importance of global
aging and moving them towards collective action in making
more inclusive decisions in their work. The purpose of our
study is to rebuild and refine a current age empathy tool, AG-
NES (Age Gain Now Empathy System), through the applica-
tion of a Human-Centered System Design (HCSD) framework
(Lee et al, 2021; Lee, Rudnik et al,, 2020).

This age empathy suit was originally developed by a team of
social scientists, designers, engineers, and an occupation-
al therapist to simulate the physical constraints associated
with certain parts of the body and their possible functions in
older age (Lavalliére et al,, 2017). For example, AGNES empa-
thy suit can mimic common changes we may experience in
an aging body such as changes to balance, stride length, joint
mobility (e.g., wrist, elbow, shoulder, and cervical spine), mus-
cle loss, tactile sensation, and vision and hearing loss. In this
study, we propose a new age suit with modular components
and a focus on service design to more accurately simulate
various physical and cognitive functions associated with
specific body conditions. HCSD consists of design thinking
paired with systems engineering approaches; a focus on par-

ticipatory design will be used to create a new age empathy
suit. This case study will explore and prototype a more im-
mersive simulation experience of older age for people and
with people. This study intends to not only redesign a new
AGNES suit, but also to examine the role of the HCSD frame-
work and participatory design process in contributing to the
development of empathy and service tools in pursuit of an
age-inclusive society.

Keyworcds
Human-Centered System Design; AGNES; Service Design;
System Design; Design Methodology

Introduction

A world of longevity is already here. By 2050, the U.S. Census
Bureau has predicted that people aged 65 and older will out-
number people 18 and younger. Human beings' lifespans have
become longer (Golden, 2022), which comes with huge po-
tential business opportunities across industries (e.g, smart
home, fintech) to reshape our society. We need to learn how
to live meaningfully, not just survive, in the era of a longevi-
ty economy (Coughlin, 2017) and to re-frame and solve the
complicated, systemic social-technological problems as-
sociated with population aging. Therefore, we introduce the
AGNES (Age Gain Now Empathy System) age empathy suit,
a learning tool to simulate common, chronic physical condi-
tions that are associated with older age, build empathy, and
provide education for younger generations, multidisciplinary
teams and others to better understand the physical lived ex-
periences of older adults.

AGNES was designed and developed by human factors engi-
neers, health scientists, physical therapists, mechanical and
electrical engineers, and product designers at the Massachu-
setts Institute of Technology’s (MIT) AgeLab. In the following
study, we explored service-related components embedded
in the AGNES suit's design experience by considering four
actions: 1. prepare, 2. transport, 3. engage, and 4. maintain,
across the journey of service recipients (participants who
wear the empathy suit) and service providers (MIT AgeLab
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researchers who guide participants in their use of the AGNES
suit). This study was driven by the desire to re-design and up-
date the age empathy suit experience through a service in-
novation lens. A modified service blueprint approach based
on the concept of Human-Centered System Design (HCSD)
can be used to frame this study’s approach to iterating on the
immersive empathy-learning experience (Lee, 2022).

Literature Review

To build a more immersive empathy simulation and ser-
vice-driven experience with AGNES, the suit’s development
history and existing features and the literature surrounding
HCSD is reviewed.

The AGNES (Age Gain Now Empathy System) Suit

Empathy training originated from experiential learning the-
ory (Kolb, 1984), which indicates that people can learn from
transformational experiences. AGNES, as a suit, was designed
for age and ability empathy training. The suit was designed to
simulate physical limitations commonly experienced by older
adults including impaired vision and hearing, increased muscle
fatigue, postural imbalance, reduced joint range of motion, and
limited dexterity (Lavalliére et al, 2017). The suit becomes an
impactful educational tool through engaging its users in an im-
mediate total body experience of sensory loss through visual,
auditory; olfactory, and tactile systems (Lavalliére et al., 2017).

In addition to the AGNES suit, there are similar types of simu-
lation tools that have been used similarly in educational con-
texts (e.g, pregnancy, impaired driving) (Empathy Resources
LLC, 2019). Existing academic studies with AGNES have fo-
cused on measuring the effectiveness of the suit's specific
simulation components: a rock-climbing harness, coverall
suit, knee and elbow braces, resistance band straps for arms
and legs, helmet, neck brace, yellow glasses, earplugs, shoes
modified with foam, gloves and wrist braces (see Figure 1)
(Gennis & Godfrey, 2011). In contrast to the functional focus
of this work, we explored the design of the AGNES age empa-
thy suit through the lens of HCSD to better understand the
whole experience design of the suit from the perspective of
its service providers and service recipients.

Our motivation to redesign the AGNES suit lies in considering
the suit-wearing experience not only from the suit’s partici-
pants or users’ angles, such as its level of comfort or 'simula-
tive realness’, but also thinking through the lens of the suit's
service providers, such as the experiences of lab scientists
who guide participants through the journey of wearing an AG-
NES suit. In addition, we applied the service design process to

[ e
g e e e

Fatem gy aan
A rasary gty
- RN aed
]

e, bmen el mrd bdrsts v
e

g b
Ve b

Brona w feam pn T bornem
TR VI W R

Bt Ao PP B I 0 P 0 ki bl g o
Fradni’y b Pod BFadde dend bjel be P Sebly ikl el Ll

Figure 1. Explanation of an AGNES empathy suit (adapted from Lavalliére et al,, 2017)

help us gain a more comprehensive and in-depth view of all
the service touchpoints across the user journey to better in-
form us of the potential parts (e.g, different product features
or instruction design) of the AGNES suit that we can proto-
type and refine.

Human-Centered Design, System Thinking

and System Engineering

Human-centered design (HCD) is a creative problem-solving
process for understanding target users’ needs, brainstorming
ideas, making physical and digital prototypes, testing select-
ed concepts, and refining final design solutions to address
target users’ pain points (IDEO, 2022). Tim Brown, Executive
Chair of IDEO (an international design consultancy) has said
that HCD is a design-thinking approach to innovation (Brown
& Katz, 2019). System theory, including system thinking and
system engineering (SE), was established after World War II
to solve complicated systemic engineering challenges that
emerged from military, aeronautics and astronautics indus-
tries, and other relevant engineering fields (Leveson & Thom-
as, 2018). Crawley et al. (2016) has said that system thinking
is not a call to think systemically, but rather to view each thing
as a system to analyze. It also helps us understand and differ-
entiate between systemic design, system design, and system
thinking. De Weck, for example, has encouraged engineers,
educators, and scholars facing hypercomplex and large-scale
sociotechnical and economic systems to be aware of, con-
sider, and learn system thinking and system engineering to
address human needs to build a better world adapting to the
requirements of digital and organizational transformation
(De Weck, 2022; De Weck et al.,, 2012).

Human-Centered System Design (HCSD)
Human-Centered System Design (HCSD) is the intersection
of HCD and SE to curate a set of problem-solving processes
to give designers, engineers, and researchers guidance to un-
derstand which of the various selected methodologies to use,
when and how (Lee et al, 2020). For example, one experimen-
tal study applied the 5E experience model (Sontag, 2018) in-
tegrated with Object-Process Method (OPM) from SE to solve
campus tour experience design challenges (Lee et al, 2020).
In another experimental case study, the researcher used user
journeys combined with ConOps (Concept of Operation) to
envision a moon-based conceptual space project hosted by
NASA (Lee et al, 2020). MIT AgeLab designers have previously
used HCSD to redesign smart footwear for an aging population,
including initiating early concepts, product prototyping, and ex-
perience simulation as applied to innovative business models
and platform design (Leg, 2022; Lee et al, 2022). The intention
of applying HCSD is to help researchers have enough innovative
capabhilities to solve problems by zooming in and out while deal-
ing with the various complexities of social-technological chal-
lenges. Therefore, in our study, we integrated HCSD with a mod-
ified service blueprint to model AGNES' service providers and
service users’ journeys across four critical experience actions:
1. prepare, 2. transport, 3. engage, and 4. maintain (Figure 2).

Adapted Human-Centered System Design (HCSD)
Service Blueprint

A service blueprint is an informative mapping tool to help re-
searchers visualize the participant journey from frontstage
(user-facing side) to backstage (operational side) and organ-




ize the relationships between different service touchpoints
including people, props, and process (Gibbons, 2017). A ser-
vice blueprint can also be viewed as an advanced version of
the journey map, which extends the scope from individual
customers and users to other people in the experience eco-
system: businesses, operations, and other service providers.
In this study, based on the structure and definition of HCSD
and service blueprint, we modified the five terms: time, par-
ticipant journey, frontstage, backstage, and support process
and applied them to describe the subsystems and compo-
nents in the journey of preparing, transporting, engaging with,
and maintaining an AGNES age empathy suit. Further study
can focus on how to improve the modified HCSD service
blueprint in a more precise manner considering the dimen-
sion of time (e.g,, pre, during, and after) and space (e.g,, dif-
ferent environmental conditions or user scenarios) within
various service touchpoints in the context beyond the four
suggested experience actions: prepare, transport, engage
and maintain (Figure 2).

Research Methods

The study’s research approaches are based on the concept
of HCSD, integrating the theory into a modified service blue-
print to visualize an AGNES empathy suit experience through
the lens of systems and subsystems. This section includes
an overview of this approach, including: 1) identifying four
actions of using the AGNES suit, and 2) modifying the defini-
tions of five key terms from the service blueprint, which both
significantly improve the research quality and its result.

Study Context and Interdisciplinary

Research Team

We selected the retail (demo restroom) and home (dorm re-
stroom) environment as two environments often the most
relevant to people’s lives. Two field studies were conducted
in an in-store Kohler demo restroom and in a standard re-
stroom in a three-bedroom apartment. Each study’s testing
process followed AGNES age empathy suit protocols, and
each study was approximately three hours in length. We ob-
served a five-person design team consisting of two product
designers, one design strategist, one social worker, and one
university lab researcher to see how the team interacted with
the AGNES empathy suit to evaluate the users’ experience of
the restroom.

Four Actions of Using the AGNES Age

Empathy Suit

We defined, observed, and documented the participant jour-
ney containing the four interconnected and non-linear ac-
tions: 1. prepare, 2. transport, 3. engage, 4. maintain (Table 1).

Five Modified Key Terms from Service Blueprint
Based on the structure and definition of the service blueprint,
we modified five terms: time, participant journey, frontstage,
backstage, and support process to make them relevant to the
context of the AGNES age empathy suit (Table 2).

Table 2. Explanations and examples of five terms applied to AGNES.

Term Modified definition in the context of using the
AGNES age empathy suit

Time Estimated time of each section that parti-
cipants use an AGNES age empathy suit to
interact, experience, and engage with people,
activities, or services.

Participant Journey
(Action)

Key engaging moments when participants
wearing the AGNES age empathy suit interact,
including different activities, decision-making,
and reactions.

Frontstage Incidents that happened directly in the view of
the participants, including various types of in-

terfaces: interacting with people or technology.

Backstage Events or processes that operate behind the
scenes to maintain and support the AGNES age

empathy suit, services, and systems.

Support process Internal activities that support participants
using an AGNES age empathy suit to experience

empathy simulation experiences and services.

In addition, we identified the participants’ journey based on
the two field studies and the four defined actions (Table 1) as
a starting point to capture insight, summarize takeaways, and
analyze opportunities to contribute to the suit’s future re-de-
sign by using a modified service blueprint and HCSD.

Research Results

After synthesizing the available data, we propose an AG-
NES-related service blueprint that connects the service pro-
viders and service users’ pain points and innovation oppor-
tunity areas (Figure 2). Visualizing the whole service of using
the AGNES suit can effectively empower us to re-think some
of the design aspects. For example, based on the four partici-
pants’ journeys (actions), we can consider creating a new age
suit with more adaptive and flexible modular components
that cater to each action/touchpoint and focus on service
design around the AGNES suit to more accurately simulate
various physical and cognitive functions associated with spe-
cific body conditions.

Proposed AGNES Age Empathy Suit

Service Blueprint

Based on the five terms in Table 2 and four actions from Ta-
ble 1, we propose the AGNES empathy suit service blueprint
depicted in Figure 2. In the study, the term “modified service

Table 1. Explanations and examples of four actions.

Action

Prepare

Transport

Engage

Maintain

Explanation

Focuses on under-standing
partici-pants’ learning ob-
jectives to better prepare to
docu-ment and evaluate the
process of expe-riencing the
AGNES empathy suit.

Includes a discrete time
period and way the research
team packs, organ-izes,
transports, and unpacks the
AGNES empathy suit and

its toolkits to the site for a
study.

An interactive touch point
when participants are using
the AGNES empathy suit to
experience aging, discussing
their observations, and docu-
menting their learnings.

Cleaning and organizing all
components of the AGNES
empathy suit before and
after using it to maintain the
principles and instructions of
using the suit.




blueprint” means we simplified the original service blueprint
structure by emphasizing five key elements for analysis: time,
participant journey, frontstage, backstage, and supporting
process. Arrows in the diagram indicate the relationships be-
tween components and subsystems to clarify their depend-
encies. We clustered these components and subsystems and
mapped them into three lines by different interfaces: 1. inter-
action: the direct interactions between the participants and
the AGNES suits, 2. visibility: what participants can see and
experience from the frontstage apart from backstage, which
is not visible, and 3. internal interaction: people who do not
have direct contact with the participants.
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Figure 2. A modified service blueprint to describe AGNES empathy suit and services.

Further Research

Based on the research results and onsite observations, fur-
ther research is needed to expand the current study’s focus
to diverse service experiences and service users. Leveraging
mixed methodologies with the service providers might also
be useful to gain a deeper understanding of these users’ ex-
periences with the four actions. Additional research will ena-
ble us to better shape a context-driven and human-centered
system service model for the next iteration of AGNES.

Applying Materials Science to Make Fabrication
Smarter and more Adaptable

The latest applications from materials science can provide
more flexibility, adaptability, and accuracy to control, proto-
type, and simulate multiple scenarios with participants of dif-
ferent ages. For example, Tangible Media Group from the MIT
Media Lab applied a reconfigurable fiber technology to con-
trol thin fluidic fiber actuators in a closed-loop strain design
for movement-based interactions. The invention of artificial
muscle-based devices, sensors, and research have demon-
strated the potential application of these materials to empa-
thy-learning tool design (Chandler & MIT Media Lab Tangible
Media Group, 2021). The advances in materials science and

its potential applications can offer us emerging opportuni-
ties to innovate the AGNES suit and even further encourage
us to envision service strategies and business models to help
not only improve the suit design but also promote the impor-
tance of the empathy suit globally and integrate it to various
industries to make a positive social impact.

Suggested Research Directions

Three further research directions can be proposed from this
study: 1. cognitive performance, 2. virtual tools, and 3. service
design education. Although the field of cognitive science has
already conducted many studies with older adults, we want
to further understand how we can accurately simulate older
adults’ cognitive performance (e.g, stress, declining mem-
ory, emotional problems) in AGNES' embodied experience.
How do we establish a matrix of measurement to evaluate
the effectiveness of such a simulation? Emerging technolo-
gies like AR, VR, and loT wearable smart devices have already
transformed our lives. How can we re-think how to leverage
AR or VR as useful simulation tools to help make experiences
with AGNES even more technology-enabled, immersive and
authentic? Ultimately, education has played a critical role in
service design, and design generally. As a next step, we con-
sider leveraging and emphasizing empathy-tool experiences
and consider the modified design aspects from shifting the
view of the AGNES age empathy suit as a product-design to
an experience-design process considering the engaging mo-
ments of before, during, and after using the AGNES age em-
pathy suit.

Discussion and Conclusion

The following three key takeaways: 1. product, 2. process, and
3. platform can be understood from this study to illustrate
the future of empathy-learning tools and services. Future re-
search approaches should leverage HCSD and systemic ser-
vice innovation.

Product: An Age Empathy Suit as

an Experience-Driven Service

In this study, four actions were applied—prepare, transport,
engage, and maintain—across the journey of service provid-
ers and service receivers to review the AGNES age empathy
suit design. This approach considers not only the physical
product design, but also the service around the product that
can benefit participants who put on the AGNES age empathy
suit (service recipients) and the lab scientists who maintain
and use the suit (service providers).

Process: A Modified Service Blueprint Approach
Helps Identify Service Touchpoints

The service blueprint approach was modified by integrating
the HCSD concept, which gave us more room to play with
creative methodologies and system thinking. It has greatly
benefited future AGNES empathy suit design since it blurred
the boundary between service and product design. The meth-
odology itself can involve more participants in the co-crea-
tion and co-development process of the AGNES age empathy
suit. A modified service blueprint can help make future iter-
ations of the empathy design process more interactive and
engaging.




Platform: Service Innovation Takes Many Aspects
to Consider

Re-designing the AGNES empathy suit through the layer of
products, services, and experience considers many aspects.
The platform can be considered a vehicle to the right condi-
tions to deliver a full age empathy experience for participants.
Platform thinking and awareness can equip designers and re-
searchers with comprehensive views of creating immersive
empathy product design, service innovation, and user experi-
ences for an increasingly aging population.
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Abstract

This article proposes the basis of an integral design project
management approach as a strategy to empower transform-
ative processes. It is believed that in a context of human-
itarian crisis it is vital and urgent to think of design guided
by spirituality, and this as a means, facilitator of transform-
ative processes to favor the recovery, flourishing and conti-
nuity of life. The study takes place within the framework of
design project management, an area that currently does not
sufficiently recognize dimensions of spirituality. The Design
Thinking design project management approach and the The-
ory U management methodological framework are critically
discussed, promoting possibilities to develop prototypes for
future testing and implementation. It is proposed that the
spiritual dimension should be a fundamental component of
a design project management strategy that intends to be in-
tegral: multidimensional and holistic, where spirituality is pre-
sented in an expanded, defragmented and contemporary vi-
sion. The concept of integral design project management is
presented as a differentiation from the two aforementioned
models: it draws on different classical and contemporary out-
looks. Theoretical references on wisdom for contemporary
complexity, design and spirituality, spirituality for contem-
poraneity and the Souths communities are analysed. These
become a source of inspiration for design, as well as the iden-
tification of components of spirituality for empirical and the-
oretical construction. Following a qualitative, deductive and
inductive approach, the fieldwork takes place in an online
and face-to-face ethnographic and auto-ethnographic for-
mat with three Souths communities from Portugal and Brazil
that have implicit spirituality-driven design project manage-
ment approaches. As a conclusion, we propose the Pulse Ap-
proach model, based on the ancestral wisdom philosophies
of quilombola and Afro-Brazilian communities from Brazil,
and of a family farming community that preserves ancestral
wisdom philosophy around the linen cycle in Portugal. The
proposal is grounded on the observations and experiences in
the fieldwork, as well as with special emphasis on Mae Bea-
ta de Yemonja (Costa, 2000, 2002, 2017), Bispo dos Santos
(Santos, 2015, 2018, 2019), Steiner (1962; Lanz, 1983), Buber
(1923), Osho (Jain, 2012) e Escobar (2016, 2018), also based
on 13 main and common components of spirituality identi-

fied in the activities of the three Souths communities that
collaborate with our study, namely: the present (the here and
now), presence, organicity (the circularity, the spin, the cir-
cle), interdependence among all that exists, relationality, the
feminine, matriarchy, love, affection, care, ethics, intuition
and ancestry.

Author keywords
Contemporary wisdom; Integral design project management;
Design and spirituality; Souths communities; Pulse Approach.

Introduction

This article proposes the basis for an integral design project
management approach as a strategy to empower trans-
formative processes. These processes aim at the recovery,
flourishing and continuity of life. Transformative process-
es are understood as those that promote diversity; respect;
self-development; quality of life; health; education; cultural
sustainability; environment preservation; human rights pro-
tection; socio-economic transformation. They also encour-
age territoriality; autonomy; organic, creative and circular
wisdoms, economies and communities. The objectives are:
1) contributions to a critical discussion on Design Thinking
and Theory U towards a definition of integral design project
management; 2) presentation of a theoretical framework
based on authors who address themes of design and spirit-
uality as well as spirituality for contemporaneity: sources for
empirical and theoretical construction. 3) reflection on the
themes of wisdom for contemporary complexity and the
Souths communities, and legitimisation of communities of
this nature as learning references; 4) identification of main
and common spirituality components through the work with
three analysed Souths communities; 5) the proposal of Pulse
Approach, based on ancestral wisdom philosophies of Souths
communities from Portugal and Brazil.

The focus of the research is design project management,
an area currently lacking in recognising dimensions of spirit-
uality. We propose that a spiritual dimension should be a fun-
damental component of design project management strategy
that intends to be integral. This is regarded as a research gap
as, to date, the present study has yet to identify the existence
of integral design project management approaches with ref-
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erences to Souths communities from Portugal, Brazil and/or
the Community of Portuguese Language Countries. We believe
that in contexts of humanitarian crises, it is essential to con-
sider forms of design guided by spirituality. To promote such
forms and to remedy the aforementioned theoretical gap, the
Pulse Approach is hereby proposed: it is based on the ancestral
wisdom philosophies of quilombola (Conag, n.d.) and Afro-Bra-
zilian communities from Brazil, (Batiste, 1961, Santos, 1988)
and of family farming community that preserves the ancestral
wisdom of the linen cycle in Portugal (Oliveira, et al, 1991).

Theoretical foundations

Humanitarian collapse and wisdom

for contemporary complexity

Over the past 40 years, we have observed a dominance of
Western, Anglo and Eurocentric values and practices by force
of capitalist, neoliberal, industrial, colonialist, Christian, patri-
archal, racist, massified and globalized thoughts (Gutierrez,
2015b, 2021; Santos, 2009; Santos, 2015). These have pro-
moted, and continue to promote, environmental devastation,
climate changeg, failures of economic development together
with extreme social inequality, conflicts, exclusions, wars,
and migrations (Latour, 2020). As a result, we find the 21st
century is largely characterised by broad humanitarian crises
that may more accurately be described as a collapse, as they
no longer seem transitional or reversible.

As a framework for the above scenario, we closely follow the
writings of the following authors:

» Ailton Krenak — who highlights the importance of re-
alizing that “we are going through a transformation
() our collective dream of the world and the inser-
tion of humanity in the biosphere will have to happen
in a different way (...) (Krenak, 2020: 44)". Krenak re-
fers to the praxis of indigenous peoples, the use of our
body as the main tool for observing the earth, the sky,
to bring out the feeling that we are not disconnected
from other beings (Krenak, 2020: 45), the importance
of dreams as “(..) a place for the transmission of af-
fections (...) (Krenak, 2020: 37)";

» Antonio Bispo dos Santos — who signals the impor-
tance of being inspired by the organic and circular
wisdoms, looks and attitudes of the quilombolas and
native peoples from Brazil that refer to being, to rela-
tionships, to community, to see the other and to the
relationship with the cosmos. These are rooted in the
understanding and implementation of beginnings,
means and new beginnings based on the wisdom of
their ancestors (Santos, 2015, 2018, 2019);

» Bruno Latour - who suggests a repolitisation of the
soil, it is necessary “coming down to Earth” (Latour,
2020; Costa, 2020 In: Latour, 2020: 154, 155);

» DonnaHaraway - who affirms our duty to build collab-
orations as “humus”, “to live well as terrestrial beings”,
“to make muti-species relations”, in the here and now,
without projecting towards the future, while under-
standing that the present moment enables our re-
sponses to the now in turbulent times (Haraway, 2016;
Haraway, 2020 In: Torres, 2020);

» Anna Lovenhaup Tsing — who shows us that through
disturbance we find the beginning of action, the pos-

sibility of transformative encounters. Tsing presents
the now as an opportunity “to realize the precari-
ousness and in the process, looking around, without
looking ahead”, also in collaboration and coordination
with other terrestrial beings, we provide “the possible
life” (Tsing, 2022: 227, 229, 233, 234; Tsing, 2021 In:
Gongalves Brito, 2021).

Design project management

Within the scope of design project management for sustain-
ability, Design Thinking (Brown, 2010) is often used to facili-
tate the creation of creative and collaborative projects that
can promote social innovation and sustainability. In the area
of management, the closest reference oriented by spirituality
is known as Theory U (Scharmer, 2009). Its basic concept is
presencing, merging the words presence and sensing: it re-
fers to the learning of collectivity and intuition to enhance
new visions and intentions.

Both of the above promote the development of prototypes
to be tested and implemented in the future. This study per-
forms a critical reading on Brown and Scharmer, as Design
Thinking is a design project management reference that uses
collaborative, collective, social, human, and empathy aspects,
but does not acknowledge extended and contemporary di-
mensions of spirituality in its approach. Inversely, Theory U
is a head (think) — heart (sense) — hands (act) management
methodology, inspired by anthroposophy spiritual science
founded on its presencing base concept, and is geared to-
wards implementing future projects. As a dynamic and dif-
ferentiation from these two references, we propose the con-
cept of integral design project management, and define it
as a design project management with an integral vision, i.e.
multidimensional and holistic, recognizing spirituality in an
expanded, defragmented and contemporary perception. Its
foundation on the philosophies of ancestral wisdom of the
Souths communities (in this study, from Portugal and Brazil)
facilitates ideas, approaches, processes, systems and pro-
jects in the present as well as in organic and circular format.

Design, Spirituality and Contemporaneity

The subject of design and spirituality was analysed from the
perspectives of Papanek (1995), Schumacher (1974), Walk-
er (2011, 2020), Margolin (2014), and Escobar (2018). In this
analysis, we identified 66 components of spirituality, and
their concepts were interpreted (Lopes, Franqueira, Alvelos,
& Parente, 2021). Further analysis was subsequently per-
formed on Bispo dos Santos (2015, 2018, 2019) and Krenak
(2019, 2020). Furthermore, key contributions by Mae Beata
de Yemonja (Costa, 2000, 2002, 2017), Steiner (1962), Bu-
ber (1923), Kumar (2017), Osho (Jain, 2012), Lovelock (2014,
2020) and Margulis (2014) are summarised below. We iden-
tify three more components of spirituality in their thoughts:
organicity (the circularity, the spin, the circle), matriarchy and
the feminine.

» Beatriz Moreira Costa (Mae Beata de Yemonja) —
Spirituality lived in her life through myths, dreams, po-
etry, imagination, intuition, wisdom, and connections
with nature and ancestry, grounded in Candomblé
(Batiste, 1961; Santos, 1988), in the matriarchal and
feminine care that promotes affection and love with
ourselves, our fellow human beings, and communi-




ty action. Costa nurtures the concepts of plurality in
worlds, environment, and cultures, promoting human
rights, health, education, and the fight against sexism
and racism (Costa, 2000, 2002, 2017; Silva, 2008; Cos-
ta, 1lé Axé Omiojuaro, n.d.; Costa, Criola, n.d.).

» Rudolf Steiner - Spirituality based on the trinity Think,
Sense, Act/Action, corresponding to the triads Head,
Heart, Hands; Culture, Legal/Political, Economic; and
Freedom, Equality, Fraternity; it advocates the pres-
ervation of the environment, the protection of human
rights, socio-economic transformation, and promo-
tion of education for freedom (Carlgren & Kilingborg,
2006; Lanz, 1983; Steiner, 2008).

» Martin Mordechai Buber - Spirituality is witnessed
in life experience, in community, in the openness to
listening and dialogue through relationships, in expe-
riencing and caring for the present other, and in en-
counters devoid of prejudice (Bartholo Jr, 2001, 1994:
7; Buber, 2003).

» Satish Kumar - Spirituality based on the promotion of
social justice, local and community life, non-violence,
wellbeing, kindness, relationships with nature, poetry
and art, preservation of the environment, and care for
social relationships (Kumar, 2017).

» Rajneesh Chandra Mohan Jain (Osho) - Spirituality is
based on life experience, connected to intuition/deep
consciousness, dreams, wisdom, myths, love and im-
agination. It uses the right hemisphere of the brain
(the feminine side), which speaks through stories,
anecdotes and parables, devoid of theories and doc-
trines. It is connected with the here and now, with the
poetics of life, with the fluidity of thinking beyond logic
(Jain, 2012).

» James Ephraim Lovelock and Lynn Margulis — Spirit-
uality translated through the experience of life, of the
human being in interaction with Earth as a living organ-
ism, on interrelations and interdependence between
everything that exists, and the changing dynamics
of the natural world (Lovelock, 2014, 2020; Margulis,
2014; Kumar, 2017: 23).

From this work we identified 69 components of spirituality;
these were employed as research indicators to guide, inter-
pret and prove the field work observations. We have named
them as Components of Spirituality to Safeguard Life, and
propose a map of connections and inter-dependencies (Ta-
ble 1).

Table 1. Components of spirituality to safeguard life, created by the authors, 2022.

The Souths

The focus of the research has been on learning from the
Souths, as presented by Gutierrez (2015b; 2021). The term
“South”, or “the Souths”, does not refer exclusively to the geo-
graphic south, includes “the silenced”, the peripherals: people,
communities and groups that have been “excluded, denied,
ignored”, considered “defective, backward, underdeveloped,
and in need of progress”, due to a dominance of Western,
Anglo-Eurocentric values and practices. Gutierrez expounds
on the concept of designhing the world from the vision and
practices of the different worlds that permeate these Souths,
equally proposed by Escobar’s “pluriverse” (2018). Gutierrez
states that “the South, the Souths, the Others and by Other
Name$S (DESSOBONS - DEsigns of the South, of the Souths,
Others, By Other NameS)" should be considered as central
references of wisdom, knowledge and worldview in a con-
cept that involves collective, communal, ethical, ecological,
human, social, cultural and justice values and praxes. These
are considered useful as a way out of totalitarianism, unsus-
tainability, uniformity and massification of the industry and
development projects proposed by the Western Anglo Euro-
centric capitalist world (Gutierrez, 2015b; 2021). We observe
that, inspired by Freire's libertarian philosophy and peda-
gogy (1987, 1992), Gutiérrez, Escobar, Bonsiepe and Santos
question western domination along with the hegemony of
the North, while signaling the need for the decolonisation of
knowledge - focusing on looking, listening and learning from
the voices and wisdoms of the Souths that experience social
practices (Gutierrez, 2015b, 2021; Escobar, 2018; Bonsiepe,
1985, 2011, 2012; Santos, 2009; Santos and Meneses, 2009).
We consider the Souths as learning references in that they
convey ancestrality, wisdom and knowledge towards recov-
ery and flourishment and continuity of life. Within this scope,
we posit that design has the possibility of finding informative
clues to promote transformative processes.

Methocdlology

Fieldwork has taken place in online and in-person, ethno-
graphic and autoethnographic formats, through participatory
experience. The qualitative methodology of inductive and
deductive nature implied a proximity to the studied com-
munities; moreover, complex data collection was performed
among direct and participant observations, along with con-
versations, and exploratory and semi-structured interviews.
We identified Souths communities from Portugal and Brazil
that reveal implicit spirituality-driven design management
approaches, as selection criteria for the learning objects of
our research. They are:

i) Association of Women Farmers of Casteldes (Asso-
ciacdo das Mulheres Agricultoras de Casteldes - AMA
CastelGes, Tondela, Portugal);

ii) Quilombola Association of Conceigdo das Crioulas
(Associagdo Quilombola de Conceigéo das Crioulas -
AQCC, Salgueiro, Pernambuco, Brasil), and

iii) CRIOLA NGO (CRIOLA, Rio de Janeiro, Brasil).

An added factor in the choice of communities in Brazil was
proximity based on collaborative work previously carried out
between the years 2002-2004 and 2006-2008. The commu-
nity in Portugal was identified contextually, in a leather craft
workshop held in the village of CastelOes in September 2020.




They are comparable due to the presence of a Souths, on-
tology, as presented above. A brief presentation of the three
learning cases and associated methodologies follows bellow.

Learning cases and the fieldwork
development process

» AMA Casteldes is a Portuguese association formed
by a group of women artisans over 65 years old, who
for more than 20 years has ensured the viability of the
linen cycle tradition in the region of CastelGes, Tonde-
la, Portugal. They meet weekly to produce linen fabric
pieces with embroidery and crochet, perpetuating an-
cestral wisdom and knowledge contained in local linen
cycles (AMA Casteles, n.d.). Field work began on 29
September 2020, and ended on 8 March 2021: it con-
sisted of 21 face-to-face meetings (approximately 3
hours and 30 minutes each), totalling 89 hours and 30
minutes of participatory experience; 52 pages of field
diary; 795 photographs; 221 videos, a sum of 3 hours
and 11 minutes of recorded images and speeches; and
40 audio recordings, a total to 14 hours and 23 min-
utes of recorded audio material.

» AQQC is a Brazilian association created in 2001 to
promote the development of the community of Con-
ceicdo das Crioulas along with its ethnic and cultural
identity, as well as the fight for the quilombola cause
(AQCC, n.d.). Field work began on 30 May 2020 and
ended on 15 July 2022. 12 meetings were held: 3 face-
to-face meetings with the community, 1 via WhatsApp
and 8 online via Google Meet: 56 hours, 12 minutes
and 15 seconds of participatory experience; 18 pages
of field diary; 204 photos; 36 videos, totalling 1 hour,
11 minutes and 10 seconds of recorded images and
speeches; and 16 audio recordings totalling of 5 hours
and 57 minutes of recorded audio material.

» CRIOLA is a Brazilian civic organization created in 1992
in the defense and promotion of Black Women'’s rights
within social values of justice, equity and solidarity. Its
mission is to empower black women in face of racism,
sexism, lesbophobia and transphobia, acting as agents
of transformation in public spaces (Criola, n.d.). Field
work began on 26 April 2020 and ended on 22 Sep-
tember 2022. We held 7 meetings, 6 online via Goog-
le Meet, 1 face-to-face in Rio de Janeiro: 9 hours, 23
minutes and 30 seconds of participatory experience;
8 pages of field diary; 46 photos; and 5 audio record-
ings, a total of 6 hours, 23 minutes and 30 seconds of
recorded audio material.

Experience through direct and participant observations, to-
gether with conversations, exploratory and semi-structured
interviews, provided us with the awareness of implicit, poten-
tial spirituality-driven design project management compo-
nents in the activities of studies communities. The outcome
is a set of 13 main and commmon components of spirituality:
present (the here and now), presence, organicity (the circu-
larity, the spin, the circle), interdependence on all that exists,
relationality, the feminine, matriarchy, love, affection, care,
ethics, intuition and ancestry.

We came to realise that the commmunities’ representatives,
teams and artisans plan, create and implement their projects

in synchrony with the needs that are being experienced in
the present, as well as in an organic and circular format. Pro-
ject planning, creation and implementation are anchored in
ancestral wisdom philosophies of the quilombola and tradi-
tional African matrix peoples, as well as women linen artisans.
These are empirically experienced in lived life, and rooted in
the aforementioned quilombolas (Santos, 2015, 2018, 2019),
Candomblé (Batiste, 1961, Santos, 1988) and Portuguese
linen cycle traditions (Oliveira, et al, 1991). Thus tangible ac-
tions become transformative towards cultural sustainability,
environmental preservation, health, socio-economic trans-
formation, territoriality, as well as creative, circular and organ-
ic economies and communities. Especially in the scope of
the CRIOLA and the AQCC, we also observed actions towards
protection of human rights and promotion of education, citi-
zenship, diversity, respect and good living of the black people.

Preliminary conclusions and grounded theory
developments

Based on the aforementioned 13 spirituality components,
empirically grounded on developed field work and literature
review, we posit the Pulse Approach. As an ongoing formula-
tion, the Pulse Approach is currently founded on the ancestral
wisdom philosophies of the Souths communities from Por-
tugal and Brazil. We present it as a head (think) - heart (sense)
- hands (act) integral design project management approach
towards the empowerment of transformative processes. It
may facilitate strategic planning, project management, group
and team development, self-development, and complement
other design project management and/or management tools
for the above purposes.

The Pulse Approach operates as follows: with a relaxed and
open mind set, sensory receptivity and active processes; in
the here and now; in authentic presence; in connection with
relationality (with humans, non-humans, forces of nature, the
cosmos); in interdependence with all that exists (terrestrial
beings and life energies); in organic and circular forms; sens-
ing intensely at the core: matriarchal and the feminine love,

FFEL ATROHALITY
EHD INTEADEPERDEMCE

FEHENINE L.
MATHARCHAL LOVE
AFFECTION AND CARE

OELARICITY

PRESENHCE AND
PEESENT

W TLH TN
AHD ANCESTRY

Table 2. Pulse Approach, created by the authors, 2022.




affection and care, ethics rooted in the intuition and ancestry
(intelligence, consciousness, wisdom, deep confidence).

We propose the application of the Pulse Approach at this
developmental stage in precariousness and turbulent times.
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Abstract

The sketch plays an essential role in different disciplines and
industries, not only to visualize the ideas of designers and
professionals but also to promote innovation and increase
opportunities for reflection. The sketch is also a widely re-
searched approach or tool that stimulates the generation of
design thinking using representation, which is different from
rational thinking and can facilitate effective communication
between different disciplines. However, with the fragmenta-
tion of the traditional design disciplines, the boundaries of the
traditional design disciplines have gradually become blurred.

In this context, the gaps and conflicts that have always
existed in the design disciplines have been exacerbated, such
as the huge gap between the traditional educational model
with clear disciplinary boundaries in the design disciplines
and the rapidly evolving design market, and the increasing
conflict between the designers trained in this traditional edu-
cational model and the design talent required by the current
market. And these conflicts characterize the current state
of development of design disciplines, including conflicts
between disciplines, within disciplines, and between design
tools. Therefore, to improve the situation where these gaps
and conflicts are intensifying, this study takes the sketch, a
design representation method used in almost all design dis-
ciplines, as the object of study.

This study conducts a literature review of taxonomies of
sketch in traditional design disciplines and design tools associ-
ated with sketch in contemporary design disciplines. Tradition-
al and contemporary design are then categorized according to
several empirical classification criteria proposed in this study,
followed by a qualitative analysis around the use of sketch in
different design disciplines in terms of stage, form, complexi-
ty of processing, fidelity, and other parameters. Consequently,
differences in the habits, variations, and role of sketch in the
context of traditional and contemporary design disciplines
were identified.

The study provides recommendations for future models
of design education and specific questions about the skills
required by future designers, suggesting ways to mitigate and
improve existing conflicts between design disciplines and sug-
gesting possible new directions for future research to connect
the different design disciplines.

Author keywords
Design sketch, multidisciplinary, traditional design, contem-
porary design, literature review.

Introduction

In a context where the boundaries of what was once recog-
nized as discrete design disciplines, such as architecture,
product, graphics, and fashion design, have been and contin-
ue to dissolve (Rodgers, 2008), education and practice in the
design disciplines have been experimenting with [the culti-
vation of knowledge and collaboration across disciplines]
(Irizarry, et al., 2016; Elzbieta, 2016), and the split between dif-
ferent disciplines in the field of design has led to a shiftin cre-
ative practice from being ‘discipline based’ to ‘issue or project
based' (Heppell, 2006). We propose that this shift is related
to the shift between traditional and contemporary design
disciplines in terms of designers, design objects, constantly
developing design environments, etc.

We present that traditional academic research-oriented
education programs can no longer meet the need for interdis-
ciplinary practical talents in contemporary design disciplines.
As educators are asked to be more innovative in today’'s com-
mercial environment, it becomes critical to weigh in on design
thinking (Dym, et al, 2005; Mabogunje et al, 2020), design
doing (Sanders and Stappers, 2013), and trans-disciplinary do-
mains (Leavy,2016; Fawcett, 2013). With social development
and economic growth, the world continues to promote inno-
vative design, and interdisciplinary disciplines are becoming
popular (Norman, 2004).

In the above context, we argue that the field of design re-
search and its investigation methods continue to change and
extend beyond the boundaries of the traditional design disci-
pline while also noting the uneven development of the various
parts within the design discipline. Therefore, this study argues
that several important gaps and conflicts currently character-
ize the current state of development of the design discipline:
(1) conflicts between disciplines (macro level: ambiguous dis-
ciplinary boundaries); (2) conflicts within disciplines (meso
level: education and business environment); and (3) conflicts
between specific tools (micro level: changes in the skills re-
quired for design). Therefore, to clarify the above-mentioned
gaps and conflicts, this study confines itself to the micro-lev-
el of (3), i.e, the gap between the professional skills required
by traditional design tools and contemporary design tools as
boundary objects. By conducting a multifaceted comparative
analysis of sketch-related tools in several typical design disci-
plines, we expect to contribute to identifying (1) and (2) from
the side. Design sketch was chosen for this study because
it plays an important role as a method specific to the design
discipline, not only in design education and design practice

Nature positive/

transformation




but also permeates almost all design disciplines. As current
research on sketch in the design disciplines is discrete, and
contributions are always from different disciplines, research
contributions on sketch are mostly scattered in cognition
(Tovey, 1989; Schon and Wiggins, 1992), creativity (Hua, 2019;
Goldschmidt and Smolkov, 2008), reflective activity (Schon
and Wiggins, 1992; Bilda and Demirkan, 2003; Wy, et al,, 2012),
visual thinking and visual commmunication (Goldschmidt,1991;
Goldschmidt, 1994; Vistisen,2015), human-computer interac-
tion (Buxton, 2007), and digital technology.

For understanding and analysis, we propose to divide the
design disciplines into two categories - traditional and con-
temporary - according to certain criteria, and to analyze the
role and use of the sketch in the different design disciplines
and design tools from this new perspective. Through this new
perspective, the role and use of sketch in the different cate-
gories of design disciplines and design tools are analyzed. The
review and analysis suggest more specific conflicts and gaps
in the design disciplines and a series of issues that need further
research. Finally, it is expected that the results of this study will
contribute, directly or indirectly, to the resolution of the wider
conflicts of (1) and (2).

This paper is structured as follows.

Firstly, the history of the design disciplines is briefly re-
viewed, and the disciplines are broadly divided into two cate-
gories based on the empirical classification criteria provided in
this study, and their relationships and trends are discussed.

Secondly, an overview of the taxonomy and related tools
for sketch in traditional and contemporary design disciplines
based on the same set of parametric criteria is discussed.

Finally, through a qualitative analysis of the use and trends
of the sketch in the context of the same set of parameters in
both traditional and modern design disciplines, some results
are derived and summarized in terms of the respective devel-
opmental strengths of the two classifications, as well as at-
tributes and experiences worthy of mutual reference between
them.

The transition between Design principles

The disciplines of design and design research are rapidly
transforming. The definition of design disciplines with a his-
tory is constantly changing and expanding in the scope of ap-
plication. For example, industrial design has traditionally been
seen as an applied art and science that seeks to improve a
product’s aesthetics, ergonomics, functionality, and usability
(Noblet, 1993). Moody and Stanley defined industrial design
in 1984: ‘Industrial design seeks to relate hardware to the di-
mensions, instinctive responses and emotional needs of the
user, where these are relevant requirements’ (cited in Design
Council of India, 2016). However, this definition seems to limit
the potential impact and influence of the creative skills and
methods taught to designers.

A moderately expanded version comes from the Indus-
trial Design Society of America (IDSA, 2013), which currently
defines industrial design as 'the professional service of creat-
ing products and systems that optimize function, value, and
appearance for the mutual benefit of users and manufactur-
ers’. This definition encompasses an increasing inclusion of
industrial design and shows the expanding boundaries of the
traditional design disciplines and the growing importance of
multi-scientific and interdisciplinary design. The work of de-
sign firms and designers such as Ronan and Erwan Bouroul-

lec (2003) Marti Guixe (2002) and IDEO (2005) now routinely
transcends historical disciplinary frameworks such as interior
design, fine art, product design and graphic design. In particu-
lar, the boundaries between product and service design (SD)
are becoming increasingly blurred. Furthermore, because of
the increasing relationship between IT engineering and design
disciplines, there is a certain overlap and mutual inclusion be-
tween the education and practice of Interaction Design (IxD),
UX Design (UXD), and SD.

In summary, it can be observed that the relationships and
boundaries between the design disciplines of different eras are
still blurred. Therefore, this study argues that before summariz-
ing and analyzing sketch-related methods in different design
disciplines, it is necessary to make a general categorization of
the changing design disciplines. We refer to those disciplines
that have clear boundaries between them as ‘traditional design
disciplines’' and those that are inherently intersectional and in-
clusive as “contemporary design disciplines”. A classification
principle with several parameters is given for this (Table 1).

Table 1. Classification principle between traditional and contemporary disciplines.

Aspect Traditional Contemporary

Historical Relatively long history Relatively short history

Educational The theory is quite well Theoretical research is
established a full range of  evolving Gradual integra-
courses at the univer-sity  tion into curricu-lum

Practical Examples of practice are ~ Fewer actual cases but
abundant increasing

Boundary Once clear boundaries The discipline itself was

created with a multidisci-
plinary background

between disciplines are
beginning to blur

As the problems that design can address become increasing-
ly complex (Latour, 2008), design research shifts towards a
user-centered approach to problem-solving. The emergence
of integrated design based on a wide range of disciplines has
prompted discussion and exploration among participants.
Collaboration and communication between various fields
and professions have become more frequent and complex.

In addition, interdisciplinary collaboration has been empha-
sized in traditional design disciplines. For example, Pierre (2003)
argues that integrating interdisciplinarity into the industrial de-
sign process can solve the problem of establishing sustainable
design and consumerism. And according to Doerry, et al. (2001),
in the 21st century, modern engineering design is approached
as an interdisciplinary endeavor, which requires each engineer
to work as part of a team that includes a range of specialists.
We consider that the contemporary design discipline's ongoing
value on multidisciplinary, interdisciplinary, and even trans-dis-
ciplinary collaboration is a major reason for this trend. There are
also overlapping fields between their disciplines, such as theo-
ry and design process, as is recognized by the overlap between
fields such as UX and service design (Forlizzi, 2010). Further-
more, excellence in experience creation and customer value in
contemporary design projects requires ‘design team members’
to bring in expertise from their disciplines, such as service man-
agement, UX design, SD, and technology, among others (Kham-
bete, 2011). Don Norman (20186) is critical of traditional design
courses when discussing design education because they focus
on craft skills rather than requiring a broader systems view, i.e,
involving social or scientific competencies.
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Figure 1. Certain criterias for dimension, complexity, and fidelity of sketch proposed by this studly.

The direction of contemporary design education and re-
search has shifted from artifact-based design and produc-
tion to integrating different knowledge and disciplines at each
stage. Thus, both traditional and contemporary design disci-
plines, from the focus on the cultivation of multidisciplinary
and interdisciplinary models in design education and the in-
crease in inter- and trans-disciplinary design projects in design
practice, show a consistent trend towards the dissolution of
boundaries between design disciplines.

Sketch as a universal method in design disciplines
Sketch, one of the most important conceptual design tools,
is the most widely used in design practice and is the design
representation most often associated with designer activity
(Bar-Eli, 2013; Goel, 1995). It is generally accepted that design
representation through sketch is fundamental to conceptual
design activity (Cross, 1990; Lawson, 2006). Most designers

have adopted freehand sketching as a valuable part of the de-
sign process (Lawson, 1994; Pipes, 1990). This study aims to
use the role and use of sketch in different design disciplines
as an entry point to further observe the similarities and dif-
ferences between design disciplines born in different eras,
as well as the design patterns and directions worth learning
from each other from an unusual, microscopic perspective.

To fully understand the purpose and changing history of the
use of sketches in the design discipline, we begin by reviewing
and analyzing the sketch taxonomy that has evolved from the
traditional design disciplines. This is done by identifying the dif-
ferent sketch taxonomies in terms of design phases and design
purposes, including the role and use scenarios in the traditional
design disciplines. In 3.2 we present an overview and analysis
of design tools in contemporary design disciplines that use the
sketch method according to the same criteria as in 3.1.

Domain | Authors | Sekich taxonomy | Investigation phase | Ideation phase | Protolyping Phase | Dimension | Complexity Fidality
Fraser & Diagram; Referential;
Henmi Design; Presentation; a2 O 1,2d - -
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{2012) Diagram o 0 1 2d 2-5 Low
Fabulous Drawings [ 1, 2d =3 Low
Proposition Drawings o a 1,2d 2=3 Low, middie
Calculation Drawings 0 a 1, 2d 2-3 Low, middle
Ferguson Thinking Sketch 0 o 1,2d 3 Low
(1994) Talking Sketch o 1, 2d 4 Low
Engine- & Lugt Prescriptive Sketch Q o 1, 2d 4 Middle
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Figure 2. Review and analysis of sketch taxonomies in traditional design disciplines.




Sketch used in traditional design disciplines

The design sketch originated in the academic discourse of
architecture and industrial design (Schon, 1992). As different
applications of the sketch taxonomy have been proposed
and discussed in the traditional design disciplines, it is con-
sidered necessary to compare the different taxonomies to
understand the role and use of sketch in the traditional de-
sign disciplines. Therefore, this chapter begins with a review
of the role and use of sketch at different stages of the three
traditional design disciplines - architectural, engineering, and
industrial design.

In this study we have categorized the design process into 3
general phases. The RESEARCH PHASE includes investigation
and problem definition, the IDEATION PHASE includes ideation
and developmental design, and the PROTOTYPING PHASE in-
cludes detailed design and prototyping. We then summarized
the phases in which each sketch taxonomy would work and
classified them according to certain criteria for dimension,
complexity, and fidelity (see Figure 1 for criteria).

For each of the three traditional design disciplines that are
the subject of this study, we selected the most representa-
tive sketch taxonomies as the object of analysis. Two of these
taxonomies are from the field of architecture (Fraser & Hen-
mi, 1994; Lawson, 2012). There are also two taxonomies from
the field of engineering design, one of which was first pro-
posed by Ferguson (1994) to classify sketches according to
their function in the design process, while Lugt (2005) builds
on this by adding " storing sketch “. Another taxonomy was
proposed by Pei (2009), based on the needs and intentions
of designers when sketching. Finally, there are taxonomies
from industrial design, one of which is Tovey (1989) classi-
fied sketches according to their functions and corresponding
forms, while another, like Pei's, is based on Olofsson & Sjolen
(2005) classified sketches according to the designer's needs
or intentions when sketching.

Sketch adopted in contemporary

design disciplines

As the contemporary design discipline represented in this
study, UXD is about shaping the experience of using a prod-
uct. Much of this experience involves some interaction be-
tween the user and the product. Although these contem-
porary design disciplines all have different origins, there is a
mutual inclusion between their respective fields. Given that
IXD is generally considered to be contained within UXD and
UXD within SD, we follow this hierarchical classification to
review and analyze the design tools that include sketch. The
analysis results are then compared with the results of the tra-
ditional design sketch.

Here, this study follows Buxton's (2007) suggestion that
sketch is not just an archetypal way of using paper and pen
to support what Kolko (2009) and Brown (2009) and Martin
(2009) call the 'reductive feeling’ of design but can be used as
a much broader way of thinking. As such, this study decided
to adopt the approach proposed by Vistisen (2015) from the
perspective of the spatial and temporal dimensions involved
in the sketch, using Gillian Smith's (Smith in Moggridge 2006)
classification of dimensions in IXD, between 1D-4D, as a sug-
gestion for what designers can call 'sketching’ of dimensions
(1D: thoughts, words; 2D: paper sketches, images, scenarios;
3D: modelling, rapid prototypes, object theatre; 4D: enact-
ments, videos, animations). In addition, UX designers usually
create content such as wireframes, personas, and prototypes.
Service designers end up creating service blueprints, customer
journey maps and service ecosystem maps, but many of the
tools they use are the same.

Considering that the definitions and descriptions of these
design tools involving sketch vary somewhat from publication
to publication, for the sake of consistency we will focus on the
following two highly recognized publications as references for
the analysis of sketch-related tools in contemporary design:
a guide to service design practices by Marc Stickdorn et al. --
“This Is Service Design Doing: Applying Service Design Thinking
in the Real World"; and the workbook by Buxton et al. - “Sketch-
ing User Experiences: Getting the Design Right and the Right

Domain | Authors Design Tool | Investigation Phase | Ideation Phase | Prototyping Phase | Dimension | Complexity | Fidelity
. _Rasserch wall | 2 | | Al 3 | Low
Ressarch | Journey, systemmap | o | | 1.2.3d | 5 | Low, Midedie
data Key insight : _d 3 _ Low
User story | & 1d 5 Lo
Journey | [ Mit?f?'?oi:r*dﬂ'*_ | 5 zd_ ? = it
map | Persona | o O O 1, 2d | 4 Middle
| Service bluspring C 1,2d 5 Middle
Contam- Stakeholder map | o : | 12 5 Middie
porary | Smm [Ty ok map | [ t2d 5 Middle
Design ™P T Ecosemmep___| o 0 | 1.2d 5 Middle
Deskiop walkthrough | 2.3d 4 Law
:sfﬁ.l;EI} np— I:::Ihnr;l prototyping g | 23 4 Low
vl | aper prototyping } | 1 2d | o Lonw
_Wire framing | =l O | la2d | 4 Low:
Business model canvas | | O | 1d 5 Middle
Sequntial storyboard | e | | 1.2 4 Low
Others | Stte transition diagram | o | | lz2d 4 Low
frows | Branching storyboard Q | 1, 2d | i Lonw
Honfosth | Narrative storyboard | = | 0 | Lad | 4 | low
Animation-based skeich | o | L) ad 4,5 | Low, Middie

Figure 3. Review and analysis of sketch-related design tools in contemporary design disciplines.




Design”, which introduces how sketching can be considered as
a concept and used flexibly in UX design.

The result of the analysis between traditional

and contemporary design

This chapter compared and discussed the results of the anal-
ysisin Figures 2 and 3. Relatively deep insights are gained into
the transformation and differences in the roles and functions
of the sketch in different design disciplines, and a contribu-
tion is made to improving and resolving possible gaps and
conflicts in all design disciplines.

Firstly, no clear trends or differences were observed in the
use of sketch in the different design phases. This may be due
to the fact that designers have developed a sufficient number
and variety of sketch taxonomies and sketch-related tools to
suit the different design scenarios and phases.

However, there are some patterns and according to Smith's
classification of dimensions in IxD, most sketch dimensions in
the different taxonomies and design tools are concentrated
in 2D and 1D. Traditional and contemporary design disciplines
are similar in terms of dimensions. However, with the develop-
ment of various smart devices and design software, the use of
sketches in the ideation and prototyping phases of contempo-
rary design has expanded to include 3D and 4D.

Secondly, in terms of sketch complexity, the taxonomy in
traditional design disciplines tends to focus on 2,34 (with 3
being the most common). In contrast, contemporary design
disciplines tend to focus on 4,5. The taxonomy of the sketch
is therefore thought to favor the visualization of individual ide-
as about physical products and the facilitation of innovation,
iteration, and communication through such easily understood
visualizations. In the contemporary design discipline of design
tools, however, the sketch is more oriented towards visualiz-
ing the overall structure of the system, the set of interactions
of the service being provided, and so on. This makes it easier
for designers and stakeholders to understand the complex
relationship between the intangible service/system and the
tangible product/interface in the design process. In addition,
although the average of contemporary design disciplines is
higher than traditional design in terms of sketch complexity,
traditional design may require more sketch skills than contem-
porary design.

Thirdly, the contemporary and traditional designs of this
paper are judged differently in terms of fidelity. Traditionally,
fidelity is judged by how close it is to the final design in terms
of appearance and function. Contemporary design, however,
considers whether the sketch represents a system diagram
or storyboard that is close to the intended composition of the
final design, the expected interaction, the experience, and so
on. In other words, traditionally the sketch represents the con-
struction and form of a specific design (micro level). In con-
trast, in contemporary design, the sketch is used to describe
the system framework of the design (macro level), the specific
experience to be realized (meso level) through storyboards,
etc, and the interaction required to realize that experience
(micro level).

Because of the fast and rough nature of the sketch, the
analysis of sketch taxonomies and design tools that use the
sketch method in relation to fidelity is concentrated in the low
and middle levels, with the high level rarely occurring. The rea-
son for the high level is the application of the sketch method to
the final prototype or finished product, and the reason for the

middle level is the application of sketch to prototyping. In gen-
eral, however, both the sketch taxonomy and the sketch-relat-
ed design tool take advantage of sketch'’s ability to simply rep-
resent ideas or concepts and its ability to quickly externalize
them. Also, as digital technology develops, sketch's property of
being vague and allowing for reinterpretation and the ability to
offer designers new solutions may enable sketch to be used in
fields of high fidelity in the traditional design disciplines.

Whereas in the contemporary design discipline, although
the design objects include specific products, most of the de-
sign tools analyzed in this study are used in the context of UX
or the frameworks that make up the service. Even though the
threshold for sketch use has been lowered by the addition of
new technologies, it is observed that sketch fidelity is at the
middle level in most tools, besides the general low level, accord-
ing to our definition in tablel. Despite the differences in design
objects in different design disciplines, the ability of sketch to
support efficient and rapid visual representation of objects that
become more complex. The ability to represent and convey a
degree of fidelity (2d) may still be difficult to replace by other
simpler (1d) or more complex approaches (3, 4d).

Discussion and future work

This study has explored the changes and differences in the
role and function of the sketch in traditional and contempo-
rary design. It provides some preliminary findings and insights
into how to address and improve some of the current gaps
and conflicts between design disciplines. It also gives some
ideas about changes in design education and the profession-
al skills or knowledge that designers will need in the future.
Regarding the dimensional expansion of the sketch. For tra-
ditional design, the techniques to be learned and the knowl-
edge of design theory from interdisciplinary sources has in-
creased. And for modern design, the understanding of sketch
characteristics may need to be improved to save time and
cost in the design process.

Based on the analysis of the complexity of sketch, some
possible gaps can be identified, i.e, traditional design disci-
plines can be educated more towards the development of
design representation skills, while contemporary design disci-
plines are educated more towards the development of logical
thinking and the training of design tools with a fixed framework
and practical team exercises. Therefore, a mutual learning pro-
cess between the contemporary design disciplines, with their
emphasis on logical and systematic thinking, and the tradition-
al design disciplines, with their emphasis on practical training,
could help to mitigate the conflicts within the disciplines (i.e,
the gap between the slowly changing design disciplines and
the rapidly changing business environment that demands de-
sign talent).

This study argues that the difference in criteria for judging
sketch fidelity is largely due to the difference in design objects
between traditional and contemporary design. The contempo-
rary design discipline is more concerned with designing ser-
vices to meet a range of customer needs and incorporating
products that enhance customer satisfaction. In contrast, tra-
ditional design is concerned with designing products to solve
customer problems, focusing on practicality, design, durability,
etc. While each has a strong focus on interdisciplinary collabo-
ration, modern design is more likely to integrate the experience
and knowledge of different disciplines than traditional design,
which once had clear disciplinary boundaries.




Therefore, a more inclusive and open-minded approach to
the traditional design education model, such as the develop-
ment of courses in modern design disciplines (e.g, Service De-
sign, Transformative Design), may open more opportunities for
future designers in traditional design disciplines and contrib-
ute to the resolution of (2) conflicts within disciplines or even
(1) conflicts between disciplines.

In summary, based on the review and analysis of sketch in
various design disciplines from the perspective of (3) conflicts
between specific tools, this study argues that traditional de-
sign education and practice need to introduce the attributes
and experiences of contemporary design disciplines that fo-
cus on multidisciplinary collaboration. And in contemporary
design education and practice, there is a need to focus on de-
veloping a certain level of theory and knowledge of traditional
disciplines to help build a foundation of knowledge systems in
multidisciplinary collaboration.
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Abstract

Information Architecture (IA) is a digital design process
constituting the structural design of shared information
environments (originally websites and databases) through
organising, labelling, and navigation systems. However, due
to the complexities of cross-channel, pervasive and ubiqui-
tous computing, IA has shifted its approach to consider the
design of information spaces in larger social, cultural and
technological contexts. In practice, values of universality
and certainty have given place to plurality and complexity.
The practice of IA can be explained as an (inter)play between
the science and the art of shaping information to support
usability and facilitate findability. Design Thinking (DT) is a
commonplace approach in IA, and both are means to inter-
connected problem (re)solutions at their core. Ultimately, IA
presents a method of intelligibility design which is no longer
constrained to digital practice.

Censoring information and visuals by and within sub-com-
munities and digital interactive information technologies sets
a dangerous precedent and disseminates strategies of what
does and does not ‘'matter’. The stigmatisation of lesbhians
often results in violent hate crimes, which are emblematic
of social violence against sexual embodied diversity outside
the imperial, (hu)man-, phallo-, hetero-, cisgender-norm. The
vis-a-vis between the epistemic violence of communication
technologies and the real-life brutality of lesbian actualities
points to an expansive system of visual ‘knowledge manage-
ment’, which needs to be addressed in discourse, technology,
and technique.

A more extensive research project explored how un/intel-
ligible lesbian representational practices recursively shape
and are shaped by their interactions with the informatic ar-
chitectures of Instagram’s censorship mechanisms. The re-
search argued that the search and retrieval techniques of
Instagram'’s Explore Tab act as an agent of intelligible (dis)al-
lowance. More so, Instagram'’s shadowbanning, and its prede-
cessor, soft-banning, cannot be separated from policies that
inform it and the foundation of its algorithmic architecture.
However, as participants’ invisibilities and concealed archi-
tectures informed the research project, particular method-
ological challenges became apparent. This paper responds
to the methodological challenges faced when researching

indeterminate problems, opaque participants, and covert
knowledge management of vulnerable materialities and their
representations.

Comparable to research design, DT can be seen as a strate-
gy, a method, or even an epistemology. IA and DT are inher-
ently interdisciplinary, and the collision between traditional
approaches with novel techniques offers the potential to
overcome normative conventions in both fields and pres-
ent alternative assemblages of support. The conceptualised
methodology recursively positions conventional qualita-
tive research practices against DT and IA-informed phases
and their corresponding activities. Specifically, the research
compares data collection methods to synthetic conceptual-
ization; data analysis approaches to understanding and de-
fining design problems; interpretation of findings to ideation;
and evaluation of findings to prototyping. Lastly, the research
troubles both qualitative methods of validation and solu-
tion-led approaches within DT and IA praxis.

Author keywords

Information architecture; design thinking; systemic problem
solving; qualitative research; data collection methods, so-
cial media research; censorship; queer visibility; lesbian rep-
resentation

Introduction

The stigmatisation of lesbians often results in violent hate
crimes, which are emblematic of social violence against
non-normative sexual embodied diversity. Unescapable
homophobia in traditional patriarchal cultures of the global
south, which makes up more than 80% of Instagram'’s user
base outside of the United States, requires lesbians to nego-
tiate layers of visibility due to social factors, interpersonal re-
lationships, and economic implications (Duggan et al, 2015;
Msibi, 2011; Waterhouse, 2019; Smuts, 2011). The fear of stig-
matisation and prosecution often leads queer bodies to seek
(visual) information and validation elsewhere rather than in
mainstream media (Aslinger, 2010; Molabocus, 2010). The
trouble is that this ‘elsewhere’ is not always there. Instagram
has a legacy of censoring queer content. However, #leshian
has faced far more stringent ‘management’ from removing of
all tagged content predating 2015 to the imposed 'soft’ cen-
sorship up to 2017 and, finally, the more covert techniques of
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shadow banning from 2018 onward. Censoring information
and visuals by and within sub-communities and digital inter-
active information technologies sets a dangerous precedent
and disseminates strategies of invisibility and unintelligibility.
The vis-d-vis between the epistemic violence of communica-
tion technologies and the real-life brutality faced by lesbian
actualities points to an expansive ‘knowledge management
system’ that needs to be addressed in discourse, technology,
and technique.

The discipline of Information Architecture (IA) concerns the
structural design of shared information environments to fa-
cilitate findability-come-usability. Although initially applied to
the web and large databases, the practice of IA has shifted
due to the cross-channel, physical and digital complexities of
web 2.0 technologies. IA's fundamental interest now consid-
ers the design of information spaces in larger social, cultural
and technological contexts; in other words, values of univer-
sality and certainty have given place to plurality and com-
plexity (Lacerda & Lima-Marques, 2014). Likewise, Resemi
(2014) affirms that practice-led issues of labelling, website
conventions and hierarchy structures have been replaced by
sense and place-making, design, cross-media, complexity
and embodied cognition. Design Thinking (DT) is a common-
place approach in IA, and both are means to interconnected
problem (re)solutions at their core. Ultimately, DT and IA pres-
ent methods of intelligibility design, which is no longer con-
strained to digital practice. More so, contemporary DT and IA
offer techniques to address (societal) 'knowledge manage-
ment’ problems.

IA solutions are not immediately clear to the end user, pre-
senting disadvantages and challenges but also resilience and
opportunity. For users, the product’s interface, functionali-
ty and content constitute its user experience, and the IA is
only tacitly understood. Fenn and Hobbs (2014) argue that
the disconnect between IA deliverables and user perception
poses an opportunity for the discipline to extend beyond its
current practical application. Conversely, the opaqueness of
information domains’ structural components obscures the
representational logic behind a design but also raises meth-
odological challenges when researching the complexities of
information domains and technologies.

When indeterminate problems present themselves, they do
so as a struggle to determine where a problem-centre lie,
and as with most wicket problems, the problem itself is but
a symptom of a much larger and more systemic problematic
(Buchanan, 1992). As such, it was essential for the research
to move beyond the determinate phenomena of censorship
on Instagram to identify the indeterminate problem-centre
of the technological disallow through information technolo-
gies and the actors therein. The study at large explored how
un/intelligible lesbian representational practices recursively
shape and are shaped by their interactions with Instagram'’s
information architecture, censorship mechanisms and val-
ue-laden, complex and contradicting terms of use. However,
as participants’ invisibilities and concealed architectures in-
formed the research project, particular methodological chal-
lenges became apparent and necessitated a systemic and
strategic approach to problem-solving.

Like research practice, DT can be seen as a strategy, a meth-
od, and even an epistemology in its own right (IDEQ, 2018).
In short, DT is a way of solving problems using a designer’s
toolkit, and because design, like 1A, is fundamentally and
foundationally interdisciplinary, it can be applied to qualita-
tive research approaches of ‘problem-solution’. Be that a way
of overcoming field and methodology issues or grappling with
‘problems’ embedded in research questions or purpose state-
ments. For this reason, rather than considering conventional
research concepts, the research turned to an intra-discipli-
nary approach by interweaving the principles and processes
of DT and IA with conventional qualitative research practices.
In response to the methodological field issues raised above,
this paper critically reframes what can, does and should be
considered research data by employing synthetic conceptu-
alisation. Further, through recursive feedback between DT, IA
and qualitative research designs, the research compares data
analysis approaches to understanding and defining design
problems, interpretation of findings to ideation, and evalua-
tion of findings to prototyping. Lastly, the research troubles
both qualitative methods of validation and solution-led ap-
proaches within DT and IA praxis.

Synthetic Solutions for Qualitative Data Collection
By comparing various design thinking frameworks, Fenn and
Hobbs (2014) illustrate an aggregated design thinking model
with three phases: research, ideation and prototyping. Each
phase frames specific but overlapping conceptual activities,
and the continuum of the phases are iterative and self-reg-
ulating. Equivalently, an IA project is outlined as iterations of
research, strategy, design, and implementation. IA method-
ologies are transient, iterative, and evolving due to temporal
changes, emerging phenomena, and advanced understand-
ing of the referential context that frames user needs (Fenn &
Hobbs, 2014; Rosenfeld et al,, 2015; Resmini & Rosati, 2011).
Congruent to the iterative and recursive methodologies of
DT and IA, Creswell and Poth (2016) posit that qualitative re-
search activities of data collection and analysis as interrelat-
ed and frequently super-imposed.

The entry point of data collection is identifying a site or in-
dividual (Creswell & Poth, 2016). The larger study motivated
both thresholds, but it is valuable to unpack how the individ-
uals that occupy the problem domain were identified and
how their ‘data’ was gathered. Plummer (2011) proposes a
Purposeful Identification of Persons approach with three
typologies of ‘persons’ to demarcate a research milieu. Ac-
cording to Plummer (2011), great persons fundamentally im-
pact their epoch, community or discourse, marginal persons
are embedded in conflicting cultures, and ordinary persons
exemplify the larger culture of the research milieu. By such
consideration, the research acknowledges seminal authors in
the field of IA as great persons. Access to these great persons
is granted through reviewing their literature and consulting
their instructional texts. Identifying individuals who occupy
the conflicting culture of censorship or stand as an exemplar
of technological disallows is more challenging as they refer
to predominantly silent and almost exclusively invisible users
of a social media platform. What the research could do was
uncover traces and utterances of marginal and ordinary per-
sons. Published user accounts reflecting on personal experi-
ences of Instagram’s censorship mechanisms contextualised




these users as research participants. Moreso, this maneuver
frames ‘participant voices’ in the form of their blog and Insta-
gram posts, news articles and references in academic litera-
ture. It is worth noting that this reframing moves beyond tra-
ditional accounts of field observation, interviews and focus
groups. Still, what constitutes participants and their voices in
this account is no less mediated than they would be through
primary data collection methods, as data generated by re-
search activities can only ever be interpretive (Bourdieu cited
in Fenn & Hobbs, 2014).

Creswell and Poth (2016, p.156) urges researchers to consid-
er a multi-phased approach to data collection and recognise
that each phase extends “beyond the typical reference point
of conducting interviews or making observations” Once the
research site is selected, a researcher must evaluate the
most appropriate data collection approach, and due to the
exponential growth enabled by (information) technologies,
a researcher will have to collect multiple data from multiple
sources. More so, considering the ethical representation of
volumes of data across information channels, a researcher
must develop a systematic but flexible protocol for captur-
ing data. (Creswell & Poth, 2016, Ellingson 2011, Jackson &
Mazzei, 2012). Rosenfeld et al. (2015) recommend a Noah’s
Ark approach when undertaking content analysis. A Noah's
Ark approach aims to capture a ‘couple of each species’ data
types. The range of formats, in turn, must span textual, au-
dio-visual, interactive materials and resources to represent
‘'surrogate’ records of the environment. Rosenfeld et al. (2015)
locate that what you may find in a content analysis may not
match the vision, techniques and technologies, strategy or
quality of information put forward by an organisation. By un-
dertaking a content analysis, a researcher can “identify and
address the gaps between top-down vision and bottom-up
realities” (Rosenfeld et al, 2015, p.323).

The research mapped the navigation flow of Instagram’s
Community Guidelines Portal and Help Centre to represent
a surrogate record of Instagram'’s top-down vision. Addition-
ally, the research iteratively engaged the ‘voice of Instagram’,
Instagram Blog, as a representative of Instagram’s organisa-
tional culture and politics. The bottom-up realities were cap-
tured by recording four biannual episodes of #lesbian con-
tent on Instagram’s Explore Tab feed through screenshots
and vocabulary mapping. In reference to Creswell and Poth’s
(2016, p.159) Compendium of Data Collection, the collection
of audio-visual material includes “"examining physical trace
evidence” and "examining favourite possessions or ritual ob-
jects”. Although the Explore Tab feed may not be considered
physical trace evidence, it is nonetheless trace evidence of
material representation. Additionally, #lesbian can be consid-
ered a ritual object of identification and identity representa-
tion (Palmer, 2015). Therefore, the user accounts detailed
above also indicate the bottom-down realities of queer users
on the platform.

While the research offered recommendations to address
data collection concerns, primarily informed by I1A's approach
to content analysis, what to do with this data is still to be dis-
cerned. To follow is the account of how - through qualitative
approaches, DT principles and IA processes - data becomes
information.

(In)Forming Qualitative Methods of Data Analysis
through DT and IA Research

The research phase in DT concerns understanding the ‘soci-
etal world' within which the final design solution will exist and
intervene. The user-centric approach of DT and IA maintains
that meaningful solutions must acknowledge and address
user needs and desires as they emerge (and evolve) from
their cultural, social, economic and political contexts. Corre-
spondingly, Fenn and Hobbs (2014) advocate that more than
understanding a user’s phenomenological context, a design-
er must consider the user’s epistemological framework or
how they think and justify their actions. DT research can, as
a result, conceptualise the interpretation of the context from
which the problem emerges and the “relational social logic”
of a meaningful solution (Fenn & Hobbs, 2014, p. 14).

Alike the iterative nature of DT and IA phases and processes
and the series of interrelated activities required in data collec-
tion, Creswell and Poth (2016, p.150) argues that the course of
analysis and data visualisation are "interrelated and often go on
simultaneously”. Consequently, qualitative research conceptu-
alises the practice of data analysis as a spiral. The entry point
to the Data Analysis Spiral is data, or rather volumes of data
produced through rigorous research exploring the complex so-
cial reality of a design or research problem. The data ‘as is' is a
messy and unruly collection of 'stuff’ and therefore requires a
sort of ‘management’ which constitutes the first loop on the
Data Analysis Spiral (Creswell & Poth, 2016, p.185). According
to Creswell and Poth (2016), a researcher typically organises
data into (computer) files, followed by converting files into “ap-
propriate text units” in preparation for analysis. It is worth not-
ing that the preliminary stage of data analysis constitutes add-
ing data to data. More than creating a meta-data schema for
easy information retrieval as an information architect would
do, adding data to data also appends meaning to the data set.

The research phase of IA entails gathering and reviewing
background materials and current strategies. Put differently,
IA research establishes the existing structural framework of
the information site. The high-level framework, or contextual
understanding of an information environment and the user’s
needs and behaviours, sets the foundation upon which an 1A
strategy builds. Similarly, once the unruly collection of data is
managed in qualitative research, the data is set to be ‘'read'.
Reading and memo-ing present the second loop in the Data
Analysis Spiral. In this phase, the researcher immerses them-
selves in the data set to develop a holistic understanding of
the information before abstracting it (Creswell & Poth, 2016).

At "the heart of qualitative data analyses” is the third loop of
the data analyses spiral, where a researcher describes, clas-
sifies, and interprets data into codes and themes (Creswell
& Poth, 2016, p.186). Detailed description entails recounting
what the research ‘sees’, but of particular importance is that
the detailing is provided within the context of the persons,
places or events. Between analysis and interpretation, the de-
signer, information architect and researcher stand as a con-
duit. The tension of data becoming information through the
conceptual activities of the designer or researcher is best de-
scribed in DT and IA’s ideation phase. Furthermore, ideation,
as framed by DT and IA, is comparable to the interpretation of
qualitative research findings.




(In)Forming Qualitative Interpretation

of Findings through DT and IA Ideation

A key characteristic of the ideation phase in DT and IA is that
activities of constructing, understanding and creating a design
connect in a mutual relationship. In the seminal text, Dilem-
mas in A General Theory of Planning (1973), Rittel and Web-
ber argue that one cannot understand and then solve. To this
account, a researcher, a designer and an information architect
cannot understand a problem without first understanding its
relational context. Moreover, these actors cannot meaningfully
find information without a form of orientation. Rittel and Web-
ber define the pivot that enacts useful information gathering
as a "solution concept” (Cited in Fenn & Hobbs, 2014, p.14). By
placing the context of a problem and the potential solutions
in an iterative loop that cyclically and reciprocally edits the
understanding of both fields, an artificial solution transforms
into a problem/solution conjecture. Through multiple cycles
of recursive feedback, a corresponding problem-solution pair
become apparent. Fenn and Hobbs (2014, p.15) elaborate
that the conceptual process of formulating matching prob-
lem-solutions allows solutions to emerge from a “designer’s
analysis, categorisation, structuring, organisation, prioritisation
and consideration of the rich data!. The evolving solution, or
best-matched problem-solution pair, reciprocally reduces the
range of relevant data. In this way, only the data that will im-
pact a more advanced understanding of the problem-solution
conjectures amalgamate to form new meanings and develop
better possible solutions.

Haverty (2002) presents a corresponding interconnected
and iterative process in the practice of 1A, known as Con-
structive Induction (CI). Cl employs two intertwined search-
es to generate a design solution. The first search requires
identifying the most adequate representational framework
for the problem. The second search involves locating the
best design solution within the representational framework.
The intertwining is how the synthetic design solution trans-
lates back to the problem now situated in a representational
framework (Haverty, 2002). In the context of Cl, a representa-
tional framework signifies the constraint on user interactions
through information platforms, technologies, and policies.
This research argues that the concept of a representational
framework can extend to qualitative research approaches
(such as ethnography, narrative, phenomenological, ground-
ed theory, and case study designs) or theoretical lenses (such
as post-classical discourses) employed by the researcher, as
they frame both the research question and approaches nec-
essary to address the research question.

The interpretation of qualitative research requires abstrac-
tion beyond codes and themes into more amassed meanings
or better problem-solution pairs. To demonstrate, Creswell
and Poth (2016) posit that the information is further ab-
stracted once thematically coded by organising and catego-
rising them into larger ‘meaning units'. In qualitative research,
what reifies the interpretation of data is representing or vis-
ualising the data-now-information in text, tabular or figure
form (Creswell & Poth, 2016). In the practice of A, the data
gathered and interpreted as (relevant) information is devel-
oped into a high-level strategy. The high-level strategy, in turn,
informs IA design. In the design phase, an information archi-
tect creates detailed visual representations of the high-level

strategy through conventions such as sitemaps, wireframes
and metadata schemas (Rosenfeld et al., 2015). What follows
ideation in DT and design in IA is prototyping and implemen-
tation. Similar to qualitative research’s evaluation of findings,
prototyping is not a concluding action or phase. These con-
ceptual activities rather stand as a trigger for further iteration
until a meaningful problem-solution pair emerges or solid hy-
potheses are crafted in response to a research question.

(In)Forming Qualitative Evaluations

of Findings through DT and IA Prototyping

The iterative conceptual repositioning of problems and solu-
tions informs the generation of design outputs. Generating
becomes generative, and the feedback between the research
and ideation phases develops into the prototyping phase.
Equivalently, the implementation phase prescribed by IA is
where information architecture is built, tested, and launched
through organising and tagging content, improving processes,
and developing policies. The implementation phase ensures
that the information architecture can be maintained and im-
proved over time as prototypes are iteratively validated against
context, content, and users' needs and behaviours (Rosenfeld
et al, 2015; Harverty, 2002). Haverty (2002) argues that this
process ensures the quality of an IA solution as it avoids reduc-
tionism which manifest through a series of abstractions.

Criteria that evaluate qualitative research findings are replete
with strain, not because the concept of quality is subjective
but because it is contextual. Therefore, Howe and Eisenhardt
(cited in Creswell & Poth, 2016) suggest that broad, abstract
standards are the only way quality can be assessed. Con-
versely, evaluating quality in DT and IA is antithetical to broad,
abstract terms because the synthetic concept is reified in
each iteration to be the most appropriate, but not necessar-
ily the only, solution within the conceptual framework of the
problem. Moreso, evaluating the quality or appropriateness
of a design solution by broad abstract standards proposes
that the design solutions respond to broad abstract problems
rather than contextual and often systemic problematics.

According to Fenn and Hobbs (2014), DT and IA are oddly
framed in product-led fields, and systemic design problems
are often obscured as product problems in briefs drafted by
stakeholders. If products, as opposed to ‘appropriate’ solu-
tions, are automatically applied in response to a design prob-
lem, they fail to engage with the complexities that emerge
from design research and early ideation. Applying a generic
product as a solution further implies that design problems
share the same data and research setting. Consequently, a
generic product effectively erases the design and research
concerns which emerge from particular histories, cultures,
knowledge systems and narratives. What is obscured is of-
ten tied into socio-political actualities, and more than under-
mining cultural values, generic responses to contextual and
systemic problems may be ecologically and economically
unsustainable (Fenn & Hobbs, 2014).

Truisms of universality and generality also encumber quali-
tative research. Referential to product-led disciplines, hard
sciences often question the reliability and validity of qual-
itative enquiry, and in response, some qualitative research
designs will adopt positivist and constructivist terminology




to facilitate acceptance by the harder sciences (Creswell &
Poth, 2016). Conversely, other qualitative enquiries aim to
recontextualize the universal underpinnings of validation by
substituting the criteria with more naturalistic research terms
such as credibility, authenticity, transferability, dependability,
consensual validation and referential adequacy (Creswell &
Poth, 2016; Lincon & Guba, 2011; Eisner, 2017). Two things are
worth noting. Firstly, the substitution of generic universality
through qualitative criteria, as listed above, draws parallels to
the conceptual activities of ideation, where representation-
al frameworks are evaluated against problem-solution con-
jectures. Secondly, supported by the critical repositioning of
solution-led design instead of product-led approaches, DT
and IA strategies can reframe qualitative ‘assessment’ away
from abstract criteria to iterative validation strategies such
as prolonged engagement and persistent observation, trian-
gulation, and thick description.

Conclusion

In summation, the research required to understand a design
or societal problem produces vast amounts of information,
and understanding the complexities of design research data
through synthesis can be considered the critical act of problem
resolution. The conceptual process of formulating matching
problem-solutions allows design solutions to emerge through
analysis, categorisation and prioritisation of rich research data.
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Abstract

In recent years, the term ‘transdisciplinarity’ has been widely
applied to a range of collaborative design approaches ranging
from inter- to multi-disciplinary co-production. While each of
these forms of co-production have their place, many of these
approaches are branded, tokenistically, as transdisciplinary.
According to Toomey et al. (2015), a transdisciplinary mode of
collaboration is one that looks beyond bridging divides within
academia, to engage directly with the co-production and use
of knowledge from within and outside of the academy. Within
the context of design specifically, the term ‘T-shaped designers’,
championed by IDEO’s Tim Brown, is often used when promot-
ing design thinking to tackle complex problems, which compris-
es multiple stakeholders and typically occurs within a team set-
ting. The vertical leg of the ‘T’ represents disciplinary depth (such
as the various skills in design) and the horizontal bar suggests
the application of these skills across a breadth of other contexts.

For this paper, we extend the interdisciplinary nature of the T
to a transdisciplinary one. That is, we move from the traditional
T-shape as a base, and propose how transdisciplinarity can be
used not only to foster a heightened sense of social awareness
in students, but to inculcate civic values that will be transferable
beyond the academy; ultimately in their professional practice.
In this way, as the vertical stem deepens, civic graduate com-
petencies are nurtured and the T transforms into a plus. We
illustrate this transformation by presenting an exit-level BA In-
formation Design curriculum-related project. As a collaboration
between the University of Pretoria (UP), South Africa (SA), and
the University of Roehampton (UR), United Kingdom, the pro-
ject was delivered in a meaningful transdisciplinary way, where-
by students co-produced a series of accessible and engaging
infomotions (information visualisations in motion) - a visual
toolkit of sorts. The infomotions, which disseminate strategies
for effective partnership, are aimed at early childhood interven-
tion practitioners in South Africa. Specifically, the infomotions
serve a communicative and mediative role between therapists
and health practitioners, early childhood educators and family
and or caregivers as they collaborate on various early childhood
interventions that help young South African children (O to 6)
who may have or be at risk of developing special educational
needs, disabilities and/or developmental challenges; challenges

that were highlighted at the height of the Covid-19 pandemic.
Atits core, the project serves to highlight the value in transdisci-
plinarity as an effective model for collaboration in ECI in South
Africa and indeed across the globe.

Author keywords

Design education; transdisciplinarity; information visualis-
ation; South African design; design for development; early
childhood intervention.

Introduction

As a reflective practice (Schon, 1983) that's adept at tackling
humanity’s wicked problems - such as climate change, edu-
cation, equality, health, and wellbeing — design is inherently
collaborative and social in nature. Now more than ever, Her-
bert Simon's (1969, p. 129) seminal definition of design that
“[e]veryone designs who devises courses of action aimed at
changing existing situations into preferred ones” speaks to the
transformative potential of design. For example, in contempo-
rary design practice, cross-disciplinary partnerships are evident
across a myriad of design practices; co-, participatory-, social-,
transformative- and service- are just some adjectives that are
used nowadays to denote that design approaches transcend
predefined, historical silos of working independently.

Cross-disciplinary partnerships have also increased, given
the popularisation of design thinking as a problem-solving
methodology. While design and designers increasingly oc-
cupy a space in the front-end of innovation, the application
of a design thinking approach is sometimes more of a fad to
drive innovation (Johansson-Skoldberg et al., 2013). As such,
collaborative design approaches are sometimes conflated
with being inter-disciplinary and multi-disciplinary, and are
thus labelled as being transdisciplinary. Using this critique as
a springboard for investigation, we aim to elucidate a trans-
disciplinary approach specifically from a South African de-
sign education perspective. To this end, the paper presents
a triangular interest in contemporary design practice, trans-
disciplinarity and design higher education. The paper begins
by outlining the history and nature of T-shaped professionals
as it appears in extant literature. Next, we provide a working
definition of transdisciplinarity before presenting a curricu-
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lum-related BA Information Design (ID) project. Ultimately,
the analogy of shifting from a T-shape to a T+ guides the dis-
cussion for transdisciplinarity in design higher education.

Doing thingstoa T

According to Ing (2008), the term “T-shaped skills” is cred-
ited to David Guest in an article that appeared in London’s The
Independent newspaper in 1991. This was followed by its use
by Marco lansiti (1993) in an article titled Real-World R&D:
Jumping the Product Generation Gap. Citing lansiti, the term
was subsequently used at length by Leonard-Barton (1995);
the context was a study "of R&D groups in system-focused
companies, emphasising skills within a team as a whole” (Ing,
2008). The term was also related broadly to problem-solving
instances. During the 1990s, the focus on T-shaped profes-
sionals shifted towards a more specific role, namely T-shaped
managers. This shift was informed by a move away from a
more linear form of management style during the industrial
age (Ing, 2008). It became necessary for professionals to not
only have depth of knowledge of their discipline or area of spe-
cialisation but increasingly a breadth of knowledge or under-
standing of other disciplines too. Hence, this dual need informs
the pictorial representation of the T-shape where the stem of
the T represents disciplinary or functional skills, and the cross-
bar of the T connotes application of knowledge across a broad-
er range of contexts, and end-users.

Owing to the scope of skills required to address wicked social
and cultural problems, the general concept of T-shaped pro-
fessionals has since been adopted in design, management and
innovation discourse. In particular, the term gained popularity
by Brown (2010) who championed the notion of designers as
T-shaped people when promoting design thinking, the nature of
optimal work teams (which alludes to co-creation) as well as
organisational culture and hiring employees. Peter's (2012, p.
65) explanation of Brown is that “the T-shaped designer pos-
sesses a principal skill of, let's say, industrial design (vertical),
as well as an empathic or inquisitive nature that encourages
branching out into other skills, such as anthropology (lateral)".

What's significant with regard to T-shaped designers is
Brown’s argument that the horizontal crossbar of the T is
composed of empathy “... because it allows people to im-
agine the problem from another perspective - to stand in
somebody else’s shoes” (Brown in Hansen, 2010). Further-
more, Brown highlights “active listening” as a form of empa-
thy. Active listening is a trait that is seminal to our argument,
and we return to it in more detail in the case study section.

The concept of T-shaped individuals is also evident in educa-
tion-related discourse, which traverses different disciplines.
For example, it can be found in design (Peters, 2012), medi-
cal (Donofrio et al.,, 2010), STEM (Conley et al, 2017), and en-
gineering education (Tranquillo, 2017). The recurring theme
in educating T-shaped students across different disciplines
concerns nurturing students who will become graduates
with attributes that will not only support them in advancing
professionally, but also personally as critical citizens.

Transdisciplinarity and the higher

education landscape

Transdisciplinarity in education is not always a categorically dis-
tinct term; it is often used interchangeably with inter- and mul-
ti-disciplinary practices. However, in a recent literature review
study titled "Higher education, the arts, and transdisciplinarity”
van Baalen et al. (2021, p. 24) present a continuum “moving
from buzzwords to a theoretically delineated usage — to make
sense of the use and conceptualization of transdisciplinarity”.
While it is not our intention to unpack this continuum, we align
our research with an intentional theoretical usage of the term
and not merely as a tokenistic adjective to describe our case
study. Moreover, we show how design did not occupy an "in-
strumentalized position” where design approaches were used
by other disciplines. Instead, a transdisciplinary approach was
adopted whereby a new space of interaction was created be-
yond the traditional disciplinary bounds. Thus, the following
understanding of transdisciplinarity, ineducation, serves as our
working definition: “Trans-disciplinary work moves beyond the
bridging of divides within academia to engaging directly with
the production and use of knowledge outside of the academy”
(Toomey et al, 2015, p. 1). A visual comparison by Jensenius
(2012), as seen in Figure 1, makes explicit the differences be-
tween the broad range of disciplinarities.

Figure 1. Visualisation of the nature of different disciplinarities (Jensenius, 2012).

Transdisciplinarity is fast gaining ground in institutions of
higher education both globally and locally. This is not surpris-
ing as higher education is also expected to evolve and adapt
to changes to prepare graduates when applying their skills
in the real world. Consequently, there is a universal move to
outline graduate attributes, which aim to strengthen the
links between what is taught and what skills are necessary
not only for graduate employment but also in context of the
socio-economic-political needs. At our home institution, “[t]
ransdisciplinary research has long been part of the University
of Pretoria’s [UP] key strategic vision” (Kupe, 2022). It is also
clearly noted by UP's Department of Institutional planning
that graduate attributes “are aligned with the human capital
needs of the economy and society, need to encapsulate both
universal and particularly South African demands and develop
in students critical citizenship” (University of Pretoria, 2023).

Case study: infomotion

Following this imperative, we introduced transdisciplinarity in
our undergraduate ID programme. The ID course appreciates
that design does not exist in a social vacuum; rather, it affects
and is affected by larger social concerns and consequently,
students are encouraged to appreciate the outcome of their
work within a broad socio-cultural environment.! This means

1  Oneof akind in South Africa in terms of its broad-based approach, the BA ID programme promotes design thinking through the exposure to and integration of various com-
munication design disciplines. The philosophy in ID is to consider teaching and learning strategies that centre on learning by doing, hermeneutic enquiry, experiential learning,
balancing theory with practice, and encouraging both individuality and civic responsibility




that the pedagogical strategy aims to prepare students to
work within the expansive domain of humanist or social-
ly-oriented design.

Keeping the social underpinnings of the course in mind, the
following section provides an intimate overview of a fourth
(and final) year student animation project conducted in
2022. It was delivered by a team of lecturers, led by the au-
thors and Alexander Melck (Phlogiston). The project serves to
highlight the value in transdisciplinarity as an effective model
for collaboration in early childhood intervention (ECI) in SA
and across the globe. As we demonstrate, the practice-lead
project, whereby students engaged with and gained valua-
ble field insights from ECI practitioners as well as the project
team, is fundamentally transdisciplinary in its conception
and execution. That is, it is not merely an interdisciplinary
project in which students engage with different fields of ex-
pertise at different points in the project. At its core, the stag-
es of the project are led by two principal lecturers, who not
only provide a sense of continuity in facilitating these ongo-
ing interactions, but also help students to filter and leverage
the diverse perspectives and focus their project outcomes
in order to create innovative and impactful design solutions.
Moreover, although our focus is on this practical project, it is
worthwhile pointing out that it formed part of a larger ECI re-
search initiative. That is, in its broader conception, the design
contribution lies in distilling complex, dynamic and intercon-
nected ideas gleaned from the research.

The research initiative, led by Dr Susana Castro-Kemp (UR),
sought to identify current practices and challenges faced by
ECI teams in delivering interdisciplinary provision for young,
vulnerable children. In collaboration with Prof Shakila Dada
(UP) and Dr Alecia Samuels (UP), the initiative looked spe-
cifically at ECI in SA. A national survey with ECI practitioners
across disciplines was conducted, followed by more in depth
virtual focus groups and telephone interviews .

The team identified a range of challenges specific to the lo-
cal ECI context. Notably, the researchers found that owing to
the high level of poverty, 30-50% of households are not able
to meet basic nutritional needs, let alone consider any sort
of specialised medical treatment for children with signifi-
cant developmental needs (May et al,, 2020). Moreover, the
study notes a significant shortage of ECI practitioners avail-
able to the public health sector. At least two million children
in SA live with disability. Unfortunately, as of 2019, 70-80%
of children with disabilities (CWD) are reliant on the public
healthcare sector, which accounts for less than 20% of the
registered ECI practitioner workforce (Kathard et al, 2020).
To respond to these challenges, the research outlines three
overarching strategies. Firstly, the researchers address the
efficacy and resource intensity of different modes of col-
laboration in ECI and suggest that a transdisciplinary model
is more sustainable in terms of manpower and continuity in
treatment. Secondly, in order to achieve effective transdisci-
plinary collaboration, the research promotes various modes
of open and constructive communication involving active
listening and joint decision-making as a way of building trust

between practitioners and reaching consensus about the
child’s needs. Finally, the researchers found that collabora-
tive ECl is most effective when it is family-centred, whereby
families are considered as part of the team of experts and
are empowered in the decision-making process with regard
to care for their children so that intervention is more likely to
continue at home.

With these strategies in mind, the researchers collaborated
with our ID division, to develop a series of motion graphics
that unpack these strategies in a meaningful and accessible
way. The aim was to produce a series of infomotions (infor-
mation in motion) - a toolkit of sorts - that serve a commu-
nicative and meditative role between therapists and health
practitioners, early childhood educators and caregivers as
they collaborate on various interventions that help children
(ages 0 to 6) who may have or be at risk of developing special
educational needs, disabilities and/or developmental delays.?
As a set-up for the practice-based project, students were di-
vided into nine groups of five. The research and findings gath-
ered in the first phase of the project were distilled into nine
abstracts (divided into three categories) each subsequently
informing the respective student groups as they progressed
into the research and conceptualisation phase of the project.

During the conceptualisation phase of the project, students
were encouraged to conduct supplementary research in a va-
riety of ways. To start with, students took part in a story-build-
ing workshop, where they unpicked the key elements of good
storytelling. The idea of the workshop was to develop a sense
of narrative thinking; to gain insight into the way we internal-
ise information so that students produce meaningful stories,
as opposed to stalg, instructional videos. From there, groups
worked through and pitched several ideas, each revolving in
some way around metaphorical analogy; comparing the core
problem statement in their research to an accessible or relat-
able phenomenon.

The next phase was scriptwriting, where students began to
translate their concepts into a workable, tangible structure.
While still exploratory in nature, groups untangled structural
concerns such as logical flow, repetition, abbreviation and inte-
grating case study examples. Students were also given further
classes on script-writing practice, again with an emphasis on
narrative storytelling. The focus here was to develop a story
arc, through writing and structure, the rhetorical nuances in
narrative writing and lessons on the value of micro-editing to
inject voice and texture to a piece. For example, the first group
was tasked with describing not only what the concept of col-
laboration is in theoretical terms, but also show in a meaning-
ful way, how this concept has practical and immediate value
to their practice. ® In order to do so, the group used inversion as
a rhetorical strategy to contrast the practice of ‘do-it-yourself’
(D.Y.) versus collaboration. In the script, the designers flesh out
statistics that describe, with some whimsy, the follies of D.LY.
in day-to-day home improvement; construction gone awry,
broken bones and missing appendages. At the halfway point
in the script, these 'mishaps’ are described as reasonably ‘fix-
able' since one is always able to “rebuild, repaint and reattach”

2  Toview the nine infomotions, visit https://youtube.com/playlist?list=PLMKCPojH7a7lyQ83LDsOnWpAWURSCETMN (Information Design, 2022).

3 To view the infomotion entitled Why collaboration matters in early childhood intervention, visit https://youtu.be/p81buijyxPI (Information Design, 2022).




In contrast, the script concludes that this is not the case when
it comes to EC], since the first six years of a child’s life are de-
velopmentally fundamental and are not as easily redone’ if a
mistake is made. Hence, ECI is not a do-it-yourself project, but
requires timely collaboration.

Importantly, at this point in the project, the groups were put in
touch with ECI practitioners, via an online chat platform, Slack.
This proved to be helpful to the script-writing process, since
students were able to use the insights and real life stories they
gleaned, to help ground some of the more abstract research
concepts they were dealing with and that had to be distilled in
an accessible way. A good example of this is in the case of one
group who tackled the topic of ‘why families are important to
ECI'* The students' research exposed them to a myriad of oc-
cupational and physical therapy intervention techniques that
can be continued at home. In order to avoid simply negotiating
different viewpoints by listing an overwhelming array of tech-
niques in the script, students depict a simple scene that mim-
ics an actual scenario of an occupational therapist teaching
parents of a CWD a mirroring technique to help with physical
and mental coordination. Interestingly, in recalling the experi-
ence to the students, the practitioner also happened to men-
tion that owing to the particular child's difficulty with main-
taining eye-contact, it was the child's mother who suggested
that the activity be modified to where they do it without fac-
ing each other. After months of initially stalled treatment, this
slight modification had a substantial impact on the child’s up-
take of successive techniques.

Working with various ECI practitioners also brought to light
an incongruence in the initial narratives across the first four
research themes. Initially the second and third infomotions
were meant to be summaries of three models of collabora-
tion (multi-, inter and transdisciplinary collaboration) with the
fourth as a conclusion that transdisciplinarity is the preferred
model. What became clear however, was that there was an
assumption that transdisciplinarity may be viewed as the
preferred model simply because it is listed as the third mode.
Therefore, in the interest of accessibility for knowledge dis-
semination, it was important to first unpack the strengths
and weaknesses of the former models, but specifically as a
point of contrast. And so, in discussion with the groups, the
disciplines came together to find a consistent, overarching
metaphor, of modes of water-dissemination, as forms of col-
laboration that occur in nature.®

After several iterations of the scripts, students recorded a
rough edit as a prototype to present to the project lectur-
ers, researchers and ECI practitioners.. The prototyping was
used to gain a bird-eye view over continuity between the nine
scripts as a whole. That is, how certain concepts described
in earlier infomotions are ultimately clarified, picked up on
or circulated without unnecessary repetition in later ones.
Secondly, the researchers and practitioners were particularly
helpful in identifying incongruencies in use and application
of terminology. Upon finalisation of the scripts, students col-
laborated with sound producers and a voice over artist from
UP's local radio station to record the scripts. At this point, stu-

dents were taught how to direct the voice over artist in terms
of toneg, texture, mood and pronunciation to ensure that the
target audience receives the message in an accessible and
engaging way.

Next, students begin to consider and develop a visual style
for their infomotions that is not only conceptually appropri-
ate to the research theme, script and narrative, but appro-
priate for the intended audience. At the same time, students
are required to consider scene-to-scene animation by way
of a storyboard. Storyboarding, as a type of visual shorthand,
helps students to work through and prototype the relevance
and meaning of several narrative ideas fairly quickly, without
committing to hours of work that goes into just a few sec-
onds of animation.

Students then moved onto the audio-mixing phase. This is ar-
guably the most important technical aspect to an infomotion
since, in most cases, the audio guides the pacing and rhythm
of the animation for the viewer. Where syncing to the voice-
over most obviously guides the pacing of a motion piece, stu-
dents are taught to pick up on, enhance and add audible chang-
es in the backing track to help create drama through climax
and anticipation. Moreover, backing tracks and sound effects
were also employed to help shape the atmosphere for a piece.

Students then begin to animate. As a form of animation, info-
motion affords the designer time and sequencing as tools to
unfold a meaningful narrative. Motion graphics need to evoke
rhetorically powerful signs and symbols quickly in order to ef-
fectively and intelligently communicate complex concepts.
Therefore, they should communicate singular, accessible
concepts. In other words, in promoting accessibility in the
production and dissemination of knowledge, students were
encouraged to simplify the scene-for-scene depictions to
produce focused ideas, one at a time. If more than one idea is
communicated per scene, there is a chance that the anima-
tion may confuse or overwhelm the viewer.

As part of the ID degree, there is a strong emphasis on the
value of reflection as an analytical and developmental tool.
For this reason, students were briefed, at the onset of the
project, to document their research, critical thinking and de-
sign processes; from concept, storyboarding and animation
to working with and across disciplines. Students had to con-
sider moving from their initial insights to developing a more
robust and thoughtful concept. Students had to consider, for
example, what they might have originally assumed would be
an appropriate conceptual solution compared to what was
ultimately gathered from the transdisciplinary interactions .
Ultimately, owing to the transdisciplinary focus, students re-
flected on howy, if at all, consultation with fellow group mem-
bers, project leaders, the client and ECI practitioners helped
to evolve their thinking and design approach.

Developing T+ cdesignhers

The aim of the transdisciplinary project was both pedagogic
and practical. The project facilitated epistemological develop-
ment of design students. More significantly, they learnt about

4 To view the infomotion entitled Why families matter in early childhood intervention, visit https://youtu.be/KLRPNFKBFIQ (Information Design, 2022).
5  Toview these three infomotions, visit https://youtube.com/playlist?list=PLMKCPojH7a7)capKaSIHO4Fsv_UIOJchZ (Information Design, 2022).




the co-production of knowledge as it relates to the idea of de-
sign as a relational practice, comprising reflective as well as re-
flexive processes. Students engaged with research for design
from a different perspective, to script a ‘new’ narrative.

Although the project constitutes various research phases,
the reason we focussed on the practical component specif-
ically is twofold; as design is a field invested in critical think-
ing and problem-solving it is typically the case that designers
are required to develop a deep understanding of the problem
at hand in order to thoughtfully consider the research initi-
ative and its initial findings and strategies, but then also to
communicate these findings to the end user in an accessi-
ble, intelligible and meaningful way. Through a real-world pro-
ject, students experienced first-hand that design serves as a
throughway between the research and end users, and is able
to distil possible communicative gaps in both the acquisition,
dissemination and uptake of research.

With regard to the traditional T-shape, the design education
context of the project facilitated areas of professional design
practice; students were expected to apply disciplinary depth by
synthesising and building on their design skills, scaffolded over
their former years of study (the vertical leg of the T). Perpendic-
ular to this, the complex nature of ECI in SA introduced different
contexts, stakeholders - including research and end-users - and
disciplines to the students (the horizontal bar). The breadth of
engagement required students to broaden their worldviews;
it highlighted that their design decisions need to be informed
through cooperation, collaboration, prototyping, and dissemi-
nation and not only imagined by their preconceptions.
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Abstract

In reflecting on two teaching units, this paper analyses the re-
lation of design to environmental awareness, thus gaining ar-
guments to combine speculative approaches with designerly
material knowledge and the social practice of commoning in
design education. Criticising the linear paradigm of existing
design programmes, it argues for redefining design education
as an agent for change furthering transformation in the de-
sign field.

Starting from the perception of the current socio-ecolog-
ical crises, condensed in the disputable term Anthropocene,
the paper discusses how to open new ways of conceptualising
design education through redescribing the situation, adapting
a critical notion of design history, and reevaluating the specula-
tive heuristics of design in a MA Design programme.

The second part discusses combining circular design strat-
egies with ‘designerly material knowledge’ in the same educa-
tive setting. As an explorative approach, designerly material
knowledge is based on the findings of material sciences inte-
grating a historical and cultural understanding of materiality.
Assuming design unlocks and redefines materiality through ex-
perimental, creative, and prototyping approaches, the question
arises of how to validate this knowledge in the design process
and pass it down to future students. Inscribed with the urgent
need to counter «de-futuring>» practices of unsustainable de-
sign (Fry, 2020), we should speculate about «futuring» design
education. Thus, conceiving a material-based design method-
ology of circular design practices and processes could lead to a
revision of design education and practice and a deeper under-
standing of the role of materiality in the design process.

The third part builds on the assumption that design educa-
tion should heighten the experience of the social embedded-
ness of each design taskin place and time. Instead of designing
discrete objects, design students learn to conceive relation-
ships, interactions, and experiences for and within complex
social systems to achieve potential systems-level change (Ir-
win, 2015). Therefore, design is best described and trained as
a co-design activity involving various actors (Manzini, 2015).
Understanding any short and long-term ramifications of using
resources could benefit from a closer reading of commoning
as a social practice, as discussed in a Bachelor's teaching unit.
Commons are historically contingent (Ostrom, 1990). How
Commons are organised signhifies how societies understand
their embeddedness in any (natural, social, planetary) environ-
ment. Thus, a historical perspective on commoning as a social
practice could help students acknowledge that environmental

issues and eco-conscious practices always form part of social-
ly regulated and therefore designed systems.

In conclusion, the paper discusses the ramifications of
those two specific teaching experiences on their potential to
transform design education into a more circular practice of
educating.
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Introduction

The human-caused altering of the chemical composition of
the Earth’'s atmosphere, the unfolding climate change, the
dramatic loss of biodiversity, melting glaciers, or continuing
acidification of the oceans is threatening the critical zone,
i.e, the thin layer allowing all life forms to live on the planet
(Latour, 2018). These crises threaten societies and environ-
ments, mainly caused by the Global North (United Nations,
2015). As an inextricable part of the history of industrialisa-
tion, design finds itself in the middle of the debate and, with
it, the crucial role of design education.

Witnessing such crises is no longer just a matter of scien-
tists.‘Eco-anxiety’, the chronic fear of environmental doom, de-
spite not yet being considered a diagnosable condition, gained
recognition, as was its disproportionate impact on children and
young people (Rao & Powell, 2021). Fueled by debates in mass
media and illustrated by memes on social media, the feeling
of loss hits people from all backgrounds. Teenagers and young
adults brought the fight against climate change to the streets
in Western societies and into the highest governmental institu-
tions in the late 2010s thanks to social movements like Fridays
for Future or, on a more desperate urge, Extinction Rebellion,
Last Generation, or Renovate. Design students are particularly
concerned by this.According to atraditional understanding that
still widely grounds design education, its methodology remains
defined by the linear approaches of industrial production and
consumption patterns. Therefore, design holds responsible for
the damage caused, as Victor Papanek summed up famously
when he decried designers as “creating whole new species of
permanent garbage to clutter up the landscape, and choosing
materials and processes that pollute the air we breathe!” (1971,
p. XXI) Hence, design does not create the future, according to
its distorted but cherished self-image; it takes our future away,
as Tony Fry (et al, 2015, p. 9) denounced: “In particular, indus-
trial society has brought these, and a myriad other defuturing
things and forces, into being!”
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How can we, as design educators react to this situation?
Even more so, we are affected by the same feeling of profound
loss and confronted with losing credibility as part of an older
generation that could have known better, at least since the
1980ies. Transforming design education entails a thorough
self-assessment of educators, questioning the intensely line-
ar paradigm of prevailing design programmes and coming up
with alternatives. Thus, in reflecting on the debates with stu-
dents during two teaching units on BA and MA levels at Basel
Academy of Art and Design, this paper argues for combining
speculative approaches with designerly material knowledge
and the social practice of commoning in design education.

Starting from the perception of the all-encompassing
socio-ecological crises, condensed in the disputable term
Anthropocene, the first part of the paper discusses how to
open new ways of conceptualising design education in a pro-
ject-based teaching unit at MA levels. The need for this is two-
fold: First, as educators, we are often confronted by students
asking about design's social and environmental responsibility.
Such questions gain acuteness at the end of their basic studies
when they have learned designing skills and methodological
principles. Thus, their unease relates to the foundations of the
professional field for which they are being trained. How can de-
sign education help to transform a professional field perceived
as not future-proof? Second, if we define design as mediating
technology, resources, and policies, our practice indirectly af-
fects existing and creates new environments. Therefore, de-
sign is deeply integrated into sustainable and unsustainable
everyday living, defining behaviour, access, or norms defining
design as always political (Mazé et al,, 2013). Given this entan-
glement, the question arises if and how the policies of design
education can contribute to resolving the crisis.

The second part discusses how the same MA students
combined circular design strategies with ‘designerly material
knowledge' in the project-based teaching unit. Conceiving a
material-based design methodology could lead to a revision of
design education and practice and a deeper understanding of
the role of materiality in the design process.

The third part of the paper builds on the assumption that
design education should heighten the experience of the so-
cial embeddedness of each design task in place and time. Un-
derstanding any short and long-term ramifications of using
resources could benefit from a closer reading of commoning
as a social practice, as discussed in an interdisciplinary theo-
retical BA teaching unit. In conclusion, the paper discusses the
ramifications of those two specific teaching experiences on
their potential to transform design education into a more cir-
cular practice of educating.

Positioning design education in relation

to environmental crises

As Latour (2018) reflected, itis high time to define our situation
in what he considers a fundamental crisis of modernity de-
tached from its material constraints. Beyond the much-need-
ed political activism (in which design educators could take a
much more active part), the crises urge us to redefine where
we are in temporal and spatial terms. To discuss the situation
on a planetary level without nurturing deeply disturbing per-
spectives and prevailing feelings of helplessness and doom,
Latour’s notion of atterissage is of great help. If included at
the beginning of a teaching unit, this opens an ongoing debate
about making meaning in times of uncertainty.

We thus collectively developed a project-based teaching
unit at the master’s level led by Evelyne Roth, Jérg Wiesel, and
the author. The interdisciplinary teaching unit ‘Thinking and
actingin circles’ collaborated with a Swiss outdoor sports com-
pany to develop circular design propositions in the Autumn Se-
mester of 2022. The 15 master students with an international
background and BAs in Industrial Design, Textile Design, Fash-
ion Design or Scenography worked in groups. They aimed to re-
search on how design propositions can help transform a linear
methodology into circular processes and practices. Together,
we structured the teaching unit according to a standard design
process and integrated theoretical inputs on debating defini-
tions, historical perspectives, and the heuristics of speculation.
We started with an explorative investigation of the company’s
products and objects. We immediately integrated practical de-
sigh experiences and reading, open questions and knowledge
gaps into the discourse. Not all students were familiar with the
debate on the Anthropocene or had read the founding texts on
circularity. Nonetheless, they reacted positively to the oppor-
tunity to ask wide-ranging questions about the current crises,
the difficulties in describing them, and how this affects their
positioning in design.

It is no easy task to subject the canon of designing to criti-
calrevision, i.e. to solve or address in a still very linear way clear-
ly defined problems. The underlying rationale of design educa-
tion is still governed by the belief that creation is exclusive to
humans and a means of self-expression for the better of other
humans. Reworking such definitions by learning to describe
the planetary situation otherwise and looking back to find in-
spiration in counter-narratives of design history presupposes a
cognitive level only reached in the MA programme. Here, it is no
longer about understanding design-related terms, methodolo-
gies and theories but about critically examining the underlying
notions, even if this may deconstruct long-held beliefs.

What words? Relearning to describe

the current situation

Perceiving a crisis calls for new terms describing the situa-
tion in its singularity. From a geological perspective, there are
good reasons to rename the current epoch in which signif-
icant changes to the structure and functioning of the Earth
System, including the climate system, are to be observed.
Naming this still disputed new geological epoch ‘Anthropo-
cene' refers to the realisation that human beings have be-
come a global geophysical force.

Besides terminology, beginnings are much debated in his-
toriography, even more so in geological time frames. The rati-
fication process is still ongoing, and thus the beginning of this
epoch remains to be decided definitively by the experts. Of
higher interest, though, is the fact that in the meantime, the
term Anthropocene has become an environmental buzzword
coined by the late atmospheric chemist and Nobel laureate
Paul Crutzen in 2000. In his view, the outcompeting of natural
processes started “about two centuries ago, coinciding with
James Watt’s design of the steam engine in 1784", linking the
beginning of the Anthropocene with the industrial revolution.
(Crutzen, 20086). In an equally influential later publication, he
and his co-authors proposed dividing the Anthropocene into
three stages. The Industrial Age 1800-1945, the Great Accel-
eration since 1945, followed hy a future phase to gain joint re-
sponsibility for the Earth’s system by the global community in
2015 (Steffen et al,, 2007).




Alternatively, the beginnings of the Anthropocene are
traced back to the Great Acceleration period after the Sec-
ond World War and the advent of the nuclear age (McNeill &
Engelke, 2014). This hypothesis will probably prevail as the
stratigraphic and Earth System approaches assess this period
as crucial. Since then, geologists have detected the increasing
worldwide use of synthesised fertilisers in strata, as well as alu-
minium, heavy metals and techno-fossils. Microplastics, which
pollute regional waters and oceans, are entering the food chain
and will probably still be detectable in sediments thousands of
years from now (Waters et al., 2016)

Altering the Earth's system will inadvertently affect us with
all other living species and non-living entities. Thus, ‘Anthropo-
cene’ has vast philosophical and historiographical implications
beyond its geological significance. It designates a shift of per-
spective from living in the "new world"” and being dependent
on it (Holocene) to adopting an active role in (re-)designing or
even creating a "human-made new world” (Anthropocene).

Thus, reflecting critically on the term Anthropocene with
the MA students entailed two propositions, as we collective-
ly worked out in one of the theoretical inputs during the pro-
ject-based teaching unit. First, the hubris engraved in the term
forcibly leads - especially Western thinking - to a turning point
in the definition and perception of the relation between the en-
vironment and human beings, acknowledging that humans are
more deeply entangled with it on a factual and epistemological
level. Therefore, as Donna Haraway points out, alternatives to
describe the situation are much needed. She proposed another
definition for this new age and coined the term ‘Chthulucene’
(from the Greek chthonos, meaning “of the earth”), describ-
ing it as an age "made up of ongoing multi-species stories and
practices of becoming-with in times”, an age in which we must
decenter humans from their adopted central place: "We are
at stake to each other” (Haraway, 2016). It is urgent to decon-
struct the historiographical implications of the term Anthropo-
cene, suggesting that human beings are still moving forward
in their conquest of space and (geological) times, according to
Crist (2013, p. 132). More so, the term wrongly suggests that
humans are controlled by fundamental biological and geologi-
cal processes or even creating them.

Second, we need to understand better how the present
crises are related to their political and historical causes. We
live amidst a full-fledged ecological and socio-political cri-
sis unfolding unfolding as massive global inequity. Such in-
equity forcibly leads to reflecting on the discursive aspects
of the rather generic term ‘Anthropocene’ as it tends to blur
causes and effects. Sociologists, therefore, oppose it, argu-
ing that the current environmental crises derive from over-
shooting the capitalist economy rather than the mere fact
of being human. (Malm & Hornborg, 2014). The term wrongly
reduces “the mosaic of human activity in the web of life” to
an abstract "homogeneous acting unit”, essentially removing
“inequality, commodification, imperialism, patriarchy, racial
formations, and much more” from consideration, as Jason
W. Moore criticised (2015, p. 170). Thus, using the term ‘An-
thropocene’ in non-geological contexts bears the potential
to de-politicising the ongoing crises. Therefore, Latour (2018)
urges us to redefine how and with whom we can sustainably
live in what he describes as the ‘critical zone’, i.e. the fragile
layer allowing all life forms to live on the planet. He suggests
that we must shift our focus to sustain this critical zone and
become ‘terrestrial’, a status he explicitly links to a fundamen-

tal critique of modernity, its underlying paradigm of progress,
and contemporary politics. He further extends this notion to
a critical, participatory relationship to our living world in un-
precedented danger, defining the worldwide situation as the
'new climate regime’. This regime is not limited to ecological
crises but touches on questions of politics, cultural history,
and ethical and epistemological perspective changes. Scru-
tinising design’s role in this process is vital to reformulating
a new ontology of design (Fry, 2020). Design gained critical
attention through the sense of hubris in the term Anthropo-
cene's meaning and its oppressed question of liability.

Counter-narratives of design and its history

The debate on the Anthropocene was further contextualized
during theoretical inputs by a thorough reflection on the his-
torical roots and the canonized, predominantly western un-
derstanding of ‘design’. As an inextricable part of industriali-
sation, design - defined as an ‘interface’ to make technology
available (Bonsiepe, 1999) - finds itself in the middle of the
debate. Crutzen’s reference to James Watt's invention of the
steam engine in 1784 underlines the crucial role of technol-
ogy at the root of the current environmental crises. With the
invention of steam power, the change from agrarian to indus-
trial societies in Europe and North America soon made itself
visible in many areas, including the landscape. Before indus-
trialisation, people used natural forces — wind, running water,
or gravity. With the steam engine, the releasing of chemical-
ly bound energy began, and the new machines were driven
from within, for which they needed fuel, be it wood, coal, or
coke. Energy consumption massively increased starting the
era of extractive industries intricately connected to coloni-
alism, which today puts the primary responsibility of urgent
decarbonisation on the Global North.

The need to protect the forests through sustainable silvi-
culture concerned not only foresters but broader sections of
the public (Radkau, 2011). A hitherto unprecedented burden of
pollutants on the environment became apparent in the 19th
century. In the big cities, people could hardly breathe; the air
was full of smoke, and toxic sulphur dioxide compounds led
to forest dieback on a larger scale. However, as in the Middle
Ages, technical and legal protective measures were still limit-
ed to containing visible and malodorous substances. The belief
in the almost unlimited self-purifying power of nature contin-
ued to dominate. Thus, according to a traditional understand-
ing that still widely grounds design education, ‘design’ is seen
as primarily defined by the processes of industrialisation and
therefore held co-responsible for the damage caused by it.

Still, there is a counter-narrative to the role of industrial-
isation in design. Besides debating the role of design history
in design education, such alternatives open a different grasp
on the potentialities of design in the current situation. The so-
cial and environmental costs of mass production did not go
unnoticed by design itself, from William Morris's utopia News
from Nowhere, published in 1890 (Morris & Kumar, 1995), crit-
ical systemic thinking (Fuller, 1969); (Rittel & Webber, 1973) to
socially integrative (Papanek, 1971), feminist (Buckley, 1986),
or decolonial (Escobar, 2018) approaches that all define alter-
native design methodologies considering environments of all
sorts. In the last two decades, criticism of design in the service
of an industry that externalises environmental damage and
privatises profits intensified, lately propagating approaches
like Transition Design (Irwin, 2015).




The role of the prototype:

Making potentialities tangible

It turned out to be crucial embedding both discursive under-
takings - redescribing where we are and re-writing the histo-
ry of design on the model of existing counter-narratives - in
non-linear, openly discursive didactical settings integrating
them in the ongoing practical explorations of circular design
practices in a predefined and real situation. In this setting, the
MA students were invited to activate their design skills in re-
formulating longtime undisputed design practices and thus
free themselves of the negative and unproductive feelings of
‘being ashamed'’ as designers.

On a theoretical level, this led to rethinking the defining
problem-solving paradigm. Design entails the promise not only
to create solutions to existing problems but to undo or redo
the effects of decisions taken in the past. Thus, the current and
much debated hopes for technical approaches like geoengi-
neering to deal with the devastating effects of Global North's
overconsumption on the climate. In a crisis, however, the prob-
lem-solving paradigm of design concedes to designers the in-
vidious role of coming after the shock: They seem obliged to
repair the debris and thus save the world. Should we, therefore,
compare design to the Red Cross, treating but “a few wounds
that capitalism inflicts” and therefore “prolongs capitalism like
the Red Cross prolongs war”, as German sociologist Wolfgang
Fritz Haug (1970) criticised design as serving the needs of a
capitalist society. His unfair and blatantly wrong comparison
is just one of many criticisms of design-as-embellishment of
capitalist interests in the 1970ies. The most salient aspect is
the basic notion of timing that undergirds Haug's critique: If we
limit the scope of action for design to mending what has gone
wrong, we miss one of the central heuristics of design of open-
ing possible futures. We should better conceive of design as a
vital resource for transformation. Such a notion relies on attrib-
uting design with an intrinsically speculative potential.

Speculative methodologies extend to multiple disciplines
linking art, design, technology, or strategic thinking. An epis-
temological axis of the unconstrained connects them to the
constrained (Montgomery, n.d.). Speculative design makes
potential futures tangible and, therefore, negotiable, shown
amongst others in the work of Anthony Dunne and Fiona Raby.
Their impact in the early 2000s was liberating for designers,
even if the approach was rightfully criticised as binary and
too biased on western notions of design (Bardzell & Bardzell,
2013). Opposed to affirmative design as problem-solving rein-
forcing the status quo in the industry’s service, Dunne & Raby
(2013) characterise speculative design as problem-finding in
the service of society, asking how the world could be.

‘Proto-typing’ is a means of trying out solutions before-
hand. In contrast to other critical practices, it mainly uses
prototyping to gain knowledge. Iterative processes go on until
stakeholders agree on the result. Thus, prototypes are not only
futuristic but deeply discursive objects. They bring a proposal
to the table, as preliminary as it may be. Embracing such a heu-
ristic instead of dismissing design once and for all because of
its undisputedly capitalist and colonialist heritage could help
overcome future crises.

In the one-term MA teaching unit setting, speculative de-
sign approaches helped the students greatly free themselves
from the burden of delivering ready-to-implement proposi-
tions. In activating their exploratory and observational skills,
they nonetheless gave valuable inputs to the company regard-

ing their repair processes or managing their leftovers, amongst
others. At the same time, the students achieved a practical un-
derstanding of the difficulties of transforming linear into circu-
lar production and consumption processes in real life.

Hands-on: Understanding materiality

in project-based teaching units

Circular economy formulates another promise for design
which plays a central role in the upcoming transformation of
society and production systems (Irwin, 2015). This role also
implies 'repairing’ instead of inventing ‘the new’ with its mod-
ernistic notion of starting from scratch on a white sheet of
paper, but at the same time, subscribes to design to adopt a
much more active and integrative role along production and
consumption cycles.

The drawbacks of the Circular economy on the systemic
level, i.e. the real danger of keeping an unsustainable system
of overconsumption in action, were easily discerned by the MA
students particularly critical of greenwashing. Therefore, fo-
cusing on the crucial role of design decisions to make a service,
a product, or a system more ‘circular’ — in any of the different
circles drawn by, i.e. Ellen Mac Arthur (Ellen MacArthur Founda-
tion, 2013), Braungart McDonough (2002), or others - entails
a better understanding of both systemic flaws like rebound
effects that also affect design decisions about materials or
production processes. Desigh educators, therefore, are called
upon to reconceptualise the temporal dimension of desighing
from a linear to a circular understanding.

Parallel to designing proposals for the specific company;,
the students began to reflect on what does it need to be able
to anticipate practices of usage and beyond in designing? How
does this broaden definitions of stakeholders? Do we have
to redefine co-designing, considering the environment on a
planetary level at stake? Do we have to redesign ‘design’ as a
whole? Such questions lead to a thorough redefinition of ma-
terial's role plays in everyday life.

Designerly material knowledge forms part of the long-last-
ing entanglement of design and environment(Fallan, 2019).
Knowing of and about materials is based on the findings of
material sciences integrating a historical and cultural per-
spective on materiality. As a transdisciplinary practice, design
needs a deeper understanding of materiality to expose hidden
meanings and historically rooted use and misuse of materials.
Combined with a speculative design approach, this leads to a
broader understanding of materials-in-use meanings. Assum-
ing design unlocks and redefines materiality through exper-
imental, creative, and prototyping approaches, the question
arises of how to validate material knowledge in the design
process and pass it down to future generations. Thus, con-
ceiving a material-based design methodology could lead to a
revision of design education. The demand for sustainable de-
sigh based on material knowledge and acknowledging where
materials-as-resources come from is anything but new. Given
the foreseeable depletion of resources, the report ‘The Limits
to Growth’ (Meadows & Club of Rome, 1972, p. 177) called on
designers to create easily repairable and durable products to
minimise resource consumption despite higher (design) costs.
To “improve the functioning of a society in a state of equilibri-
um”, the report called for, among other things, efficient recy-
cling techniques to reduce resource depletion, a better design
to extend product life and promote repairability so that capital
depreciation rates are minimised. The methodologies need-




ed to achieve this have since been differentiated with Green
design (Burall, 1991), Circularity (Stahel, 1996); Ecodesign
(Braungart & McDonough, 2002); (Charter & Tischner, 2017);
Co-Creation (Meroni, 2007), (Manzini, 2015); Circular Econo-
my (Ellen Macarthur Foundation 2013) and Transition Design
(Irwin, 2015). Not all of them extend material knowledge in his-
torical and cultural dimensions.

Materials are central role in circular design methods (Ober-
huber & Rau, 0. J.). Therefore, the teaching unit with the MA stu-
dents began by exploring the outdoor sports company’s textile
leftovers and used and damaged products. The students real-
ised how time-consuming it is to undo consumer goods like
highly functional sports apparel, high-end rucksacks, or jackets
and how many different textiles are combined in just one prod-
uct. At this moment, they experienced hands-on how crucial
the conceptual phase is for assessing the life cycles of arte-
facts and processes.

Theoretically, this perspective called for a redefinition of the
design process. Instead of conceiving a project and searching
for the most sustainable materials and production processes,
students learned to focus first on materials and then on their
design tasks. It required researching materials and their ori-
gins, perceived cultural values and entanglements in colonial
discourses. Finding out how to keep materials in circulation led
the students to a different understanding of materiality. If their
design project should keep materials in circles, it only ‘borrows’
materials for a limited time before transforming into some-
thing else. Such a metaphor can reverse the design process
upside down with lasting effects on design education.

One potential outcome for future project-based teaching
units on the MA level is reevaluating of material libraries and
project archives. Assuming the informed choice of sustaina-
ble materials and production processes is crucial for designing
sustainably, using such archives becomes an integrated part of
practice-based teaching units. Material samples and artefacts
from design processes convey applied know-how. They are
usually stored in material and sample collections or project ar-
chives. To use them fruitfully, students must reflect upon them
critically, as they, too, have a complicated history of their own.

Model and pattern collections were an integral part of arts
and crafts schools at the end of the 19th century, from which
art and design education developed. They were considered
an effective means of enforcing design standards. As the
core of the emerging arts and crafts museums, they served
to educate general taste. (Pazaurek, 1919) We must critically
evaluate archives’ canon and existing structures to build up a
designerly material knowledge. Archival systems should ex-
tend to materials and the implicit knowledge gained in design
processes. Material collections combine cognitive informa-
tion with haptic experience conveying material, technical and
cultural knowledge through samples and descriptions of pro-
cesses. Materials and their use are culturally coded. As such,
they form part of discourses that need to be re-read from the
perspective of decolonisation and sustainability. Therefore,
archives could lead us to a historically and culturally informed
mode of dealing with materials as a prerequisite for creating
a more circular design.

The theory of the Commons in desigh education
at the BA level

Undergraduate design students learn to base their design
process on thorough research to determine its speculative

potential. In doing so, they acknowledge the embeddedness
of any design proposal in a pre-existing world. Thus, they lead
their practice-oriented projects on mostly given briefs. In the
process, they rely on generic descriptions of design processes
as a work frame. However, questioning the base of such prac-
tice needs other settings or moments in a predominantly pro-
ject-based education. Usually, theory classes seem to allow
reflecting on methodology, but in doing so, we push the unfor-
tunate division between theory and practice even further. To
overcome such divisions at least partially, an interdisciplinary
teaching unit at BA levels allowed developing a broader defini-
tion of acting as designers using the commons theory.

Commoning sense: Acting as being part

of something bigger

Instead of designing discrete objects, designers should drive
systems-level change in conceiving relationships, interac-
tions, and experiences for and within complex social sys-
tems (Irwin 2015). Therefore, we can best describe design as
a co-design activity involving various actors (Manzini 2015).
In the view of the all-encompassing ecological crises, the
‘actors’ involved are not only human beings but all living be-
ings and non-living entities of the critical zone, entailing a
multi-species vision. Speculating about a sustainable future
includes all entities now and in the future. Understanding
any short and long-term ramifications of sustaining through
using limited resources could profit from a close reading of
commoning as a social practice.

Commoning reflects a social practice within limited re-
sources, maintaining long-term use of Common pool resourc-
es. Historically, the discourse about common goods had a
revival at the time of the Great Acceleration, coinciding with
the Peak Oil theory first presented by Marion King Hubbert at
a meeting of a branch of the American Petroleum Institute
in 1956 (Gosh & Prelas, 2009). Hubbert predicted that glob-
al crude-oil production would peak in about 2000, decline
quickly, and eventually disappear in the 22nd century. Such
outlooks were perceived as disturbing in an economy heavily
relying on fossil fuels. In his widely debated article ‘'The Tragedy
of the commons’, Hardin (1968) combined political economy
with neo-liberal “life-boat-ethics” (Oakes, 2016, p. 238). Fur-
thermore, an irritating lack of historical accuracy determined
Hardin's notion of the commons (Cox, 1985). On the other side
of the political spectrum, the need to discuss systems and
rules was pervasive when the environmental movement was
emerging, and the need to limit the damage of industrialisation
was broadly recognised (Radkau, 2011, p. 124ff)

If resources are limited, we need consensually established
rules for their use. Rules to preserve the commons and the
ways of breaching and sanctioning such misbehaviour are his-
torically contingent. They have always been formulated as co-
existence systems and religiously or morally based intentions.
Elinor Ostrom famously scrutinised them in her comprehen-
sive study of the underlying principles of Common pool re-
sources (Ostrom, 1990). The survey that posthumous got her
the Nobel Prize in Economy in 2009 aimed to show how essen-
tial actors are in determining the regulations of sustainable use
to prevent the debatable notion of the "tragedy of the com-
mons”. Based on many case studies, Ostrom analysed long-en-
during Common-Pool resources (CPR). Her study shows why
some sustained and others deplete over time and how self-or-
ganised systems help to solve two of the significant real dilem-




mas of the commons, namely “the problem of commitment
and the problem of mutual monitoring!” (Ostrom 1990, p. 59)

As a social practice, commons are historically contingent;
they are negotiated, structured, and embedded in rituals, vir-
tually present in the minds of their participants and life-chang-
ing for them. They can be read as the changing notions of the
lived embeddedness of societies in their natural environment.
Therefore, the history of the commons explains how the con-
ception of the intricate connection between the environment
and societies is established and how it changes over time. As
such, commons are comparable to systems design (Ernst,
2021). Understanding how they were designed and what poli-
cies - that historically also led to the exclusion of the have-nots
and the socially vulnerable — had to be put in place for their
long-term functioning shows the deeply collective task of de-
signing sustainable environments. Thus, a historical perspec-
tive helped the BA students understand how environmental is-
sues and eco-conscious practices always form part of socially
regulated and therefore designed systems. In hindsight, one of
the most efficient ways to teach the difficulties of designing a
sustainable environment was to let students experience and
discuss the value of cooperation with the help of the prisoners’
dilemma formulated in the form of a short detective story by
the American mathematician Albert W. Tucker (Mérd, 1998).

While the BA students were activated in debating the theo-
ry of the Commons in reading a syllabus of foundational texts,
exploring game theory and the prisoner’s dilemma, amongst
others; the whole teaching unit was acutely lacking a practi-
cal exploration of commoning as a social practice in design.
Nonetheless, the students appreciated debating an approach
heightening the understanding of designing as a collaborative
practice that questions the still widely uncontested creative
paradigm of the (mostly male) designer-as-author.

Conclusion

While critically reflecting on traditional design education
based on a linear understanding of designing, we should not
refrain from design’s potential to bring past, present, and
future together. Based on its heuristics, design entails the
promise not only to create solutions to existing problems
but to undo or redo the effects of decisions taken in the past.
Similarly, the current debate hopes for technical approaches
to deal with the multiple crises due to rampant CO2 emis-
sions; geoengineering is the latest resource. They inscribe
themselves in Herbert Simon’s definition of design as devis-
ing “courses of action aimed at changing existing situations
into preferred ones” (Simon, 1988) Still, we must be aware
that design is profoundly and methodologically entangled in
the problem leading us into an unsustainable state. There-
fore, it cannot offer quick solutions. Nevertheless, we could
start redefining design by considering the embeddedness of
design in the critical zone. Then, it would no longer be defined

as a linear practice of framing a single problem and iterative-
ly coming up with the best possible solution, as singular as it
may be.

Designing may help us to reimagine and conceptualise the
way of living together in the ‘critical zone'. Therefore, due to its
heuristic qualities, we should not refrain from design’s potential
to bring the past, present, and future together. To be grounded
entails knowledge of situatedness and how to preserve itin the
future. In other words, designing helps us to project possible
futures without losing ground.

In criticising traditional design education based on linear
notions of designing, we should try to develop easy-to-grasp
metaphors of a different understanding. So instead of using a
simple geometric operation that rounds a linear structure of
iteration in a circle as in Circular design methods (and aptly
performed by Tim Brown in his video on Circular Design), we
should better use a spiral as inspiration. This form clarifies that
we will have to rework what is already there on different levels.
Replacing a linear representation with a spiral may sound mea-
gre as a result. However, behind this insight lies a thorough and
collective examination of the often disguised, unaddressed as-
sumptions that shape undergraduate design studies, wheth-
er in the curricula, semester projects, or mentoring. Breaking
through these underlying figurations seems to be a first step
towards perceiving design education and practice differently.

Although designing is by no means limited to conceiving
tangible material objects, design students on both BA and MA
levels must learn to come up with discursive objects that may
stand the test of a debate, anticipating possible futures. Pro-
totyping, therefore, is a central aspect of design, relying sig-
nificantly on designerly material knowledge. Such knowledge
allows designers to act embedded and more conscious of one
of the essential aspects of sustainable design processes and
practices: Materiality. Unless materials are to be conceived of
as Common pool resources, design education risks perpetuat-
ing unsustainable design practices even if they teach Circular
design methods. Materials are always sourced in the critical
zone; they are always considered precious and limited. There-
fore, designerly material knowledge correlates with the theory
of the Commons. ‘Material Commoning’ may serve as a further
model for transition design, bringing together social issues,
embeddedness in the critical zone, and a futuring prospect.
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Abstract

We live in a time of accumulating economic, environmen-
tal, social, political, and cultural crises. The current system-
ic crisis demands various transitions: from linear to circular,
destructive to regenerative, and individual to collective. As
we face uncertain times, we must consider new and diverse
perspectives about how the future may look and feel. These
possible futures help us better understand their potential
and make decisions about the futures we wish to embrace.
In this paper, we will highlight context-specific art and design
practices to create regenerative imaginaries and prototypes
for the future. This context-specific approach fundamental-
ly builds on comprehensive fieldwork and participation to
interact profoundly with the environment and its actors. In
particular, the paper focuses on how we embed these prac-
tices from our research in higher art and design education.
We will discuss two practice-based master-level courses
that introduced art and design students to specific societal
challenges. Both courses engaged students in representing
and shaping regenerative futures by learning to connect with
specific local manifestations of global issues. The sensibility
of real-world locality allowed them to develop skills in explor-
ing, collaborating, and reimagining contextual issues through
art and design methods and artifacts. Our ambition as re-
searchers and educators working in this context is to develop
an educational system that is locally embedded but globally
connected. Our agenda is focused on developing methods,
strategies, and tools focussing on challenges that are close
to us but simultaneously reflect and resonate globally about
wicked problems.

Author keywords
regenerative futures; art and design education; context-spe-
cific learning; fieldwork

Introduction
Our society finds itself in a turbulent and complex transition
period characterized by friction and failing economic, politi-

cal, social, environmental, educational, and cultural systems
(Rotmans, 2017). The accumulation of these crises can be
characterized as wicked problems (Rittel & Webber, 1977)
that create uncertainty about the future and lead to con-
flict and social resistance to change (Latour & Weibel, 2020;
Morton, 2018; Adam et al,, 2019). The wicked nature of ac-
cumulating crises are symptoms of a system that no longer
provides sustainable prospects for the future. This system,
which is organized on a global scale, risks neglecting its im-
pact on local people and their living environment. Rather than
withdrawing to a closed-off localism, focusing our efforts on
the concreteness of locality will allow us to open horizons to
the complexity of the global (Latour, 2018).

To facilitate the transition towards a regenerative future,
we focus on a context-specific approach to address wicked
problems on a local scale to develop diverse perspectives on
regenerating regional ecosystems (Gibbons, 2020). Wicked
problems require an approach that goes beyond the tradition-
al problem-solving process, as we seg, for instance, in indus-
trial design where marketable solutions are created from the
single perspective of a client (Cross, 2000). Rather, Haraway
describes a mission to “generate problems, elicit powerful re-
sponses to devastating events, calm troubled waters and re-
build calm places” (2016, p.19)

We argue that art and design practitioners can represent
and shape regenerative futures and thereby contribute to the
development of desirable futures. To represent these diverse
and inclusive futures, a context-specific approach is required
that includes the viewpoints of various actors embedded in
these contexts. Art and design languages allow us to make
complex challenges tangible and give us tools to engage with
these actors. Moreover, including different points of view is a
way of embracing the uncertainties and complexities of the
situation and obtaining a holistic perspective.

Art and design education plays a central role in this dis-
courseg, as it will shape the ideas, objects, and narratives that
can shape the future. Therefore, it is important that we ask
ourselves the following questions: How can we teach students
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to think, act, and design in uncertain contexts? How can we un-
learn commonplace paradigms that prove insufficient to deal
with the complex challenges of contemporary crises? And
how can we prepare new generations of students to take on
a role in imagining and creating regenerative futures? (White-
house et al,, 2020) As educators focused on artistic and design
research, we feel it is our responsibility to ask these questions
and to co-develop diverse perspectives on education and
strategies to deal with wicked problems.

Context-specific education

In this paper, we elaborate on two case studies where we
engaged with this context-specific role in art and design ed-
ucation. The courses were organized in and around our col-
lege campus which is located on a former coal mining site
in Genk, Belgium. The city has had to reinvent itself several
times over the last hundred years due to the combination of
local and global crises. Genk transformed from a small village
with vast heathlands around 1900 to a highly industrialized
mining town in the sixties. The coal mining industry’s demise
in the late 1980s and the closure of a large Ford car manufac-
turing plant in 2014 forced the city of Genk and its residents
once again to transform. Today, Genk is still the third largest
industrial city in Flanders, and the surroundings of our cam-
pus transformed from an abandoned mining site to a creative
and cultural hub. Nevertheless, the city is still struggling with
complex issues such as pollution, biodiversity loss, high un-
employment rates, poverty, global pandemics, and resource
depletion. Our ambition as researchers and educators work-
ing in this context is to develop an educational system that is
locally embedded and globally connected. Therefore, the art
and design academy should not be an island but instead act
within and with the communities in which it is spatially locat-
ed while making global connections.

By integrating critical and profound context-specific learn-
ing in our educational system, we aim to educate a new gener-
ation of students who can contribute to the transformation to-
wards a regenerative future (Hagenaars & Hendriks, 2021). Our
approach is a way to unlearn and deconstruct mechanisms
in art and design education that perpetuate the paradigms
that prove insufficient to deal with the complex challenges
of contemporary crises (Morton, 2018; Latour, 2020). When
solutions are detached from the cultural and ecological con-
text in which they are implemented, they can impact the lo-
cal ecosystem in unforeseen ways and timescales (Fry, 1999).
When human-centered design processes focus explicitly on
problem-solving for generic personas, they result in gener-
ic solutions that neglect the social and natural ecosystem in
which they are implemented. (Morton, 2018; Schwartz & Kralb-
bendam, 2013) These insights, emerging from our art and de-
sign research practice, helped us develop two practice-based
educational courses—Post Ford Genk (case 1) and Shifting
Grounds (case 2)—focusing on working and learning in specif-
ic contexts. Their goal was not to teach in a linear top-down
form but to explore and research collectively with our students
and other actors in a specific context. This way of collabora-
tive inquiry-based learning creates an inspiring, dynamic, and
participatory learning environment of our living environment.
(Ingold, 2019)

Case study 1: Post Ford Genk

The Post Ford Genk course focused on the industrial heritage
of the car manufacturing facility of Ford in Genk. The compa-
ny started producing cars in Genk In 1964. At its peak in 1994,
Ford Genk employed over 14.000 people living in and around
the city of Genk—which had a total population of 60.000 at
the time. In 2014, the production was relocated to Valencig,
and Ford Genk was forced to close permanently, resulting in
a major social crisis and mass unemployment. Today, Genk
is a Post-Fordist environment where residents, policymakers,
and local industries collaborate to reimagine its future. The
city invested in an r&d campus focused on the development
of renewable energy systems to attract new types of indus-
try. The city policymakers also aspire to transform the recy-
cling industry into a circular manufacturing industry.

Left: Figure 1. Newspaper: The Post Ford Genk designed by participating students. /
Middle: Figure 2. Robotic metal shaping inspired by traditional crafts by Cas Reynders. /
Right: Figure 3. Flax fibers as a natural alternative to carbon fiber by Kato Herbots.

In this context, we challenged a team of master-level product
design students to create regenerative futures for the city
of Genk, local industries and its residents. The course was
organized during one semester and divided into a collective
and individual assignments. The collective assignment was
focused on the development of a fictional newspaper, The
Post Ford Genk (see Figure 1). The purpose of this collective
assignment was to immerse the students in the local context
and history. They interviewed several local actors to write
articles from cultural, political, economic, and technical per-
spectives. While the interview conducted with the mayor was
oriented to the future of Genk as a decentralized and circular
economy, the former factory workers reminisced about the
past and explained their struggles to find a new job.

The starting point of the individual assighment was an op-
ed that was a personal answer to the research question: What
type of products, services, and systems can be designed based
on the remaining resources post-Ford Genk? The op-ed was
translated into several prototypes suggesting several future
scenarios based on the industrial heritage of Ford Genk (see
Figure 2-3). The role of these future prototypes is not to solve a
specific problem but to create new possibilities that can kick-
start new connections in the local ecosystem. To facilitate the
debate the newspaper was published by the city of Genk and
presented to a union for industrial manufacturers located in
Genk. Through this public process, we aimed to set up new col-
laborations between local citizens, policy, and industry.

Case study 2: Shifting Grounds

In the interdisciplinary course Shifting Grounds, we chal-
lenged master-level art and design students to engage the
issue of the invasive plant species Japanese knotweed within
their practice. Originally from East Asia and brought to Europe
as a highly desirable ornamental plant for gardens, Japanese




knotweed has quickly become perceived as a significant
invasive ecological and economic threat. Through its rapid
spread, the plant is not only straining our local biodiversity,
but the issue also extends globally. Although Shifting Grounds
mainly focused on the context of Genk and its surroundings,
we collaborated with other organizations such as Trajna (Lju-
bljana, Slovenia) and Timelab (Ghent, Belgium), and research-
ers such as Antia Iglesias (Vigo, Spain) who are working with
Japanese knotweed in their local context. This way of working
exposed the opportunities between local action and global
thinking for our students.

The course started with an intensive three-day immersion
to introduce students to the context of Japanese knotweed
and the many perspectives on this issue. The first day consist-
ed of presentations on the general context of Japanese knot-
weed by (international) experts and a guided tour of a nature
reserve in Genk by members of a nature preservation group.
We also did a walk through the city to observe knotweed's
presence in the built environment. On the second day, we in-
troduced students to the potential of art and design practices
in these kinds of contexts. A curator gave a lecture and held a
group discussion on how contemporary art deals with topics
like nature and the Anthropocene. Afterward, we shared our
own research into the domain of Japanese knotweed and how
we approached certain topics through art and design. This
consisted of theoretical conceptualizations (including Anthro-
poceneg, rewilding, and vernacular design) and practical knowl-
edge. We shared the latter through a workshop on dye extrac-
tion to gain familiarity with the materiality of the Japanese
knotweed. All these activities were ways to have continuous
conversations on the assumptions and ideas of the students
and their relation to the natural environment and knotweed in
particular. During the third day of immersion, we formalized
these conversations during group discussions (sometimes in
the field) and coaching sessions. From this point, the students
started conceptualizing their own point of view through the
eyes of their discipline and practice. Group-coaching sessions
guided them to develop work over the following five weeks,
culminating in a group exhibition.

Left: Figure 5. Speculative knotweed biolab scenario by Esmeralda Mertens and Alex-
sandro Celea. / Middle: Figure 6. Photograms on knotweed paper by Kevin Vaesen. /
Right: Figure 7. Lamp object with knotweed stems by Tijl Custers.

The student work of Shifting Grounds was diverse and ranged
from visualizing speculative scenarios (see Figure 5) to pro-
jects focusing on plant material research (see Figure 6), archi-
tectural interventions in the landscape, and knotweed-based
products (see Figure 7). Other projects had less tangible out-
comes such as a knotweed weaving co-creation workshop,
a generative game model study on the plant’s growth, and a
knotweed tea ceremony. As a summary, we made the ‘Not in

my backyard’ publication, where color analysis, conceptual
background, matter research, photography and graphic de-
sign experimentation are presented through different voices
that help us better understand our vegetal partner. (Vrancken
and Kosten, 2021)

Discussion

In this discussion, we compare the methods used in our case
studies that apply a context-specific approach to art and
design education, and discuss the challenges we encoun-
tered. Both cases are characterized hy fieldwork; research-
ing the ecosystem of local actors. In both cases, fieldwork
was essential for understanding the complexities related to
a specific context and translating them into regenerative
futures. The methods for including the ecosystem of local
actors differ because of the nature of the actors that were
involved in the two cases. In case 1, diverse perspectives of
local actors were mapped by interviewing former workers,
the local mayor, industry leaders, and the team of product de-
sign students. Actors here are people representing different
viewpoints on the topic Post Ford Genk. In case 2, the term
"actor” is expanded to more-than-human actors in line with
the conceptualizations of Latour (2018). The lead actor in the
case 2 scenario is the plant species Japanese Knotweed. As
plants can't be interviewed in a traditional method, including
the perspective of the Japanese Knotweed required a tailored
method inspired by anthropology, such as participative ob-
servation (Ingold, 2013).

Representing the diverse perspectives of humans and
more-than-human actors required methods tailored to the
specific nature of the actor. In case 1, this was done through
articles, pictures, drawings, and prototypes bundled in a news-
paper. A format that could represent the political, economic,
social, and environmental layers of the Post Ford Genk context.
In case 2, this was assembled in a publication that showed the
research process and the various futures it represented. Al-
though case 1 was organized within the curriculum of one spe-
cific discipline and case 2 was organized across the curricula of
various disciplines, both cases benefited largely from a multi-
disciplinary approach to represent and shape diverse perspec-
tives. The role of the art and design students in this process
clearly diverts from the traditional problem-solving perspec-
tive. Our context-specific design approach is more focused on
problem framing, understating the ecosystem of which they
are part before proposing solutions. The added value of the art
and design students in the process was the representation of
the complex issue at hand in visual and tangible ways.

The challenges for developing a context-specific art and
design practice relate to temporality and locality. The con-
text-specific nature requires a tailor-made approach and
preparation, as these challenges can vary greatly from context
to context. Identifying these challenges can be a labor- and
time-intensive process for both lecturers and students. Be-
cause much time has to be spent on exploring the context and
dealing with uncertainties in the research and design process,
less time can be put into the outcome of the final project that
students develop within the timeframe of the course. In addi-
tion to providing a realistic timeframe, a process evaluation is
more appropriate for assessing context-specific assignments.
Engaging local participants requires students to connect with
people, which can be particularly challenging for international
students who do not speak the language. But even students




who speak the language require the right social skills to con-
nect and attune with human and non-human actors that rep-
resent the local ecosystem.

Conclusion

This paper highlighted the potential and importance of con-
text-specific practices in arts and design education to create
regenerative futures. This context-specific approach funda-
mentally builds on comprehensive fieldwork to interact pro-
foundly with the environment and its human and more-than-
human actors. By immersing our students in context-specific
situations and confronting them with wicked global problems
on a local scale, we aim to develop their skills in representing
and shaping regenerative futures.

References

Adam, R, Whitehouse, H., Stevenson, R.B, & Chigeza, P. (2019). ‘'The Socioecological (Un)
learner: Unlearning Binary Oppositions and the Wicked Problems of the Anthropo-
cene'. In: Touchstones for Deterritorializing Socioecological Learning. New York:
Springer International Publishing, pp. 49-74, https://doi.org/10.1007/978-3-030-
12212-6_3.

Cross, N. (2000). Design as a discipline, designerly ways of knowing. Design studies,
volume 3.

Fry, T. (1999). A New Design Philosophy: An Introduction to Defuturing. New South Wales,
Australia: NSWU Press.

Gibbons, L. V. (2020). Regenerative—The new sustainable?. Sustainability, 12(13), 5483.

Hagenaars, B. Hendriks, N. (2021). Circle Sector: exploring the role of designers in a
circular economy. Cumulus Conference Proceedings Roma 2021 | Track: Design
Culture (of) RESILIENCE

Haraway, D. J. (2016). Staying with the Trouble: Making Kin in the Chthulucene
(llustrado.). Duke University Press.

We are convinced that the future of art and design edu-
cation should be organized around contexts and collectives
rather than disciplines that promote unembedded and indi-
vidual artists and designers. Teaching generic processes—
part of globalized systems—disconnects future art and de-
sign practitioners from the real-world contexts in which they
live and work.

Although it is still too soon to prove that both cases lead to
regenerated futures, these context-specific research, learning,
and design approaches create more conditions for qualitative
collaborations between artists, designers, citizens, and other
actors in our environment.

Ingold, T. (2013) Yes Naturally, How Art Can Save The World. Rotterdam: naOlO publishers,
pp. 172-176; DiSalvo, C. (2012). Adversarial Design. The MIT Press.

Ingold, T. (2019). Art and anthropology for a sustainable world. The Journal of the Royal

Anthropological Institute, 25(4), 659-675. https://doi.org/10.1111/1467-9655.13125

Latour, B. (2018). Down to Earth. Politics in the New Climatic Regime. (C. Porter, Trans.).
Polity Press.

Latour, B, & Weibel, P. (2020). Critical zones: the science and politics of landing on earth
(B. Latour & P. Weibel, Eds.). MIT Press.

Morton, T. (2013). Hyperobjects: Philosophy and Ecology after the End of the World.
University of Minnesota Press

Morton, T. (2018) Ecologisch wezen. Utrecht: Uitgeverij Ten have.

Rotmans, J. (2017). Change of era. Our world in transition. Amsterdam: Boom uitgevers.

Vrancken, K, & Kosten, N. (2021). Not In My Backyard! An (incomplete) visual, physical
& societal dissection of the (invasive alien) plant species Japanese knotweed.
Brussels: LUCASchool of Arts.



https://link.springer.com/chapter/10.1007/978-3-030-12212-6_3
https://link.springer.com/chapter/10.1007/978-3-030-12212-6_3
https://rai.onlinelibrary.wiley.com/doi/10.1111/1467-9655.13125

and

in times of CONFLICT

Design for

Miroslava Nadkova Petrova, Barbara Salinas Elizondo, Denisse Graciela Gamboa Méndez

Universidad de Monterrey, Mexico
miroslava.petrova@udem.edu
barbara.salinas@udem.edu
denisse.gamboa@udem.edu

Abstract

The paper discusses the role of learning spaces as an integral
part of the larger educational ecosystem. Covid-19 pandem-
ic accelerated the trends of digital transformation in educa-
tion by liberating educational content in time and space and
radically reformulating the process of teaching and learning.
However, the current spatial archetype of the learning envi-
ronment still features traditional plans with segregated class-
rooms and auditoriums. This model is obsolete and does not
meet the new requirements of the 21 century education
which is student-centred, knowledge and skill-oriented, tech-
nology-enabled, collaboration-based and personalized. The
role of the teacher is also profoundly changed from transmit-
ting knowledge towards facilitating the educational process
that predetermines the wide variety of activities performed
in the classroom.

The main objective of the paper is to explore how interior
design can be aligned to the new learning theories and techno-
logical advances, and to propose strategies for the re-design of
the traditional learning spaces. Based on the data obtained in
a survey conducted with students to gain insight on their spe-
cific learning styles and needs, and a survey conducted with
university lecturers to understand their teaching approaches
and spatial necessities, six types of spaces were proposed. The
study followed the principles of grounded theory to construct
a hypothesis on the spatial qualities of each space and relate it
to the pedagogical and technological requirements.

Author keywords
Learning spaces; learning environment; future-oriented spa-
tial design; learning experience; educational ecosystem

Introcdluction

The implications of the social, economic and technological
changes in the twenty-first century require rethinking edu-
cation as an ecosystem. The educational ecosystem is de-
fined as a network of people, educational resources, peda-
gogical tools and abiotic factors/components which interact
to seamlessly work together (Railean, 2019). Derived from
evolutionary biology, the term of ecosystem can be applied
in the field of education to allude aspects such as diversity,
maximum productivity, dynamic adaptability and scalabil-

ity (Luksha et al. 2018). This notion not only transforms our
understanding of learning but also considers how education
can evolve and prepare learners for the increasing complexity
and challenges of the future. The concept of the education-
al ecosystem takes into account the context in which learn-
ing occurs, responds to the fluctuations of the environment,
withstands the treads and embraces the learning opportuni-
ties to align them to the current and emergent needs of the
new generations of learners.

Learning today is no longer confined to the physical space
of the classroom, it involves various learning providers who
deliver both face-to-face and technology-mediated learning
experiences in the physical, immersive and digital learning
environment. Covid-19 pandemic played a critical role in ac-
celerating the trends of digital transformation in education by
liberating educational content in time and space and radically
reformulating the process of teaching and learning. The diver-
sification of the learning environment stimulated the develop-
ment and application of varied learning methodologies to en-
gage learners, boost their creativity and enhance the learning
outcomes. However, while technology and pedagogy advance,
one of the components of the ecosystem, the physical envi-
ronment, has been neglected. The current spatial archetype of
the environment still features traditional plans with segregat-
ed classrooms and auditoriums which support lecture-based
learning and emphasize the hierarchical relationships between
educator and learner. This model is obsolete and does not meet
the new requirements of the student-centred, knowledge and
skill-oriented, technology-enabled, collaboration-based and
personalized 21-century education. The role of the teacher,
which is profoundly changed from transmitting knowledge to-
wards facilitating the educational process, encourages flexibil-
ity in teaching and predetermines the wide variety of activities
performed in the classroom. Though the physical environment
has been recognized as the third teacher (Edwards, 2011)
and its impact on students’ engagement and performance
has been widely researched (Fisher, 2004; Oblinger, 2005,
Jankowska and Atlay, 2008), the rigid design of the classroom
conceived for traditional direct instruction remains the same
since the Industrial Revolution. This not only does not respond
to the educational needs but also constrains current teaching
and learning practices.
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The main objective of the paper is to explore how interior
design as a component of the educational ecosystem can be
aligned to the new learning theories and technological advanc-
es. We propose strategies for the re-design of the traditional
learning spaces, based on the data obtained in a survey con-
ducted with students at the University of Monterrey (Mexico)
to gain insight on their specific learning styles and needs, and a
survey conducted with university lecturers to understand their
teaching approaches and spatial necessities. The study fol-
lowed the principles of grounded theory (Glaser and Strauss,
1967) to construct a hypothesis on the spatial qualities of each
one of the proposed spaces and relate it to the pedagogical
and technological requirements.

Pedagogy in the 21st century and its spatial needs
Education in the 21 century is predetermined by the neces-
sity to prepare students for the social reality of a volatile,
uncertain, complex and ambiguous future (Fadel and Groff,
2019). In the context of a rapidly transforming world, the
main goal of education is to train students to be adaptable
and versatile to be able to succeed and thrive in any unpre-
dictable upcoming situation. This requires focusing not only
on the knowledge gained but on acquiring the skills of how
this knowledge can be used, developing character qualities
how to behave and engage in the world, and mastering me-
ta-learning strategies how to reflect on oneself and adapt
one's learning to achieve one's goals (Fadel et al, 2015). To
include all these four dimensions in teaching requires innova-
tive pedagogical practices that can ensure effective learning
and active engagement of the students in the learning expe-
riences. Scott affirms that to rethink pedagogy is as crucial as
identifying the new competencies learners need to acquire
(Scott, 2015). Pedagogies which support the development
of higher order skills, the four Cs - creativity, critical thinking,
communication and collaboration (OECD, 2012), should be
based on three Ps — personalization, participation and pro-
ductivity (McLoughlin & Lee, 2008). The application of ap-
proaches that give learners the opportunity of making choic-
es driven by their own needs, creative knowledge production
and interactive sharing has been afforded by digital technol-
ogies. Bringing a radical shift in education, “[k]nowledge tech-
nologies shape what is learned by changing how it is learned”
(Laurillard, 2012). Being easily accessible and independent
of time and space, technology promoted varied interactions
with the content, the instructor and the other learners. The
transition from a lecture-focused to a learner-centred educa-
tion involves students in a process of doing and reflecting on
what has been done, or the so-called active learning. "Active
learning practices may range from simple methods such as
interactive lectures and class discussion to case study anal-
ysis, role-playing, experiential learning, peer teaching, and
flipped lessons. Active learning may involve problem-based,
visual-based, collaborative, project-based, or game-based
learning” (Misseyanni et al,, 2018). It is recognized that the
application of these practices needs an adequately designed
physical space, adapted to the diversified needs (Baepler et
al., 2014; Oblinger, 2006; Fisher, 2005).

The innovative learning environments defined by Mahat et
al. as “the product of innovative space designs and innovative
teaching and learning practices” can act as change-maker by
stimulating educators effectively and efficiently apply active
learning pedagogies (Mahat, 2018). Innovative learning envi-

ronment’s focus on the dynamics and interactions between
the learner, the teacher, the content, the facilities and tech-
nologies (Dumont and Istance, 2010a) which once again em-
phasizes the systematic character of education and acknowl-
edges the importance of the design of the physical space to
achieve the goals of education. Dumont and Istance outline
the core principles for designing an effective learning envi-
ronment — learners are the core participants and their active
engagement is encouraged; the social nature of learning is rec-
ognized and organized co-operative learning is encouraged;
learning results as a dynamic interplay of emotions, motivation
and cognition; the environment is acutely sensitive to individu-
al differences and preferences and adapts in a sustainable way
to both the individual and the group as a whole; each learner is
appropriately challenged and pushed constantly to excel; the
learning environment clearly states expectations and uses as-
sessment consistent with the aims; horizontal connectedness
is promoted across areas of knowledge and subjects in- and
out-of-school (Dumont and Istance, 2010b).

Based on these premises, we as designers were interested in
the design implications and how the potential of interior de-
sign can be harnessed to support the implementation of the
innovative teaching and learning practices. Borri et al. identify
five multipurpose spaces for the new generation of schools
— group space, exploration lab, agora, individual area and in-
formal area. The group space is given priority as the heart of
the school where students build and maintain their identity.
Its layout should enable flexible setting to accommmodate var-
ious learning activities as collaboration and work in groups,
creation of artefacts and multimedia objects, individual work,
and presentation. The exploration lab is the space for learn-
ing by doing, with dedicated tools to observe, experience, ex-
plore, experiment. The agora is a community meeting space,
where groups of students can gather for creative activities
or discussions. The individual space is dedicated to focused
work, requiring concentration and reflection, it should be
equipped with pods, caves with reading and writing tools. The
informal space is a recreation area with comfortable furni-
ture for individual retreat or informal group meetings (Bor-
ri et al, 2016; Borri, 2021). Oblinger describes the elements
which the spaces intentionally designed to respond to the
new learning theories and student’s needs should possess:
flexible layout to provide ease of re-configuration to support
immediate change of activities; comfortable furniture to
support different body sizes and avoid distraction from learn-
ing; environment offering sensory stimulation and seamless
integration of technology; decentredness and consideration
of the campus as a whole with spaces conveying co-learn-
ing and co-construction of knowledge. In addition to these
functional aspects, the cognitive dimension of the space and
the relations between the spatial elements and the creation
of a meaningful learning experience have to be considered.
Strange and Banning discuss the symbolic aspects of the
space which convey powerful message and subconsciously
influence the behaviour and the creation of a sense of place.
They propose ten features of the spaces which support the
inclusion, security, engagement and community experience.
To carry this into effect the space needs to be: welcoming
(creating sense of belonging), inclusive (affirming identities
and expression of self and others), functional (supporting key
tasks and activities), sociopetal (encouraging interaction and




encounters), flexible (adapting to multiple purposes), aes-
thetic (inspiring creativity and uplifting the spirit), reflective
(encouraging imagining and meaning making), regenerative
(restoring energy and motivating persistence), distinctive
(creating memorable impressions) and sustainable (support-
ing human experience) (Strange and Banning, 2015).

Learning spaces design -
the case of the University of Monterrey

Context of the study

The current study was motivated by the urgent need to
re-design the leaning spaces of the University of Monterrey
(UDEM), Mexico. The strategic development plan of the uni-
versity which is centred in the development of the person and
his transcendence in the construction of a sustainable socie-
ty, results in the adoption of a pedagogical model character-
ised by active learning practices, application of cutting edge
technology, development of disciplinary and transversal com-
petences, creating a warm and safe environment for the stu-
dents, encouraging work on interdisciplinary projects (fig. 1).

Figure 1. UDEM educational model

However, the physical environment does not support achiev-
ing the aims of the strategy. Despite the management'’s ef-
forts to modernize the campus, the academic buildings
where classes are given have not been substantially changed
since their inauguration in 1984. The architectural project
has been elaborated by the US firm Caudill Rowlett Scott -
renowned at that time for their expertise in school design.
William Caudill was researching educational spaces and au-
thored the book “Space for Teaching” (1941) and John Rowlett
had degrees in both architecture and education. The project
they proposed met the needs of the growing student popula-
tion while taking into account the specifics of the local con-
text. The building consists of four interconnected volumes,
featuring open circulation areas adapted to the hot climatic
conditions of the region. The facade is treated with vertical
concrete panels which function as sun screens blocking the
sun from penetrating directly into the classrooms. Neverthe-
less, the layout is based on standardized cellular classrooms
which responded to the lecture-based teaching practices of
the past but in the current context hinder the implementa-
tion of the aligned to the digital age educational model adopt-
ed by the university.

Research method and data collection

To propose spatial solutions for the re-design of the current
learning spaces which will be relevant to the pedagogical
model and the strategic development plan, a more holistic un-
derstanding of the mindset, behaviour and the specific neces-
sities of the UDEM community was necessary. As we aimed to
propose strategies for the design of the learning spaces as an
inductive process based on the identified gaps between the
current and the desired learning experience, grounded theo-
ry was selected as a research methodology. The first phase of
the research included user surveys and observations, followed
by data coding, categorization and scenario mapping and ulti-
mately, development of hypothesis on the spatial qualities of
the learning spaces of the future. To gain insight on what kind
of learning spaces will best meet the needs and to inform the
development of design strategies providing a more meaning-
ful learning experience, two questionnaires were distributed
among students and teachers. The purpose of the student
survey was to acquire deeper understanding of their specif-
ic learning styles and spatial preferences. The teacher sur-
vey intended to collect data about the most commonly used
teaching approaches and learning activities and the respec-
tive spatial needs. In addition, a workshop was conducted with
students in the creative field (architecture, industrial design
and interior design) with the aim to create scenarios for the
future use of the learning spaces and to identify opportunities
for future-oriented innovation.

The surveys were implemented in the 2022-2023 autumn
semester when 70 % of the classes were delivered face to face
and the remaining 30 % were offered online. Responses were
obtained from 93 students and 25 teachers. Each question-
naire was designed to collect both qualitative and quantitative
information. The questions were predominantly open-ended
to encourage the respondents to reflect on the spatial aspects
which have a positive or negative impact on the learning expe-
rience. Students were asked to describe situations and spaces
where they have acted in a very creative way, have concen-
trated successfully, and where they have been fully immersed
into collaboration with others, so that the desirable features of
the spaces supporting these activities are revealed. Another
important question we were interested in was how a sense of
community is fostered so we asked students to speculate on
the spatial elements which create a sense of belonging. Teach-
ers’ questionnaire focused on their current pedagogical prac-
tices, the frequency with which activities are changed during
a typical class, which spatial elements of the current environ-
ment support or hinder the implementation of these activities
and which are the desirable spatial characteristics to freely
implement their teaching approach. The technological tools
which they usually use or would like to use in the future were
also required to be listed.

Mapping the learning experience

Survey results indisputably indicated that the physical space
has a great impact on the learning process. Respondents
pointed that it influences concentration, creativity, the emo-
tional and physical well-being and the dynamics of the inter-
action during the class. When comparing which activities are
preferred to be performed face-to-face, interaction with the
teacher and peers, hands-on activities and presentations are
predominant, while listening to a lecture and individual work
are preferred to be done online. Among the mandatory re-




quirements towards the space were mentioned the connec-
tion with the outdoors, smart technologies, availability of si-
lent areas, comfortable furniture, good lighting and flexibility
of the environment.

To triangulate the data obtained from the survey, we organ-
ized an intensive workshop where 11 students were challenged
to define the needs of the student in 2030 and to envision a
better learning experience for the future. By applying design
thinking methodology the participants were pushed to gener-
ate a wide variety of ideas about learning spaces which meet
the future needs of the students. After several critique rounds
they were encouraged to visualize the most prominent ideas
by giving them a distinct shape by translating the goals and
motivations of the users into specific spaces and contexts.
The scenario of the future learning experience was visualized
into two collages representing the experience in the physical
space and in the digital space (Figure 2). The collage technique
was selected because of its possibility to provide insight on
what students will do, think and feel while pursuing their learn-
ing goals.

Figure 2. Collage of the physical and digital learning experience of the future
(Developed by B. Elizondo & D. Gamboa)

Conceptualizing the learning spaces of the future
The empirical analysis of the survey data was done togeth-
er with consideration of the related literature advising that
the learning space should support creativity, critical thinking,
communication and collaboration (the 4 C's) and allow per-
sonalization, participation and productivity (the 3 P's). The
development of the spatial typologies of the future learning
spaces and the definition of the preliminary design princi-
ples for each type was informed by mapping the problematic
points of the current physical environment and its compari-
son with the identified desired future state. Six different spa-
tial types were suggested (Figure 3):

Formal Learning Spaces: Dedicated to scheduled instruc-
tor-led classes, where students are encouraged to move and
use the different settings, which are most suitable for the
various activities performed and always supported by inte-
grated technology.

Individual Area: Informal learning space dedicated to individ-
ual focused work and self-directed learning in both open and
closed spaces to ensure the student will concentrate undis-
turbed.

Group Area: Informal learning space dedicated to the collab-
orative work of small groups of students both in open and
closed spaces to encourage dialogue and the individual par-
ticipation in the group activities.

Webinar [ 360°: Formal learning space dedicated to pres-
entations and webinars, designed with a circular layout and
flexible LED screens so that the presenter can be seen from
all angles of the space.

Arcade [ E-learning: Formal/informal learning space dedicat-
ed to collaboration. Desighed hand in hand with technology,

with a LED floor, interactive screens, tables for augmented
reality and virtual reality pods, so that students can take their
learning to the next level with the aid of technology.
Encounter Area: Informal learning areas activating the tran-
sition areas with additional functions, dedicated to the co-
existence and interaction between students, designed with
comfortable and flexible furniture to support relaxation and
well-being. Integrated interactive screens ensure students
will be always connected to the community.

Figure 3. Spatial typologies: Formal learning space; Individual area; Group area; Webinar
/ 3600; Arcade [ e-learning; Encounter area (Developed by B. Elizondo & D. Gamboa))

Conclusion

Technological advances and the change in current pedagogi-
cal practices are drivers for the change of the physical space
where learning takes place. As teaching methods continue to
evolve, spatial design also needs to remain open for chang-
es and empower their implementation. Furthermore, design
can play a transformative role enabling changes in the edu-
cational ecosystem. The proposed spaces break away from
the rigid teaching model of the past and encourage the di-
alogue between teachers and learners, turning them into
co-participantsin the educational process and co-creators of
knowledge. Such radical transformation is needed to initiate
a process of liberation and awakening of students as critical
thinkers and creators. The design aims to make students im-
merse into the environment, to activate the participation in
the performed activity, to challenge the imagination, to arise
curiosity, to inspire new ideas, to create a sense of security
and inclusion in the campus life. Though the floorplan is not
fully opened and the enclosed rooms are still preserved, their
uniformity is broken as various sizes and various functional
areas are proposed to provide optimal conditions for learning.
The conventional classroom is converted into a new configu-
ration of flexible spaces which satisfy the current needs but
are opened to experimentation so that they easily adapt to
the needs of the future. Both teachers and students are stim-
ulated to explore the space and find new ways to interact and
establish new relationships. By identifying opportunities for
future-oriented spatial design innovation we expect to sup-
port the self-directed learning, promote the active participa-
tion of the students in the educational process and provide a
more meaningful learning experience.
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Abstract

How can universities in the field of product design anchor a
sustainable, future-oriented approach in their curricula? How
can they do it in a long-term way that goes beyond individual
current topics and can be communicated well both internally
and externally? How is a sustainable attitude compatible with
a discipline born out of industrialisation?

In the context of a curriculum development in the years
2020 to 2022 at the Lucerne School of Art and Design, the
opportunity arose to include the Sustainable Development
Goals (United Nations Department of Economic and Social
Affairs 2015) in every single module description of our prod-
uct design bachelor's degree course. The project discussed in
this paper served as an important reference in this develop-
ment, as it succeeded to combine a structural attitude based
on the SDGs with the most diverse aspects of product design
education, such as design goals, manufacturing techniques
and external partners.

This paper has been written to gain an overview of how other
schools and programmes in the field of design and art deal
with the demand for sustainable and future-proof education
and to learn from the methods they use. The aim is to ex-
change experiences and discuss collaborations for exchange
programmes or collaborations, but as well to find out how in-
dependent the path we have chosen is.

Author keywords

Product Design; Sustainable Development Goals; SDG; Cur-
riculum Development; Glass; Water; Digital Fabrication; Gas-
tronomy

How to include sustainability

into a product design education?

Product design surrounds us everywhere - almost everything
we touch during our daily routines has been designed as a se-
rial product.

As a discipling, product design emerged with industrial-
isation and is closely linked to it. Currently, product design
needs to emancipate itself from industrialisation: how can
we define our attitude and values in such a way that the side
effects of industrialisation do not stand in the way of a future

worth living? Nowadays, there is probably no product design
education at Bachelor or Master level that does not talk about
sustainability. Sustainability, however, is an extremely elastic
term - is there a structure that we can follow without losing
sight of our core competence of product design?

Our department at the Lucerne School of Art and De-
sign currently offers 13 courses at Bachelor level. Over the
past two years, the department has been engaged in curric-
ulum development across the entire Bachelor level (Holzer
2023a), starting with the new curricula in September 2022.
While this curriculum development aimed at facilitating
new transdisciplinary modules and transdisciplinary skills by
aligning structures, it provided an opportunity for the individ-
ual programmes to revise their offerings. We, as a bachelor
programme in Object Design, wanted to use the curriculum
development to anchor sustainability in all modules - but how
could we do this beyond lip service, without losing our focus
on product development?

In the search for a guiding structure for our programme,
the following factors were important:

» abroad establishment and recognition

» anunderstanding of sustainability that includes social,

ecological and economic aspects

» the coordination within the various product design

programmes at the Lucerne School of Art and Design
as well as with the sustainability lecturers at our de-
partment.

We decided to orientate ourselves according to the Sustain-
able Development Goals (SDG), which the United Nations
General Assembly published in 2015 as political goals to be
achieved by the year 2030: from the autumn semester 2022
onwards, each module of the Object Design curriculum will
focus on one or more SDGs, which will be communicated at
the beginning of the module. For the basic modules in the
first semester, the SDGs are the same in each year; for the
advanced modules, the SDGs are chosen according to the
respective design tasks. (Fig. 1) For the Bachelor thesis, the
students themselves specify the SDGs for their self-chosen
topic (Fig.2).
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Figure 2. The SDGs are an integral part of the Bachelor's thesis without being the main focus: The SDGs are carefully but unmistakably integrated into the evaluation form of the
Bachelor thesis at the points marked in pink. At the top left of the assessment criterion “Concept”, the students select a “Personal objective, inclusion of one or more Sustainable
Development Goals SDGs, conclusiveness of the formulated task”. In the assessment criterion “Sustainability & Context”, the “Handling of the Sustainable Development Goals (SDG)
as mentioned in the draft” is assessed as well as the “application of sustainability strategies (e.g. sufficiency, recyclability, dismantling, biodegradability)” in general.

In parallel, the SDGs were integrated into the Textile Design
programme, who had initiated the discourse about integrat-
ing SDGs into the new curricula (Holzer 2023b). This, in turn,
built on a strategy of the department’s Products & Textiles
Research Group, which has been embedding the SDGs in its
research proposals since 2017, referring to the Swiss Federal
Department of Foreign Affairs “2030 Agenda for Sustainable
Development” (Agenda 2030). Back in 2019, Object Design
and Textile Design had already developed together the volun-
tary training “Sustainability for Lecturers in Design and Art”
(Perret and Zimmermann 2020).

Since November 2022, the reference to the SDGs is stated
on our website: "All modules in the Object Designh programme
focus on one or more goals of the United Nations Sustainable
Development Goals (SDG). For their Bachelor’s thesis, Object
Design students define one or more of these goals!” (HSLU

Objektdesign SDG 2022).

An essential quality of a paper is to situate one’s own teaching
in the context of other universities. We investigated the inte-
gration into other product design programmes on four levels:




ChatGTP

This is 2023, and initially we started with ChatGTP: “Which
Bachelor’s or Master's programme in product design inte-
grates the United Nations Sustainable Development Goals
(SDGs) into its curriculum?” To which ChatGTP replied the
following on 31/01/2023: “I'm not aware of a specific Bache-
lor's or Master’s program in product design that integrates the
United Nations Sustainable Development Goals (SDGs) ex-
clusively into its curriculum. But many universities and insti-
tutions offer courses and programs that cover sustainability
and the SDGs as part of their product design curriculum. You
may want to check with specific universities or institutions
for more information on their offerings”

SDGsUNI

While the SDGsUNi initiative (WASD 2023) lists a few schools
in the arts, only a few of them address SDG 12 ‘Sustainable
Consumption and Production’, none of them related to prod-
uct design: the Sibelius Academy in Finland (a music school),
the University of The Holy Qur'an and Islamic Sciences in Su-
dan, and the Ghana Institute of Journalism. However, as we
are not listed there ourselves, we must not assume com-
pleteness of these lists.

she ji Study

One of the reviewers of this paper kindly drew my attention
to a comparative study on “Sustainable Product Design Edu-
cation” published in she ji (Watkins 2021). It compares cur-
ricula from six universities in different countries. All of them
teach sustainability, e.g. in studio projects, final projects, elec-
tive and compulsory modules, some of them refer in these
modules to the SDGs (Nottingham Trent University, Technical
University of Denmark, TU Delft). However, the study does not
give any indication of a continuous implementation of the
SDGs in one of their curricula.

Internal Study HSLU

Thanks to an internal, unpublished and therefore non-quot-
able comparative study carried out in our department last
year, we got an up-to-date overview of design and art cours-
es offered worldwide at design and art colleges in the field of
eco-social innovation at BA, MA and PhD level, as well as in the
field of further education. Of the 26 Bachelor's programmes,

Table 1. Overview of product design schools related to the SDGs
based on internal study

Product design use of SDGs reference
school

Universidade de lists the school's activities related to UTAD
Trasos-Montes SDGs on its website since 2019 SDG 2019
e Alto Douro

Hochschule flir  lists the SDGs as a focus of the “ERIC HS Coburg

angewandte - Entrepreneurship Track for Regional Im- SDG 2022
Wissenschaften pact on Global Challenges” programme

Coburg

Ecosign no specific mention of the SDGs

Hame University lists SDGs as part of their Hame SDG

of Applied “Sustainable Development Programme” 2017
Sciences

Falmouth claims to be ranked as a Top 10 Instituti- ~ Falmouth
University on by the 2021 and 2022 SDG Teach In SDG 2021
Linnaeus lists publications from Linnseus Universi-  Linnaeus
University ty that are connected to the SDGs SDG 2022

15 could be assigned to the field of “Design”, eight to the field
of “Fashion and Textiles” and three to the field of “Art and Lib-
eral Arts”. Of the 15 programmes in the area of “Design”, one
specialises in visual communication, six focus on product de-
sign and two have a very open curriculum. For the purposes
of this paper, | have only examined the six universities in the
field of product design in more detail. A browser research
with ChatGTP and Google brought the results in Table 1, see
links in the references at the bottom of this paper.

Even by contacting these schools directly via email and ex-
plaining the purpose of this paper, none of the six schools an-
swered to the request. Until the moment of the publication
of this paper, we could not find evidence of a structural in-
tegration of the SDGs into a product design education in any
of them. Despite today’s possibilities of an investigation, we
are far from making a claim to its completeness and thus to
a unique selling point of our curriculum. Nevertheless, seven
years after the presentation of the SDGs in 2015, this is a sur-
prising interim result for an education that has such a big im-
pact on our use of resources.

Figure 3. Glass blowing at the Open Glass Studio with help of a digitally milled mould
Images: Raisa Durandi

Case Study: ‘Value of Tap Water' Project

Institutions that use the SDGs in their corporate communi-
cation are required to substantiate these goals with concrete
measures if they do not want to be accused of greenwash-
ing. In the case of our curriculum, we would like to show what
role the SDGs play in a specific module. Our case study is the
module "Digital Fabrication” from the 3rd semester of Object
Design:

In a country like Switzerland, we take it for granted that wa-
ter of the best quality is available free of charge. Switzerland
is a country of wells. Globally, this is an exception. Neverthe-
less, Swiss people afford themselves the luxury of buying
bottled water; in 2021, for example, sales amounted to 903.5
million litres (Statista 2021). This behaviour leads to a bur-
den on the environment, through transport, packaging and
production. What does a glass container have to look like to
make tap water seem more valuable than a bottle of San Pel-
legrino? Within four weeks, 3rd semester students designed
fourteen counter-position to the culture of branded water.
This resulted in fourteen glass vessels for an event of exper-
imental gastronomy in interaction with digital tools and a




glass blower — see four examples in a project video on https://
vimeo.com/771902070. The project 'The Value of Tap Water’
aims to bring together five different perspectives:

1. We envisaged the appreciation of tap water as a design
objective and sustainable meta-theme, closely linked
to the SDGs 6 Clean Water and Sanitation, but also SDG
3 Good Health and Well-Being and the obligatory SDG
12 Responsible Consumption and Production.

2. For alumni, it is important that as many school pro-
jects as possible achieve a visual quality that can be
presented in a portfolio. In case of this project the de-
sign aim was to explore the formal, narrative and func-
tional aspects of glass carafes and vessels for water.

3. The project was developed in the module ‘Digital Fabri-
cation’ in the curriculum of our programme. Students
learned about three-dimensional drawing, the crea-
tion of data for the CNC milling machine as well as its
handling by means of mould making for glass blowing.

4. The linking of digital woodworking with archaic glass
blowing at the professional Open Glass Studio exem-
plified the diverse and unexpected areas of applying
of digital fabrication. The contextualisation with the
SDGs, as well as the application of Digital Fabrication
goes beyond earlier examples of glassblowing in prod-
uct design, see for instance Glanzmann L. (2012) and
Scott de Martinville, A. (2015).

5. With its experimental gastronomy, our Dutch project
partner steinbeisser.org offers an expressive platform
for presentation, discussion and sale of the objects.
Steinbeisser scheduled a prominent event with Vegan
Michelin-cook Zizi Hattab and Karime Lopez in Sep-
tember of 2023 at the Merian Gardens in Basel (Stein-
beisser 2023), where the submitted objects will be
used as part of an experimental gastronomy. Following
the event, the glass objects will be offered as individu-
al pieces at their online store on www.jouwstore.com.

While the material experience of glassblowing and the col-
laboration with the partner steinbeisser.org were enormously
appreciated by the students, there was hardly any feedback
for the establishment of the SDGs in the curriculum.

Lessons we learned
As we considered the implementation of the SDGs a major
step for our curriculum and perception, we started a digital

Figure 4. Connecting vessels with a tube: Zita Fahrlander's project
illustrates the interrelations of drinking water resources
Movie still: Raisa Durandi
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survey of all object design students on the following ques-
tions:
» Has anything changed for you since we embeddd the
SDGs in the Object Design curriculum - and if so, what?
» Did the SDGs mentioned at the beginning of the mod-
ules influence your design decisions - and if not, why
not?
» Do you have any advice for us regarding the introduc-
tion and embedding of the SDGs in the following aca-
demic year?)

First of all, it should be mentioned that despite repeated re-
quests, there was only little feedback from the students.
Participating students of all study years stated that sustain-
ability would have been a priority in their lives even before
they started their studies. Nevertheless, they were not or only
little aware of the SDGs and they would like to have a more
profound, also critical examination of the SDGs. One person
wrote that projects could also be based on the SDGs, instead
of a later classification. Another person stated that her pro-
ject research had to do with drinking water and was therefore
connected to the SDGs, but rather in an unconscious way.

For the first time in 2023, the fifteen Bachelor candidates
in Object Design were asked to refer to one or more SDGs in
their outline of their Bachelor project (cf. Fig. 2). Although this
was only done marginally in their project drafts, we noticed
a considerably deeper engagement with sustainability in the
topics chosen by the students.

The most concrete student feedback we received during the
presentation of the SDGs in the first year, while introducing a
text by Rutger Bregman on moral ambition: we had not been
consistent with the gender-inclusive word endings in the
German translation, and thus students told us that the pres-
entation did not meet our own requirements of SDG 5 “Gen-
der Equality”. As a consequence, we organised a discussion
on gender-inclusive language with all the lecturers of the first
year and reviewed our use of language.

A little surprised, we note that the effects of the SDGs in the
curriculum are only indirectly experienced by the students.
At the same time, we as a study programme - as lecturers —

Figure 5. The variety of different moulds produced at the wood workshop of Lucerne
School of Art and Design: most of them on the CNC milling machine
in massive beech, others in plaster or even sand
Image: Andri Stadler




are aware that this step helped us enormously to integrate a
sustainable attitude consistently and in all its diversity into
our teaching.
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Abstract

Hew do we prototype
the transformative change
towards nature positive designs?
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Introduction

(Rockstrom et al, 2009; Steffen et
al., 2015; Folke et al., 2016; Persson
etal, 2022).

The Japan Biodiversity
outlook 3 issued by
the Working Group

for Comprehensive
Assessment of Biodi-
versity and Ecosystem
Services), Ministry

of the Environment
Japan (WGfCAOBaES,
MoEJ), also echo’s the
IPBES report and urges
action. In response to
Japan'’s challenges the
Ministry has launched
the Circular Ecological
Economy, proposed

by the government in
2018 in the 5th Basic
Environment Plan.

Global biodiversity and
Ecosystems threatened!
We need planetary health!
(Horton, et al.,, 2014)

W1 ‘Integrated Improve-
ments on Environment,
Economy and Society’
(12ES).

(Cabinet Office,
Government of Japan
,2022) The plan aims to
achieve the SDG's (Unit-
ed Nations, 2015).

ot ] {.; ]

Combining II2ES plan
with sustainable use
of regional resources
and creating partner-
ships, is synthesized in
the Circular Ecological
Economy vision (MoEJ,
2021).

Transformative change is needed! (IPBES, 2019)

Handle with care/




Satsuma Future Commons (SFC)
Launched by the city to realize its vision
of a circular city. In the background all
of this initiative lies in the macro popu-
lation decline in Japan as well as aging

population (MoEJ, 2021).

The major economic
driver however is the
Sendai Nuclear Power
Station (SNPS), with
ongoing discourse
regarding its future,
alternative. i,

FUTURE
COMMONE

Soil properties.
(Adhikari &
Hartemink, 2016). SOIL

Wy Soil?

Food, clothing and Shelter, the
basic necessities included

in the SFC vision, rely on
nature, such as rice, natural
fibers (e.g. silk, cotton, linen)
and wood. Such provisioning
services are examples of
ecosystem services provided
by nature. Agroecological
(agriculture plus ecolo-

gy) practices reported to
generally positively link with
ecosystem services (Pala-
mo-Campesino, et al. 2018).
All such provisions rely on soil
as the fundamental enabling
infrastructure. Soil is the hid-
den nexus of food, water and
energy ( Hatfield et.al, 2017)

BIGITAL

YUTAKA: HOW DO WE PROTOTYPE THE TRANSFORMATIVE CHANGE TOWARDS NATURE POSITIVE DESIGNS WITH SOIL

Circular economy with
innovation hub located at the
240,000m? area of former
unused farmland in proximity
to the SNPS (Kamio, 2022).

The city developed
the plan with col-
laboration between
=, Kyushu University, and
Re:Public inc.

Plans and vision were
developed with expert
input (incl. Inamura)
with citizen dialogue
including face to face,
and correspondence.

'“'--—_----"""II Adapted from “the

PROTOTYPE

% model” Azote for
W Stockholm Resilience

SDGs wedding cake

Centre, Stockholm
University

OBJECTIVE

This visual paper explores how to proto-
type this change from a design stand-
point and introduces the Soil Studio as
ameans to prototype transformative
change from the ground level. The Soil
Studio aims to explore what is Yutaka in
relation to soil, where Yutaka is a holistic
and regional conception of wealth, abun-
dance, and harvest.

THREE PILLARS QF

SATSUMA FUTURE COMMONS

{  mATERLAL LiBRARY }CﬂTlENMIﬂM&TMD

MATERLLL INNOWATION

The authors conducted desk research in Augmented Ecology
(Funabashi, 2016; 2018), and prominent models of agroeco-
logy.

The Soil Studio launched in
September 2022, is a format
where participants each plant a
polyculture in adjacent plots which
reflects their own needs, wants,
aspirations and world views. This
format has been piloted through
a test bed in the outskirts of
Satsumasendai city, on property
provided by local citizens involved
in previous projects.

Yutaka is drawn from tradi-
tional Japanese thought and
defined here as a holistic and
regional conception of biodi-
verse wealth and abundance.

STATE OF

YUTAKA

BESFHERE

Typically Poly-
culture is used to
denote agricultural
species mixtures
(WeiBhuhn, 2017).




YUTAKA: HOW DO WE PROTOTYPE THE TRANSFORMATIVE CHANGE TOWARDS NATURE POSITIVE DESIGNS WITH SOIL

Pilot Soil Studio Overview

People from various backgrounds tried to realize
their own dream polycultures at the soil studio.
Each mound of soil embodies their desire through
emerging biodiversity, which in combination
realizes the state of Yutaka.

The meditative methods developed by
Inamura (Ito, 2021) was combined with
co-dreaming of Sanders and Stappers
(2012, 2014). With recent shifts in
design research toward more-than-
human conceptions (Sznel, 2020;
Inamura 2022), co-dreaming has been
expanded.
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matches the re-
search on feelings
of connection to
nature. (Mayer &
Frantz, 2004).

What are te characteristics of the Soil Studio

1: Polycultural creativity
The key difference is to foster the individual human aspira-
tions/desires/needs of the participants through polyculture.

2: Design Studio Concept

The Studio concept: ‘what is Yutaka in relation to the soil?'.
This is a provocation to learn and develop new ideas for how
to connect biodiversity to value. Design approaches have
shown many possibilities of innovative use of natural materi-
als (Solanki & Corbin 2018).

3: Yutaka Concept

Invoking the concept of Yutaka, abundance and wealth based
on ancient and holistic world views, is a unique point of the
Studio.

4: Methods

Some key methods conducted during Studio praxis included,
co-dreaming, meditative design methods, prototyping, and
learning sessions.




5: Agroecological technicue

Funabashi has presented a no tilling method (though hilling is
allowed), minimum soil improvements and no external ferti-
lization (2016). Here, Bamboo bio-char (a local monoculture
issue) was used to improve soil conditions and be eligible for
carbon credits. As for species of plants, commercial species
were chosen, however the Studio format is open to local/her-
itage varieties and seeds.

6: SLOC scenario
Soil that is Small, Local, Open and Connected.
In line SLOC scenario proposed by Manzini (2011).

7: Societal Context

The soil studio is part of a joint research project between in-
dustry and academia and built on a memorandum of cooper-
ation between the city municipal government and university
faculty. The city’'s vision reflects citizen feedback, national
policy, and intergovernmental goals. As such the studio pilot
is interlinked with layers of regional societal systems, con-
necting policy to individual.

Conclusion

A studio model was established based on Funabashi’'s work
on Augmented Ecosystems through desk research and a site
visit. Agroecological methods were combined with the ‘col-
lective dreaming’ of Sanders and Stappers, utilizing Medita-
tive Design Methods developed by Inamura to explore latent
aspirations of human participants to envision a thriving poly-
culture. The participants then engaged in prototyping and
making based on the polyculture. The preliminary results and
feedback were recorded. Participant feedback provided high-
ly encouraging anecdotes on the success of the pilot. These
results were shown in a public exhibition in the city. The doc-
umented interactions of the participants indicate a sense of
connection to nature and drive a virtuous cycle of dreams
and inspirational learning from the emerging nature positive
polyculture. The studio empowers participants with a potent
means to explore what is Yutaka in relation to soil.

Relevance to readers

The concept of Yutaka is relevant as an example of vernacular/
local worldviews to drive design development in the nature
positive space.

Readers in the Societal, or design for government space, can be
informed about how individuals might be engaged in large scale
societal transformations on the ground level, with alignment to

layers of policy.

Those who are researching mindfulness, meditation and related
concepts will find novel applications reported through the case
to add to the overall literature of meditative design processes.

Future Research

Though the project is still early in its pilot stage, it has demon-
strated potential as a transformative model towards agroe-
cological states of Yutaka. Next steps will be to develop the
existing Soil Studio, enabling participants, as well as quantita-
tive and digital approaches. The Soil Studio presents aspects
that more than the sum of their parts, though based in local
worldviews and ecological contexts, have clear structural,
methodological, and societal aspects that can be adapted
to other localities, beyond Japan and the Asia-Pacific region.
Testing the studio format to see how it applies to other sites
are also animportant trajectory, considering the global spread
of circular, participatory and nature positive approaches, it
can be hypothesized that the soil studio format will be rel-
evant in many places, and the adaptations necessary also
need to be clarified.
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Abstract

It has become more and more important to consider the
future material selections in product design. The material
choices influence on the user perception and hedonic expe-
rience qualities, but they affect also product qualities such
as recyclability and durability. Understanding the user expe-
rience with materials can help us to design for more sustain-
able transformations. In this paper, we address the topic of
material experiences through user research. In our research,
we focus on four characteristics in the material experience:
arctic, classic, expensive and cheap, and present two user
studies investigating the user experience with materials in
products. The first study utilized the material probes method,
and included a user test in which the participants could ex-
plore and feel different materials: glass, metal, leather, plastic,
concrete, and wood. The second study consisted of individual
interviews of eight (8) people. As salient findings, we report
that wood, glass, and leather were perceived to represent
classic and arctic, whereas plastic provoked negative reac-
tions. With plastics, an interesting contradiction was found
when people still often used plastic products to describe an
expensive product category.

Author keywords
Design materials; material probes; user experience; user stud-
ies.

Introduction

Designers’ work can be said to focus around creating new
products and solutions for people to use, and their work is vis-
ible in every sector of life with different consumer products.
However, it is recognized that today we live in a world where
the population grows and consumption is constantly increas-
ing, creating problems with the over consumption of natural
resources, pollution, and waste, and an urgent pressure to
change this development. As a result, we are more focused
on the environment and sustainability. According to Maleque
& Salit (2013), the environment and factors affecting it are
featured increasingly in design; this shows in how materials
are chosen, manufacturing processes, life cycle thinking and
in material development. Environmental values and sustain-
able growth are also significant factors in marketing of these

products (Maleque & Salit, 2013, 70), and drive for design for
transformation and nature friendly solutions.

Product designers and industrial designers work integral-
ly with different physical materials. Materials are an essential
part of the user experience with tangible products, and their
selection influences on the product’s outlook, durability, usabil-
ity, price, and recyclability. Material choices are thus an impor-
tant part to consider in the design phase, and understanding
how people perceive the materials provides useful background
information for these choices.

We investigated the user experience with product design
materials with two different user study methods. The first
study utilized the material probes method, and included a user
test in which the participants could explore and feel different
materials: glass, metal, leather, plastic, concrete, and wood. In
the second study, interviews were conducted with eight (8)
people, who also presented product examples of their choices.
Our work contributes in understanding the user perceptions
of material qualities and user experience, and can provide in-
sight and inspiration for product designers and researchers
who are interested in materiality as part of the user experi-
ence.

Material Experience

User Experience with Materials
User experience (UX) is a central concept when designs are
assessed, and it goes beyond the definition of usability - ef-
ficiency, effectiveness and user satisfaction - which has tra-
ditionally been the key concept when user interface design
goals are set (Law et al. 2008). User experience design does
not consider only the instrumental value of the interactive
artifact. It highlights also hedonic aspects, and that emotion
and affect have important roles in the holistic perception.
These include factors such as aesthetics, emotional engage-
ment and stimulation (Hassenzahl & Tractinsky, 2006). User
experience is studied with user-centered design methods,
which can be applied in design and evaluation phases (Has-
senzahl & Tractinsky, 2006; Hakkil3, J. 2020, p. 68).

Even though design education is changing, and the meth-
ods and tools in the field have generally moved to fast mode-
ling methods such as 3D printing and laser cutting, design stu-

Nature positive/

transformation




dents still need a good knowledge of materials and practical
experiences (Johansson & Konttinen, 2021, 90). The skill of pro-
ducing successful and insightful design requires knowledge of
previous solutions from a contextual and historical level (Falin,
2011, p. 122). Only with sufficient understanding of the effects
of material selection, can we have an impact on the future of
product design.

Also, successful product development requires a deep un-
derstanding of users' preferences. Design is one way to con-
cretize users’ needs and make products easier to use, more
functional and sustainable. Today, a designer is expected to
have good empathy skills, so that they understand user needs
and at the same time can push their own opinions aside (Huo-
tari, Laitakari-Svard, Laakko & Koskinen, 2003, pp. 9-25). Un-
derstanding user experiences with materials can be a tool for
change and transformations.

According to Karana (2010), the material is a very essen-
tial part of the product and the material experience created
through the product is multifactorial. When people interact
with products, their senses are in contact with the product’s
materials, which mainly provide visual and tactile stimuli. The
environment and previous experiences also have their own in-
fluence on how materials are perceived (Karana, 2010, p. 23.)
Designers need to be aware of the overall picture affecting us-
ers' experience with physical products and materials. Material-
ity plays a central role also with tangible user interfaces, since
materials can be experienced thru touching and haptic feed-
back. Nevertheless, according to Hakkild & Johansson (2018)
materials also affect the visual design and the style of the
products. Therefore, the designer can promote values and cre-
ate associations with material selections (H&kkild & Johansson,
2018, p. 36).

Materials and Desighing

for Nature Positive Transformation

Design educators are creating a foundation for the future by
teaching tomorrow'’s designers. Preparing design students
with knowledge about the importance of material selections
for product design can make a difference towards a nature
positive transformation. Nature positive transformation is
an essential requirement in the future design. This is simply
because a turn towards more sustainable solutions must
happen in order to give Earth as the living planet a chance to
flourish also in the future. The future of the entire planet is
greatly affected by the ongoing development trends, which
are of great concern. These include the overuse of natural re-
sources, global warming, increasing population, urbanization
and the socio-economic challenges of consumer society. Dif-
ferent measures and campaigns have been developed to in-
crease the awareness of the issues. As one illustrious exam-
ple, Earth Overshoot Day has been announced as a measure
to describe the overuse of natural resources and the planet’s
capability to recover from the toll the humans are putting on
the biocapacity. It is calculated for each year by Global Foot-
print Network, and marks the day when Earth’s biocapacity
suffices to provide for the Ecological Footprint of humankind.
In 2022, the Earth Overshoot Day was on the 28th of July.
Sustainability needs to be addressed with a wide spectrum
of solutions across the society, since it has been recognized
as a key challenge. According to Ljungberg (2007), develop-
ing more sustainable products can be affected in part by the
material selections. However, the material selection process

today is complicated and challenging, since there are virtually
countless options available. Designing products for a sustain-
able future gives the material selection and the designer even
more significant role.

Stucdy | - Material Probes

Method

In the first phase of our research, material probes were used
as a qualitative data gathering method. Material probes meth-
od in the context of interaction design has been described
by Jung and Stolterman (2010), who addressed the topic of
materiality related to digital artifacts. The method was de-
veloped to provide understanding on how people perceive
different material qualities, and to feed to the discussion on
how these observations and desires could be incorporated
into the design. Jung and Stolterman employed a three-step
procedure, which included asking the study participants to
tell stories of memories related to physical artifacts, playing
with material samples while speculating on their preferences,
and comparing the physical and digital artifact experiences
(Jung & Stolterman, 2010). The material probes method was
later adapted by Hakkild et al. (H&kkila, He & Colley, 2015),
who studied the experience with natural materials by pro-
viding tangible samples and assessing them with product
reaction cards based on the Microsoft PRC set (Benedek &
Miner, 2002). Here, product reaction cards provided a set of
predefined words, from which the participant could choose
the terms best matching their experience with the physical
material probe.

In our study, we adopted the material probes method by
concentrating on the second step of the original procedure by
Jung and Stolterman (2010). Here, we introduced study partici-
pants the material samples as tangible, physical bits they could
touch.

Study Set-up

The material probe method used in our first study consisted
of seven material probes and the questionnaire which had
three questions for each material sample (probe). We chose
seven hard materials, and decided to name and label the ma-
terial samples (probes) in the test situation alphabetically (a,
b, c, d, e f, and g) to minimize pre-existing opinions related
to different materials. The material probes are presented in
Figure 1 and consisted of the following materials: glass, metal,
leather, plastic, concrete, cardboard, and wood.

Figure 1. Material probes in the Studly I:
A. glass, B. metal, C. leather, D. plastic, E. concrete, F. cardboard, and G. wood

Each study session lasted for approximately 40 min, and in-
cluded the following steps:

» Completing a background questionnaire.

» Interacting with each material probe in turn.

» Following a Product Reaction Cards (PRC) based
methodology (Benedek & Miner, 2002), for each mate-
rial, selecting three (3) terms from a list of 14 that best
described what the material 1) felt like and 2) looked
like.




» Rating the materials on a 5-point Likert scale against
the categories: arctic, classic, expensive, and cheap.
Atotal of 22 participants (15 female, 7 male; aged 20-41, with
the average of 27 years) took part in the study. Participants
were predominantly university design students and staff.

Results

The tactile and visual sensations evoked by the material
samples are presented in Figure 2, which summarizes the
answers for the questions posed with the material probes:
"How does the material feel?”, and “What does the material
look like?". Figure 2 presents the three most common PRC
terms selected for each material.

Figure 2. Three the most frequently chosen PRC terms for each material to describe 1)
how the material felt like (left), and 2) how the material looked like (right).

The test participants’ associations between the materi-
als and categories arctic, classic, expensive, and cheap are
present in Figure 3. Wood, glass, and leather were perceived
to represent classic and arctic, while concrete, plastic, met-
al, and cardboard did not fit these categories so well. Wood,
glass, and leather were perceived almost equally as classic
and arctic materials. Leather was perceived as the most ex-
pensive material. Plastic and cardboard were perceived as
the cheapest materials compared to the others used in the
material probes.

Figure 3. The average of the results of how participants combine materials
with the categories arctic, classic, expensive, and cheap.

Study Il - Interviews

Method

The second phase of the data collection consisted of inter-
views. The interviews were run as a separate study, with dif-
ferent participants as the first, material probes study. The in-
terview method is suitable for situations where the answers
are relatively unknown, and where the researchers are inter-
ested in bringing out comprehensively different viewpoints

(Millar & Tracey, 2009, p. 80). Different kinds of probes can
be used as an integral part of an interview in order to provoke
memories and to stimulate the interviewee to speak more
(De Leon & Cohen, 2005). De Leon and Cohen (2005) call
non-verbal, tangible probes as object probes. Object probes
are artifacts which are used explicitly to generate verbal re-
sponses, and they can be selected by the researcher or the
study participant him/herself. Object probes can be for in-
stance photographs, which can help participants to verbal-
ize their memories and observations. For instance, Collier
and Collier (1986) have pointed out how photography can
support ethnographers in conducting interviews and thus in
collecting richer data from field studies. Our interview study
took inspiration from the material probes method by Jung
and Stolterman (2010), who asked people to tell memories
related to different materials. In our study procedure, we uti-
lized objects and photos selected by the participants as part
of the interview.

Study Set-up

The interviews were supplemented with product examples
chosen by the participants, and the material experience was
observed through the selected products. Prior to the inter-
view, the participant had to choose one product from their
home for each category: Classical, Cheep, Expensive, and
Arctic. We also instructed that the examples should not be
any clothing or anything eatable.

T study included the following steps: The pre-task, a back-
ground questionnaire, and nine ready-made questions, which
the participants received before the interview situation. Each
interview lasted 30-40 minutes and was conducted via vid-
eo calls. Altogether eight participants (7 female, 1 male, 27-61
years, average 40 years) took part in the study. All persons in-
terviewed had some kind of connection to the Finnish Lapland.
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Figure 4. Pictures of the products which participants had chosen
for the categories arctic, classic, expensive, and cheap.

Results

All the product examples are shown in the Figure 4. there
found also the products main materials. In the “arctic” cat-
egory, the products included many sports equipment that
are used in the (sub)arctic region. The products chosen to fit
the definition of “classic” consisted mainly of products relat-
ed to home and living, excluding musical instruments. The
products chosen to fit the definition “expensive” consisted
mainly of electronics products. The product choices defined
as “cheap” were justified by the affordability of the purchase
price. Two products of this group were self-made.




Discussion

About the Findings

Material experience is a very wide and subjective matter, in-
fluenced by a large number of factors, such as the user’s val-
ues, cultural background, previous experiences, age, gender
and senses. Also, the user's financial situation affects how
materials are experienced, especially when defining them as
either expensive or cheap. Therefore, designers need to take
the target group into account when choosing the product
materials.

Based on the research regarding expensive materials, it
can be concluded that people consider technical products
expensive, because of their cost and for not being long-lasting
in respect to their price. This is a well-known problem, and the
principles of sustainable development are nowadays not im-
plemented in all technical devices. It is especially interesting to
discuss the “arctic” qualities of product design based on this
study. The material and product choices of the arctic category
showed a clear connection to natural materials. The function-
ality of the materials and the match with the use cases in the
arctic region came to the fore. Of the categories used in the
study, arctic was the only one that was a region-related cate-
gory. It may be that the functionality of a material is easier to
understand if it can be linked to a certain area or conditions.
This would provide an interesting line for further research.

Plastic is a material that divides people’s opinions, as no-
ticed also in this study. Participants experienced plastics very
negatively, both through physical experience and mental imag-
es. In interviews, however, a result contradicting this observa-
tion emerged, as many of the objects in the "expensive” cate-
gory were, to our surprise, plastic.

The findings indicated that design has a rather large impor-
tance in how users experience the material and how they see
and feel about it through the products. Plastics as a material is
not perceived as expensive, rather the opposite, but it is used
in many products that are expensive. The designer's choices
affect how the user is experiencing different products and
materials. The designer should take the target user group into
account already when choosing the materials for the design,
as the perceptions on different material qualities may differ
between user groups. However, these factors are not fully con-
trolled by the designer alone.

About the Theme Transformation

for Nature Positive

The development of new materials has animportant role in the
future in replacing the existing harmful ones. Designers should
be educated about new, more sustainable materials to be able
to make better choices for product design, as they do have a
role in transforming the physical artifacts to be more nature
positive. Consideration of nature comes in quite seamlessly
in arctic design, since the design is strongly influenced by the
surrounding environment (Hakkild & Johansson, 2018). Also
the effects of climate change are specifically apparent in the
arctic areas. For the nature positive transformations, it is prom-
ising to note that plastics, which have gained a lot of negative
publicity for the waste problem it has created, also provoked
negative results from the participants in this study.

Limitations and Future Work

We acknowledge that our study is limited by the sample the
participants. The results might have differed somewhat if
the same users would have selected to do both of the stud-
ies -material probes as well as interviews, or if the study had
been conducted in different culture. However, as the research
addressing the perception of design materials is at the core
of product design, we believe our study provides some inter-
esting insights to the topic. For future research, the observed
contradictions e.g. with plastic as design material would be
an interesting topic for future research.

Conclusions

In this paper, we have presented a two-phased qualitative re-
search investigating the user experience with design materi-
als. As salient findings, we report that wood, glass, and leather
were perceived to represent classic and arctic, whereas plas-
tic provoked negative reactions. With plastics, an interesting
contradiction was found when people still often used plastic
products to describe an expensive product category.

Based on the research results it can be concluded that
some materials provoke a more nature positive user experi-
ence. Especially in the arctic category, natural materials such
as leather and wood emerged. In the study, the product choic-
es of the arctic category were combined with the conditions
of the (sub)arctic region. In the selection of materials, wood,
leather, and glass were chosen as arctic materials, which was
also observed in the arctic product choices regarding leather
and wood.
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Abstract

Ecological restoration is an art and science that offers a prac-
tical approach to repairing and caring for relationships in liv-
ing systems. Restorationists, a community of multiple epis-
temic cultures, most often frame their work as a practice of
ecology. Ecology provides a systems-oriented approach to
natural and life sciences that can be applied to restore and re-
pair. Yet, the word design also frequently appears in the work
of ecological restoration. What do restorationists mean when
they refer to design?

In this paper, | introduce ecological restoration to a design
audience and frame restoration as a repair practice that ad-
vances designed interventions in socio-ecological systems.
Through three case studies from the United States context, |
identify three different ways that design appears in the work of
ecological restoration: planning, technology, and transitions. As
these case studies show, approaching restoration as designing
can make restoration processes more transformative, more
inclusive of multiple worldviews, and more critical of environ-
mental injustices. Yet, design approaches can also depoliticize
ecological restoration by oversimplifying it, or by normaliz-
ing an overly technological approach that seeks quick fixes
to complex problems. By bringing ecological restoration and
design into deeper conversation, this piece highlights the im-
pacts of various design postures that are brought to the work
of restoring ecosystems.

Author keywords
ecological restoration; earth repair; socio-ecological systems;
transition design

Introduction

Worldwide, communities and governments are responding to
environmental degradation by taking up the work of ecologi-
cal restoration. The term restoration describes the work done
by people to return ecological structure and function to sites
like wetlands, coastlines, forests, meadows, and rivers after
they have been harmfully disturbed. Examples of large-scale
anthropogenic disturbances that restoration responds to in-
clude some types of agriculture, aquatic eutrophication, hy-
drologic disruption, logging, mining and oil spills (Jones et al.,
2018). Restoration may also be used to address disturbances
that are not directly anthropogenic, like wildfire and flooding,
or to re-introduce beneficial disturbances that promote eco-
system flourishing. Restoration is widely accepted and rec-
ognized as a useful tool for ecological repair, and features in

two key United Nations frameworks. One, to restore 350 mil-
lion hectares as part of the UN Decade of Restoration and the
other, to preserve hiodiversity through restoration of 15% of
earth’s degraded ecosystems by 2020, an Aichi Biodiversity
target that has not yet been realized (Unit, 2020). While res-
toration activities receive billions in funding (USD) annually,
success in ecological restoration work is a complex and elu-
sive process of changemaking that often requires modifica-
tions in policy and human activities, in addition to ecological
parameters (Christian-Smith & Merenlender, 2010). In this
paper, | introduce restoration to a design audience by assert-
ing that restoration is a design practice, illustrating the ways
that design practices and postures appear in restoration, and
suggesting how those ways of designing relate to the poten-
tial for a restoration initiative to effect systemic change.

The practice of restoration affirms that humans have
necessary, active and beneficial roles to play in repairing and
maintaining earth's ecological functions (Egan et al, 2011;
Higgs, 2003; Jones et al, 2018). This stance distinguishes res-
toration from practices of rewilding, conservation and pres-
ervation, where people are intentionally kept out of or away
from protected lands. The restoration community comprises
avast amalgam of people, institutions and local communities
who practice restoration with distinct methods, motivations
and visions of success (Higgs, 2003; Kimmerer, 2011; Tomb-
lin, 2009). The practice is most broadly defined as “the pro-
cess of assisting the recovery of an ecosystem that has been
degraded, damaged, or destroyed! (2023). Early definitions
of ecological restoration emphasize the replication of his-
toric conditions (Higgs, 2003). However, most contemporary
restoration approaches frame the work as a way to create
desired ecological conditions that, while deviating from a his-
toric baseline, are ecologically sound and culturally relevant
(Coleman et al,, 2020).

Restoration as Repair

Restoration can be understood as a practice of repair. In fact, it
is often referred to colloquially as “earth repair” (M. Hall, 2005).
Restoration has also been described as an act of “relational re-
pair” between groups of people, as well as between people and
various non-humans, for injustices past and present (Almassi,
2017). This framing reminds us that social injustice is often
intertwined with ecosystem degradation, as is the case with
the removal of many Indigenous people and groups from their
lands in the North American context (M. M. Hall et al, 2021;
Kimmerer, 2011). Holistic and durable repair of ecosystems
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must also consider these social contexts. Writing about repair,
scholars Markus Berger and Kate Irvin theorize that repair can
be either “first-order” or “second-order”. First-order repair is
about “a continuation of what occurred before (i.e, a car me-
chanic replacing a standardized part)" (2022, p. 2), whereas
second order repair requires "enacting thinking and practices
that challenge the status quo” and leads to "a complete trans-
formation of the thing, system, and relationship itself” (ibid).
With this framing, repair can be evaluated by the extent to
which it is a systemic intervention, or simply a symptomat-
ic fix. Restoration reflects this tension, as many projects are
limited to first-order repair, prioritizing cleaning up an envi-
ronmental mess without addressing its systemic root causes.
Both kinds of repair are necessary, yet scholar Laura Martin ar-
gues that restoration "will offer no more than a temporary re-
pair" (2022, p. 230) if systemic causes of degradation remain
unexamined. To conceive of restoration projects as systems
interventions, we must conceptualize ecosystems as so-
cio-ecological systems that include human social dynamics
and concerns (Perring et al, 2015).

Restoration as Design

Restorationists create material interventions in living sys-
tems ranging from earth moving to plant propagation in or-
der to bring about better future conditions. Restoration is
thus a practice of not only repair, but also, designing. Ecolo-
gist Eric Higgs draws the connection, noting, “Restoration is
fundamentally about design, and the challenge ahead is to
enlarge our capacity for good ecological design! (2003, p.
95). Discussing restoration in relation to design is inherently
important because of restoration’s significant contributions
to a thriving and living future for both humans and non-hu-
mans. Further, despite the recognition by restorationists that
design is relevant to their work, a robust dialogue is mostly
absent between the fields of design and restoration, to the
detriment of both. Higgs observes that, “as restorationists, we
are involved in the design of ecosystems and places whether
we like it or not” (271). Noting some ecologists' hesitancy to
engage with design, he further argues that, “we need to ac-
knowledge that restoration is fundamentally a design prac-
tice [emphasis original]” (274).

Scholars Mang and Reed (2013) and Du Plessis (2012) con-
nect the dots between design and living systems by advancing
frameworks for what they call regenerative design and devel-
opment. These frameworks and tools support “design and con-
struction of mutually beneficial and life-supporting relation-
ships between built and natural environments” (2012, p. 15).
As these proposals originate from a design and architectural
posture, they emphasize changes to how the built environ-
ment is designed to benefit and regenerate natural systems.
Restoration, on the other hand, primarily originates from eco-
logical sciences, a field which has historically omitted the built
environment from its study and consideration. Thus, with the
exception of scholarship from designers of the built environ-
ment, design and restoration ecology mostly lack theory and
frameworks to explain how their work interacts. Here, | bridge
this gap and respond to Higgs' call for explicit recognition of
designin restoration. | do so by identifying and discussing three
ways that design is currently used to create interventions in
socio-ecological systems through restoration and earth repair
activities in contemporary cases from the United States con-
text. | additionally suggest that the way we design restoration

and repair will determine if the repair will catalyze beneficial
systems transformations toward more sustainable and eco-
logically sound futures.

Design and Restoration: Three Cases

Here, | present three cases to discern and critique the roles
that designing plays in restoration, so that restoration activ-
ities may yield more durable and transformative outcomes.
These examples come from the American context, with
start dates ranging from 2010 to 2022. They were selected
because they are contemporary, self-identify as restoration
projects, and illustrate three distinct modes of how design
appears in restoration. As they are all ongoing projects, their
ecological and social outcomes are not fully realized or un-
derstood. Restoration projects are typically evaluated in
terms of recovery completeness and recovery rate based
on indicators from ecological sciences (Jones et al, 2018).
Instead of grading or scoring these project outcomes, my
review identifies and critiques how design appears in the
processes used to plan or carry out the restoration projects.
| also locate the interventions in terms of their positioning as
systemic leverage points using the “Places to Intervene in a
System” framework by Donella Meadows (1997). This frame-
work ranks leverage points in order of their likelihood to pro-
duce meaningful systems change, which Meadows calls “ef-
fectiveness”. In this framework, a leverage point in the 12th
spot is the least effective, with effectiveness increasing as
the ranking proceeds from 12 up to one.

Institutional Restoration: Upper Truckee River
Design frequently appears by name in what Tomblin (2009)
calls institutional restoration projects. These are projects led
by state and local government agencies, or other institutions
who may own or manage land, such as land trusts. Design is
often considered a distinct stage in these projects, taking
place between the establishment of goals and reference con-
ditions and project implementation. In these contexts, de-
signhing is the process of solving a specific, singular problem
of spatial configuration of ecosystem features (Holl, 2020).

This use of design appears in the case of the Upper Truckee
River, a restoration project in the works since 2010 in the Lake
Valley State Recreation Area (LVSRA) in South Lake Tahoe, Cal-
ifornia. This project aims to reduce sediment flows into Lake
Tahoe from the Upper Truckee river by slowing or stopping
streambank erosion in a particular river section. Erosion con-
trol measures include bank stabilizing work and re-introduc-
tion of historic river meanders, which slow down the flow of
water. In addition to the river, the other significant feature of
the LVSRA is an 18-hole public golf course on the river's banks.
Restoration goals, which are set and managed by the California
State Parks, also include creating a larger buffer zone between
the river and the golf course, so that the river is less affected by
the golf course and vice versa.

Restorationists inthe Upper Truckee currently face adaunt-
ing task. Their design must simultaneously re-establish river
meanders, move the golf course holes further from the river
bank, keep the golf course at 18 holes, and do all of the above
within the current footprint of the LVSRA. Project backers have
hired professional golf course designers to solve this restora-
tion problem by producing a golf course design that checks
all of these boxes. In the socio-ecological system of the Upper
Truckee river, design is being used to change the “structure of




material stocks and flows (such as transport networks, popula-
tion age structures)” which Meadows (1997) rates as the 10th
most effective place to intervene in a system, out of 12.

Work on this restoration project has not moved beyond the
design phase in almost 10 years of deliberation due to a lack of
public support and conflict amongst stakeholder groups. De-
spite the seemingly impossible constraints to satisfy, project
backers continue to believe that a design solution exists for the
LVSRA that will check all of the boxes. In a case like this, consid-
ering design as a distinct phase with pre-prescribed activities
may be preventing restorationists from fully engaging with all
that design has to offer to their work, as well as limiting how
much learning and emergence can influence their processes.

In this case and in many other institutional projects, de-
sign serves an additional purpose of being the means for
communicating and recording a plan of action for regulato-
ry purposes. Regulators and the public may need to give ap-
proval to a specific restoration design, often communicated
through 2-D schematic drawings as seen in Figure 1. In this
way;, design serves as a unifying vision of restoration success,
yet restorationists must avoid framing ecological degrada-
tion as a purely logistical problem that a restoration design
plan alone can solve. In the LVSRA case, project leaders main-
tain their emphasis on golf course design as the way forward,
with a new course design and environmental impact state-
ment expected in early 2023.

Figure 1. A proposed restoration design for the LVSRA (Source: CA State Parks)

Designing Technology for Restoration:

RIBITs Interface Redesign

Design has long been associated with planning in institution-
al settings. Increasingly, design also interacts with restora-
tion through technology. A 2022 collaboration between the
non-profit Environmental Policy Innovation Center (EPIC) and
the US Digital Service (USDS) illustrates this dynamic. In this
project, an interdisciplinary team of designers and program-
mers worked to re-design the website interface (Figure 2)
of a restoration tracking database managed by the US Army
Corps of Engineers, called the Regulatory In lieu fee and Bank
Information Tracking System (RIBITs). RIBITs is used to organ-
ize and track mitigation banking, a form of ecological offset-
ting for wetlands that shares some similarities with the prac-
tice of carbon offset trading.

The USDS and EPIC project is an example of “designing for
restoration”, which differs from the “designing restoration”
example on the Upper Truckee River. In this case, a design
process was used to update the human interface for a tech-
nological system that organizes restoration efforts. In a blog
post about the effort, design project members explained that
the current RIBITs system (Figure 2) was known to be difficult
to use, and that a human-centered design approach was se-
lected as a methodology for improving usability (Mahr, 2022).
Over the course of several months, the project used tools like
affinity diagrams, user journey maps and digital prototypes to
design proposed changes to the system interface.

These redesign efforts for RIBITs will likely make a positive
contribution to the system interface and perhaps make the
system easier to use for those who engage with it. Yet, this
project, in designing technology for restoration, exemplifies a
common pattern in the way that design engages with wicked
problems. This pattern appears when designers acknowledge
wicked problems in designing, even citing them as a prima-
ry motivation, but focus their efforts on updating or creating
technologies to mitigate the effects of the wicked problem,
rather than interrogating the root causes of the problem itself.

Project briefs that make a call to, for example, “design for
mental health” or “design for sustainability” show this same
pattern. The problem with this way of working is that a website
or technology design can be made highly usable and reflect the
results of a human-centered process while doing little to ad-
dress or change the dynamics of broken systems that produce
these wicked problems. This kind of designing produces only
first-order repair. In this case, the broken system is the mar-
ket-based wetlands offset governance system that RIBITs re-
ports on. Mitigation banking is meant to ensure “no net loss” of
wetlands. Yet, in practice, the system incentivizes novel wet-
land construction or wetland consolidation in exchange for the
destruction of healthy, functioning wetlands. What's more, the
wetlands that mitigation banking produces are often less eco-
logically functional and offer fewer ecosystem services than
the ones they replace (Steinhoff, 2008).

Figure 2. The RIBITs interface before the redesign effort
(Source: US Army Corps of Engineers)

Design’s engagements with wicked problems like wetlands
protection and river restoration must produce more than
first-order repair. Eric Higgs notes that “Design offers the
prospect of reorienting our typical relations in a technological
culture” (2003, p. 280). From a systems perspective, the pro-
posed website redesign of RIBITs for greater usability aims to
change the structure of information flows in the socio-eco-
logical system of United States wetlands mitigation banking.
This type of intervention ranks as leverage point number six
of 12 in the Meadows framework. This leverage point is com-




monly engaged through digital technology design projects.
While this particular design intervention may make the work
of wetlands mitigation banking more transparent and effi-
cient through RIBITs, this approach also normalizes a tech-
nological restoration culture. Here, rather than being used
to “attune us to critical responsibilities” (ibid), such as stop-
ping wetlands destruction in the first place, or finding crea-
tive ways to preserve them, design has been used to make
the RIBITs system more navigable. These two examples show
that design can be used for restoration in ways that ignore or
even normalize the root causes of degradation. Instead, de-
sigh must be used for more substantive change to catalyze
the transformations that true earth repair requires.

Designing Transitions by Restoring:

Fire Mimicry in California Oak Woodlands

In this final example, design appears in a restoration project
without being explicitly named. This example illustrates the
ways that restoration, as a design practice, creates meaning
and culture while also solving a problem. In this case, resto-
ration is a designed transition emerging from a community
group. In contrast to the previous examples, in which design
was used as a way of conceptualizing ideal spatial plans in
restoration, or in advancing technological approaches, this
final example shows how a designed intervention for resto-
ration can create transformative learning and relationships to
catalyze broader change.

Oak woodlands are ecologically and culturally significant
features of the landscape in coastal California. Prior to Eu-
ro-American colonization, Native Californians managed oak
woodlands with fire as well as hand tending (Klinger, 2006).
Today, these beneficial disturbance regimes (Anderson, 2013)
have largely disappeared, due to ongoing Native land dispos-
session. As a result, forest health has declined and these
woodlands are more susceptible to disease, drought and cat-
astrophic wildfire. Oak forests need regular episodes of low-in-
tensity “good fire” to restore health, but many forest sites are
too unhealthy or too close to human settlements for this kind
of burning to be possible.

Fire Mimicry is a transitional restoration process that bridg-
es this divide between current conditions of unhealthy, fire-
prone oak forests, and a future where healthy oak trees can be
tended with fire (Klinger, 2008). Fire serves many purposes in
an ecosystem such as making soils more alkaline, killing path-
ogens, hardening oak tree bark and lowering overall fuel loads.
Fire mimicry offers these benefits without direct application
of fire. Phases of fire mimicry are sequenced, beginning with
a stage of clearing and thinning of unhealthy or overgrown
woody materials. Then, mosses and lichens are removed from
the tree trunks with a mineral wash applied. Finally, the tree soil
is treated with alkaline minerals, and any infection sites are
surgically removed and covered with more mineral wash. The
trees can be treated multiple times over several years, and ob-
servation over time is a key part of the process. Fire mimicry
is generally quite safe and, with the exception of tree felling,
can be easily practiced by non-experts. The method is primar-
ily disseminated through community workshops and work
weekends to non-expert and aspiring land stewards, and is not
explicitly named as a design practice.

How is fire mimicry designing, and what might it teach
about other ways of designing? Fire mimicry relates to design
in several ways. Ong, it is an important example of a transitional

design practice taking place at the household and community
scale, what Manzini calls "diffuse and competent designing”
(2015). Through gradually redesigning a landscape, fire mim-
icry interventions restore forests such that good fire can be re-
turned to the landscape, transitioning forests and human com-
munities away from the legacy of fire suppression. If those who
practice fire mimicry are successful, the practice will become
largely obsolete. This characteristic indicates an effective tran-
sitional practice. Those who practice fire mimicry do not ex-
plicitly self-identify as practicing design or Transition Design.
Yet, the way that this practice simultaneously makes change
across material and immaterial dimensions exemplifies the
approach to changemaking that Transition Design proposes
(Irwin, 2019; Sides et al, 2022).

Through landscape and designed transition, fire mim-
icry may produce second-order repair. The processes of
learning and practicing fire mimicry produce what might be
called “relational encounters” (Manzini, 2015) within groups
of people, as well as between people and trees. These kinds
of relational encounters support the kinds of transforma-
tive, systems-level change that comprise second-order re-
pair (Dorn & Dickman, 2022). Locating these interventions in
the Meadows framework, Fire Mimicry appears to act at two
different levels. One, the landscape design activities change
the size of buffers and stabilizing stocks (leverage point 11
of 12), such as the soil pH and the local fuel loads. At a high-
er level, by empowering community members to see nature
as a socio-ecological system in which humans can positively
contribute, fire mimicry also engages leverage point four, “the
power to add, change, evolve, or self-organize system struc-
ture" (Meadows, 1997, p. 14). Fire mimicry work and the re-
lational encounters it produces can effect change by foster-
ing cultures of land stewardship and tree care, educating the
public about the links between fire suppression and cultural
suppression of native people, and ultimately, facilitating the
return of indigenous land to indigenous stewardship along
with the associated practices of cultural burning.

Table 1. Summary of restoration cases reviewed

What interven-
tions are being

Case Location Leverage

Points Engaged

Design mode
case exem-

designed? plifies
Upper Lake Tahoe, River and golf =~ The structure - Designhing
Truckee USA course layout  of material as Planning
River stocks and + Professio-
flows (10) nal Design
RIBITs Cloud Da- Wetlands The structure - Designing
Inter- ta-base, USA  data-base of informati- Technology
face interface on flows (6) + Human-
Design Centered
Design
Fire Coastal Cali-  Oak forest « Thepower - Diffuse
Mim- fornia, USA com-position to change designing
icry over time system » Designing
structure Transitions
(4)
- The size of
buffers and
stocks (11)
Conclusion

The previous three examples illustrate three different ways
that design appears in the work of ecological restoration:
through planning, technology, and transitions. In the exam-




ple of the Upper Truckee River restoration project, design is
employed in an expert-driven, problem-oriented way to serve
as an official plan of record for a restoration project. This ex-
ample shows how restoration is designed in institutional set-
tings and its tendency to produce first-order repair only. The
RIBITs interface design example shows how design interacts
with restoration through technology, illustrating the pattern
of designing “for” wicked problems through technological
means. In this case, human-centered design was used to re-
design the interface of a system for governing wetlands mit-
igation banking. While the project likely met system usability
goals, it did not show evidence of deep engagement with or
attempt to change the dynamics of mitigation banking. Final-
ly, the example of fire mimicry shows how, through producing
meaning and culture while also solving a problem, restoration
practices can serve as designed transitional interventions.
While all of these cases come from the United States con-
text, their lessons may be relevant to other geographies. In
particular, the planning and technological modes of design-
ing identified here are likely to appear in other landscapes of
ongoing settler colonialism, as these modes reflect a way of
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Abstract

With the rapid development of digital technologies such as
artificial intelligence, virtual reality, augmented reality, and
3D imaging, digitalization has become one of the primary
cultural heritage protection and dissemination methods.
Compared with other cultural relics, traditional costumes
are vulnerable to environmental factors in storage. Therefore,
protecting them in the digital environment and stimulating
visitors' senses effectively is still an important project. Espe-
cially under the upsurge of the “digital future”, avant-garde
and artistic virtual products and technological innovations
such as virtual fashion, 3D simulation displays, and virtual
exhibition halls have brought new cognition and provided
abundant means for the digital protection of traditional cos-
tumes. However, researchers have not paid enough attention
to summarizing their narratives and expressions in the con-
text of digital technology from a methodological perspective.

First, this paper analyses the concept of intangible cultur-
al heritage and its digitalization from a documentation per-
spective, investigating research themes, technical means,
and display modes in the digital production of traditional
costume heritages. This part is a review and summary of
the early stage of the research. Second, this study com-
bined 5 typical practical cases in China, from the aspects
of multimedia interactive participation, mobile interactive
applications, digital museum display(virtual tour), gamifi-
cation(skins) and digital costume collection to explore how
organizations, museums and professionals can use digital
technology to map information transmission with the audi-
ence’s multi-senses, which will better authentic experience
of traditional costumes. Finally, taking the life etiquette cos-
tume of the Ming and Qing Dynasties as the research object,
this study discusses the technical path and development
strategy of digital protection and constructs the overall
framework of the database.

The results show that as a cross-disciplinary field, emerg-
ing digital technologies have broad application potential in pro-
tecting traditional costume cultural heritages, conducive to re-
producing the new form of these finite objects and delivering
rich intrinsic value. Meanwhilg, in the interaction process, vis-
itors have more opportunities to perceive the more profound
charm of cultural heritages. The conclusion in theoretical and

practical value can be used as a reference for other related cul-
tural heritage fields in the digital background.

Author keywords

digitalization of intangible cultural heritage; traditional cos-
tume; digital technology; multi-dimensional construction;
innovative application; case studies

Introduction

With the rapid innovation and application of digital technol-
ogy, it has become an obvious trend to use computer graph-
ics, virtual reality (VR), augmented reality (AR), computer an-
imation and other technological means to present national
intangible culture through digital storage, retrieval and dis-
play (Ch'ng, Cai, Leow, & Zhang, 2019; Yu & Cui, 2021). The
protection and effective development of intangible cultural
heritage, realizing all-round and three-dimensional digital in-
formation transmission, as well as multi-sensory interactive
experiences such as sight, hearing, and touch, effectively
broadens the path for inheritance and enhances social influ-
ence (Zhuang, 2021).

Costumes are an intuitive expression of national self-cul-
tivation and spiritual outlook. Their unique beauty is also es-
sential to sharing pleasure and artistic inspiration for creativi-
ty(Kang, Cassidy, Cassidy, & Li, 2015). Visitors can only view the
restricted and protected collection of valuable old costumes
and textiles through the windows using the old exhibition
methods. With the popularity of human-computer interaction
technology, three-dimensional virtual presentation, and the
new mode of clothing culture propagation through mobile cli-
ents, more comprehensive sensory experiences are provided
to the public (Jiang, Guo, & Ma, 2017; Martin & Mauriello, 2013).
This has become an effective way to inherit and recreate cos-
tume culture. Scholars pay attention to the technical aspects
of digital costumes and explore the possibility of virtual sim-
ulation in reproducing historical costumes(Jiang et al,, 2017;
Villarreal, 2020). Some studies have applied two-dimensional
and three-dimensional software to create digital replicas of
costumes from historical sources and to assess the similari-
ty between historical prototypes and their replicas(Kang et al,,
2015; Moskvin, Kuzmichev, & Moskvina, 2019). Liu's latest re-
search results, with the help of CLO3D software to complete
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the costume archaeology and digital restoration of the figures
in the Tang Dynasty's paintings(Liu, Lu, et al, 2022; Liu, Wu, et
al, 2022; C. Zhu et al,, 2022). In conclusion, digitalizing histor-
ical costumes is a contemporary multidisciplinary research
field combining cultural studlies, science-based reconstruction
methods, and virtual reality(Moskvin et al, 2019).

A unisensory interface stimulates only one sense, while a
multi-sensory interface involves multiple senses (e.g, sight,
hearing, touch) (Mishra, Shukla, Rana, & Dwivedi, 2021). Im-
mersive technologies such as VR and AR are cutting-edge in
providing users with unique multi-sensory digital experienc-
es(Spence, Puccinelli, Grewal, & Roggeveen, 2014). China has
carried out the digital transformation of cultural products
based on the digitalization of museums but there is still a gap
between the practice and exploration of digital fashion for tra-
ditional costumes and other collections (such as porcelain and
bronze ware). The content of this paper is organized as follows.
First, this study reviewed relevant concepts through literature
reviews, such as the realization process and technical means
of intangible cultural heritage digitization, and the contents and
methods of digital protection for traditional costumes. Second-
ly, combined with five typical cases in China, we summarized
the specific methods of reshaping traditional costume cultural
heritage with digital means to improve users’ sensory cognition.
The third part introduced one of our ongoing research and its
digital protection ideas and development strategies. Finally, the
academic and practical implications are discussed.

Intangible cultural heritage,
traditional costume and digital protection

The digitization of intangible

cultural heritage (ICH)

UNESCO’s 2003 Convention defines the concept of Intangi-
ble Cultural Heritage (ICH) and divides it into five categories
(UNESCO, 20083). China has further divided ICH into ten cat-
egories(Chinese Cultural Studies Center, 2008). Some schol-
ars have integrated and concluded according to the research
needs. For example, Lv et al. proposed that ICH can be divided
into three major modules: traditional performance, tradition-
al skills and culture(Lv & Zhang, 2018). It is unreasonable to
use the dualism of tangible and intangible as the criterion for
dividing the material and intangible cultural heritage(Carboni
& De Luca, 2016). Because ICH contains both tangible and in-
tangible material and behavioral meanings.

Digitalization has become one of the main ways to protect
and spread ICH. The digitalization of ICH is to transform, repro-
duce and restore the contents of ICH into a shareable and re-
newable form by using digital collection, storage, processing,
display and dissemination technologies (Ma, Tu, & Xu, 2019;
Wang, 2009). The ICH's digitalization in China has experienced
three historical stages of “ in database * (2005-2012), " being
online " (2013-2016), and " in presence " (2017-present), and
has formed digital feature forms, communication and user ex-
periences(Quan, 2022; Wen & Zhao, 2022). According to the
characteristic of dynamic and static, the digitalization of ICH
can divide into three categories: dynamic art (oral tradition and
performing art), static art (craft skill), and space-time art (festi-
val ceremony)(Ma et al, 2019). An analytical framework should
account for the range of visible and invisible objects under the
constraint of a context-dependent action in a universe of sym-
bolical and collective representations and enable the digital

processing of physical and immaterial levels (Fig. 1)(Carboni &
De Luca, 2016; Ma et al., 2019; Staab & Studer, 2010).
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Figure 1. The process analysis and coding system construction
of the digitization of ICH.

The technical means and presentation

methods of digital protection of ICH

Integrating cultural heritage and digital technologies has
produced many concepts. Ma et al. (Ma et al., 2019) differ-
entiated ICH digital technologies between basic e.g,, pictures,
text, video, and audio, and emerging e.g., the application of
3D scanning, VR, AR, and motion capture technology, the lat-
ter providing more technical means to digitalizing ICH. Both
technologies utilize various new media carriers to digitally
display ICH. Some researchers have summarized and classi-
fied the exhibition types of ICH. For example, Huang et al.(V.
Huang & Tan, 2012) believed there are five presentations: tra-
ditional information type, mechanically controlled type, inter-
active touchscreen type, sensor-based interactive type and
virtual-reality-based experiential type. In terms of the digital
communication mode of ICH, mass media, digital collection,
and Internet-based are the main modes of communication at
present, with immersion communication as a supplement to
the previous three(Tan & He, 2021). ICH encompasses a vari-
ety of types, cultural connotations, and categories. Therefore,
digital displays need to adopt appropriate and varied media
technologies in order to accurately display information about
cultural relics and convey their intangible elements such as
value and spiritual connotation (Ma et al., 2019).

The contents and presentation of

digital protection of traditional costumes

Traditional costume collections found in handicraft and folk
art are an important ICH and reflect a culture’s social life. Cui
et al. (Cui, Niu, & Wang, 2019) pointed out that traditional cos-
tume as a cultural expression can be seen in three contexts:
material, social, and spiritual. Based on these contexts, our
research constructed an overall framework of digital display




design of traditional costumes (Fig. 2). The flexible use of dig-
ital technology improves the effectiveness of the transmis-
sion of information about traditional costumes and enhances
the audience’s knowledge, viewing experience, and sensory
perception of that interaction.

The traditional costume should focus on the organic com-
bination of ontological and digital protection. To date, the on-
tological protection has been quite adequate. The digital pro-
tection of traditional costumes should focus on the dynamic
presentation of invisible factors, such as traditional skills, the
production process, and various attributes of cultural value and
spiritual connotation. The display media for digital protection
of traditional costumes are based mainly on public culture
platforms, PC network platforms, mobile intelligent devices,
and social networks (X. Zhang, 2015). For example, digital mu-
seums and digital databases, as necessary digital operating
forms, are also introduced into the clothing field. Research has
been conducted on making and restoring traditional Chinese
clothing with 3D virtual technology, such as CLO3D, Style 3D
and Style Fabric (Liu, Lu, et al,, 2022; Tong & Li, 2021; W. Zhang
& Ma, 2021). VR technology is essential for both revitalizing
intangible values of ICH and comprehending those intangible
values. It also allows for the understanding and reproduction of
the relationship between tangible and intangible values in each
context (Karakul, 2022).
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Figure 2. The model of digital display design of traditional costumes.

Innovative application of digital protection of tra-
ditional costumes: Methods and case studies

Case 1: "Palace Embroidery and Costume”

project in the Palace Museum

In addition to using traditional media to display intangible
cultural heritage, museums, art galleries, and other public cul-
tural platforms integrate digital means for display(X. Zhang,
2015). The Duanmen Digital Pavilion is composed of the virtu-
al digital form of the Palace Museum’s cultural relics, includ-
ing paintings, interior furnishings, costumes, embroideries,
ancient architecture and so forth(M. Huang, 2016). Using the
interactive display of “Digital Court Costumes” with human

posture recognition technology and Kinect motion-sensing
control technology; visitors can virtually try on Qing Dynasty
court costumes through interactive equipment (Fig. 3). This
interactive feature allows users to appreciate and understand
their artistic features and institutional norms, thus deepening
their knowledge of traditional costume culture. In the “Digital
Palace Embroidery Paintings” project, visitors can use touch
screen linkage Ventuz technology to gain an understanding
of the imperial embroidery painting process and to observe
traditional skills such as embroidery. In conclusion, interac-
tive multimedia, with its sensory participation experience,
is the platform whereby visitors more easily understand the
historical aspects of cultural relics collections.

Case 2: Ethnic Costumes Museum

of Beijing Institute of Fashion Technology

Major comprehensive museums or museums focusing on
costume collections have realized the importance of build-
ing a web-based digital museum with the Internet and digi-
tal technology for online communication, dissemination and
protection of intangible cultural heritage(Wu, Jiang, Liang, &
Ni, 2022). The Ethnic Costumes Museum of the Beijing Insti-
tute of Fashion Technology holds more than 10,000 pieces
of traditional cultural relics, such as national costumes, fab-
rics, embroideries and silver ornaments(Beijing Institute of
Fashion Technology). The Museum has a digital database of
ethnic costumes based on design and application, thus pro-
viding an opportunity for researchers and lovers of costume
culture to gain a greater understanding of the subject. The
Museum’s Ethnic Costume database displays the clothing
of 36 ethnic groups in China. Among these, the Han costume
section includes 291 pieces of short jackets, long gowns,
single trousers, horse-face skirts (Fig. 4), and cloud shoul-
ders. Each collection piece has detailed descriptions (basic
properties, collection information, material technology) and
pictures (overall silnouettes, details, cutting drawings). Using
short videos and animations, the Museum'’s three other data-
bases display 32 pieces from ancient collections, introduce
91 typical costume materials and techniques, and show the

[‘__‘I - w3y
P_‘x E«l_
5 M| =

Figure 3. The digital project of the Palace Costumes.

I’ s av

Figure 4. The display online of digital database for ethnic costumes.




production details and wearing process. The digitalization of
the Ethnic Costume Museum has broadened online access
to valuable resources, thus enabling historical costume lovers
and researchers to further their learning and stimulate their
positive attitude toward cultural heritage.

Case 3: The art visualization network platform

of Guizhou ethnic minorities

Taking the excellent traditional culture and art of 17 ethnic
minorities in Guizhou who have lived for generations as the
research object, this project classified and displayed them in
digital ways by integrating internet information technology
and big data(Guizhou Minzu University). Four mobile apps have
been built with AR interactive displays and interactive weara-
ble experiences to allow users to view ethnic costumes, silver
jewellery, architecture and opera. When opening the “Guizhou
costume” program (Fig. 5), users can select the representative
costume through the left and right arrows and understand its
basic shape and patterns by rotating the 3D model. In addition,
app users can learn the cultural connotation of the tradition-
al costume by reading the accompanying text description
when they click the model. Interestingly, AR technology can
be used to create a virtual scene with interactive character-
istics by first scanning the ground and then combining cos-
tumes, characters, and scenes in a self-selected background.
This, too, is available just with a click, on the circular icon in the
upper left corner of the home page. This process helps users
obtain a more comprehensive sensory experience of tradition-
al costumes (Fig. 5). This project also built a virtual simulation
platform of Miao embroidery, where visitors can learn Miao
embroidery skills at any time by following an on-screen step-
by-step animation simulation. Therefore, the interactive expe-
rience of the AR interface can help users better imagine what
these historical costumes may have looked like, thus increas-
ing their enthusiasm for learning traditional costumes.
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Figure 5. 3D model and AR experience of the Miao
nationality’s costume for the festival.

Figure 6. The design of the traditional costume game skin in The Magic Blade.

Case 4: The series of digital costume design

in Liangyuan Hanfu and Huaxia Nishang

Digital costumes are commonly known as skins in the game
industry. Skins are one of the tools used by players to dec-
orate their avatar to achieve a unique and personalized aes-
thetic expression of the player, rather than just a simple
graphic symbol(Makryniotis, 2018). Louis Vuitton, Burberry,
and other luxury brands have cooperated with game com-
panies to design costumes for game characters and produce
gamified digital marketing. Currently, historical costume ele-
ments are also introduced into digital fashion to promote the
sustainable development of traditional costume culture. In
2021, the TV program "Dress China” cooperated with the de-
signer, Guo Pei, and the game "The Magic Blade”, leading to the
design of a series of Chinese-style costumes in the theme,
“Floral Scrolls with Mandarin Duck”. This pattern represents
the beauty of good marriage (Fig. 6). These costumes are re-
produced by digital art, so young people can enhance their
perception of the beauty of Chinese-style costumes when
playing games. Gamification is a design strategy that im-
proves users' experience. Fu et.al(Fu & Liang, 2022) said tra-
ditional costume skins could build emotional bonds between
game users and game characters, stimulating players’ curios-
ity, imagination and exploration and enhancing their cultural
identity in the real world and well-being in the virtual world.
Museums and costume-oriented cultural organizations have
also formed a new creative mode that can be shared(Wen
& Zhao, 2022). In 2022, the magazine, Chinese fashion, and
the digital collection platform, Changong, launched a series
of digital traditional costume collections of “HuaXia Nishang”
from the Tang, Song, Ming, and Qing Dynasties in which users
can virtually try on costumes(Qing, 2022). Overall, the combi-
nation of online games and traditional costumes can be seen
as an attempt to lead modern fashion consumption and the
sustainable development of traditional Chinese costumes in
a digital way.




Figure 7. Costume interactive program through a visitor touch screen.

aEEE i =

Figure 8. The virtual exhibition hall of the “Yiguan Dacheng:
The Costume Culture Exhibition of Ming Dynasty” and 3D virtual costume models.

Case 5: Digital preservation and utilization

project of relics collected by Shandong Museum
Clothing from the Confucius Mansion is the symbol of the
Ming Dynasty costume culture and, as a result, is rich in in-
formation about the Dynasty's intangible elements and hi-
erarchy regulations. In 2022, one important part of the “Dig-
ital preservation and utilization project of relics collected by
Shandong Museum” was "Yiguan Dacheng: The Costume
Culture Exhibition of Ming Dynasty”. This undertaking digitally
protected more than 40 pieces or sets of historical costumes
which have been collected by Shandong Museum, spanning
a range of silhouettes, details, and textiles. This project con-
sists of three steps: high-definition photo shooting; three-di-
mensional data acquisition and processing; and, pattern
extraction(Z. Zhu & Zhou, 2020). Information mapping, the
most crucial aspect of digital protection, maps the detailed
structure and color texture collected by the HD camera in the
first step to the modeling results from the second step. The
result is a three-dimensional model with complete informa-
tion. This project differs from the other project’s noted above
because its displays are comprehensive and use a variety of
technical means and display media for representation and
communication. For example, the large-screen interactive
program set up in the physical museum (Fig. 7) can present
costume information through a visitor touch screen. The ex-
hibition also designed a touch screen version of silk fabric to
enhance tactile perception(An & Chen, 2022). Additionally,
there is an animated display showing when and how tradi-
tional costumes were worn by those living in the Confucius
Family Mansion. The animation enhances the audience’s
visual and auditory senses, leading to a deeper understand-
ing of the meaning of each traditional costume. Elsewhere,
visitors can experience a virtual tour of the virtual exhibition
hall(Fig. 8). More interestingly, visitors can click the costume
picture to watch the high-definition 3D virtual costume mod-
el and learn about the costume’s pattern, wearing rules, and
meaning. In summary, this project uses digital deduction and
engaging interactive experiences to entertain visitors and ad-
vance their aesthetic perception and knowledge.
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Figure 9. Digital protection countermeasures of life etiquette costume
in the Ming and Qing dynasties

Exploration on the path of the digital protection
of traditional costumes: Taking the Life

Etiquette Costume in Ming and Qing Dynasties

as an example

Life etiquette is a vital yet intangible part of folk culture herit-
age, constituting a symbolic cultural space created from folk
costumes, rites, rituals, and beliefs. It is generally believed
that the four transitional rites held at the critical point of life
stage of hirth, adulthood, marriage and death are called “life
etiquette”, which is an important “rites of passage”(from Ar-
nold van Gennep(Gennep, Vizedon, & Caffee, 1961), French
ethnographer and folklorist). A person’s life etiquette cos-
tume is the clothes they wear during the four critical stag-
es of life (birth, adulthood, marriage and death). As carriers
of ritual activities, life etiquette costumes play an important
cultural intermediary role. They contain rich artistic aesthet-
ics, folk connotations and cultural characteristics. Changes
in social environments, norms, and rituals, have led to the
disappearance of the rituals and costumes that represent
traditional life etiquette. In the complex and multiple mod-
ern context, especially the era background when the govern-
ment emphasizes the importance of strengthening national
etiquette education in China, the contemporary inheritance
and practical transformation of traditional life etiquette cos-
tumes have attracted the attention of many aspects. The
use of digital technology in the information age may give life
etiquette costume “new life” and provide strong support for
the dissemination, protection and development of traditional
clothing cultural resources. Therefore, this study proposes a
path for the digital protection of life etiquette and costume
culture in the Ming and Qing Dynasties through the use of “ob-
ject (costume)”, "event (narration)”, and “space (experience)”
(Fig. 9). Before building the database, digital acquisition (e.g,
literature and images), digital processing (e.g., image optimi-
zation) and digital restoration (virtual restoration and multidi-
mensional display) are necessary for life etiquette costumes.
The overall framework of the database classifies and sorts
the corresponding life etiquette costumes according to the
life etiquette categories and ritual structure and then sum-
marizes the primary sorts, typical styles and collocation ways
in the dressing lines. Hopefully, this approach of presenting
the results of both the literature review and research on life
etiquette costumes will provide a model for contemporary
dress codes and design guidelines.




Discussion and conclusion 2
A field of research is currently exploring how best to effec-
tively combine intangible cultural heritage with emerging
digital technologies so that user interactions are optimized.

A summary of the results are as follows:

1 This study contributes to the literature on the application

This study selects 5 typical cases to explore methods
of traditional costume relics’ digital protection and their
adapted digital media and modes (Table 1). The research
shows that the digital communication mode based on
public culture and PC network platforms is the most
common way to promote knowledge learning and sen-

of digital technology in the digital conservation of ICH and
traditional costume relics and the role of providing a mul-
tisensory user experience. This study summarized the ba-
sic concepts, primary technical means, and presentation
media of intangible cultural heritage digitization through
literature reviews. Compared with unisensory interfaces,
multisensory interfaces provide vividness and interactivi-
ty for users in a sensory-rich environment(Flavian, Ibafez-
Sanchez, & Orus, 2019). Based on this, from the perspec-
tive of costume culture communication, this study built
an overall framework for the digital display design of tra-
ditional costumes. The application of digital technologies
(such as AR, VR and 3D virtual) expands traditional dis-
plays. It visualizes the projection of the real world and the
physical environment, promoting information search and

reducing the cognitive burden of users.

Table 1. Overview of innovative application cases
of digital protection of traditional costumes.

NO. Title of the case Display media Display mode

Casel "Palace Embroide-  Public culture Multimedia inter-
ry and Costume" platforms active application
pro-ject in the
Palace Museum

Case 2 Ethnic Costumes PC network Digital image
Museum of Beijing  platforms presentation
Institute of
Fashion
Technology

Case 3 The art visualiza- Mobile intelligent AR interaction
tion network plat-  de-vices scene
form of Guizhou construction
ethnic minorities

Case 4 The series of digi- Social networks Gamification
tal costume design design and
in Liangyuan Hanfu development,
and network media
Huaxia Nishang display

Case 5 Digital preservati- Public culture Network media

on and utilization
project of relics
collected by
Shandong
Museum

plat-forms, PC
network platforms,
mobile intelligent
devices and social
networks

display, 3D virtual
simulation, multi-
media interactive
application,
digital animation
innovation

sory attraction. Creating AR interactive scenes changed
the costume display for users, effectively improving us-
ers' interest and visual perception. Integrating traditional
costume elements into gamification design and digi-
tal collections will become new tools for museums and
cultural institutions to expand the spread of costume
culture. Case 5 shows a relatively comprehensive digital
communication system for the intangible cultural herit-
age of a costume. Dynamic forms of multiple senses can
create higher visual and emotional attraction to enhance
the interactive experience and improve users’ cognition
and understanding of costume culture.

Taking the life etiquette costume of the Ming and Qing Dy-
nasties as the research object, this study discusses the
technical path and development strategy of digital protec-
tion and constructs the overall framework of the database
from the direction of “object-event-space”. The communi-
cation of traditional costumes needs to include the activity
field matching them. Computer graphics technology and
3D clothing software provide the opportunity to realize the
image, product and space virtualization of traditional cos-
tumes and improve users’ perceived visual and emotion-
al attraction to a greater extent. More importantly, digital
practice is beneficial to the protection and promotion of
life etiquette costume, such as promoting understanding
and acceptance of traditional culture or fostering national
pride in younger generations and providing inspiration for
relevant designers or enterprises in product design.

Digital design content is regarded as the expression of
technology, but it is worth paying attention to how to use
technology to design and establish effective information
dissemination channels. Through the analysis of typical
cases, the results of this study aim to help museum man-
agers, organizers and designers better understand the ap-
plication status of intangible cultural heritage digitization
and provide valuable strategic insights into the develop-
ment, application and promotion of the multisensory inter-
face experience of traditional costumes extended by dig-
ital technology. Further studies should adopt quantitative
research to compare users' responses to the digitalization
of costumes between haptic and multisensory interfaces.
Additionally, the role of different levels of users' attitudes
and behavioral intentions in a multisensory environment
should be explored.
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Abstract

Given the serious environmental impact of the furniture
system, the role of design in innovating furniture products
toward sustainability is increasingly recognized as a key lev-
erage, as acknowledged by the European Union's Circular
Economy Action Plan in 2020. The need for sustainable de-
sign knowledge to address environmental issues caused by
the life cycle of furniture products — a fundamental part of the
furniture system — has now been prioritized. Despite the fact
that Life Cycle Design (LCD) is widely studied as a systematic
approach that considers all life cycle stages and engages the
objectives of reducing environmental impacts, its application
within the furniture system is still very limited. Within this
framework, the paper presents furniture-specific LCD guide-
lines to guide sustainable furniture design. These guidelines
were developed through an established methodology involv-
ing scholars and specialists on both Design for Sustainability
and Furniture Design, and were the results of a research pro-
ject funded by the Italian Ministry of Education (MIUR), aimed
at developing and disseminating innovative design strategies
and guidelines to foster a sustainable and circular economy
within the furniture industry. In this sense, these guidelines
will promote long-term open innovation and technological
transformation of furniture products, allowing designers and
organizations to support the implementation of sustainable
options from the beginning of the design process.

Author keywords
furniture design; Life Cycle Design; design guidelines; sustain-
able design.

Introduction

Furniture has recently been identified as one of the key sec-
tors that should be addressed and improved to achieve more
sustainable development (European Commission, 2020). Es-
timated by the Centre for Industrial Study (CSIL), total global
furniture production in 2019 was USS490 billion, exportation
was USS160 billion, and consumption was USS477 billion
(CSIL & CNFA, 2020), resulting in huge resource consump-
tion, harmful emissions and waste generation. Each year, 10.5
million tons of furniture are produced in the European Union,
with 10 million tons of furniture waste generated, accounting
for more than 4% of municipal solid waste in the European
Union (EU) (Forrest et al., 2017). These impacts could also be

seen throughout the life cycle of furniture, including pre-pro-
duction, production, distribution, use and disposal (Gonzélez-
Garcia et al, 2019).

The role of design

The importance of design in innovating furniture products
for sustainability is becoming more widely recognized. Up to
80% of a product’s environmental impacts are determined
during the design phase (European Commission, 2020), em-
phasizing the importance of sustainable design knowledge in
addressing major environmental issues associated with the
furniture life cycle. Indeed, addressing environmental con-
cerns early in the design process is more efficient than ret-
roactive actions, as it avoids costly and dangerous operations
to reverse or limit the damage. Looking at the overall design
sceneg, although disciplines like environmentally sustainable
product design or LCD are widely studied, their application
within the furniture sector is still quite limited. Furniture LCD
is the design of the furniture life cycle stages that aims to
minimize the overall environmental impact of all life cycle
processes concerning the functional unit (Vezzoli, 2018). Two
major approaches, in particular, must be introduced. The first
is the life cycle thinking approach, which means shifting from
furniture design to the design of furniture life cycle stages, i.e.
considering all processes required to produce, distribute, use
and dispose of materials and furniture. The second approach
is the functional unit approach, i.e,, considering the function
of the furniture rather than the physical furniture itself during
design and impact evaluation.

The development of furniture-specific

LCD guidelines

In this scenario, the paper presents innovative furniture-spe-
cific LCD guidelines. The development of furniture-specific
guidelines was carried out as part of more than two decades
of research of LeNSlab Polimi, a research group within the De-
sign Department of Politecnico di Milano, working on Design
and system Innovation for Sustainability (DIS).

In particular, the current contribution is based on the results
of the research project_The Circular Economy for the compet-
itiveness of Made in Italy industry - GIOTTO, which was fund-
ed by the Italian Ministry of Ecucation and Research (MIUR)
in collaboration with eleven national organizations. The pro-
ject aimed at developing and disseminating innovative design
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guidelines and tools to promote and implement a sustainable
and circular economy within competitive value chains of Made
in Italy, i.e. furniture, food and fashion. Through a multidiscipli-
nary and complementary research consortium, GIOTTO con-
tributed to empowering small and medium enterprises with
innovative approaches to minimizing the environmental im-
pact of their products throughout their entire life cycle. Within
this context, , LeNSlab Polimi led research activities aimed at
defining specific Life Cycle Design strategies and guidelines to
guide the development of environmentally sustainable furni-
ture products.

Method: from general to furniture-specific

LCD guidelines

The approaches and processes for developing specific LCD
guidelines from general ones have well-established roots.
Over two decades of research and consultancy activities car-
ried out by LeNS lab Polimi gradually led to the definition of
a structured and validated methodology (Vezzoli & Sciama,
2006). This study was carried out with the method as illus-
trated in figure 1.

furniture LCA

Individual
internal expert

furniture-specific

and results {fll LCD strategies

interpretation il priorities

feedback

comprehensive and consolidated

general LCD guidelines l furniture-specific
(developed by LeNS Lab) jul r = T lq LoD guidelines il furniture-specific LCD guidelines
both external and internal
experts feedback
internal and external competence

Figure 1. Prior knowledge and steps to develop furniture-specific LCD strategies/
sub-strategies/guidelines, adapted from (Vezzoli & Sciama, 20086).

The project started with a preliminary phase of desk research
to uncover the most updated knowledge about the environ-
mental impact of the furniture life cycle. On one side, a crit-
ical review of available literature was conducted to analyze
previous evaluations of furniture's environmental impact, i.e.
Life Cycle Assessment.

On the other hand, a detailed analysis of best practices
from an environmental standpoint was conducted to provide
inspiration for subsequent collaborative sessions when elab-
orating on furniture-specific LCD guidelines. The first stage
produced an overview of the environmental impact of furni-
ture’s life cycle stages and best practices representing prom-
ising designs. Results from these research actions represent-
ed the framework to facilitate the successive step within the
GIOTTO project, aimed at moving from general LCD strategies
and guidelines toward the definition of furniture-specific ver-
sion to reduce the overall environmental impact along furni-
ture's life cycle.

The specification process was carried out through a col-
laborative workshop that involved scholars and experts on
Design for Sustainability and Furniture Design, with the goal of
generating a preliminary draft of furniture-specific LCD guide-
lines. The findings of the literature review and case study were
presented as a context introduction. The workshop's main ac-
tivity, the guidelines specification, was then completed. During
this phase, a structured process was implemented for each
general guideline, allowing participants to perform a variety of
specification actions such as: integrating a general guideline
related to particular furniture products or typology; adding a

new guideline that deals with a certain environmental impact
related to particular furniture products or typology; adding
notes related to particular furniture product or typology; and
erasing a guideline if irrelevant. The outcome of the workshop
was a draft of furniture-specific guidelines, which was further
reviewed and refined to integrate final improvements. Please
see table 1 for a more specific example of the shift from gener-
al to furniture-specific Life Cycle Design guidelines.

Table 1. An example of generating furniture-specific strategy,
sub-strategy and guideline from general ones

General strategy,
sub-strategy and
guideline

Furniture-specific strategy, sub-strategy and
guide-line

Strategy: Product
lifespan optimization

Specific strategy: Furniture use extension
and intensification

Sub-strategy: Facilitate
repairs

Specific sub-strategy: Facilitate/enable
furniture re-use and remanufacturing

Guideline: Arrange and
facili-tate disassembly
and re-attachment of
easily damageable
components.

Specific guideline: Facilitate disassembly,
especial-ly for parts that are easy to wear
out, such as task chair wheels and back, up-
holstery and desk surfac-es, using reversible
connections or a two-way snap-fits system.

Furthermore, proper identification of LCD strategy priori-
ties (the degree of relevance of various strategies) that take
function into account is crucial for guiding design efforts. It
is assumed that some strategies have greater priorities than
others for each product, whether a car, a piece of furniture
or something else. For furniture, for example, extending the
lifespan is more important than reducing resource consump-
tion, whereas reducing the resource consumption is more
important for a car which consumes energy while in use. As
a next step, a priority indicator was defined for each of the 6
design strategies based on their potential for environmental
improvement (compared to the other strategies), based on
the life cycle environmental impact of furniture defined in
the first stage.

Results

Furniture's environmental impact

along the life cycle

The Pre-production stage incorporates the impact associated
with the acquisition of resources, delivery to the production
area and raw materials preparation. If take wooden furniture,
which has a significant proportion of total furniture consump-
tion (Forrest et al, 2017), as an example, an average production
of 1 m3 particle board consumes a total of 759 kg of materials
and 507 MJ energy (Gonzéalez-Garcia et al. 2019). The overuse
of resources may cause resource depletion or deforestation.
Chemical use is a critical source of hazardous emissions. For
example, formaldehyde is a sensory irritant that, depending on
the concentration in the environment and exposure time, can
cause health problems for workers and users, such as eye, skin
and respiratory allergic reactions (Liu et al, 2012). The Produc-
tion stage includes all activities such as raw materials process-
ing, components and package production, furniture assembly
and other finishing processes, like polishing and painting of solid
wood-made furniture. The cutting, punching and sanding pro-
cesses generate solid waste such as sawdust, metal and plas-
tic residues. The assembly, finishing and coating processes use
adhesives and coatings which consist of resins, pigments, sol-




vents, additives and diluents, may emit Volatile Organic Com-
pounds (VOCs) such as alcohols, olefins, ethers, alkanes and
aldehydes, as well as wastewater containing sulfide, chlorine,
alcohols, olefins, alkane (Cheung et al, 2017). VOCs will harm
the environment and human health (Berrios et al, 2005). The
distribution stage is concerned with furniture packaging and
transportation to a warehouse or end users’ location via truck,
train, ship or even plane. These activities necessitate not only
the use of energy for transportation but also the use of resourc-
es to manufacture and store the means of transportation. The
use phase, which may consume water, detergent and elec-
tricity, has low environmental impacts (Donatello et al., 2017).
However, it is still an important stage that must be considered
because it has the potential to extend the lifespan, reducing the
environmental impacts per functional unit in the long term. The
Disposal stage includes different scenarios. In the EU, 80-90%
of furniture waste is incinerated or disposed of in landfills, with
109% recycled (Donatello et al, 2014). Many furniture products
become obsolete before the actual end of their functional life-
time. This is due to various factors such as relocation, furniture
inadequacy after renovation, expansion of premises or new
staff, and changes in the interior or corporate design — the latter
resulting in perfectly functional furniture being disposed of for
aesthetic reasons. Frequent office furniture replacement con-
tributes to increased solid waste production, requiring more
landfill space (Besch, 2005). Landfill disposal may generate
methane and groundwater pollutants, while incineration gener-
ates toxic ash and causes air pollution (Ulrich & Eppinger, 2012).

Last but not least, consumption of non-renewable fossil
fuels such as coal, natural gas and diesel oil occurs throughout
furniture’s life cycle for raw materials production, transpor-
tation or electricity generation releases CO2, CH4, CF4, C2FG,
SO2, HF, NOx, CO, particulate matter, etc, may contribute to
Global Warming (CO2, CH4, CF4, C2F6), Acidification (SO2, HF,
NOx), Photochemical Ozone Creation (SO2, CO, NOx), human
toxicity (NOX).

Many furniture LCAs (scientific papers and company Envi-
ronmental Product Declarations) compares the environmen-
tal impact of furniture's life cycle stages (Wenker et al, 2018;
Babarenda Gamage et al, 2008; Plaschke, 2019). Results in-
dicate that the highest environmental impacts occur during
the pre-production stage; The production stage is the second
one, followed by the distribution, disposal and use stages; the
pre-production stage has more significant impacts than all the
other stages.

Furniture best practice analysis

Sustainable furniture best practices were investigated to
discover innovative design interventions and long-term sus-
tainable benefits and characteristics. 41 case cards (from 32
brands) were created. These case cards were used directly
for brainstorming or as examples of design guidelines devel-
oped in the following stages. See an example in figure 2.

Furniture-specific LCD strategies (with priority),
sub-strategies and guidelines

As a result of the research, furniture-specific LCD guidelines
were developed, which include 6 strategies, 21 sub-strategies
and 141 guidelines to stimulate and guide the generation of
environmentally sustainable ideas. Table 2 shows an example
of the hierarchical structure of each strategy, which contains
several sub-strategies and additional specific guidelines.

Each of these 6 strategies was assigned a priority indicator
—very high, high, medium, low and very low — which refers to the
potential environmental burden reduction associated with each
LCD strategy. Furniture use extensionfintensification (very
high priority) is to reduce the environmental impact of furni-
ture and components by extending or intensifying the lifespan.
Reduce material consumption of furniture (high priority) aims
to reduce material use throughout the life cycle by avoiding
extraction, processing, transportation and disposal. Furniture
materials life extension (middle priority) seeks to extend the
lifespan of furniture materials through recycling or composting.
Resources conservation/bio-compatibility (low priority) aims
to use renewable or inexhaustible resources (energy and mate-
rials). Reduce toxicity of the furniture system (very low priority)
aims to choose materials or processes that minimize harmful
substances emissions throughout the life cycle. Reduce energy
consumption of the furniture system (very low priority) means
reducing energy use throughout the life cycle.

Table 2. A furniture-specific strategy with sub-strategies and guidelines.

Strategy: 1. furniture use extension/intensification
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Figure 2. A case card of sustainable furniture product (own elaboration)

Sub-strategies

1.1 Facilitate furniture maintenance;

1.2 Facilitate furniture upgrading and adaptation;

1.3 Design furniture for reliability;

1.4 Facilitate/enable furniture re-use and remanufacturing
1.5 Intensify furniture use

Guidelines: 1.2 Facilitate furniture upgrading and adaptation

1.2.1 Design reconfigurable furniture that is able to adapt to different spa-
ces/situations, such as modular desks and storage structures that can be
used for both the transformation of a given space or for a new function.
1.2.2 Design a family of products instead of single ones, with different
properties and functions that enable adaptation.

1.2.3 Include add-on parts to transform and/or upgrade functions and
properties.

1.2.4 Avoid premature aesthetic obsolescence by designing furniture that
can be customized (e.g. exchangeable seat covers).

1.2.5 Consider designing multi-functional products that can adapt to the
user's development (physical and cultural).

1.2.6 Design modular and on-site upgradable furniture, allowing the user
to substitute with standard tools, for example, fixed feet with wheels or
fixed components to adjustable ones.

1.2.7 Include multiple connection possibilities on tables and storages, e.g.
electricity cables, joints to combine table surfaces, etc.

... a total of 13 sub-guidelines...




All furniture-specific LCD guidelines were eventually integrat-
ed into one of the main outcomes of the GIOTTO project - the
MIUR manual “Handbook for sustainable furniture system de-
sign”, which was conceived as an operative tool to enhance
the application of the furniture Life Cycle Design, specifically
aimed at guiding designers and companies toward environ-
mentally sustainable furniture design and innovation. The
handbook is available and open access on LeNS Internation-
al's 'tools’ section (http://www.lens-international.org/ ).

Conclusion: furniture-specific LCD strategies

and open innovation

The primary contribution of this research is a set of furni-
ture-specific product LCD strategies, sub-strategies and
guidelines with best practices. The main innovation are the
development of 21 furniture-specific sub-strategies and 141
guidelines that will significantly contribute to reducing envi-
ronmental impact along the furniture’s life cycle.

A second innovation lies in the priority assigned to each
strategy, i.e. i.e. the level of environmental impact reduction
achieved by implementing the strategy, which is crucial to im-
prove the efficiency during the design process.

A handbook that integrates all these outcomes is currently
being distributed worldwide through the Learning Network on
Sustainability (LeNS), an international network that connects
over 150 higher education institutions and organizations,
with the goal of developing and disseminating the Design for
Sustainability (DfS) discipline in worldwide curricula with a
multipolar, open and copyleft ethos. Moreover, the handbook
is being used in international master courses, as well as sub-
jected to implementations and improvements to foster a col-
laborative and open innovation logic in the furniture sector.
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Abstract

In our post-industrial society, although the remarkable tech-
nological advancement allows us endless possibilities, the
maturity of the debate on environmental sustainability re-
quires new design, production and consumption strategies,
and a radical revision of the concept of development. Our life-
styles increasingly lead us to spend much of our time indoors,
and this condition, exacerbated by conflicts and pandemic,
has turned the spotlight on the importance of accessibility to
the natural environment, put in risk by growing urbanization
and global urban population, the upscaling of environmental
degradation and the challenges posed by climate change. In
this context, Designers are challenged to question new ways
of establishing connections with nature that will contribute
to mitigate, cope, and adapt to environmental and societal
challenges while at the same time helping people to devel-
op new capabilities in their given contexts. Biophilic Design
emphasizes the need to maintain, enhance and restore the
beneficial experience of nature in the built environment. Even
if it's based on scientific evidence from several studies in the
fields of psychology, medicine and social sciences, which
demonstrate that exposure to natural environments or relat-
ed elements has a positive impact on human health, further
reflections are needed on how these inputs can be embod-
ied in environments and artifacts by the Design disciplines.
Based on these assumptions, the theme of the Psychology
and Cognitive Ergonomics course within the bachelor’s de-
gree program in Industrial Design at Sapienza University of
Rome was developed. Through an interdisciplinary approach
Human-Centred Design and Environmental Psychology were
combined to enquire about the use of biophilic elements
within remote studying environments, a widely used prac-
tice following the closures of schools and universities caused
by the Covid-19 pandemic. A combination of methods and
tools from both disciplines were used to test Biophilic Design
hypotheses that, on the one hand, ensure optimal ergonom-
ic usability and, on the other hand, through their regenera-

tive qualities, promote psychological well-being and reduce
stress symptoms related to remote study activities and so-
cial isolation. The analysis of these case studies allowed us
to reflect on Biophilic Product Design and their role in remote
studying environments. We conclude by advocating the use
of interdisciplinary practices in which Design, combined with
Environmental Psychology becomes a promoter of more
desirable domestic environments and of a future in which a
symbiotic relationship with nature is established.

Author keywords
Biophilic Design, Human-Centred Design, Remote Studying,
Environmental Psychology

Introduction

The growing urbanization and the continuous increase of
the world's urban population have led to a direct and indirect
(McDonald et al,, 2020) impact on biodiversity (Turner et al.,
2004). Environmental degradation and the challenges of cli-
mate change make access to greenery and nature a restrict-
ed privilege. In today's ‘indoor generation, most human activ-
ities occur within an enclosed space (Kelly & Fussel, 2019).
This condition has been further exacerbated by the conflicts
our society is experiencing and the global pandemic. Fol-
lowing the drastic incidence of Covid-19 since March 2020,
the Italian government has implemented strict measures to
stem the pandemic spread through rigid lockdowns. Since
the pandemic, the world of work has radically changed, with
a massive reliance on remote working for all those activities
that did not require an unavoidable work presence. Howev-
er, one of the areas most affected by the implementation of
restrictive measures was the educational sector. All Italian
schools and universities were forced to implement distance
learning (e-learning or remote learning) throughout the most
acute phase of the emergency. This forced transition has
entailed not only a restructuring of teaching methods, now
characterized by the unavoidable use of digital technologies
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and means of communication (such as Zoom, Teams, Meet,
etc.) but to a complete restructuring of home environments,
now dedicated to the activity of studying or working remotely.
In addition to this, of course, one of the main consequences
of lockdowns has been the inability to leave except for strin-
gent reasons (Corley et al.,, 2021; Dzhambov et al, 2021), thus
limiting people’s ability to have contact with natural environ-
ments (e.g,, Garrido-Cumbrera et al.,, 2022; Mintz et al,, 2021).
Therefore, finding strategies to implement natural elements
within the home environment became necessary.

The biophilia theory and biophilic design

The term "biophilia” can be summarized as “the innately
emotional affiliation of human beings to other living organ-
isms” (Wilson, 1993, p. 31). The concept was introduced by
Erich Fromm (1964/1976) and has been popularised in the
work of Kellert & Wilson (1993), who affirm that human evo-
lutionary history has produced "“the innate tendency to focus
on life and lifelike processes” and the need to “affiliate with
other forms of life". Biophilia has been conceptualized as a
sign of mental and physical health, with supporting evidence
showing that natural settings (compared to built settings) are
preferred and lead to positive health outcomes, such as res-
toration from mental fatigue and stress. Building on the the-
ory of hiophilia, the biophilic design seeks to use nature in the
design of indoor and outdoor environments (as well as in the
design of artifacts) to promote people’s health and well-be-
ing. Biophilic Design stresses the need to maintain, improve
and restore the beneficial experience of nature in the built
environment. It represents a sustainable approach with fi-
nancial advantages across healthcare, education, retail, work-
place, and community environments (Browning et al.,, 2012).
Kellert & Calabrese (2015) have proposed design strategies
for successfully applying biophilic design in diverse contexts,
such as educational settings (Alves, Betrabet Gulwadi & Nils-
son, 2022). The bhasic components of the biophilic design
framework are: direct (e.g.,, having indoor plants), indirect ex-
perience of nature (e.g, watching nature), and the experience
of space and place (e.g. prospect and refuge). Drawing from
empirical evidence, biophilic design patterns are not formu-
las; they are hypotheses to be tested and should be thought
of as another tool in the designer’s toolkit - meant to inform,
suide, and assist in the design process (Ryan et al., 2014).

The psychological impact of biophilic design

Biophiliais one of the aspects most touched upon in the study
of this predisposition concerns the natural elements directly
or indirectly experienced by the individual. The positive effect
of exposure to natural environments and stimuli in promot-
ing psychological well-being has been widely studied (Brat-
man et al, 2019). The term restoration refers to the recovery
or regeneration of mental resources used in daily activities
(Harting, 2004). The two main theories concerning restora-
tiveness are the attention restoration theory (ART; Kaplan &
Kaplan, 1989), according to which natural environments do
not require direct attentional effort, thus allowing for a reduc-
tion in the use of cognitive resources (Jiang et al, 2020), and
the stress recovery theory (SRT; Urlich, 1983), which draws
on a psycho-evolutionary perspective, and postulates that
the natural environment allows for a reduction in arousal and
stress levels (Chang et al, 2021). Direct experience in natu-
ral environments is not the only strategy to activate the re-

generative process. Implementing natural elements (real or
reproduced) in indoor environments through biophilic design
can allow one to experience effects similar to those activat-
ed by immersion in natural environments. Natural or artificial
light with similar characteristics, implementation of natural
materials such as wood or stone, natural sounds, and imple-
mentation of indoor plants or other reproductions of natural
environments are just some of the elements most frequently
found in the literature (Bolten & Barbiero, 2020; Browing et al.,
2014; Kellert, 2008; 2018; Sturgeon, 2017). Research based on
the implementation of biophilic design has reported results
consistent with the literature on restorativeness in natural
environments (Aristizabal et al,, 2021; Cole et al,, 2021; Deter-
man et al,, 2019; Jiang et al, 2021; Yin et al.,, 2020), thus con-
firming the possibility of being able to effectively integrate
these types of elements into built and indoor environments
as well, with positive effects on psychological well-being.

Aim of the study

Based on these assumptions, this paper intends to report an
empirical study promoted during the Psychology and Cogni-
tive Ergonomics course within the bachelor’s degree program
in Industrial Design at Sapienza University of Rome. Through
an interdisciplinary approach, Human-Centred Design and
Environmental Psychology set out to promote the use of Bi-
ophilic Design to improve remote studying environments, a
widely used practice following the closures of schools and
universities caused by the pandemic by Covid-19. The aim is
to illustrate a possible methodology within Design education
and to bring to greater maturity the reflections on Biophilic
Product Design to extend our scientific community’s knowl-
edge and promote interdisciplinary practices.

Method

Participants

The research sample comprised 521 college students from
different Italian universities who voluntarily completed the
questionnaire. They were aged 18 to 38 (M = 20.93; SD =
2.20); 232 were men (44.5%), 282 were women (54.1%), and
7 preferred not to answer (1.49%). 466 students were enrolled
in a bachelor's or single-cycle degree program (89.4%) and 55
in a master's degree program (10.6%).

Tools and procedure

The research was conducted in full compliance with the Eth-
ical Principles of Psychologists and Code of Conduct of the
American Psychological Association (APA) and was author-
ized by the Ethics Committee of the Sapienza University of
Rome. The study was conducted in April 2022, when Italian
universities, due to the Covid-19 pandemic, continued imple-
menting a hybrid teaching mode with in-person and remote
lectures. During an initial administration, participants were
asked to think about the home environment where they per-
formed their remote study activities (didactic or self-study)
and to complete a self-report questionnaire. The first instru-
ment was the Perceived biophilic qualities in remote studying
(ad hoc): the measure includes 19 items referred to the main
sources of Biophilia found in the literature (e.g, Bolten & Bar-
biero, 2020; Browning et al. 2014; Kellert, 2008; Kellert 2018;
Sturgeon, 2017) divided into the 3 categories identified by Kell-
ert and Calabrese (2015), namely direct experience with na-




Table 1. escriptive statistics, bivariate correlations and Alpha in diagonal.

Variable N M sD s K 1 2 3 4 5 6 7
1. General Perceived Biophilia 521 3.20 .61 -.03 -01 81

2. Direct Experience 521 3.65 .69 -.36 -01 89%** 81

3. Indirect Experience 521 2.39 81 43 .02 B58*%k  ppwikk 88

4. Prospect and Refuge 521 319 1.23 -.02 -.86 T3FEE BOFRE 15w 72

5.Restorativeness 521 3.27 72 -18 12 Al 3@k pEwr 25%%% T2

6. Engagement 521 443 .95 -39 17 18%%%* 15w 2% 2% 26%*%*% 88

7.Stress 521 2.35 41 16 .36 -.08%* -10%* -.04 -.02 -18%*%*%  -08 75

Note: * =p <.05; ** =p <.01;

ture (10 items; Alpha = .81), indirect experience (6 items; Alpha
=.68), and the experience of space and place (3 items; Alpha =
.88). Also, an overall perceived Biophilia score was calculated
(Alpha: .82). The psychological variables concernedPerceived
restorativeness (5 items; Alpha: .72; Korpela et al. 2008),Stu-
dent Engagement (UWES-9; 9 items; Alpha: .88; Schaufeli &
Bakker, 2003; 2004),and Student Stress - Effort-Reward Im-
balance student questionnaire (12 items; Alpha: .75; Wege et
al, 2017) For all these measures, the response scales consist
of a 5-step Likert scale (from 1 = “Completely disagree” to 7
= “Fully agree"), except for the Engagement rating scale, for
which a 7-step Likert from “never” to "always” was used. So-
cio-demographic data (gender, age, and degree course level)
were also collected. The same participants were asked to fill
out a second questionnaire containing an ergonomic checklist
for objectively assessing all the biophilic elements with which
they relate, directly or indirectly, during remote studying activ-
ity and that, therefore, could contribute to their satisfaction
and requirements needs related to certain needs classes such
as Safety, Well-being, Usability, Appearance, Management (UNI
8289:1981). For each requirements class, the requirements
classes have been identified (UNI 8290-2:1983) to which the
items of the Checklist refer by proposing questions for the
verification of the qualitative and quantitative characteristics
of the elements observed, starting from minimum inclusive
safety performance (Villani et al,, 2021) thresholds defined by
regulatory references related to health and safety at work ag-
ile (L. n. 81/2017, art. 18-23), to the usability (D.M. 236/89) and
from “good technique” criteria correlated with people anthro-
pometric data.

Results

Relationship between perceived biophilic qualities
and psychological variables

Jamovi v.2.2.5 statistical software was used to analyze fre-
quencies, descriptive statistics, and correlations among psy-
chologicalvariables. The mean scores, univariate normality,and
bivariate correlations between the variables under research
are shown in Table 1. According to the skewness and kurtosis
values, which are all between -1 and +1, the normality assump-
tion was not violated. From the correlation analysis, the over-
all indicator of perceived Biophilia was found to be correlated
with perceived restorativeness (r = 0.41; p <.001), engagement
(r=0.18; p<.001), and stress (r =-0.08; p <.05), demonstrating
how the perception of natural elements can help regenerate
students’ cognitive resources, promoting their engagement
in the educational activity, by reducing stress-related symp-

**% = <.,001; M = Mean; SD = Standard deviation; S = Skewness; K = Kurtosis.

toms. Regarding the specific sources of Biophilia, direct expe-
rience of natural elements, whether internal or external to the
study environment, reported the highest correlation indices,
correlating positively with restorativeness (r = 0.36; p < .001)
and engagement (r = 0.15; p <.001) and negatively with stress
(r=-0.10<.05). Indirect experience with nature, prospect, and
refuge reported same correlation indices with restorativeness
(r=0.25; p<.001) and engagement (r = 0.12; p <.01). Unexpect-
edly these two sources of perceived biophilia did not correlate
with perceived stress (r = -0.04; p = n.s.) (r = -0.02; p = n.s.).

Objective perception of biophilic-related elements
The ergonomic checklist results about biophilic elements
have been analyzed on three levels: biophilic elements in gen-
eral (one general index), level of individual needs classes (6
indices), and level of individual requirement classes (15 indi-
ces). Each of these three refers to the individual elements of
the checklist that, aggregated, return these summary indices.
Generally, it has emerged that inside the remote study sites/

Table 2. Ergonomic checklist results about the biophilic element

Class

Needs class - Security 579% 119%

Requirement class - Fire safety

Requirement class - Safety of use 10%

Needs class - Well-being 36% 29%

Requirements class — Thermal comfort 41%

Requirements class - Acoustic well-being 28%

Requirements class - Visual well-being 519%

Requirements class - Olfactory well-being 46%

Needs class — Usability 45%

Requirements class - Accessibility 14%

Requirements class - Furnishability 58%

Requirements class - Furnishability

Requirements class - Flexibility 41%

Requirements class - Usability 459%

Requirements class - Communicativeness 849%

Needs class — Appearance 41%

Needs class - Privacy 38%

Requirements Class - Spatial Privacy 55%

Requirements Class - Functional Privacy 209%

Needs class — Management 77%

Requirements Class - Maintainability 65% 22%

Requirements Class - Cleanability 799%




workstations, there are no biophilic elements in 40% of cases
inside the remote study sites/workstations. The results of the
other two levels are shown in Table 2.

Examples of biophilic design

The psychological and ergonomic results were subsequent-
ly considered as a basis for developing the design proposals.
The ergonomic approach to the project, with its ability to
evaluate the multiplicity of variables that define the inter-
action between people and what they relate to (Tosi, 2018),
has been combined with the philosophy of Human Centered
Design. The biophilic design solutions presented by students
vary in the use of materials, shapes, and textures in their aim
to stimulate sensory perception, improve well-being and
meet ergonomic requirements. Moreover, to prevent the
solutions of these new designers from being replaced by su-
perficial imitations, a more holistic and sustainable approach
has been stimulated (Stevens et al, 2020), promoting the use
of solutions respectful of Nature and also from the point of
view of materials and production processes.

The data collected by the Ame group showed that as the
appearance variable increases, the level of perceived stress
decreases while the person'’s interest increases. On the other
hand, an increase in olfactory well-being, linked to air quality,
leads to a psychological reduction in stress. Finally, good usa-
bility within the smart studying workplace positively influenc-
es the subject’s performance, increases well-being and en-
gagement, and reduces stress and burnout. They proposed a
cactus-shaped desk module that performs several functions,
including tidying up cables, pen holders, and air freshener. This
product is intended to improve classes of needs such as Safe-
ty, Wellness, Usability, and Management, stimulating the per-
ception of natural elements on different sensory levels. The
material they use for production is Ecoallene, derived from
the processing and recycling of poly-bonded waste, which is
colorable, versatile, infinitely recyclable, and suitable for vari-
ous types of molding.

Instead, the Palma group, in order to improve their situation,
worked on the correlation of ergonomic well-being on mental
and physical health and on how colors and materials reminis-
cent of nature increase the sense of belonging to a place and,
consequently, the desire to spend more time there. So they
designed Ceppo, a footrest whose materials and shapes re-
call a tree trunk. In particular, it improves the ergonomics of
the study station and stimulates sight and touch during the
remote study activity through natural materials such as wood
and stabilized lawns.

The Cinquis group started from the point of view of imple-
menting acoustic well-being, usability, appearance, and safety,
which were found to be lacking in the questionnaire, and from
the psychological point of view, improved direct experience
with nature, in particular through sound, because of the direct
effects they have on restorativeness and engagement. They
worked on evoking nature at a sound level, designing a speaker
that recalls the organic shapes of a shell, also associating on a
semantic level the act of bringing the shell to the ear to listen
to the sea. In addition to reminding marine environments, the
speaker emits white noises that stimulate concentration dur-
ing one’s study time.

In the last case, however, the ergonomics checklist showed
that visual comfort, usability, accessibility, and flexibility were
lacking, so they implemented them in their remote study-

Figure 1. Jungle-IT by Marmotas, rendering

ing station. From a psychological point of view, they instead
worked on enhancing the indirect experience with nature
through shapes and colors, as it increases the organizational
potential of the user, the positive relationship between the user
and the room, and a general sense of security. So, with the Jun-
gle-IT (Figure 1), Marmotas group brings the jungle into the re-
mote study station. The system, consisting of simple elements
such as wooden profiles, rope, cork leaves, and S-shaped steel
hooks, offers the possibility of a support/shelf where to place
books and also serves as a bulletin board, allowing to reorder
sheets and notes.

Conclusion

In conclusion, this study shows the positive impact of using
natural elements in promoting ergonomic and psychological
well-being in remote studying settings. Design, with its ability
to act both on a micro- and macro-scale, can encourage the
implementation of biophilic elements, particularly in those
contexts where direct contact with green spaces has been
diminished, such as in large cities or metropolises, but also
extreme context like the Fourth Environment. It can help to
cope with traumatic and unpredictable events, such as the
Covid-19 pandemic and conflicts, that makes immersion in
green spaces difficult. The collaboration between two differ-
ent perspectives, such as Psychology and Design, shows how
Biophilic Design can be put into practice: it allows both the
analysis of objective requirements for design and the consid-
eration of students’ subjective needs and perceptions. The
benefit of this interaction is that it allows the construction
of more desirable remote studying environments centered
on humans and their real needs and a symbiotic relationship
with nature. Biophilia alone is not enough to generate auto-
matically sustainable solutions in this context. It is therefore
important to provide constant input to students on how to
make this reconnection with nature not only aesthetic but
the result of a conscious practice at every level. To face to-
day’s challenges, using the green “as a sole legitimization of
an otherwise unsustainable project is not enough,” as Celine
Baumann states (Block, 2019). There is, therefore, a need to
find more holistic and enlightening solutions by broadening
the scope and examining the challenge in a wider context and
at different scales (Scalisi & Ness, 2022). Developing a new
unity with nature is necessary, a paradigm shift from “human
on nature” to “human and nature”.
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Abstract

The emerging field of Biodesign sees living organisms as em-
bedded in the design process to create bio-generated materi-
als and artefacts. To support the growth and maintenance of
these organisms, designhers can adopt a Bioreceptive Design
(BD) approach, recently defined as a design approach occur-
ring every time materials or artefacts are intentionally de-
signed to be colonized by life forms. Through this approach,
the inert counterpart undergoes specific studies to reach
the best bioreceptive potential for the designated life form,
also considering the environment in which the artifact will be
placed. In urban environments, BD examples tackle vegeta-
tion to create greener spaces and provide phytoremediation
for better air quality and biodiversity in the built environment,
in the wider view of nature-based solutions and climatic tran-
sitions of cities.

This study addresses the possibility of developing biore-
ceptive interfaces for mosses and lichens to respond to bio-
philic and regenerative sustainability needs in urban contexts.
These organisms have contributed as pioneers, during the
evolution of life on our Planet, in the formation and regulation
of soil and atmosphere; moreover, they are currently used in
biomonitoring actions, also contributing to the environmental
awareness of the built environment. The paper proposes BD as
a design approach of mutual interest, aiming at responding to
the host needs and preferable environmental conditions, serv-
ing multiple species that act as co-authors of an open-ended
design, increasing urban biodiversity, and providing resilient, re-
storative, and regenerative environments.

In particular, we present some of the results of an interdis-
ciplinary research through design, born from the collaboration
between design and biology, aiming both to bring sustainable
and innovative solutions for the Biodesign and architecture
sectors, but also to positively affect biological activities of bi-
omonitoring and citizen awareness. From the design perspec-
tive, BD is applied for the selection of those material features
that match the needs of the selected organism (e.g,, porosity,
color). Moreover, the use of Computational Design has played
a crucial role in designing and prototyping bioinspired, organ-
ic shapes and textures. From a biological perspective, the re-

search compares different methodologies for the bio-coloni-
zation of artefacts to obtain the best results for the timing and
survival of the organisms. The prototypes were therefore ex-
posed open-air with no protection or superficial treatments in
a highly colonized area (from mosses and lichens), favoring the
attachment of spores and propagules on the surfaces. On the
other hand, some prototypes were used to test the transplant
of the organisms as an alternative and faster possibility, also
suitable for interior design.

This study points out how BD can be applicable when de-
sighing for the living, making clear the designer’s possibilities
for adopting this approach: ranging from material design to bi-
omimicry, designing for not-only-human users, considering the
host's needs and preferable growth conditions, adopting a mul-
tispecies design approach while suggesting new relationships
among biotic and abiotic agents. The paper highlights how BD
can provide sustainable, low-maintenance, and regenerative
nature-based solutions to foster resilient urban environments.

Author keywords
Biodesign, biophilia, bioreceptive design, biomonitoring, ur-
ban resilience, green infrastructure

Introduction

The design field is increasingly aware of the limits of the cur-
rent models of production and consumption, therefore looking
to contribute to the transitions by proposing sustainable solu-
tions.In particular, designers are rediscovering the material side
of the projects, hybridizing their practice with materials sci-
ence, chemistry, and biology, opening up a new era of interdis-
ciplinarity driven by the research for radically sustainable ma-
teriality (Oxman, 2016). In this regard, Biodesign arises from an
entanglement of design and biology as a new approach based
on the involvement of living organisms in the design process
(Myers, 2012). The biological origin of biodesigned materials
and artefacts can lead to an organic aesthetic and a more sig-
nificant presence of living organisms in the built environment.
Livingness has already been recognized as a material quality in
design (Elvin Karana et al,, 2020). This feature leads to design
systems relying on organisms’ abilities to create bio-augment-

Nature positive/

transformation




ed products and multispecies environments. From the low to
the high level of biological organization, the quality and quan-
tity of interactions between humans and other natural agents
can positively affect human wellbeing (MacKerron and Moura-
to, 2009). On a “microscale”, recent studies recognize the im-
portance of microbiota in the built environment for human
health (Flandroy et al.,, 2018; Mills et al,, 2019). To restore urban
microbial biodiversity, Watkins and colleagues (2020) propose
a framework for microbiome-inspired green infrastructures,
by explicitly recognizing the microbiota’s role in the function-
ality of an urban ecosystem (Watkins et al,, 2020). Also on a
"macroscale”, the presence and abundance of natural/green
areas is demonstrated to positively affect human health, hab-
its, and work (Wargocki et al., 2000). Many organisms can have
bioremediation effect, they can contribute in microclimate
improvement, carbon storage and sequestration, noise reduc-
tion, and phytoremediation; these are just some of the bene-
fits of plants and vegetation in urban areas (Dadea et al, 2017).
Cryptogamic covers (which include cyanobacteria, algae,
fungi, lichens, and bryophytes) have a significant role in the
fixation of carbon dioxide and nitrogen from the atmosphere
(Elbert et al, 2012), as well as reducing the runoff during the
increasingly frequent phenomena of heavy rains, and provid-
ing food and shelter for other organisms, thus enhancing ur-
ban biodiversity. Many of these species, especially lichens and
mosses, can also be used for environmental biomonitoring,
defined as “the use of biological systems (organisms and or-
ganism communities) to monitor environmental change over
space and/or time" (UNE EN 16413:2014). Lichens and moss-
es are currently used as bio-indicators of air quality changes
in urban and non-urban environments (Contardo et al,, 2020):
being sensitive to air pollution, the physiological alterations oc-
curring in polluted environments are manifested at individual
and community levels. Furthermore, many species are able to
bio-accumulate a large number of contaminants, providing a
reliable estimate of the presence and the bhiological effects of
those substances on the biota (Bargagli & Mikhailova, 2002).
Still, natural elements also have a psychologically positive ef-
fect, addressing "biophilia”, a concept introduced by the psy-
choanalyst Erich Frommm and, to date, highly appreciated in de-
sign and architecture (Séderlund, 2019; Soderlund & Newman,
2015). E.O. Wilson defined biophilia as “the innate tendency to
focus on life and lifelike processes” (Wilson, 1984). Wilson ar-
gues that exploring life, and understanding how we are part of
it, can be a profound and complex process in human mental
evolution. Humans' benefits in response to a natural environ-
ment are based on our co-evolution with the natural World,
and today biophilic urban design is claimed for its beneficial
effects on humans’ mental health and life quality (Andreucci
et al, 2021). However, our current cities are far from a biophilic
approach: they embed the modern aesthetic of sanitation as
a value system (Pasquero & Poletto, 2020), and are planned
for the confinement more than the proliferation of other spe-
cies. To foster biodiversity and biophilia, urban environments
should be designed to support the spontaneous growth and
regeneration of living organisms, improving multispecies rela-
tionships and self-regulating and regenerative environments.
Such coexistence with other organisms should be accommo-
dated through proper design, addressing materials, surfaces,
textures, spaces, and habitats. Here, the role of the inert coun-
terpart as life-supporting material is fundamental and can be
designed to better meet the organisms'’ requirements. In this

respect, Bioreceptive Design (BD) is an approach that occurs
every time a material or artefact is intentionally designed to
be colonized by one or several groups of living organisms (Pol-
lini & Rognoli, 2021), aimed at supporting self-regulating biotic
and abiotic assemblages, designed to foster biodiversity and
green spaces. This study aims to enhance the presence of li-
chens and mosses in urban environments through BD, by test-
ing both material features and biological treatments suitable
for an effective bio-colonization of the built environment. The
selection of the organisms for this project was based on their
tolerance to highly urbanized environments. The cryptogamic
cover, in general, can positively affect air quality, augmenting
green spaces and fastening cities' rewilding and biophilia ex-
posure. Moreover, a significant objective of the study is the
possibility of using bioreceptive materials and objects for bi-
omonitoring activities to foster human awareness of the en-
vironmental quality of urban spaces intended as multispecies
environments.

In the last years, the emphasis on improving the resilience
of cities in the face of urbanization and climate change has led
to the adoption of the (not still clearly defined) expression of
“urban resilience” (Meerow et al, 2016). Many scholars have
already related this concept to the importance of biodiversi-
ty and ecological networks (Ahern, 2013; Jansson & Polasky;,
2010; Schewenius et al, 2014). Although these actions are
primarily human-oriented, the dimensions of urban resilience
need to tackle cities ecosystems as a whole, designing for re-
storative and regenerative nature-based solutions (Mang et al,,
2016; Seddon et al,, 2021).

Methods

This study relies on a transdisciplinary, mixed-method re-
search approach, including design and biological methods.
From a design perspective, the project relies on three main
approaches: (i) Bioreceptive Design for the selection of those
material features that match the organism’s needs (e.g. tex-
ture, composition, porosity, color); (i) Computational Design
for the creation of special textures and shapes, followed by
additive manufacturing for prototyping; (iii) Biomimicry for
gathering inspiration from the natural shapes and textures
increasing water absorption and spatial distribution on the
surface to increase the self-regulatory ability of the system.
Once the prototypes were created, the second part of the
study focused on the observation of changes, by exposing
the prototypes open air to evaluate the colonization status of
biofilm, lichens and mosses over time.

Bioreceptive Design: bhioreceptivity has been defined as
“the aptitude of a material (or any other inanimate object) to
be colonized by one or several groups of living organisms with-
out necessarily undergoing any biodeterioration” (Guillitte,
1995). Pollini & Rognoli (2021) proposed to broaden the origi-
nal definition, for design purposes, outlining a methodology for
the design of bioreceptive materials and artefacts. This study
mainly relies on this methodology, with the aim of identifying
those bioreceptive material features that can facilitate the
colonization by lichens and mosses. The Bioreceptive Design
traditionally follows 3 steps: (i) the design of the material com-
position, (ii) the design of the physical characteristics of the
surface, and (iii) the design of the shape of the material or arte-
fact (Pollini&Rognoli, 2021).

Computational Design: The shift from imitation of natural
forms to the imitation of the constitutive logic through which




nature creates its forms appears today as one of the emerg-
ing patterns in the relationship between computational design
and additive manufacturing. Layering production allows ob-
jects with material systems of extreme formal complexity. In
this direction, generative design and additive manufacturing
integrated with a bioinspired approach can contribute to the
development of new types of products with high form, func-
tion and performance in relation to the context (Pollini et al,
2020). The computational approach plays a leading role in this
context, directing the formal as well as the material concep-
tion process (Romero, 2014). Computational Design was cru-
cial for prototyping during the 3D modelling phase, assisting
the conceptual phase. Generative modelling software (Rhino
and Grasshopper) was used to develop and test different tex-
tures and shapes, while additive manufacturing was employed
to create the prototypes and moulds.

Biomimicry: among the biological informed disciplines, bi-
omimicry works at the interface between physical and biolog-
ical sciences (louguina et al., 2014). In this research, we looked
for natural models for water management, from the ability of
a texture to capture nocturnal humidity, to dendritic shapes to
avoid excessive water stagnation. Moreover, we took inspira-
tion from some natural patterns that distributed empty and
full spaces for greater bioreceptivity.

Bio-colonization evaluation: materials’ bio-colonization is a
complex mechanism that occurs since the moment an object
is exposed open air. The weathering, creates micro-fractures
and deposit a large amount of water and nutrients other than
spores and microorganisms in general on the surfaces (de los
Rios et al, 2004). Biocolonization has traditionally been seen as
a threaten for materials, (de la Fuente et al, 2013); however, the
biofilm cover can actually play a protective role in some cases,
thus the debate about the removal or not of biofilm is case-spe-
cific (Pinna, 2014). To evaluate the biocolonization stages, pro-
totypes were exposed open air in a highly colonized location
by mosses and lichens. Some tiles were previously treated by
transplanting in the grooves parts or the entire body of the se-
lected organisms, others were exposed with no treatments.

Project description

As outlined in the BD procedural thinking (Pollini & Rognoli,
2021), at first it is necessary to acknowledge the life cycle
and preferred living conditions of the organisms, to create
suitable bioreceptive materials and artefacts. To do so, we
selected two cosmopolitan species, widespread in heavily
urbanized environments: the lichen Xanthoria parietina and
the moss Bryum argenteum, and we created an ID cards for
both of them (Figure 1).

Figure 1. ID cards of the lichen Xanthoria parietina and the moss Bryum argenteum

In BD there are three levels of intervention: the material com-
position, the surface texture and the whole system, including
the overall shape of the artifact (Pollini&Rognoli, 2021). All
these variables are being tested, however the slow growth rate
of the organisms is a limiting factor (Fortuna & Tretiach, 2018).
Besides, we carried few other experiments as possible proof
of concept for a further hypothesis of bio-colonization pattern.

To date, we have had two prototypes exposure cycles, the
first since April 2022 and the second since December 2022;
The project is following a reiterative investigation workflow
which can therefore be subdivided in three main phases: (i)
the creation of support prototypes with different bioreceptive
features; (i) the prototypes’ exposure in an open environment
(rooftops and similar), characterized by high lichen and moss-
es colonization or transplant actions (iii) the comparison be-
tween tiles with different analysis tools (e.g. microscopy) to
address the degree (and success) of colonization based on the
characteristics of the material and texture.

The phase of design and prototyping carried several re-
search questions. Some emerged from the early literature in
the field, which already reported about 3D printing techniques
for biological colonization observing the role of microgrooves
(derived by the layer-by-layer printing texture) and planned
geometries (Huang et al, 2018; Mustafa et al, 2021). Other
questions addressed the best integration model between biol-
ogy and design, mainly focusing on creating physical samples
idoneous for lichen and mosses colonization. Willing to test the
bioreceptive material properties we developed different sets
of tiles on which to study the bioreceptivity of the different de-
sign options by avoiding other variables; here, the tile can be
considered the minimum unit of measurement to study the in-
fluence of a texture or material in terms of bioreceptivity. The
design of textures was drawn through 3D modeling and par-
ametric design (Figure 2). Parametric 3D modeling has been
performed using the software Rhino and Grasshopyper, par-
ticularly Grasshopper’s plugin Parakeet, which provides a col-
lection of components focusing on bioinspired and geometric
algorithmic pattern generation (Parakeet, 2018).

Figure 2. Computational modeling of different patterns (a. Stamps with different
patterns - computational modeling; b. Tile pattern virtual testing - computational
modeling; c. Stamp with pattern - computational modeling)

In the concept phaseg, planning the water flow has been fun-
damental, in fact, both lichens and mosses require high hu-
midity but no water stagnation, meaning that the ideal sub-
strate needs to drain water and possibly harvest air humidity
without having parts of the surface where water can stagnate
for a long time. Textures have been mainly bioinspired; in par-
ticular, four of them took inspiration from dendritic patterns,




an archetype for growth patterns in nature (Miguel, 2014),
which characterizes many natural surfaces (e.g, leaf pat-
terns), and they can easily aid in water channeling. To better
test the hypothesis that bioinspired forms could more easily
be bioreceptive, two textures with purely decorative motifs
have also been tested, which, however, could still channel the
water without excessive stagnation. Biomimicry has been
considered for the realization of textures simulating the une-
venness of tree barks and leaf venation patterns, in fact, leaf
venation has been tested successfully as a model for bioin-
spired fog harvesting (Qasemi et al, 2020), which might be
ideal given the high humidity requirement that bot lichen and
mosses have. Another type of tile was conceived with a den-
dritic pattern, but this time designed also taking into consid-
eration a minimum hint of shape, thus approaching the third
level of BD which also considers the shape. Assembling side
by side several tiles, a wavy surface is obtained, with more
internal movement where, in addition to the grooves that in-
scribe the pattern, there is a concave and convex movement
of the entire surface (Figure 2 a, b, f). We choose to limit the
movement of the objects in order to avoid strong differences
of exposure and shading, which could influence the effec-
tiveness of bio-colonization. The physical creation of the tiles
followed using advanced machinery for 3D printing. Here, a
series of prototypes in self-hardening clay, PLA, and resin
were made. The PLA and resin prototypes served as models
to create moulds, which were subsequently used to make
clay and concrete tiles (e.g, Figure 3, ¢, d). Moreover, a few
other samples were 3D printed in clay and suddenly fired.

Among the planned variables we had, we decided to analyze
traditional building materials first, indicating further DIY-Ma-
terial experimentation (Rognoli et al, 2015) for subsequent
and future steps. Among the materials analyzed we have
terracotta, white and red clay, mortar and concrete. Testing
different materials also allows us to test the effect of differ-
ent colors, material porosity and composition. Surface color
is a neglected aspect in the study of cyanobacterial biofilm
formation, however, color appears to influence the growth of
cyanobacteria, which few study shows prefer red and white
(Gambino et al, 2019; Sanmartin et al, 2020). Porosity and
roughness instead are very well known and important param-
eters for this field of study (D'Orazio et al,, 2014; Manso, 2014;

Figure 3. Prototyping process (a. 3D printed dark grey clay; b. 3D printing red clay;
c. 3D printed stamp; d. Usage of 3D printed tiles as stamps;
e. Clay tiles; f. Concrete tiles)

Miller et al, 2012), as well as pH levels (Manso et al, 2014). The
selected set of prototypes differing in colors, shape, material
and superficial pattern are described in Table 1.

Table 1. Prototypes description

Material Shape and size Shape and size Color

Hand molded 5x5 cm,, flat 6 patterns -6 Red and white

clay tiles each

3D print-ed clay 10x10cm.,, 1 pattern Red
concave

3D print-ed clay  10x10cm,, 1 pattern Dark grey
concave

Concrete 10x10cm., 1 pattern Pale grey
concave

Mortar 10x10cm., 1 pattern Light grey to
concave white

From a biological perspective, the study compares the per-
formance of different treatments of the materials for the
bio-colonization, with the aim to obtain the best timing and
treatments for our final goals. The artefacts were exposed
to open air in a highly colonized environment by mosses
and lichens with three different treatments. The first one is
no treatment” to see the effective bioreceptivity of the ar-
tefact per se and the textures both for lichens and mosses
(and biofilm in general). The second is the “transplant” treat-
ment, for which entire organisms (the moss Bryum argente-
um and the lichen Xanthoria parietina) were transplanted on
the artefacts, by exploiting their grooves to put a part of the
soil and the moss, or natural glue on the prominences for the
attachment of the lichen thallus. The third treatment is a dif-
ferent kind of transplant, since using the same technique of
the method above, just the reproductive parts of the lichens
and the mosses were transplanted on the artefacts. Except
for the "no treatment” samples, the other two treatments
were carried out separately for mosses and lichens to avoid
the substratum competition between the two organisms. To
test the influence of the material per se without the textures,
some samples with no texture were exposed in the same en-
vironment. The different treatments aim to test the timing
of bio-colonization in different “scenarios”; i.e,, the absence
of nutrients, the presence of adult individuals and the pres-
ence of young or potential individuals (experiments still in
progress). The 5x5cm. tiles, instead, were sorted by pattern,
glued to wooden supports and exposed with no treatment in
natural environment (Figure 4).

First investigation from April 22: the first cycle of exposure
took place a little late in the winter season due to the restric-
tions on access to the facilities caused by the pandemic. In any
case, since April 2022, the first ceramic prototypes have been
ondisplay (and still are). Regular checks are performed to avoid
excessive coverage from extraneous material (e.g, leaves) and
assess the tiles’ integrity. Currently, no evidence of colonization
is visible to the naked eye. As time progress, we will study ef-
fective colonization and to which extent it occurs, comparing
the degree of colonization between colors, patterns, materials,
and shapes.

During the same period, parallel material experiments were
made: (i) lichens were transplanted onto self-hardening ce-
ramic tiles using a DIY bioplastic as glue, and (i) silicone molds
were created for making tiles testing different combinations of




Figure 4. Tile exposure (a. b. d. Siena Botanical Garden; c. e. mosses and
lichen transplant; f. Tiles exposure and first colonization by green algae)

cement and mortar; the latter were used for moss transplant
and spontaneous colonization tests.

Second investigation from December 22: the second cycle
of exposure made use of cement tiles for a more inclusive
experimentation with the moss component as well. A set of
16 tiles were exposed of which 3 without treatment, 6 treat-
ed with transplants (8 for lichens and 3 for mosses), 6 with
transplant of reproductive portions (as before), 1 flat tile as a
control sample. Other side experiments in this second cycle
were a moss colonization test by rubbing and the testing of
materials with different cement and mortar gradients aimed
at moss transplantation.

Early findings

Given the slow growth of these organisms, at the moment,
no visible results were obtained, as expected. However, some
early findings emerged from the parallel and DIY-oriented
experiments: the first exposed concrete and mortar tiles in
2022 were colonized by green algae and mosses protonema-
ta (early stages of development of mosses), considered a
good sign as a pioneer species. Through SEM observation it
was possible to identify the species of the green algae, that
could be Cocconeis placentula, pioneer species of inorganic
substrata (Figure 5). Such colonization corroborates the im-
portance of the porous substrate and microgrooves pattern,
typical of 3D printing, for the bio-colonization.

Moreover, the moss transplanted in January 2022 onto a
cement tile is still alive, exposed outdoors. On this basis the
authors decided to set up the second cycle of experiments
in 2028. Also, the lichen transplant that took place in January
2022 was successful, maintaining its vitality even after a year
of indoor exposure. This also paves the way for the possibility
of using these bioreceptive solutions indoors, with applications
for biophilic design and bioremediation (and biomonitoring) of
indoor air. Our findings regarding the bio-colonization areinline
with those reported by Rely et al. (2019), who tested the instal-
lation of plants on concrete mixtures for green walls, observ-
ing the persistent vitality and development of the organisms.
Moreover, regarding the effectiveness of the pattern and the
material's features, our findings confirm what hypothesized by
Manso et al. (2014) and Mustafa et al. (2021), by working with
concrete features. With this study, we aim also at highlight how
BD can provide materials experiences (Karana et al, 2015), that
might become significant for more-than-human users too.
Living organisms cannot report considerations on the sensory,
emotional, significant and performative aspects, but these lev-

Figure 5. Analysis of green algae colonization of concrete tile
(a. b. Colonized concrete tile; c. d. 40x visualization of green algae species;
e. f. g. SEM observation of the green alga species “Cocconeis placentula”)

els could be evaluated based on their living response and the
quality of their growth. Considering the human perspective,
the material experience arises also from the relationship be-
tween the material and the organism grown on it. In this case,
the significant aspect compared to traditional materials is the
change over time and the perception of the living material. The
proposal is to insert a transversal temporal level in the mate-
rials experience framework, which can report information
on how sensoriality, emotion, performance and meaning can
change over time.

Next steps - Conclusion

Thanks to this multidisciplinary collaboration, the possible
outcomes of the project can be broad, contributing to bio-
philic urban resilience, and positively affecting design, archi-
tecture, lichenology, bryology and citizen science. The first
goal of the project was the design of multiple bioreceptive
surfaces to serve as support within the biomonitoring activi-
ties with lichens and mosses. The project foresees reiterative
research cycles, and it is currently still in progress, oriented to
understand which materials and textures are more pleasant
for lichens and mosses to proliferate on. On the basis of the
obtained results, we will investigate (i) a more suitable design
of the tiles (ii) Different treatments before exposure, focus-
ing on using natural medium to favor transplant (especially
for lichens), (iii) material design experimentations, that can
still lead to new insight, also adopting a DIY approach, offering
the possibility to play with materials properties such as pH
or porosity. (iv) Following the first results, new prototypes will
be made for further tests, and different measurements and
analyses will be possible over time concerning both lichenol-
ogy, bryology, and material design (e.g., thermal insulation, ox-
ygen production, air bioremediation, and expressive-sensori-
al qualities of the artefacts in terms of design opportunities).
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Abstract

Although the trend of interdisciplinary and non-disciplinary
boundaries is becoming increasingly vigorous, due to the lack
of knowledge related to biomaterials, in the process of using
them for design practice, designers have developed a knowl-
edge gap between design and material disciplines. Thus, they
cannot integrate biological materials into product innovation
to form artificial natural objects that are more ecological and
life-like. This paper experimentally explores the way myceli-
um composites are used in product design in an attempt to
incorporate the unique growth and rich sensory experience
of mycelium materials into the design process. A design
method oriented to biomaterial innovation is proposed, and a
prosthetic protective cover is designed using this method. By
developing agricultural waste into biological mycelium mate-
rials, products are re-endowed with a time-sense compound
experience and a rich sensory experience, thereby creating
artificial natural objects with the ability to repair nature.

Author keywords
Mycelial materials; Material experience; Biomaterial design;
Artificial nature.

Introcdluction

Materials, as an important innovative element in design activ-
ities, unsustainable materials, and their product applications
are constantly pressing the limits of Earth's ecosystem. Bio-
material design, as a typical interdisciplinary discipline, pre-
sents strong potential for innovation, mainly in that bioma-
terials provide a variety of alternative production methods,
such as biomanufacturing and natural growth, for current
production activities. For example, the representative myce-
lium composite material in biomaterials, with the help of the
automatic force of fungal growth, helps designers change the
traditional role of passive application of material properties;
however, forward thinking utilizes the properties of biomate-
rials and introduces them into design activities throughout
the entire process.

This paper will use mycelium composite material as an ex-
ample of a prosthetic protective cover material and employ
methods such as material experiments and the innovative de-
sign of bhiological materials to study the objective and subjec-

tive characteristics of mycelium materials. Through the new
design method and experiment, this research has preliminarily
obtained a new experience quality for the material. Due to its
non-toxic and harmless natural growth method, it can not only
replace the traditional industrial production method but also
reduce its incidental pollution problems. The above results will
provide theoretical and practical references for the design of
emerging materials and their application areas in the future. A
design approach based on material innovation will simultane-
ously change the designer’s role of passively selecting materi-
als to one of actively and experimentally creating new mate-
rials and promoting the rapid application of new materials in
design activities.

Research on the Characteristics of Mycelium
Composite Materials

Mycelium is the vegetative part of fungi, such as Ganoder-
ma and mushrooms, and it is also called “the root of mush-
rooms!” Mycelium is composed of many microscopic myce-
lial long-line fiber structures that use the enzymes secreted
by themselves to decompose the polymers in the matrix and
produce the nutrients needed for growth (Appels et al., 2019).
In addition, mycelium functions as a “natural glue” that pene-
trates the gaps of the matrix material by the growth of myce-
lium and eventually forms interlocking structures to produce
biocomposites (Elsacker et al., 2020). Combining the objec-
tives and experimental materials of this research, the author
will focus on the design method and application research of
mycelial composites to reveal the potential future applica-
tion and development value of the material through an ex-
perimental exploration of the subjective and objective design
characteristics of mycelial composites.

Subjective properties of mycelium composite
materials

Humans carry the environmental influences of society and
culture to perceive the unique qualities of materials through
the five sensory organs of the body. The subjective properties
of materials are the characteristics with which humans form
perceptions with the help of multiple senses, such as touch,
which contains emotions, a sense of experience, etc. (Sun,
2016). It is often more akin to a sensory interaction between
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materials and people that occurs through the human senso-
ry organs to perceive and stimulate psychological and phys-
iological response attributes (Zuo, 2010). This research will
focus on mycelium composites, which have a flowing “time”
quality and material texture due to their unique biological
properties. To obtain people’s subjective characteristic eval-
uations of new biomaterials, the author used a focus group
method to collect qualitative data on the subjective charac-
teristics of mycelium materials and summarized them in a
table. A table of the subjective characteristics of the myceli-
um composite material was established (Table 1).

Table 1. Sensory properties of mycelium composite materials.

Sensory Properties

Tactility Sometimes delicate and sometimes rough; the
delicate part is like soft skin

Texture Bumpy natural fiber texture with some irregular
signs of use

Color Scattered pale yellow small spots among large
areas of white

Form Non-fixed organic looking form, twisted and
squeezed into a shape at will

Odor Has a special natural odor; the smell is reminis-

cent of a haystack after rain

By experiencing the quality of materials first-hand, design-
ers and users avoid being limited to capturing the objective
characteristics of materials, thereby ignoring the relationship
between new materials and external factors (Yin, 2017). Ac-
cording to the table of the subjective properties of the mate-
rial, this biomaterial, characterized by growth and dynamics,
develops an imperfect experience of the passage of time.

Objective properties of mycelium

composite materials

Through queries and combing literature related to the proper-
ties of mycelium materials, the three dimensions of material
composition, physical properties, and chemical properties
were explained in detail.

1. Composition of mycelial composites. Mycelium grows
by sticking to the substrate matrix to form biocom-
posites. Different types of fungus seeds and sub-
strates ultimately affect the properties and growth
conditions of the material. At present, it is common
to inoculate substrates with species of Basidiomyco-
ta, which have two important characteristics: septum
and anastomosis (Alemu et al, 2022). In the selec-
tion of substrate materials, agricultural waste, such
as straw, sawdust, wheat bran, corn cobs, straw, fallen
leaves, etc,, can be used, as well as tea leaves, fruit and
vegetable peels, coffee grounds, nut shells, etc. that
are discarded in daily life, giving the material the ability
to degrade quickly and naturally.

2. Physical properties of mycelial composite materials.
After the mycelium material has finished growing, it
presents an open porous structure similar to sponges
and bones. The combination of the three-dimensional
structure and chitin in fungal cells makes the materi-
al extremely light yet strong (Haneef et al, 2017). This
unique porous structure enables it to absorb sound
waves in the frequency range of 350 Hz to 4 kHz (Pel-

letier et al,, 2019). It is a potential sound-absorbing and
sound-insulating material. A related study tested the
physical and mechanical properties of two groups of
mycelial materials with different substrates made of
wood, sawdust, and a combination of sugarcane and
cassava roots. The final results of the tests showed
that the density of the first group of materials reached
420 (kg/m?), while the density of the second group of
materials was 440 (kg/m?); the average modulus of
elasticity was 3.97 (MPa) for the first group of mate-
rials and 22.7 (MPa) for the second group; and the av-
erage compressive stress at 5% deformation was 0.17
(MPa) for the first group of materials and 0.61 (MPa)
for the second group of materials (Heisel et al, 2017).
Clearly, different combinations of substrates and their
processing methods affect the density and tensile and
compressive strength of mycelial materials.

3. Chemical characterization of mycelial composite ma-
terials. Fire resistance and non-allergenicity are two
chemical properties that mycelium materials possess.
In terms of fire resistance, chitin produced by fungiis a
natural polymer whose combustion requires high heat
(Silverman et al, 2020). The substrate covered by the
growth of chitin in the hyphae has high fire resistance
properties; thus, this material is also called a natural
fire retardant. Its non-allergenic nature is due to the
substrate it uses being a natural and environmental-
ly friendly material. The mycelium forms a soft white
covering after it finishes growing on the substrate. Fi-
nally, the material is sterilized at high temperatures for
up to several hours to effectively remove bacteria and
other microorganisms.

Application of Mycelium Composite Material
in the Desigh of a Prosthetic Protective Cover

Creating product goals

This paper takes the material-driven design method (MDD)
proposed by Karana as the basic process (Karana et al,, 2015)
and fine-tunes it with the application scope of mycelial com-
posites and prosthetic protectors cover. Eight steps of the bi-
omaterial design approach are proposed. Design a protective
cover product for the disabled that provides calf prosthetic
protection and decoration functions and constructs an inno-
vative design process for mycelium composite materials. The
prosthetic protective cover can provide a collision protection
function for prosthetic parts and realize beautification and
waterproof functions by covering the prosthetic parts. Stud-
ies on users with physical disabilities have shown that people
with disabilities not only need tools to assist them physiolog-
ically but also have a strong sense of inferiority and rejection
psychologically. The addition of mycelium materials can re-
construct the visual, tactile, and other multisensory interac-
tion modes of rehabilitation aids (Zhao et al,, 2020), bringing
more emotional care to the disabled.

Material property matchingj

Based on the analysis of objective and subjective character-
istics of mycelium material above, match the material char-
acteristics with the product objectives. Query whether the
material characteristics can meet the user requirements and
product development objectives. This design successfully
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Figure 1. Left: Mycelium composite material design flow chart;
right: Matching of product requirements and material properties.

matches the user requirements and material properties (Fig-
ure 1), the prosthetic cover will be designed in depth.

Mycelium material pre-experiment and cultivation
After comparing the color, odor, form, touch, and texture be-
tween the six mycelium material samples and the impact
resistance test, the sample with the material formulation of
Ganoderma, wood chips, wheat bran, and glucose was select-
ed because the subjective and objective characteristics of
this sample met the product development needs.

To begin, the chopped sawdust and wheat bran were mixed
according to 70% and 309% of the total mass of the materi-
al, respectively, placed into a sealed bag, and sterilized in a
high-temperature environment of 100 °C for 2 hours to pre-
vent the substrate from being contaminated by bacteria. After
the inoculation was completed, the substrate was placed in a
sealed bag with a breathing valve, and the mycelium was left to
colonize and grow in the substrate for one week. The colonized
mycelium composite material was then placed into the mold,
and pressure was applied to limit the growth space of the ma-
terial and to generate the shape to be molded. After eight days
of growth in the mold, the shaped mycelium composite was
removed. It was placed into a sealed bag and grown again for
seven days, allowing the mycelium to completely cover the
substrate and increasing the strength and density of the mate-
rial. During the cultivation process, the mycelium growth envi-
ronment temperature should be controlled at 25°C-30°C, and
the relative humidity should be 80%-909%. Finally, after growth,
the mycelium composite material was placed into an oven and
baked under convection at 100 °C for 2 hours to remove the
fungal activity and moisture in the mycelium. The mycelium
protective cover cultivation process is shown in.

Secondary processing and material application

To realize the convenience of wearing the prosthetic protec-
tive cover, secondary processing is required. To date, a calf
prosthetic cover based on mycelium biomaterial has been
fabricated. The steps for wearing the mycelium prosthetic
cover are shown in, and the effects are shown in (Figure 2).

Material properties test

A material testing machine was used to test the mechanical
properties of the prosthetic material The mechanical proper-
ties of the complete mycelium prosthetic cover were tested.
The test was divided into a vertical cross-section and a trans-
verse cross-section of the protective cover, test process, and
results (Figures 3). A series of material performance tests
proved that the performance of mycelium material is be-
tween that of rigid polymer foam and polyethylene, and the
prosthetic protective cover made of mycelium material can

Figure 2. Left: Mycelium protective cover cultivation process:
(a) substrate disinfecting; (b) inoculation; (c) adding material into the mold;
(d) mycelium grows naturally; (e) drying material ;
right: mycelium prosthesis protection cover wearing effects.

provide corresponding protection functions and meet its ba-
sic performance requirements.

As an emerging biological material, mycelium’s biophilic
properties can help designers create a more ecological and
natural artificial nature and integrate it with nature to form
a "living” artificial natural object. Designers also have the op-
portunity to be the subject of life-shaping, blurring the bound-
aries between living and non-living, and presenting a cooper-
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Figure 3. Left: maximum compressive force of vertical cross-section;
right: maximum compressive force of transverse cross-section.

ative model of mutual integration and symbiosis between
human and non-human species. Based on the exploration of
the implicit and explicit characteristics of mycelium mate-
rials, this study provides designers with a biomaterial-driven
innovative design approach through the experimental appli-
cation of biomaterials in the design of rehabilitation assistive
devices. It is worth noting that the physical properties of the
material will be affected by product function, manufacturing
technology, and the use environment. Therefore, designers
need to further investigate the application of the material in
diverse products, in addition to testing the mycelial prosthet-
ic cover through international standards to verify the usabil-
ity of the product. The innovative application of biomaterials
expands designers’ imaginations and gives products a new
sensory experience. In addition, mycelium materials use new
biomanufacturing models to naturally “grow” carbon-neg-
ative products with low energy consumption, and they can
be combined with different agricultural wastes to produce
unique material textures to meet the individual needs of us-
ers. The experimental application research of mycelium ma-
terial also builds many possibilities for the future application
development of biomaterials in design and can even rebuild
the artificial new order of nature with the help of its biological
elements.
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Abstract

Although far away, the pandemic of 2019 has given rise to
many thoughts towards people’s lifestyles and attitudes.
More and more people are getting used to working and study-
ing at home, which has given rise to many inspirations for the
development of technology related to the lifestyle. Studies
have previously demonstrated that incorporating botanical
decorations into living scenes can benefit people’s mental
and physical health. There are also many artists and scientists
on this basis to explore the integration of plants and machin-
ery development, trying to use the characteristics of plants
to achieve the purpose of convenient people’s life. “Biophil-
ia" advocates the human instinct to be close to the natural
world and defines the innate emotional connection between
humans and other living things as ‘pro-life’.

By parametrically controlling the growth of plants to create
furniture forms for people to use, this article tries to push the
boundaries between living and non-living, natural and artifi-
cial, and computational and biological intelligence. The exper-
imental method is adopted to precisely control the exposure
of experimental plants to indoor environmental qualities such
as water, sunlight, air movement, gravity, touch and media to
produce tolerant porous shapes in their growth forms and
then shape into furniture form. This has also been verified by
previous studies that show the effectiveness and possibility
of creating self-standing 3D structures by integrating com-
putational design tools in designing with plant roots.

In addition, this case also combines knowledge from dis-
ciplines such as biology and materials science to parametri-
cally predict trends in the survival of plants as intelligent or-
ganisms and to explore the use of plant ecosystems in the
construction of man-made landscapes by presenting the
possibility of plant roots as sustainable materials and trans-
port carriers. Products created so far include chairs and ta-
bles using plant roots. The paper details the process of de-
sighing parametric plant furniture and the product’s effect
pictures. The second half of the paper highlights the poten-
tial implications of this design technique. At the end of the
article, the research explores the future direction of para-
metric plant design, i.e. the use as furniture while preserving
the natural properties of plant growth, thus creating a new
ecological cycle in future use. Overall, this study has been
carried out with important implications for biological, sus-
tainable, and environmental design. In addition to the current

research, which is mainly concerned with the simple planting
of space, this study goes further and explores the plasticity
of plants themselves as controllable biomorphs. With the
current trend of sustainable design, it is also worth looking at
how ecologically sustainable and circular living spaces can be
constructed. Finally, this research will also enrich the diversity
of human living spaces with tactile sensory and interactive
properties that can be further developed and applied to the
health and education sectors in the future, aiming to improve
the well-being of the inhabitants.

Author keywords
Plant arts; biophilic design; parametrical design; sustainabili-
ty; furniture design.

Introduction

Design practice is affected by a growing understanding of the
ecological footprints caused by humans. In design practice,
there is a growing understanding of the ecological footprint
caused by humans (Sahoo & Sethi, 2021). With the increas-
ing awareness of environmental pollution, searching for new
materials and solutions has become a major trend in recent
years. As a result, eco-design, or “sustainable product devel-
opment”, has come to the fore. Wimmer et al. (2010) define
eco-design as an approach that takes into consideration the
environmental impacts of products during their whole lifecy-
cle. Design practices also vary in terms of their CO2 emission
(Kim et al., 2013), energy efficiency (Favi et al., 2012), recy-
cling (Gallagher et al, 2019) etc. In addition to the aspects
listed above, other studies explore design from the perspec-
tive of the whole, with great attention now focusing on the
“cradle to cradle” design framework, initially proposed in
2002 by architect William McDonough and chemist Michael
Braungart. Representing a continuation of a sustainable ap-
proach that takes into consideration multiple forms of life
and future generations, “cradle to cradle” design is a biomi-
metic way of designing products and systems that models
human industry on nature's processes, where materials are
viewed as nutrients circulating in healthy, safe metabolisms
(McDonough & Braungart, 2017).

This research explores an awareness of sustainability that
aims to push the research for new materials and solutions as
a branch of botanical design. It is also an approach of “sus-
tainable product development” (Wimmer, Lee, Kun-Mo & Po-
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lak, 2010) designed to improve the environmental impacts
and the quality of human life.

Even though some research exists, it is a new area and
is still in its infancy. Especially research on parameterisation
in plant design (Song et al., 2019). Thus, this research takes
the approach—Growing Design (Camere & Karana, 2017; Ci-
uffi, 2013; Montalti, 2010) as the main concept, trying to take
the growing materials from living organisms (plant roots) to
achieve unique material functions, expressions and sustaina-
ble design solutions. In Growing Design, designers collaborate
with biological organisms, guiding their growth and forging
the conditions in which a material/product is created. Such a
creative process may generate novel materials, exploring the
range of properties by controlling the growth of the organism
or by experimenting with different shape possibilities by di-
rectly growing materials into a desired product idea (Camere
& Karana, 2017).

In early 2020, during the COVID pandemic lockdowns in
many countries, the idea for this practice arose. Limited ac-
cess to outdoor activities prompted a reevaluation of the re-
lationship between humans and nature, and the potential for
incorporating plants in furniture design. Given that plants have
existed on Earth much longer than humans, this research ex-
plores the intersection of the two. Despite the pandemic’s
waning impact, mobility issues still prevent some, such as the
elderly and disabled, from experiencing nature still common.
Thus, this research results in the cultivation and design of fur-
niture utilising the Bougainvillea glabra's roots as the primary
focus for conducting furniture design. The current collection
includes a chair and table. The research aims to contribute to
a sustainable environmental design by offering unique insights
into parametric design and plant growth control.

Theoretical basis

Sustainability and parametric approaches can be used to-
gether to create innovative and sustainable solutions. In-
spired by the natural forms of plant roots and a desire to

maintain organic shapes and patterns, this research seeks
to create more intuitive and user-friendly products that feel
more connected to the natural world. This offers a means of
keeping the most original feel and inspiring the use of more
sustainable materials and manufacturing processes, as nat-
ural systems often use minimal resources and generate little
waste. Such considerations provided the initial inspiration for
this research and its ultimate objectives.

Sustainable design focuses on reducing the environmental
impact of products and spaces, considering the entire lifecycle
of a product from its design to its disposal. This approach can
include using sustainable materials, minimising waste and en-
ergy consumption during manufacturing and transportation,
and designing products for disassembly and recycling. Sus-
tainable design can also incorporate the principles of biomor-
phic and parametric design by optimising the use of materials
and reducing the environmental impact of the design process.
In this research, there are clear sustainable advantages to har-
nessing the environmentally friendly nature of plant roots, the
low level of industrial intervention in the creation process, the
natural form of the finished product, and the subsequent recy-
cling, treatment, and reclamation.

The parametric design uses algorithms and digital tools to
create complex, non-linear shapes that respond to specific
design parameters, such as structural integrity, environmental
conditions, or user preferences. This approach can help to cre-
ate more efficient and optimised designs that use materials
and resources more effectively. Parametric design can also be
combined with biomorphic and sustainable design to optimise
the use of materials and reduce the environmental impact of
the design process. In this research, the main objectives are (1)
to explore the reason of adopting parametric tech in design
practice, (2) to achieve tailored plants, and (3) to explore their
adoption in furniture design.

Together, these two design approaches can create sustain-
able, innovative, and beautiful designs that respond to the nat-
ural environment (Eren, Diizenli & Akyol, 2018; Yoo et al,, 2020).

Table 1. Two primary materials horizontal comparison.

Plant types

Length of stem

Technical support/advantages

Weakness for furniture design

Bougainvillea glabra

Single stem up to 6m;

Example: In the sixth lane of Liantang
Village, Luohu District, Shenzhen City;
bougainvillea glabra climbed along the
building from the underground to the 8th
floor, occupying most of the wall surface
and forming a “flower waterfall” with a
height of about 20 meters.

There are many research bases in China
and other areas;

Many cities in China regard it as the city
flower, like Shenzhen, where also has a
plant-research center;

In Chaoshan region of China, craftsmen
specializing in the cultivation of bougain-
villea species for root carving;

life time is long;

Evergreen woodly large vine, water, fertili-
zer, adequate sunlight;

When it has enough water and fertilizer, it
grows as fast as it can;

Non-perishable and durable, it can still be
used for sculpture after being transfor-
med into a dead bodly.

Slow growth, need to optimise cultivation
approaches;

There are many kinds of species and
more experiments need.

Fungi

After the operation of crushing, various
shapes can be generated;

There is no diverse manipulation of
features.

There have been successful cases, and
the products can be smooth, waterproof,
sustainable cycle;

There are related research centres in
Netherlands, Germany, the United King-
dom, China etc.

Cell polarity and growth rate affect my-
celium morphogenesis;

As furniture material is easily affected by
room temperature, humidity and other
environmental factors;

Different fungus need to be selected for
experiments;

Most experimenters still need to mix it
with wood, waste or other materials.




Drawing inspiration from natural systems and using advanced
digital tools, designers can create products and spaces that are
both functional and aesthetic while minimising their environ-
mental impact. Integrating these design approaches can lead
to more efficient and sustainable designs, benefiting both peo-
ple and the planet.

Methods

The research is based on taking advantage of computer vi-
sion and sensing improvements. The key is determining
which rhizomes can be controlled by effective parameteri-
sation. The transverse comparison was conducted on three
raw materials of bougainvillea glabra and fungi as the primary
analysis objects. The focus is mainly on the physical char-
acteristics of the two materials, the advantages of applica-
tion, and the weakness of furniture design. There are two
reasons for the materials chosen: firstly, the accessibility of
the material was a key consideration. Bougainvillea glabra is
widely grown in the southern regions of China and fungi are
well-researched for cultivation. Secondly, the team included
sustainability and low carbon as core objectives in the initial
design planning. In other words, we wanted to eliminate un-
necessary industrial processes throughout the design. Ensur-
ing the original growth of the plants was another key factor
considered. Therefore, combining these two considerations
led to the selection of trillium and fungi as the two alternative
raw materials.

It is clear from Table 1 that the biological characteristics of
bougainvillea glabra - its ability to survive for long periods, the
width and length of the plant’s roots, and the fact that it is
grown over a large area in southern China - make it very suit-
able as a raw material for plant furniture. Although fungi are
also extremely plastic. The use of fungi as a raw material for
furniture may require the production of appropriate abrasives
for the targeted cultivation of colonies and a series of tests
on the load-bearing capacity of the furniture once it has been
shaped. Thus, bougainvillea glabra was chosen as the main
object of study. However, it is not the perfect raw material in
its original form. The biggest problem is its slow growth rate.
Therefore, various nutrient solutions (to promote growth)
were used for testing during the design process. In the end,
coconut water and tetracycline-based growth hormone were
used in this study as the main nutrient solution to stimulate
the growth of bougainvillea glabra.

Results

The study is currently in its experimental phase and is set
in a factory located in Wuhan, China, where the root of the
bougainvillea plant is being extensively researched. It should
be noted that this is a conceptual investigation. The entire
process can be divided into two parts: cultivating the roots
to produce raw material for furniture design and using a par-
ametric model to control the plant’'s secondary growth and
shape it into plant furniture.

Cultivating process

The project is still in the experimental stage and should be
considered an investigation on a conceptual level. Thus,
a bougainvillea glabra design is taken as an example to ex-
plain in detail. First, selecting a container with a large basin
mouth and mixing a large amount of river sand with culture

soil is necessary to maintain bonsai. It is important to note
that when planting the stump into the mixed culture soil, the
bonsai stump should be raised above the mouth of the ba-
sin. River sand curing bonsai has good drainage permeabili-
ty and is a better choice. Another point worth noting is that
after adding a large amount of river sand, the soil's fertiliser
protection performance is weakened, and water and fertiliser
management should be paid attention to in the later main-
tenance to ensure the normal growth of plants. Let the roots
sink deep into the soil. Then consider whether to transplant.
The detailed steps include six, from root extraction to gravel
cultivating root.

Table 3. Six steps of cultivating the root.

1 Coil up most of the root system and curl it into a certain
Root shape. During transplanting, the root system of the plant
extraction should be lifted upward, preferably beyond the height of

the pelvic mouth, and most of the coiled roots should be
fixed with tools and wrapped in sand. In the normal main-
tenance process, under the influence of external factors
such as wind, sun, rain, etc.,, most of the coiled roots will

be slowly exposed, and the improved roots will be slightly
shaped and processed. Expose the root system in a regular
time and remove the soil from the roots of the plant, lea-
ving some of the roots bare.

2 Fill a deep cylinder pot with a layer of soil (nutrients added
Developing with growth hormones) at the bottom and sand at the
root top. Plant the prepared plants in the pot. In order for a

plant to grow, its roots will keep spreading down to absorb
nutrients. What we need to do is, every once in a while,
remove some of the sand from the top of the pot, so that
the root system will slowly come out. Finally, the roots of
the plant have sunk deep into the nutrient soil at the pelvic
floor. After the upper layer of sand is removed, the plants
are replanted in the pot together with the nutrient soil, and
the exposed roots can be artificially fixed with tools after
shaping. After a period of time, it can be set, and this time
can be exposed to the natural wind and sun, which can
naturally promote the aging of the exposed roots.

3 Plant the plants in shallow POTS. Due to the limited height

Revealing of the pot, the root system of the root part of the plant will

the roots definitely be exposed to the soil of the pot. The root system
can be gradually fixed, and finally shaped.

4 If breeder want to create the effect of hanging roots and

Desoiling exposing claws, you need to expose the roots on the sur-
face of the soil. You need to spray water, and you need to
flush the soil away from the surface and expose the roots.

5 Plant into the pot, pile soil at the roots so that the base of

Choking the plant is above the pot but not completely exposed.
Wait until the plants are alive in the pot, slowly from high
to low remove the backsoil, after a long time of mainte-
nance and shaping, can be replanted on the pot.

6 Use plastic to roll up and make a cylindrical drum without

Gravel a bottom, or use a wooden bucket or bamboo basket

cultivating without a bottom to surround the plant and fill it with

sand, a few pebbles, water and fertilizer. Once the plant is
alive and the roots have penetrated into the soil beneath
the sand, remove the sand from the top several times,
preferably at different intervals with the help of growth
hormones. Finally, remove the roll and reserve the finis-
hed product.

Parametric growth

The main branches were intentionally bundled and different
environmental stimuli, including water, gravity, touch, and me-
dia, can guide plant roots. With artificial manipulation, plant
roots can be shaped to grow in various directions and either
stay on the surface or penetrate obstacles they encounter. In




materials science and engineering, the porous structure of
parameterization allows plant roots to form a network struc-
ture with bearing capacity. By placing obstacles in the direc-
tion of growth, the roots can be shaped, and the hierarchical
drive of botanical roots can be combined with parametric
porous structures. After experimenting with AGAR medium
and 3D porous barriers, small and large porous pla structures
were 3D printed to design appropriate barriers for the roots
and complete the “parameter porous bead experiment!” The
"pbonding ability” of the roots associated with the porous
structure enables them to combine into 3D blocky patterns
with high compressive strength, verifying that the porous
structure of the 3D printed plant can produce a certain toler-
ance in root formation.

The process of parameterizing plants can be divided into
eight steps. Firstly, record the growth of the plant roots, in-
cluding growth rate and time. Next, an algorithm is generated,
which may be integrated within the GH modelling software.
Thirdly, the initial furniture design model is set to roam freely.
Fourthly, record the user’s body data in detail. Fifth, determine
the rhizome (starting point), which involves combining per-
sonal data with the user's usage habits, distribution of force
points, and common postures. Sixthly, using this data, deepen
the model and set the "obstacles” and “collisions” in the GH
parametric modelling software. Seventh, use a Boolean Toggle
to control the reset operator. Eighth, the rootstock grows grad-
ually according to the obstacle position, creating a stable path
network. Extract the trajectory lines and use the Weaverbird
plug-in to smooth the surface (which can be set to subdivide
the structure). Finally, a furniture model with a support struc-
ture is created.

There are several recommencdations for this whole process.
The main branches should be kept bundled and guided. Plant
roots can be shaped gradually in different environments by
water, gravity, touch, and other media. Plant roots can be arti-
ficially guided to grow in all directions and can stay on the sur-
face of obstacles or penetrate them when encountered. In the
porous structure of parameterisation, the plant roots can form

Figure 1. The grinding picture of the production process.

Figure 2. Effect pictures of the two items.

a network structure and develop bearing capacity, because the
porous structure allows the plant roots to grow into a denser
network structure with a higher degree of fit that ensures a
stronger network structure.

The project initially planned to include a wide range of furni-
ture products, such as tables, baskets, chairs, lamps, etc.How-
ever, there was a shortage of funds during the project. The final
products therefore consisted of a chair and a table (see Figures
1&2).

Conclusion

Sustainable design is the global challenge and goal of hu-
mankind. Sustainable product design and production driven
by technology can reconstruct human and environmental
relationships. As the embodiment of this concept, plant fur-
niture design is important. Taking the tree house as an ex-
ample, it can effectively withstand nature's storms. After an
earthquake or tsunami, the only structure that can guarantee
human survival is a treehouse. This design is also significant
for improving the urban environment and solving the housing
problems of low-income and homeless people.

In addition, plant furniture is of great significance for es-
tablishing a biological regenerative life support system. Bi-
oregenerative life support system is the core technology of
long-term manned space activities in the future. It has the
advantage of continuously regenerating oxygen, water and
food, the necessities of life for human beings, in a closed sys-
tem. Plant is an important part of the biological regenerative
life support system. Plant furniture can complete its me-
tabolism and regulate indoor and outdoor temperature and
air quality, significantly benefiting disease patients, medical
places, urban planning, etc.

There are drawbacks to such studies. The first is the high
cost of input. Suppose the related techniques are to be pro-
moted on a large scale. In that case, further experimental
studies on the rhizosphere growth of Bougainvillea are need-
ed, such as experiments on guided growth in different envi-
ronments. Later user testing, as well as the cost of promotion,
are significant expenses. Secondly, the maintenance of the
product also needs a series of experiments to test its usability,
such as whether it will grow mouldy in the supermarket envi-
ronment, how to maintain it and so on.

Creating a meaningful product application concept, i.e, de-
sighing for material experiences, takes much work. It requires
a critical understanding of what the material offers in terms of
function/utility and overall experience: how it gratifies or dis-
turbs our senses, what meanings, associations, and emotions
it evokes, and what it makes us do (Giaccardi & Karana, While
a material with endless combinations of its ingredients, would
excite and inspire designers in exploring its possibilities for
design, this may also give a sense of uncertainty (Daalhuizen,
Badke-Schaub, & Batill, 2009; Krishnan & Bhattacharya, 2002),
as the boundaries of the material would not be known in an
early stage of a material-driven design project (Barati, Karana,
& Hekkert, 2015).

In a word, this research uses this case to analyse the char-
acteristics of the growing design process, which aligns with
the notion of WHO 2022 sustainable development goals. The
creative thinking and design of material and product concur-
rently expand the boundaries of design toward new territories
asking for new tools and methods, which also is one of our fu-
ture research endeavours.
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Abstract

The global economy is at a turning point, having reached its
limit long ago after many decades of fossil fuel economy and
growth thinking. Moreover, the world is becoming increas-
ingly complex, accompanied by social, political, climate and
technological challenges. The global COVID-19 pandemic has
highlighted the interdependence and interconnectedness
of different systems. Organizations that have to constantly
adapt and reinvent themselves to changing situations require
leaders who have learned to think in a connected way, to
experiment, to endure uncertainty and, above all, to change
their mental models.

In recent years, organizations invested considerable effort
and resources to developing and enhancing the leadership
skills of managers through various forms of Design Thinking
tools and Design methods. Nevertheless the complexity for
human and ecological problems asks for a further education of
leadership actors, towards a new leadership mindset — beyond
Design Thinking methods. Current leadership training pro-
grams aim to develop individual skills and growth of leadership
without considering this in a systemic context and promoting
the systemic perspective. How can a Systemic Design Orient-
ed Leadership (SDOL) play kit - developed in co-creation - en-
able tomorrow’s leaders to see the whole picture and to make
systemic decisions that are sustainable and social?

In order to train leaders in an eco-social thinking and behav-
ior a Systemic Design Oriented Leadership (SDOL) play kit was
developed. The method framework was set to Grounded Theo-
ry (Glaser, 1967) and Systemic Action Research (Burns, 2014),
where playful, experimental interventions were designed, me-
thodically recorded and evaluated together with the managers
in regular co-creative workshops.

Through SDOL play kit, leaders are able to understand com-
plexity and at the same time the play kit can serve as a com-
pass, that influences the strategic competence of leaders to
make eco-social decisions. SDOL as a play and co-creation
trains the new skills for eco-social management in organiza-
tions. It allows leaders as players to experiment, speculate and
react to behavior in play by the infinite game of synthesis, cri-
tique and redesign.

Author keywords
Leadership, Systemic Design, Systems Thinking, Play, Co-Cre-
ation

Introduction

In the context of digitalization, climate change and overlap-
ping crisis, many companies are facing a huge complexity in
the world. More than ever, companies and their leaders are
challenged to think and act in a systemic way. In recent years,
organizations invested considerable effort and resources to
developing and enhancing the leadership skills of managers
through various forms of Design Thinking tools and methods.
Managers in middle and higher management positions have
clearly realized the business values of design methods, espe-
cially Design Thinking (Badjoko, 2018) and User Experience,
that have have been at the forefront of supporting digital
transformation in companies (Magistretti et al, 2021). The
leadership of tomorrow might has to experiment and needs
new design strategies beyond Design Thinking. Authors such
as Beehner (2019) argue that leadership has to enter into new
relationships with nature, society and individuals in order to
be able to make a sustainable, trust-based impact on solving
problems. The new approach for leadership develops towards
an ethical approach as Beerel (2020) formulated in her book
“"Ethical Leadership and Global Capitalism: A Guide to Good
Practice”. She argues that “(...) ethically sensitive managers
need to engage in self-examination and developing their own
self-awareness. They need to reflect on the kinds of people
they are, their value system and the types of decisions they
make. They need to be open to self-development and change
and should seek out for opportunities for personal growth
and challenge”. Also Mugadza et al. (2019) explain how lead-
ership has changed since the Pre-Industrial Age - from the
born leader in industrial times towards innovative leadership
with a Systemic Design perspective.

It seems that traditional innovation methods such as De-
sigh Thinking or UX Management might not be sufficient an-
ymore for an eco-social leadership development. Habicher
et al. (2021) conclude in their research on transformation of
leadership in SMEs, that Design Thinking plays only a marginal
role in the firms, if it comes to socio-ecological transformation.
Current leadership training programs aim to develop individual
skills and growth of leadership without considering thisin a sys-
temic context and promoting the systemic perspective. If or-
ganizations are looking for new leadership or eco-social leader-
ship development, managers might first be trained in Systems
Thinking, in analyzing relationships between stakeholders and
finding patterns in behavior. How a ludic Systems Thinking in
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leadership development can change a mindset from growth to
a more sensitive one into the direction of social and ecological
decision making, has not been extensively researched. There
are almost no tools in leadership development that focus on a
change management by Systems Thinking play and game dy-
namics beyond design thinking methods.

The central objective of the ongoing research project is the
question to which extent Systems Thinking as a ludic interven-
tion embodied in a serious play kit can influence the person-
ality development of managers to act in a socially sustainable
way in order to transform corporate structures.

How can a Systemic Design Oriented Leadership (SDOL)
play kit, developed in co-creation, enable tomorrow’s leaders
to understand complexity and to influence the strategic com-
petence of leaders to make systemic decisions that are sus-
tainable and social?

This paper shows the first results of the author's ongoing
research project SDOL and the co-created ludic intervention.

Theoretical concept of play

Play seems to be a serious opportunity to make the reality of
work more motivating and meaningful - not only for leaders.
Because play seems to enable people to reflect themselves,
to question behavioral patterns, to test and explore interac-
tions in a group. Also play might enable people taking over
risks and bearing uncertainty, which is often the case in de-
sign processes. Brown et. al for example claim, that play is a
catalyst, like design methods, for being productive and crea-
tive (Brown et al,, 2019).

There seem to be various definitions in literature of what
play is and it might depend on its nature, purpose and manifes-
tation. Three famous examples might be the definitions of au-
thors such as Huizinga, Vygotsky and Rubin. According to Hu-
izinga (1955), play is a free activity standing quite consciously
outside ‘ordinary’ life as being ‘not serious’, but at the same
time absorbing the player intensely and utterly. In psychology
Vygotsky (1978) for example characterized children’s play as
an activity that is “desired"” by the child, “always involves an im-
aginary situation” and “always involves rules” (which are in the
minds of the players and may or may not be laid down in ad-
vance). Rubin et al. (1983) characterized play as a behavior that
is intrinsically motivated, focused on means rather than ends,
distinct from exploratory behavior, nonliteral, free from exter-
nally imposed rules and actively engaged in by the players.

As Gray (2013) e.g. concluded that essentially all of the de-
scriptions of human play can be boiled down to the five charac-
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Figure 1. Shows the comparable framework of the author and Mainemelis.

teristics: Play is an activity that is self-chosen and self-direct-
ed, intrinsically motivated, guided by mental rules, imaginative
and conducted in an active, alert, but relatively non-stressed
frame of mind. Gray's conclusion seems to describe the quali-
ties of creative thinking in design processes and seems to have
similar arguments to Mainemelis et al. (2006), who proposed
that play facilitates five creativity-relevant cognitive process-
es: problem framing, divergent thinking, mental transforma-
tions, practice with alternative solutions and evaluative ability.

The SDOL research project follows the definition of play ac-
cording to Mainemelis, because of the comparable System
Design teaching process that was developed by the author
at the HTW Berlin: Synthesis, Critique and Redesign (fig. 1, see
below).

Table 1. Shows the comparable framework of the author and Mainemelis.

System Design teaching process Mainemelis et al. play process

1. Synthesis — exploring the system  Problem framing and divergent

thinking

2. Critique - identify the leverage Mental transformation

points

Practice with alternative solutions
and evaluative ability.

3. Redesign - create the system
interven-tion

Methocdology

The methodology is inspired by Grounded Theory and Sys-
temic Action Research where playful, experimental interven-
tions were designed, methodically recorded and evaluated
together with the managers in the co-creative workshops.
The process in the ongoing research project SDOL took place
both horizontally in the leadership teams and vertically in the
individual areas.

Organization of the workshops

Together with the participating leaders (finance and con-
sumer goods industry) three consecutive workshops, based
on the Systemic Design process mentioned before, were or-
ganized. Each workshop duration was up to four hours, twelve
leaders from different departments participated. For the first
workshop on “Synthesis — Explore the System” the leaders
got information by forehand in form of articles on Systems
Thinking, Systemic Design process and the goal of the work-
shops. Each of the three workshops started with a playful
warm-up. The task in the first workshop was to define the
personal definition of leadership. The guiding questions in the
first workshop were:

What personal competences distinguish you as a leader?
What is your eco-social perspective in your context (team,
company, organization, etc.)? How would you describe your
leadership style? What challenges do you face in your leader-
ship position? After this, each group had to present and discuss
their personal challenges and definition on leadership in their
current status in the whole group.

The aim of the second workshop “Critique — Identify the
Leverage Points” was to reflect on the re-enactment of lead-
ership and the causality in order to identify leverage points for
transformation. The task was to replay recruiting moments
within an re-enactment. The challenge was to set up a role
play, where three persons took over the part of the company’s
perspective and preparing questions on economic, social and




ecological positions. At the end they had to discuss the behav-
iors and feelings in the re-enactment.

In the third and the last workshop “Redesign - create
the system intervention” the leaders had to prototype with
LEGO® Serious Play® the ideal leadership play. The first task
was to answer reflective questions on the own purpose of
leadership. The guiding model derived from the original IKIGAI
model (Kamiya, 1966) that was presented to the participants
before starting the challenge. The questions for the own reflec-
tion were adapted to the eco-social focus: What are you really
good at? What do you love in nature? What does our society
need? What do you need for your organization or team? An-
swering these questions and having had a deep inner personal
reflection in the first two workshops, the participants had to
redesign their mental model of leadership as a play.

After each of the three workshops the participants got a
questionnaire via E-mail for evaluating the overall experience
and describing transformational moments in their organiza-
tions.

Figure 2. SDOL Workshop, Celik P. (2022)

Results

The group discussions, observations, individual interviews
and retrospective questionnaires produced the following re-
sults: 859% of the workshop participants had no former knowl-
edge about Systemic Design and Systems Thinking process-
es and 419 would like to have even more information about
the presented model “Synthesis, Critique and Redesign”.

In addition to the transformations of the directly used tools,
829 of the leaders report that the playful exercises moved
them to a changed self-perception and new behaviors. The ex-
ploration of the play inspired all leaders to use ludic interven-
tions in daily business. Overall, 799 of the leaders report having
better understood systemic leadership through the play work-
shops. Five leaders stated that playful moments made them
think how to overcome the routines in their organizations and
to be more sensitive for eco-social decisions in their teams.
92% of the participants were “very satisfied” with the task in
the first workshop and the inner reflection. Three participant
described the challenge in the first workshop “as a very emo-
tional moment, becoming aware of mental role-models and
their implications”. One participant suggested to have a prede-
fined selection of leadership motives, which they could have
selected making a postcard story for leadership. 57% of the
participants said that the role play in the second workshop was
very challenging in terms of presenting in front of the group
and 239% described "an overcoming moment of shame”. Seven
participants state that the role plays provide important pro-
jection areas for what they believe is inconsistent in applica-
tion processes in large companies. Reflecting on the recruiting
process in the company 879% have seen this as an enlightening
moment to change something. For two workshop attendees
play artefacts, f.e. rolling the dice on salaries, was an ethically
critical moment that should be discussed further. Overall, 90%

of the participants were inspired by the re-enactment chal-
lenge to further develop their own recruiting processes. In the
third workshop 959 of the participants observed that the per-
sonal information shared between leaders in the “IKIGAI - chal-
lenge” was much closer to the “own heart” than it would be in
a business context, where it is nearly always about “pretended
roles” and rarely about self-reflective motivations. One partici-
pant commented that something like self-awareness does not
usually happen in the business world, but that the playful work-
shops had managed to do this. Overall, 70% of the participants
reported that the play workshops inspired them to change
something about their leadership style. Across all workshops,
719% of the leaders reported that the activities gave them an
inspiration for eco-social leadership development. 90% of the
participating leaders would recommend a Systemic Design
Oriented Leadership (SDOL) perspective through play and two
leaders recommended more challenging play situations that
could even take place in nature to reflect on eco-social deci-
sion making.

As a result of the three workshops, that is based on the feed-
back and the Systemic Design process of the author, a Sys-
temic Design Oriented Leadership play kit was prototyped.

Figure 3. SDOL play kit, Celik, P. (2022)

The first idea of a SDOL play kit consists of three differently
shaped elements of colored acrylic material. Each color or el-
ement refers to one of the systemic levels such as Synthesis,
Critique and Redesign. These shapes can be connected and
related to each other. The aim of the play is to answer ques-
tions on each level and to connect them. The questions on
each shape are based on the questions from the third work-
shop, but also derived from the inner leadership reflections of
the first and the second workshop:

» Orange (Synthesis level) = What do you love in nature?

» Yellow (Critique level) = What does our society need?

» Blue (Redesign level) = What does your organization

or team need for eco-social decision making?

The play is prototyped for 12 participants and has three lev-
els, where each participant has to create his/her artefact by
answering the questions. The play takes 100 minutes in to-
tal. It starts with a short introductory presentation on Sys-
temic Design and Systems Thinking (10 minutes). After the
introduction the participants get the first question for the
orange coded level of “Synthesis” (What do you love in na-
ture?) presented and have to write down their answers (15
minutes). They are allowed to write one term on one acrylic
shape and can use as much as needed. After this they have
to answer the second question on the yellow level “Critique”
(What does our society need?) by writing on the yellow parts
(15 minutes) and after this they step over to the third blue
level “Redesign” (What does your organization or team need
for eco-social decision making?) (15minutes). After writing




down the answers for all three levels the participants have
time to stick the single acrylic parts together. They have to
decide on their own how to connect and relate the individual
terms or answers on the color-coded levels to each other (15
minutes). With the elements of the play kit the participants
create a structure or artefact that helps to understand com-
plexity and reflects the personal leadership ecosystem. At
the end, the participants are asked to present, discuss and
reflect their artifact in groups of two (30 minutes).

Conclusion

A systemic orientation of the economy is needed, and this
requires leaders who are trained to think in systems and cre-
ate impact (Barge et al, 2008). Particularly young employees
(Millennials and generation Z) might be questioning classic
leadership roles and are orienting themselves towards com-
panies that represent social and ecological values (Titko et al,,
2020). There is a potential in serious play to evolve the role of
leaders from “mitigators” and innovators to systems thinkers,
interested in shaping ecological and social change.

The three workshops are related to the process of the au-
thors Systemic Design Model (Synthesis, Critique and Rede-
sigh). The methods of Grounded Theory and Action Research
took place in every step and allowed to reflect and develop the
co-created SDOL play kit.

In the SDOL workshops there were plenty of playful mo-
ments and discussions about leadership values and the sys-
temic perspective. A shared trust was quickly established in
the play, which enabled honest feedback and made independ-
ent collaborations between the partners. Through the co-cre-
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ated plays in the workshops the leaders were empowered to
experiment corporate cultures and to use ludic interventions
to further develop the innovative power of their organizations.
Set into the business context, systemic play suggestions, like
the re-enactment and in particular the “salary dice”, raised
ethical questions. Leadership might have the inner conflict of
acting fairly, both with new recruits and the annual salary nego-
tiations. But fairness might be a question of perspective. This
example shows clearly that the systemic perspective of the
manager might be missing in order to be able to make a social-
ly fair decision. Therefore the focus in SDOL is on a constant
reflection with the participants on the effects and adequacy
of the methods that were developed in a co-creative process.
Especially in the third workshop, the participating leaders re-
vealed a lot about themselves as they went to an inner journey
to find their "IKIGAI". Inspired by the third workshop a first SDOL
play kit was prototyped.

At present, this co-created play is still in work and evaluated.
It is being tested with a bigger group of managers and there is
a need to explore the play kit with a higher relation to nature
as well as to specify socio-ecological questions regarding the
particular fields of action in daily leadership.
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Abstract

After almost three years since the Covid outbreak, the struc-
tural damages the pandemic wreaked are finally becoming
more evident than the death toll. A growing crisis that affects
the public sector, families, and companies is anticipated by
failed businesses and routines that have been disturbed by
the fear of the invisible. The university enters this situation
as a strategic place for research and a training ground for ex-
perts who will steer the transformation.

Grounded on a vision of design as a force of change, the Im-
agis Lab research group has investigated the different mean-
ings of “design and transformation” since 2015, probing the
transformative skills of distant professional worlds. The focus
has been on understanding design'’s role in promoting change
processes. So to know how to be a human and professional
anchor capable of activating contemporary, sustainable and
long-lasting organisational change.

The first part of the paper will provide a description of the
main actions and insights from the Research Through Design
approach. The research, started in 2018 and still ongoing, be-
gins with an insight: digital transformation is human-driven.
This a statement that prompted us to investigate the role
that design, marketing and commmunication can play in organ-
isational change processes. The second part of the paper is
devoted to presenting the reflections on the transformative
competencies inherent to the design practice, among which
are: emotional agility (listening for self and others); leadership
(motivation for self and others); creativity (breaking from au-
tomatism and identifying an actual solution); storytelling (in-
sight and creation of new meanings).

As a result, we propose to look at the design(er) as a figure
able to challenge contemporary complexity (strategy) through
active listening and empathy (human-driven approach) for
identifying contemporary solutions (marketing, product, and
service) developed by sequencing seemingly distant dots (de-
sign) and conveyed through new meanings (storytelling).

Author keywords
Design for transformation; Design attitudes; Soft competen-
cies; Emotional Agility; Leadership; Creativity; Storytelling.

Introduction

Almost three years have passed since the Covid outbreak,
and the structural damage caused by the pandemic is now
emerging clearly beyond the death toll. Failed businesses
and routines disrupted by the fear of the invisible anticipate
a progressive crisis that strains public administration, fami-
lies and businesses. Into this scenario comes the university,
which, on the one hand, stands as a privileged place for re-
search; on the other hand, it prepares professional figures to
lead the transformation (Stolze et al., 2018; World Economic
Forum, 2020). In this technological, economic and social evo-
lution context, digital transformation emerges as an increas-
ingly relevant and unavoidable phenomenon in the business
landscape (Kane et al., 2015). Suppose we understand Digital
Transformation (henceforth DT) as a process enabling a ma-
jor cultural transformation (Kraus et al, 2022). In that case,
there emerges the need to understand how design, market-
ing and communication become crucial areas of a process
that involves people first and foremost.

Our work aims to define how the practice of design emerg-
es as an indispensable asset for developing cultural transfor-
mation within companies and what are the competencies of
this new type of consultant: the designer for transformation.

Design (Manzini, 2015), marketing (Kotler & Keller, 2009)
and communication (Jenkins et al, 2013) have historically
been levers for reaching and engaging audiences. The differ-
ence from the past is that today, with the implementation of
digital technology, they acquire a renewed ability to respond
to audience needs. They become natural enablers in organisa-
tions’ transformation processes because of their ability to col-
lect and interpret data by understanding the target audience’s
needs and intervening directly in the relationship between sup-
ply and demand (Ronchi et al,, 2020).

Main actions and insights coming

from the Research Through Design

Grounded on a vision of design as a force of change (Design
Council, 2021), the Imagis Lab research group has investi-
gated the different meanings of “design and transformation”
since 2015, probing the transformative competencies of dis-
tant professional worlds. The focus has been to understand
the role of design in fields where the “know-how"” connected
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to a specific aim gives way to "knowing how to orient” in the
unknown. So to know how to be a human and professional
anchor capable of activating contemporary, sustainable and
long-lasting organisational change.

Step 1 - Digital evolution pushes

the transformation

In light of such premises, a scenario emerges in which the
ubiquitous incorporation of the digital everywhere brings the
entire market system facing an inevitable transformation.
The consequence is that economic and social changes enor-
mously alter the mediascape (Appadurai, 1990), pushing so-
ciety toward a scenario in which relationship becomes a key
element of communication and market innovation mecha-
nisms, especially in its newer forms. In this senseg, the shift
from multichannel to omnichannel paradigm and digitization
(Bloomberg, 2018; Mazzone, 2014; Rogers, 2016; Westerman
et al., 2011) revolutionised outcomes and also work process-
es in many fields of application. Suppose we strive to read the
contemporary in these terms. In that case, DT presents itself
as a process of the evolution of business culture and a re-in-
terpretation of the tools available to the enterprise.

These reflections prompted us in 2018 to investigate the
role design, marketing, and communication can play in organ-
isational change processes. The output of this first phase was
a book that allowed us to focus on the insight that guided the
research’s development: DT is human-driven. Then, the main
evidence was the understanding that to activate a DT, we must
first activate a listening process. Therefore, figures who can lis-
ten, translate the needs gathered and mediate this information
with the technology, and business aspects are needed.

From which a series of assumptions were then detailed:

» DT is a process of identity evolution;

» DT is a process of changing managerial culture;

» DT is areinterpretation of the tools available to the en-

terprise;

» DT directly impacts people, and this determines the

real revolution.

» DT is NOT a simple implementation of digital technol-

ogy within business enterprises.

Step 2 - Focusing on design opportunity

From these insights, we wondered what the role of design
and designer could be within the DT processes that become
value-driven and human-driven.

Then, in 2019 we started to investigate the characteristics
of the designer who leads the transformation, with the identi-
fication of the design opportunity: what characteristics enable
design(er) to activate and lead the transformation?

Therefore, we decided to conduct experiments carried out
in collaboration with different companies, applying a Research
through Design (RtD) approach (Frankel & Racine, 2010; Fray-
ling, 1993) that involved the collaboration of different stake-
holders: researchers, practitioners, companies and students
from the School of Design were involved in educational and
design experiences that applied co-design methods (Bjogvins-
son et al, 2012; Sanders & Stappers, 2008) and open innova-
tion (Chesbrough & Bogers, 2014).

All the experimentations allowed us to identify the design
practice as an attitude to change. A design attitude, capable of
fostering a cultural change and a new mindset that integrates
design, techne, leadership and emotional intelligence: what we

identified as competencies for transformation, investigated in
the next step.

Step 3 - Design competencies for transformation

In 2020-2021, we focused on understanding the competen-
cies potentially stimulated by design education curricula and
professional pathways, following the adoption of the knowl-
edge, skills, and attitudes model (henceforth KSA's Model)
(Bloom, 1956; Krathwohl et al,, 1956) for mapping human com-
petencies and supervising three Master’s theses on the topic.

The pathway stems from an in-depth study of the digi-

tal transformation process of the Italian business unit ABB
Sace, a leading multinational company in the technological
sector, carried by the design agency Twig (www.twig.de-
sign) between 2016 and 2019. In 2020, Giulia Sormani and
Marco Ronchi were interviewed several times by Professor
Paola Caiozzo, co-founder of the Commercial Excellence
Lab (CEL) at SDA Bocconi. They illustrate with which mindset
the organisation of processes, roles, skills, tools and actions
was rethought: it emerges how much design has been rec-
ognized by the sponsors of the transformation as a discipline
with a high contribution to agility and complexity resolution.
Several questions emerge from the debrief, including those
related to the distinctiveness of design dealing with organi-
sations’ transformation:

» What are the differences between a design-driven ver-
sus a technology-driven or economy-driven transfor-
mation?

» What competencies does design bring to make its
contribution to transformation unique?

If we talk about design’s authority:

» How fully is design recognized as a discipline capable
of managing a transformative process?

» Why does the (Italian) market struggle to recognize
the designer’'s governance of a transformative pro-
cess, but more so its execution?

If we talk about design awareness:

» What prevents design from dialoguing at an equal stra-
tegic level with the (Italian) engineering, technology or
business communities?

» Are there moments of organised awareness within
design education pathways that allow young design-
ers to question the transformative capabilities of the
discipline and the strategic-executive ones?

The connection of Imagis Lab with Paola Caiozzo confirms
the importance of involving a scientific community external
to design and intrinsically linked to management and busi-
ness organisation. Of all the areas explored, what forms the
basis for further study is the common need to understand
what competencies made design peculiar to change in an or-
ganisation with a strong engineering culture.

The master's thesis of Alice Cassanmagnago (2020), deep-
ened the previous reflections of Bartram and SHL Group's
model “The Great Eight” (Bartram, 2005; Bartram et al,, 2002)
within a methodological and cultural excursus that 1) analyses
the competencies of the designer through the eight domains
presented in the model, 2) selects among the 112 listed com-
petencies those most consistent with its figure, and 3) classi-
fies them into:

» Core competencies: the "know-how” classically ac-

knowledged to design;




» Strategic competencies: the "knowing how to be,” not
yet fully recognized to design;
» Transformational competencies: "knowing how to
change,” not recognized to design.
The mapping activity highlights significant areas of overlap
with the disciplines historically devoted to business man-
agement, identifying planning, listening, and collaborative ap-
proach as the distinctive characteristics that form the basis
for the subsequent investigation of design’s "transformative
attitudes!” Not forgetting all those "know-how” skills already
recognized.

Then, Marco Ronchi and Serena Ballabio continue the investi-
gation by supervising two more theses, focusing the insights
of the firstinvestigation into areas of high transformative need:

» The thesis of Filippo Collura (2020) investigates the role
of the designer in sustainability-related processes us-
ing the framework previously developed by Alice Cas-
sanmagnago (2020), and focusing on what skills can
contribute to the adoption of effective circular econ-
omy processes. The dissertation 1) analyses models
from The Circular Design Guide (The Circular Design
Guide, n.d.), research from Delft University of Technol-
ogy, and the Cyclon case study; 2) links insights from
these sources with to the transformative skills identi-
fied in the previous dissertation; and 3) proposes a new
tool aimed at design practitioners with an aptitude for
sustainability. The result is a useful tool for navigating
within circular economy processes and understanding
how design skills can make an effective contribution to
the development of circular economy processes: the
Design(er) for Sustainability Framework.

» The thesis of Giorgia Calloni (Calloni, 2021) investi-
gates the needs of the third sector in Italy through a
side-by-side journey with the Cooperativa Rapsoidea,
committed to solving the educational emergency
triggered by the first wave of the Covid-19 pandem-
ic in the province of Bergamo, Italy. The cooperative'’s
mission is to build co-design experiences with differ-
ent stakeholders in the area, pushing young people to
take charge of the territory’'s needs by exploiting and
investigating the possibility that the discipline of de-
sign supports them in the construction of their "life
project”. In this case, the output is the ETS Partnership
activation toolkit: a tool aiming at guiding social work-
ers in engaging third-sector entities, engaging youth,
gathering needs, forming a group for the related devel-
opment of design responses, and using a design-driv-
en approach.

Step 4 - Humans through transformation

At the end of 2021, the collaboration with Cooperativa Rap-
soidea took a specific shape during the Final Design Studio
in Communication Design involving design students, local
youth and stakeholders from the province's social, cultural
and productive fabric of Bergamo.

Twenty-five young designers were provided with the basis
for investigating the transformative competencies previous-
ly identified in themselves. Then, after framing the concept of
competency, the students were asked to step into the shoes
of coaches and facilitators of 20 youth from the area (aged
16 to 19), guiding them in listening to the needs of stakehold-

ers and redesigning some symbolic places in the area:

[ ) Stimulating in themselves the skills preparatory to
activating, orienting and guiding a transformation process;
[ ) Transmitting these competencies to youth who

have never studied or heard of design, without directly con-
tributing to the solution but exclusively transferring mindset
and method (design thinking) to them.

At the end of the four-week course, students analysed their
experience and skills through a questionnaire based on “The
Great Eight” model to make them reflect:

» Whether in their undergraduate design journey, they
had ever been aware of or had ever been placed in the
conscious condition to question the above transform-
ative skills;

» Whether in their undergraduate design journey, they
had ever been trained explicitly on the transformative
skills that emerged;

» Whether prior to the just-completed co-design experi-
ence, they felt that they were naturally predisposed to
some of these skills;

» Whether, after the just-concluded co-design experi-
ence, they felt that they had activated some of these
previously dormant skills;

» Whether they had questioned the importance of one
or more of these competencies for their professional
future.

Future framework for

contemporary transformation

Through our experiences in the field and analysis of data from
open innovation in education, we have identified three key mo-
ments in the design process in which transformation is enabled:

» Needs: design formalises the ultimate purpose of
transformation (meaning), traces the processes to ac-
tivate it (systemic vision) by placing human needs at
the centre of inquiry (empathy);

» Competencies: design identifies externally (design-
ers) and internally within the organisation to be trans-
formed (internal stakeholders) the competencies
(knowledge, skills and attitudes) needed to initiate and
guide the process;

» Community: design creates moments of shared de-
sign (co-design) that enable designers to stimulate
the transformative attitudes naturally present in inter-
nal stakeholders (engagement), transferring the de-
sign mindset (culture).

In particular, the area of “‘competencies” emerges as a mo-
ment to be further explored. Indeed, we understand that a
better classification of competencies based on the contin-
uous exchange and contribution from other fields can offer
our discipline a different positioning towards managers who
choose the path of transformation.

From this value proposition comes a new self-awareness
framework dedicated to those who want to transform and
those who want to support people that are getting things
done. A tool based on four specific attitudes that design in-
herently promotes in the development of what we call “trans-
formative courage,” through:

» Listening to the self and the ecosystem as a whole
(emotional agility) (David, 2017; Siegel, 2020), e.g.
showing empathy and dealing with ambiguity;




» The search for purpose is what nowadays unites dis-
tant worlds (leadership) (Bruttini, 2007; Grant, 2013),
e.g. making decision and motivating others;

» The breaking of automatisms and devising contempo-
rary solutions (creativity) (Brown, 2019; Kelley & Kelley,
2015); such as analysing, evaluating information and
thinking broadly;

» lIdentifying and constructing new shared meanings
(storytelling) (Hansen, 2020; Roche & Sadowsky,
2003) in terms of negotiation and proactive commu-
nication.

These four fundamental competencies can be used trans-
versely in design-driven transformative processes. However,
they emerge in different proportions depending on the de-
sigh process stage and the designer's characteristics lead-
ing the process. Whenever a desigher addresses a path of
organisational transformation in which the impact of change
is primarily about people and their involvement, it happens
systemically.

We understand through empirical observation in the field
that the moment the designer comes alongside the ultimate
target of the transformation-the user who will experience the
outcome-he or she can decree the commitment and evolu-
tion of the process itself.

STORYTELLIMNG

Figure 1. Visualisation of the 4 design attitudes across the double diamond
in the design-driven transformative processes.

Final reflections

Historically, polytechnic culture has been credited with a
multidisciplinary approach of intersections and tangencies
between art, technology and humanistic culture, methods
and technologies. Today, however, becoming a designer is
not just about having acquired these skills and having gone
through theoretical and design experiences: it is not (only)
so much about “knowing how to do something better than
others,” but rather about “knowing how to stimulate in others
what they have best to give,” thus “knowing how to be with-
out allowing for knowing how to do,” interpreting contem-
poraneity and its scenarios, enabling the space and rhythm
where others carry on the path according to their vision, while
respecting their own identity and ability to contribute to the
evolution of the ecosystem. The technical and tactical ap-
proach is fundamental. However, suppose we want to grow
a new generation of designers "with transformative courage”
to face the challenges of the contemporary world. In that
case, we need to complement the technical skills with an
expansion of the strategic ones that enables them to have a
systemic vision by going beyond the strong pragmatism of
Western culture (Morin, 2001).

In light of such premises, our purpose as a design research
group is to propose the design(er) as a figure able to challenge
contemporary complexity (strategy) through active listening
and empathy (human-driven approach) for identifying con-
temporary solutions (marketing, product, and service) devel-
oped by sequencing seemingly distant dots (design) and con-
veyed through new meanings (storytelling). According to this,
we must continue to promote and investigate these four apti-
tudes in the form of a framework.

To conclude, our goal for 2023 is to present and test the
framework based on these four domains, which is useful 1) to
design students as a pathway to self-awareness, 2) to business
and public administration managers as a professional engage-
ment tool, and 3) to designers themselves, to support the posi-
tioning of this new design attitude for transformation.
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Abstract

Designers are a positive breed, and many scholars studying
the extensive field of design and its professional history - in-
cluding some involved with Cumulus Antwerp 2023 - seem
to agree that designers can contribute to positive ‘societal
impact! In this paper | investigate how these optimistic views
of designers'’ alleged 'social agency’ are actually constituted,
by describing how - over time - different notions of design
have been mobilized in relation to various understandings of
the social! In current times of complex, layered, and interre-
lated crises especially, designers and design theorists need to
get their vocabulary straight in order to specify what design
can actually do —as well as what it can’t. 1 therefore argue that
to articulate relevant and meaningful roles design might play
concerning various problematic entanglements, it is essen-
tial to differentiate problems that can be fixed, from issues
that can merely be stabilized (Marres, 2007), and approach
both phenomena precisely for what they are. Moreover, by
acknowledging that both problems and issues are not a giv-
en but rather need to be constructed, 'designerly agency’ in
relation to ‘societal change’ can be understood as consisting
of both the framing, setting and solving of problems, as well
as the articulation of issues, through the creation of objects,
environments, services and systems.

Author keywords
Design theory; sociology; social theory.

Introcdluction
Typically, designers are an enthusiastic, future-oriented, and
positive breed. And by extension, many scholars studying the
extensive field of design and its professional history seem to
agree that designers — for better or for worse — can contrib-
ute to ‘societal change’ or, at the very least, emphasize the
potential ‘'social agency’ of the design profession as a whole.
Numerous publications — not seldom featuring ambitious, if
not plain out pretentious, titles — endorse high expectations
regarding the agency of designers and their alleged potential
for positive impact on ‘the social, ‘societies, or — even more
overwhelmingly — on ‘the world' as such (see, for example,
Monteiro, 2019; Scalin & Taute, 2012; Van der Zwaag, 2014).
Whether designers are regarded a “class of aware, well-in-
formed, trained and educated people who can navigate ...
complexity, negotiating the snaky processes of technosocial
change and guiding them toward the sustainable” (Sterling,
2005, p. 75), or understood as ‘activists that can disturb ex-

isting narratives’ (Fuad-Luke, 2009), the design profession is
often held in high esteem regarding its alleged capacities to
engender ‘societal change! Accordingly, design scholar Alastair
Fuad-Luke (20089, p. xxi, italics in original) describes designing
as "an essential human expression that will help us all to move
towards more sustainable futures” and design critic Alice Raw-
sthorn (2020, p. 8) states “design has always had one elemen-
tal role as an agent of change that interprets shifts of any type
— social, political, economic, scientific, technological, cultur-
al, ecological, or whatever - to ensure that they will affect us
positively, rather than negatively!” These bold claims and state-
ments regarding designers' alleged ‘social agency’ make one
curious how these optimistic views regarding design'’s positive
‘'societal impact’ are actually constituted. Has contemporary
design then really transformed itself from an “agent of capital-
ism” (Dunne & Raby, 2001, p. 59) - primarily concerned with
desirable, but essentially unimportant, superficialities - into
an "agent of social change” (Resnick, 2019, p. 15) - a field of
practices that concerns itself with the transformation (or even
emancipation) of the more substantive facets of life?

In this paper | describe how different notions of design have
been mobilized in relation to various understandings of ‘the so-
cial’ during different periods of design's professional history. |
will suggest that relations between ‘the social’ and the ever-ex-
panding realm of design are shaped both by ‘solution-oriented’
and ‘problematizing’ approaches — two fundamentally differ-
ent ways to entangle ‘the social’ and ‘the material’ through de-
sign. | will attempt to demystify and specify notions of ‘social
agency’ contributed to various design approaches. | will con-
clude this paper by highlighting a number of key concepts |
deem essential to sharpen our vocabulary when addressing (in
practice) and debating (in theory) design’s potential for ‘social
agency' or for contributing to ‘societal change’: the crucial dif-
ferences between problems and issues.

Designers interpreting ‘the social’

With the fairly recent emergence of terms like ‘socially re-
sponsive design’ (Thorpe & Gamman, 2011), ‘design for so-
cial innovation’ (Manzini, 2015) and ‘social design’ (see, e.g,
Resnick, 2019), one might get the impression that the pro-
fessional field of design has only just recently ‘discovered’ its
entanglements with social life. However, from its ‘modern’
emergence in the eighteenth century onwards — character-
ized by the division of labour (Sparke, 1987, 2010) in which,
for designers, the activities of forethought and planning are
often paramount (Buchanan, 1989, 1992) - authors such as
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William Morris (1882), Walter Gropius (1935), or Victor Pap-
anek (1971) have written extensively on the ‘social aspects’
and presumed ‘societal impact’ of designed artefacts (ob-
jects, environments, services and systems), both positive
and negative.

Whether through ‘top-down, designer-led 'social engineer-
ing’ (Argamakova, 2017; Caroll, 2006) or ‘participatory design’
aimed at ‘social innovation’ (Manzini & Rizzo, 2011; Mulgan,
Tucker, Rushanara, & Sanders, 2007; Thorpe & Gamman, 2011),
numerous designers have explicitly sought to engender and/
or support ‘societal change, motivated by divergent objectives
and interests (Colomina & Wigley, 2016; Van Helvert, 2016;
Whiteley, 1993). Bound up with the development of industri-
al-capitalist societies, design was simultaneously mobhilized
to create new consumer markets (Whiteley, 1993), to ‘elevate
the general public's taste’ by disseminating ‘universal aesthetic
values' (Sparke, 1986), and to engender large-scale behavioural
change - for example, towards ‘a modern way of living’ (Colo-
mina & Wigley, 2016; Wilhide, 2016).

Although contemporary design approaches referred to as
'social design’ or ‘social innovation’ often promote ‘bottom-up’
and ‘egalitarian’ methodologies that typically involve participa-
tory, open-ended creative endeavours (Manzini, 2016; Manzini
& Rizzo, 2011), these present-day approaches just as well seek
to “enhance society’s capacity to act” (Murray, Caulier-Grice &
Mulgan, 2010, p. 3) by engaging with impactful developments
taking place within industrial-capitalist societies, such as the
restructuring of welfare states (Mulgan et al, 2007) or the lo-
cal consequences of globally dispersed economic activities
(Manzini, 2016). Therefore, from the eighteenth century up
until the present day, both through ‘top-down’ and ‘bottom-up’
approaches, design has been mohilized as an instrument for
social engineering — understood here as activities geared to-
wards the “organization of social activity for the solution of
existing problems and achievement of specific goals” (Argam-
akova, 2017, p. 70).

Interpretations of design as a ‘change agent’ with ‘societal
impact’ align particularly well with the concept of social engi-
neering as the latter notion presupposes a modernistic, me-
chanical worldview that objectifies social life, and therefore
interprets ‘the social' as a mechanism to tinker with. As many
designers - especially those working in fields heavily informed
by the sciences - are familiar with navigating complex con-
texts where research and marketing meet future-oriented cre-
ative practices of conceiving, planning and producing (see, e.g,,
Forty, 1986), their particular field of expertise seems especially
promising when it comes to ‘engineering the social’

Against ‘the social’ as a distinct category

If one speaks of 'social housing, ‘'social work, or ‘social design,
‘'social’ is understood as a distinct class of phenomena exist-
ing alongside other categories such as ‘ecological, ‘political’ or
‘commercial! Employing a less fragmentary and more ‘entan-
gled’ perspective, however, scholars such as philosopher, an-
thropologist and sociologist Bruno Latour (1984, 1999, 2005)
argue that 'the social’ cannot, and should not, be considered a
pre-given category or separate domain as such. By regarding
the social’ a particular type of relations that can be set apart
from, for example, politics or economics, ‘the social’ is being
mobilized as a specific means to specific ends. According-
ly, also within the realm of design, different approaches and
perspectives render ‘the social’ in various and divergent ways.

Consider, for example, how design is regarded an important
contributor to ‘social innovation, a phenomenon understood
as "new ideas that work in meeting social goals” (Mulgan et
al, 2007, p. 8) and regarded a decisive catalyst “for types of
economic growth that enhance rather than damage human
relationships and well being [sic]” In short: ‘social innovation'’
is considered a means to “tackle social problems” (Mulgan et
al, 2007, pp. 5-6) — an objective that is also typically associated
with a ‘branch’ of design referred to as 'social design, defined
by Armstrong, Bailey, Julier, and Kimbell (2014, p. 6) as a field
of activities that highlights “design-based practices [geared]
towards collective and social ends, rather than predominantly
commercial or consumer-oriented objectives!” As such, vari-
ous authors within the realm of design treat ‘the social’ as a dis-
tinct category that is specifically connected to so-called ‘social
goals, ‘'social problems, ‘social innovation, and ‘social design!

Bruno Latour (2005, p. 5), by contrast, states how one
might describe ‘the social’ as “a trail of associations [or] a type
of connection ... between heterogeneous elements” that aren't
all necessarily ‘'social' themselves. He argues how ‘the social’
is shaped by - and constructed through - relations between
human and nonhuman elements that make up ‘collectives!
These elements - ‘actants’ in Latour's (1993) words - mutu-
ally constitute each other’s conditions, whether intentional or
unintentional (Verbeek, 2014). Hence, scholars such as Latour
(1999) and philosopher Peter-Paul Verbeek (2014) argue that
features like ‘intentionality; ‘autonomy’ and ‘agency’ — which
since the Enlightenment are often considered typically human
characteristics (see also, Taylor, 2004) - are actually the result
of sophisticated interactions between both human beings and
nonhuman ‘actants, such as (technological) artefacts. Latour
(1993) and Verbeek (2014) therefore put forward that it is un-
tenable to maintain a dichotomy between autonomous human
subjects and solitary nonhuman objects, as it is the sophisti-
cated relations between human and nonhuman elements that
mediate phenomena such as intentionality and agency.

Entangling social and material elements through objects,
environments, services, and systems might be considered the
core business of designers. This begs the question what spe-
cific factors might then possibly constitute ‘designerly’ forms
of ‘social agency'? Do designers indeed entangle ‘the social’
and ‘the material’ in specific ways that boost design’s potential
for 'societal impact'?

Demystifying ‘designerly agency’:

what can design do?

Especially in those branches of design where engineering is
a key component, designing is often primarily considered a
range of problem-solving activities. This (ubiquitous) solu-
tion-oriented perspective on design is underpinned by the
stubborn habit to consider even the most complex and lay-
ered phenomena problems - suggesting that they are solvable.
Consider, for example, how designers Bruce Mau and Jennifer
Leonard (2004, p.18) in their quest for ‘massive change' render
“the welfare of the human race ... a design project, a practical
objective” or how design scholar Elizabeth Resnick (2019, p.
18) describes design as giving “shape and form to the material
and immaterial products and services that can address prob-
lems and contribute to the well-being of humankind! These
optimistic statements explicitly forge links between design
and a worldview wherein humanity’s welfare and well-being
are considered engineerable objectives. A modernistic, me-




chanical worldview, moreover, which focus on life's presumed
manufacturability is often reflected in contemporary design
discourse (see, e.g, Escobar, 2017; Fry, 2009).

Accordingly, many (Western) definitions of design(ing)
choose to specifically underline aspects such as intentionality,
future orientation, and problem-solving. Design is described as
“courses of action aimed at changing existing situations into
preferred ones” (Simon, 1969, p. 55) or “the intentional solution
to a problem within a set of constraints” (Monteiro, 2019, p.
21). Architecture scholar Samer Akkach (2003, p. 324, italics in
original), however, interestingly points out that within the Arab
language the relatively young word for ‘design’ depicts: “an act
of determination, of sorting out possibilities, and of projecting
achoice. It has little to do with problem-solving ... as the design-
er (musammim) seems to encounter choices, not problems,
and to engage in judging merits, not solving problems!

This latter — ‘Arabic’ — understanding of both design and the
designer does acknowledge intentionality and future orienta-
tion as key characteristics of design, but additionally stresses
the importance of the many contingencies designers encoun-
ter within any design process. More specifically, it underlines
that designers do not work on solving ‘self-evident’ problems,
as it relates the agency of designers to the various contingen-
cies they (un)deliberately may, or may not, choose to explore.
Contingencies that, after a process of “judging merits,” result
in “projecting a choice” (Akkach, 2003, p. 324). According to
Akkach (2003), therefore, this deliberate navigating and pro-
cessing of contingencies render any act of designing inherent-
ly political.

Like Akkach (2003), authors such as Evgeny Morozov
(2013, p. 3) problematize the tendency of many designers to
first and foremost consider themselves problem-solvers, not
seldomly unable to resist an "urge to fix problems that don't
exist” Morozov (2013) argues that by primarily focussing on
‘providing solutions’ for situations, inconveniences, or even as-
pirations, framed as ‘problems, designers might consequently
pay less attention to issues: problematic entanglements or dis-
putes that - following sociologist Noortje Marres (2007) - are
not necessarily solvable by political or scientific means, but in-
stead need a perpetual exchange of perspectives, perceptions
and ideas. In short: whereas problems might be fixed, issues
are controversies that — at best — can only be temporarily stabi-
lized. As such, they require different design approaches.

Problematic entanglements such as inequality of opportu-
nity, poverty, or discrimination are so intricately complex and
layered that they might - for better or for worse - be tempo-
rarily stabilized, but are very unlikely to be permanently fixed
or solved by political or scientific means. This, however, does
certainly not imply that these controversies fall outside of the
scope of the subject matter which designers might work on.
It just means that the approaches, aims and purposes within
this particular field of political design work should be different.
Addressing issues through design does not require a prob-
lem-solving, but a problematizing approach. As issues are not
self-evident facts, designers can play meaningful roles in both
supporting their construction and sustaining their articulation.

Problems versus issues

Art historian Claudia Banz (2018, p. 91) warns designers not
to oversimplify problems or even create new ones by “incor-
rectly describing or delimiting the actual issue.” As such, Banz
(2018) underlines that problems and issues are distinct phe-

nomena that are not self-evident consequences of particular
circumstances, but instead come into existence through the
purposeful activities of problem setting (Schon, 1983), and
issuefication (Marres, 2012, 2014).

Social theorist Donald A. Schon (1983, p. 40, italics in origi-
nal) describes ‘problem setting’ as “a process in which, interac-
tively, we name the things to which we wiill attend and frame
the context in which we will attend to them!” In short: a situa-
tion first has to be understood, acknowledged, and framed as
a problem, before it actually becomes one. Likewise, Noortje
Marres (2007, p. 768) argues that "before a problematic en-
tanglement counts as a matter of public concern, it must be
actively articulated!” Again, while both problems and issues are
actively constructed, problems might be solvable by political
or scientific means, whereas issues can merely be stabilized.
Thus, besides providing solutions for situations that have been
actively ‘set’ as problems (Schon, 1983), designers also have
roles to play in the articulation of issues and the sustainment
of a perpetual exchange of perspectives, perceptions and ide-
as regarding these controversies.

Problematizing designh practices

Within the ever expanding realm of design practices and de-
sign discourse, one can identify several approaches that do
explicitly oppose solution-oriented and problem-solving per-
spectives, and instead use desighed objects, environments,
services, and systems as a medium to address issues. Ap-
proaches that seek to cause friction, instead of to prevent it;
approaches that purposefully employ design as a discursive
catalyst, as a means to ‘challenge mainstream perspectives,
‘raise awareness' about values and beliefs, or ‘critically assess
mass production and consumerism’ (see, e.g, Malpass, 2017,
Thorpe, 2012; Whiteley, 1993).

Designers and educators Anthony Dunne and Fiona Raby
(2001, 2013) refer to a particular breed of these ‘alternative’
design practices as ‘design fiction, ‘critical design, or ‘specu-
lative design’ — polemical forms of design that seeks to engage
people with the political connotations and social contexts of
designed artefacts. Design scholar Carl DiSalvo (2012, p. 35)
describes a number of these overtly political practices as ‘ad-
versarial design’ — design approaches that employ “a tactic of
exposing and documenting the forces of influence in society
and the means by which social manipulation occurs! Still oth-
er authors use labels such as ‘interrogative design, 'reflective
design, or ‘design activism’ to depict design practices that
explicitly seek to bring about “dissensus through aesthetic ac-
tivity” (Markussen, 2012, p. 45; Tharp & Tharp, 2018). Notwith-
standing the wide variety of terms used to describe them, the
various ‘alternative’ design practices in this field typically do
not focus on problem-solving, but instead are geared towards
problem setting (Schon, 1983) and issuefication (Marres,
2012, 2014). Moreover, beyond partaking in the mere construc-
tion of problems and issues, many of these design approaches
actively support the perpetual exchange of perspectives, per-
ceptions and ideas regarding these concerns, controversies
and disputes.

Keeping it real

In current times of complex, layered, and interrelated crises
especially, designers and design theorists need to get their
vocabulary straight in order to articulate what design can ac-
tually do — as well as what it can’t. In their enthusiasm to solve




problems, designers should be weary not to become instru-
mental in disguising the complexity, dynamics, and interre-
latedness connected to issues. Primarily framing the renew-
able energy transition as a design project and engineerable
problem, for example, might steer attention away from cru-
cial related factors such as capitalist modes of production,
consumerism, and geopolitics related to critical mineral re-
sources needed for renewable energy technologies (see, e.g,
Boehnert, 2018; Thorpe, 2012).

As such - instead of using the two terms interchangea-
bly — I deem the conceptual differences between ‘problems’
and ‘issues’ fundamental for design discourse in order to ar-
ticulate specific, relevant, and meaningful forms of ‘design-
erly agency’ in relation to ‘societal change! When problemat-
ic entanglements such as inequality of opportunity, poverty,
or discrimination are approached by the design community
precisely for what they are — inherently complex and layered
controversies underpinned by a perpetual exchange of per-
spectives, that are therefore unlikely to be settled perma-
nently — they can be addressed by specific forms of design
work accordingly. Instead of proposing ‘solutions,; designers
rather have roles to play in engendering and/or sustaining
public engagement with these issues.

Consider, for example, how designed artefacts by compa-
nies such as Fairphone or Tony’s Chocolonely contribute to the
issuefication of, and public engagement with, conflict-ridden
supply chains. While the latter company uses design to forge
relations between the hitherto ‘innocent’ chocolate bar and
contemporary forms of slavery, the former business’ brand
name and its alternatively designed products render all other
smartphones potentially ‘unfair’ Beyond setting an issue and
‘raising awareness, however, the artefacts these companies
design and mass-produce facilitate publics engaged with con-
flict-ridden supply chains with new ways to address their con-
cerns. By employing design to entangle the social and the ma-
terial in specific ways, these businesses have rendered using a
specific smartphone or eating a particular bar of chocolate, a
material form of political participation (see also, Marres, 2012).

Whereas Fairphone and Tony’s Chocolonely are hope-
ful that their (future) products and services might be part of
some sort of solution by engendering ‘systemic change’ (see,
e.g, Georgi, 2022; Ibrahim, 2019), other designers use their pro-
fessional skills to imaginatively entangle the social and the ma-
terial into artefacts that do not seek to provide any solutions
whatsoever.

Design supporting spaces of contest

When it comes to addressing issues, designers have a role
to play in supporting the perpetual exchange of perspec-
tives, perceptions and ideas concerning these disputes and
controversies. Design projects such as Smogware - in which
crockery is finished with a glaze that contains particulate
matter ‘harvested’ from urban environments (Carlson, 2022)
—or the Rain Project — in which unfiltered rain water collected
from multiple locations is converted into consumable popsi-
cles (Tharp & Tharpe, 2018) - provide publics with new ways
to articulate their concerns with the issue of environmental
pollution. Ways, moreover, that are not solution-oriented, but

rather seek to “establish linkages among objects, people, and
actions to create open, interpretive, and participatory spaces
of contest” (DiSalvo, 2012, p. 93).

In short: one might understand ‘designerly agency’ in re-
lation to ‘societal change' as consisting of both the framing,
setting and solving of problems, as well as the articulation of
issues, through the creation of objects, environments, servic-
es and systems. More importantly, however: in order to ad-
dress them in relevant and meaningful ways — and thus nei-
ther frame trivialities or critical parts of social life as ‘problems’
(Morozov, 2013), nor create new problems by ignoring underly-
ing issues (Banz, 2018) - it is important for both designers and
design theorists to acknowledge that problems might be fixed,
but issues — that need a perpetual exchange of perspectives
and therefore can never be permanently settled - can mere-
ly be stabilized (Marres, 2007). Therefore issues especially,
need to be approached by the design community precisely for
what they are. Instead of proposing ‘solutions, designers have
roles to play in underpinning public engagement with these
disputes, and supporting the perpetual exchange of percep-
tions and ideas regarding these controversies. Designers can
use their expertise in entangling the social and the material
through the creation of objects, environments, services, and
systems, to imaginatively shape new and alternative ways for
publics to address their collective concerns.

Conclusion

In this paper | have described how design has been mobilized
in relation to different interpretations of ‘the social’ in a num-
ber of divergent ways. Ways that describe various assump-
tions regarding the notion of designers as ‘change agents’
with ‘societal impact! Ways, moreover, that suggest both
problem-solving and problematizing design approaches. In
current times of complex, layered, and interrelated crises es-
pecially, designers and design theorists need to get their vo-
cabulary straight in order to articulate what design can actu-
ally do — as well as what it can’t. Let us therefore refrain from
describing even the most complex and layered phenomena
as problems, suggesting that they are solvable. Instead - in
order to articulate relevant and meaningful roles design
might play concerning various problematic entanglements
— it is essential to differentiate problems that can be fixed,
from issues that can merely be stabilized (Marres, 2007), and
approach both phenomena precisely for what they are. By ac-
knowledging that both problems and issues are not a given
but rather need to be constructed, ‘designerly agency’ in re-
lation to 'societal change’ can be understood as consisting of
both the framing, setting and solving of problems, as well as
the articulation of issues, through the creation of artefacts.
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Abstract

In the last twenty years, design research and design practice
have mutually influenced each other in rethinking the role of
design in an increasingly complex world. New areas, for ex-
ample, service design, systemic design, and transition design
have emerged out of this research-practice interaction. With
the rise of these new fields, designers have developed new
skills, new responsibilities, a different sense of agency, and,
sometimes, a new mindset. This is especially the case for
transition design, a field that deals with design processes over
longer periods of time and that requires close collaboration
with multiple other disciplines, exposing the need to reflect
on the role and agency of the designer. In this research, ten
design practitioners in the Flemish design agency landscape
were interviewed to gain a deeper insight into the skills and
mindset designers need today and in the future. During these
interviews, the time was taken to thoroughly discuss agency
in the design process, the changing relationship between cli-
ent and service provider, and the concept and consequenc-
es of transdisciplinarity. This resulted in an overview of the
changing characteristics of design and designers regarding
their soft and design skills, their role & ethics when dealing
with complexity, the business model of design agencies and
changes in the design process and team. With the insights
from this research, we invite design education researchers
to reflect on design education addressing our complex world.
Besides training designers how to design, they could teach
them about the world in which design exists and is imple-
mented. Additionally, the results could motivate service pro-
viders to rethink the composition of their teams, their rela-
tionship with the clients, and their business strategy, so they
will be fully prepared to navigate through the rapid transitions
of our current and future world.

Author keywords
transition design; design skills; design for complexity; trans-
disciplinarity; design education

Introcdluction

The world we live in today, driven by technological changes
and globalization, is changing rapidly, increasingly resulting
in the emergence of wicked or complex problems (Weber,
2021). These problems are described as multiple, circular
problems with no obvious relationship between causes and
effects (Kurtz & Snowden, 2003). A need for a transition to

more regenerative and resilient systems with a focus on
planetary health and life-conducive mindsets as an answer
to these challenges, is expressed. Research on socio-techni-
cal transitions has known a quick rise since 1990 and finds
its roots in innovation research and sustainability sciences
(Loorbach et al, 2017). Gaziulusoy defines transitions and
system innovations as “multi-phase, multi-level dynamic
processes which take place over extended periods of time
and result in mainstream practices becoming outdated and
being replaced by a set of new practices. Transitions and sys-
tem innovations cover not only product and process innova-
tions but also changes in user practices, markets, policy, reg-
ulations, culture, infrastructure, lifestyle, and management of
firms!" (Gaziulusoy & Brezet, 2015).

In dealing with this complexity, combining the knowledge
and skills of a multiplicity of people and perspectives is nec-
essary. Since designers are predominantly trained and in-
volved in problem-solving and innovation, it seems obvious
that they too can have an interesting added value in these
contexts. Transition design (together with service and social
innovation design) emerged from this changing context and
was originally introduced by Gideon Kossoff (Kossoff, 2011).
It promotes social transitions towards a more sustainable fu-
ture which is to be led by design as well in lifestyle, as existing
systems and infrastructures. Typical characteristics of tran-
sition design are: working towards a long-term vision to tack-
le complex problems, integration of deep research, and work-
ing transdisciplinary on diverse levels of scale (Irwin, 2015)

The role of the designer has been through significant chang-
es throughout the years. In the past, designers were primarily
concerned with the aesthetics of products. However, as tech-
nology advanced and the scope of design expanded, the role
of the designer evolved to include user experience, interaction
design, business & strategy design as well as data visualization
and information design. This shift led to the recognition of the
significant role that designers play in shaping the functionality
and usability of products, services, and systems. As aresult, de-
signers are now integral members of cross-functional teams,
collaborating with professionals in fields such as engineering,
marketing, and research to create innovative and effective
solutions. The modern designer must have a broad skill set that
includes both creative and analytical abilities as well as a series
of soft skills (Yin, 2013). The skill set and role of the designer
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can vary for these different fields and has been thoroughly re-
searched for most of them (Fiore, 2020; Hansson et al, 2018;
Tjahja & Yee, 2022; Yin, 2013). For transition design, this re-
mains theoretical and speculative as it is not yet established as
a widespread design practice.

Besides the role of the designer, the environment in which
they work is also affected when dealing with complex prob-
lems. Subsequently, the current consultancy business mod-
el and design education system are questioned (Meyer &
Norman, 2020; Rozentale & van Baalen, 2021): how will the
design discipline deal with these changes and how will the
new generation of designers be prepared for them? Gradual
changes in the education system of desigh can be observed:
research has been criticizing the current design education
system and multiple universities offer courses in rising design
disciplines such as service design, systemic design, and tran-
sition design (Academic Programs, 2023). Additionally, a shift
in focus is found in students at Design Universities: they show
anincreased interest in tackling global and complex challeng-
es such as climate change or inequality. This is visible in the
program of design fairs like the Dutch Design Week, where a
strong sense of urgency and a collective mission facing these
challenges is a recurring theme in the submissions from stu-
dents and young designers (DDW22, 2022). According to
Mintzberg, an organization focused on innovation should not
be led by (economical) efficiency and have an organic struc-
ture with project teams consisting of experts from different
specialties (Hendrick, 2017; Notebaert & Delagrange, 2019).
Since the essence of transition demands transdisciplinary
work on a long-term scale with many different stakeholders,
it is assumed that this business model should be reconsid-
ered: how would a design agency that deals with transitions
and complexity differ from regular design agencies?

This paper explores the changing characteristics of design
and designers regarding their soft and design skills, their role
& ethics when dealing with complexity, the business model
of design agencies and changes in the design process.

Method

Given this is an emerging topic involving many perspectives,
qualitative research methods were used. Semi-structured in-
depth interviews with ten design practitioners in the Flemish
design agency landscape were conducted. The interviews
featured open-ended questions as well as exercises that
were used to gather different sorts of data and spur conver-
sation. They were structured as follows:

1 The interviewer asked which skills the interviewees
(and their colleagues) use to deal with complexity, and
which skills they lack at this moment.

2 The interviewee rates a chosen set of skills on impor-
tance (1 = not important, 10= very important), firstly
for now and secondly for the future. The rated skills are
a mix of design skills, soft skills, and skills needed for
transition, based on literature (Jordan et al,, 2021).

3 The interviewee is asked about their practices when
dealing with complex topics: do they see a difference
in project phases, how do they feel when handling
these topics, what skills do they need.

4 The interviewee places cards with different actors in-
volved in the design process on a chart according to

their involvement. The design process is the core of the
chart, with concentric circles around it that indicate
decreasing involvement further away from the core.
Follow-up questions are asked about the difference
in relationships between actors. The same exercise is
done for transition design processes in the future.

5 Finishing questions on the role that respondents
would assign to themselves as designers, how that
could change in the future and what is needed for that
change.

Interviewees

This study focused on designers working in design agencies.
Interviewees who have extensive experience working on var-
ious kinds of complex issues were recruited, based on their
previous projects: did they experience a certain degree of
complexity in the issues they addressed as a designer? De-
signers from different agencies and with different grades of
experience were interviewed, with interviews taking between
~1h and ~2h. Out of ten interviewees, nine have an education
in product development and one is educated in philosophy.

Table 1. Overview of interviewees and context

Yearsof Sector focus
experi-
ence

Interviewee
(Self-described role)

1. Systemic designer 35 Service- & systemic design

for public sector

2. Participation 3 Participation design
designer
3. Business designer 12 Regenerative desigh & consulting

4. Service designer Commercial product & service design

5. Business&strategy Business innovation

designer

6. Business&strategy 11
designer

Commercial design & innovation
agency

7.Business&strategy 7 Service design for public sector

designer

8. Design researcher 15 Commercial product & service design
agency

9. Product designer 20 Social innovation

10. Process designer 20 Strategy design consulting

Data analysis and interpretation

To analyze and interpret the data in a meaningful and ho-
listic way, steps were taken to go beyond the typical phas-
es of thematic analysis. With a Describe — Compare - Relate
approach (Bazeley, 2009), themes were linked and a clear
coordinated picture was formed to draw conclusions from.
To start, all interviews were transcribed and coded using the
NVivo software. The context and background were specified
for each interviewee (sector focus, self-described role, and
years of experience). Then the authors discussed the cluster-
ing and naming of discovered themes in a collaborative work-
shop. To interpret the data, recurring themes were linked to
the context of the interviewee, as to see under what condi-
tions themes arise or what could cause them. The different
themes were also viewed in relation to each other. The con-
clusions drawn from this data analysis are discussed in the
next section.




Results

Skills

When investigating the necessary skills for design teams in
the future, the respondent’s answers fell into two key areas:
soft skills and design skills. Taking a closer look at the soft
skills, multiple interviewees brought up deep listening and
creating networks. “Critical listening is key, they might say
A but that can have B, C and D hiding behind it” (4, personal
communication, 23/11/2022) The transition designer needs
to be assertive yet even more empathic, to see which soci-
etal needs there are. Their ability to listen and understand is
key to working out a sound strategy. (6, personal communi-
cation, 25/11/2022) The ability to communicate allows pro-
fessionals to effectively engage with stakeholders and build
consensus around change initiatives. “There is a need for a
certain diplomacy in your interactions with clients and stake-
holders, there is no room for political baggage or general ten-
sion in the room. You want to keep people close since they
remain involved” (6, personal communication, 25/11/2022).
Another important skill is adaptability, which allows profes-
sionals to respond to challenges and pivot as needed.

In addition to soft skills, design-specific skills are frequently
mentioned, such as being facilitators. This brings diverse per-
spectives together and helps create a shared understanding
of the challenges and opportunities at hand (Lor, 2017). Facil-
itating collective learning processes, meetings and co-creat-
ing processes is an important strength in design as it is today.
"You have to be fast at making links between things stake-
holders bring to the table, ask the right questions in response,
without pushing them in a certain direction” (1, personal
communication, 11/11/2022). The interviewees mention that
their less experienced fellow designers struggle with this:
they tend to be more specialized in visualizing designs rath-
er than facilitating workshops and discussions (6, 1, personal
communication, 2022). Furthermore, holistic synthesis was
mentioned, a way of synthesizing information without losing
sight of the system as a whole. “It is important to synthesize
all the information so you can communicate it in bite-size to
the stakeholders to encourage them to take action” (7, per-
sonal communication, 30/11/2022) Lastly, we noticed visual-
izing played a significant role. "90 percent of my job is meet-
ings and massaging people about ideas. You need to visualize
your ideas to the stakeholders to get them on board"” (3, per-
sonal communication, 22/11/2022). This skill is already an
essential design skill but will be even more important when
dealing with complex problems and abstract futures.

Role of the designer, the design team,

ethical considerations

Nowadays, designers take on different roles during the design
process. “When interviewing you are doing research, then
you are a journalist. At a certain point you also really have to
choose, you must decide. You are more of a judge. Sometimes
you must be able to go completely wild and dream visionary.”
(9, personal communication, 19/12/2022). Designers guide
and connect people, they make strategies, concepts, and vi-
sions tangible. Additionally, it was mentioned that “Designers
talk to different stakeholders to synthesize all findings” (8,
personal information, 2022). In the future, the role will be-
come more strategic (1, 3, 4, 5, 6, 10, personal information,

2022). According to some interviewees, designers should
even be involved on a policy level (4, 6, 9, personal informa-
tion, 2022). They will become the link between different ar-
eas of expertise and ensure that the right knowledge will be
deployed at the right times (4, 9, personal information, 2022).
This shift also has an impact on the composition of design
teams. A close collaboration with experts in other fields and a
different role for stakeholders as part of the design team, to-
gether with a strong connection both with policy and the ac-
ademic world will be necessary when tackling the complexity
of transitions. One of the interviewees added to this with the
value of experience: “(...) you will understand that you have
your limits as a designer, which will entail a certain modes-
ty, | guess. By becoming more mature as a professional, you
grow towards what | call a systems being” (1, personal com-
munication, 2022). With this changing role, the interviewed
practitioners reported a shift in the importance of ethical
considerations and values. Although these topics were not
explicitly questioned, they came up in multiple interviews.
Designers put a greater emphasis on inclusivity and empathy
for stakeholders (2, 3, 6, 9, personal information, 2022). Hav-
ing a strong moral compass can aid professionals in making
ethical decisions and ensuring that their actions aligh with
their principles and benefit the well-being of all stakeholders.
Particularly regarding balancing short-term gain with long-
term sustainability.

Complexity and design process

Transition processes concern wicked problems. When asked
to define a wicked problem all interviewees could give a clear
definition. They were also aware of the difference between
straightforward problems, and wicked problems. However,
the respondents reported no structural changes in the design
process when asked about the ways these complex prob-
lems were approached differently from other design chal-
lenges. The types of phases stay the same, remarkably close
to the traditional double-diamond model (Kochanowska et
al, 2022). Most interviewees mentioned that more work goes
into the analysis phase, as it is of higher importance for com-
plex problems, and deep insights into the system are required
to define a solution space (2, 4, 6, 8, 9, personal communi-
cation, 2022). But the business model of design agencies
working for clients calls for efficiency, which limits the pos-
sibilities in the analysis phase. Another difficulty in this first
phase is that there is no clear cutoff point. Many interviewees
mentioned it is difficult to conclude the analysis and start to
design. This could be because they approach analysis in the
same way as traditional problems. An alternative could be a
system mapping approach (Jacoby & Van Ael, 2021), where
three phases are defined: framing the system, listening to the
system, and understanding the system. This is a better fit for
complexity analysis, but clearly not an established model in
the design agency world.

Some designers also discussed that they miss an imple-
mentation phase after they deliver a product or service or that
they feel like they could also have been valuable in the phases
before they are usually consulted by clients. Interviewees re-
ported they sometimes feel frustrated with the current model
and would like to approach things differently. Therefore, de-
signers and/or design agencies might have to rebrand them-
selves and promote what they could offer beyond the design
of a product or service. That also implies changing the design




process and methodology, since it is currently most fit for
straightforward problems.

Business model

The business model of design agencies is mostly focused on
consultancy, where a design teamis hired by a company at an
hourly rate, cooperates with the company for a short amount
of time, and needs to work as efficiently as possible (1, 2,7, 8,
personal communication, 2022). This manifests itself in an
internal-external paradox: the designer becomes a part of the
client’s company until the assignment is finished and splits
off again: never being integrated completely, but having to
cooperate intensely, often in change processes. The limita-
tions of this work process result in limited room for long-term
thinking or reevaluation with the client afterward (1, 2, 4, 8,
personal communication, 2022). This in turn impacts the im-
plementation phase of the solution, which is lacking in many
projects (2, 4, 7, 8, personal communication, 2022). Both el-
ements are of big importance to transition design in order to
have impact and organize change. When asked about alter-
natives for the current business model that would suit design
for complexity, some suggestions for essential elements are
given. A shift from a short-term to long-term mindset is nec-
essary. Only consulting external designers for a short amount
of time to create something is not enough to foster transi-
tion. According to interviewees, a continuous collaboration
between designers and the client is essential (2, 4, 8, person-
al communication, 2022). Some even question the agency
model and advocate for a more design-led organization (2, 8,
personal communication, 2022).

Discussion

To understand the changing role of the designer in complex
design processes, ten interviews with a homogenous group
of Belgian design practitioners were conducted. The study
is constrained by a limited sample size and the fact that the
concepts of transition design and systemic design are still
relatively unfamiliar within the Belgian design sector. This ho-
mogeneity allows for the isolation of similarities in perspec-
tive but also means that a more diverse range of views on the
importance of transition design and the designer’s role may
be missing.

It would be interesting to expand upon these findings by
comparing them with the experiences of other countries
and cultures. Ideally, we would opt to implement a more di-
verse group of designers (Twomey & Gaziulusoy, 2014). To
implement significant changes across all aspects of socie-
ty, we need to reinforce the co-evolving areas of knowledge,
action, and self-reflection to develop new methodologies for
design (Irwin, 2015). A transdisciplinary team is necessary to
cross-contaminate each other’s fields to shape desired soci-
etal development. To approach complex problems holistical-
ly, we should zoom in to relate to the context and the stake-
holders, as well as zoom out to grasp the interconnectedness
within the broader system(s).

Furthermore, the changing landscape challenges designers
and design agencies. The findings from the interviews sug-
gest that traditional problem-solving approaches are still
being utilized for complex issues. An additional inquiry is
needed to understand why design agencies continue to rely
on the traditional methodology and agency model when ad-
dressing such problems, despite the availability of alternative
techniques such as system mapping and the three horizons
model. And finally, further research is required to alter the
business model and the client-designer relationship, to en-
gage designers during appropriate stages that align with their
specialized and useful abilities, rather than simply being tem-
porarily consulted for specific tasks.

Conclusion

A radically changing and increasingly complex environment
has a substantial influence on all professions, one of them
being the field of design. Socio-technical transitions have
increased pressure on society, producing some new design
disciplines such as service design, design for innovation and
transition design. The paper focuses specifically on transi-
tion design and examines - through qualitative analysis of
ten semi-structured interviews - the extent to which design
practitioners are familiar with this field and the skills and
mindsets required to work in this context. Should the design
education system and the consultancy business model be
reconsidered?
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Abstract

Today, sustainability is one of the main, most dynamic, and in-
fluential topics, for all sectors. The growing emphasis on sus-
tainability is relevant to everyone, as today, there is a need to fo-
cus on sustainable objectives, approach them, and consider all
the modern processes to implement sustainable development
and value-creation strategies. As underlined by several schol-
ars, over the next few years humanity needs to adopt a para-
digmatic change from a consumeristic society where well-be-
ing is measured in terms of economic growth to a new society
that can reach the same levels of prosperity but consuming
less and relying on renewable resources (Vezzoli et al, 2021;
Keitsch, 2015; Thackara, 2005; McDonough and Braungart,
2002). It is, therefore, necessary to change the way demands
are met and to develop sustainable consumption patterns and
lifestyles that are based on better consumption of far fewer
resources. There is an urgent need to move towards new so-
cio-technical systems capable of operating within the planet’s
limits. This means operating inside the nine planetary bounda-
ries that are the spaces within which humanity can continue to
develop and thrive for generations to come (Rockstrom et al,
2009). These systems will address not only the technological
sphere but also the environmental, social, cultural, institution-
al, and organizational ones. The proposed understanding sug-
gests that sustainability is the defining concept of the whole
system and not a characteristic of its individual elements.
Therefore, achieving sustainability requires a process-based
approach, sustainable development, which must be intrin-
sically applied systematically and in different dimensions to
plan new virtuous paths. In the presented scenario, the Fashion
industry is one of the main actors as it influences ecosystems
making a sizeable contribution to climate change, resource
exploitation, and systemic pollution. But it also shapes cultur-
al developments, their driving forces, and patterns of change
(Bertola et al,, 2016). According to the above, the presented
paper discusses the fashion necessity of facing the challenges
of sustainability - and the related complexities — with a radical
transformation of the current development model. Through
the analysis of different case studies, possible directions for
the sustainable transformation of fashion systems are defined
and presented. Specifically, such direction addresses how it
becomes essential to review development paths with the aim
for the fashion sector to dissociate sustainable innovation
from the notion of exploitation of resources through a strong
focus on proposing material and meaning that are alternatives
to the very notion of "new”.

Author keywords
Fashion Design for Sustainability; Sustainable Development;
Industry Transformation.

Introduction

Today - fashion is one of the most significant, dynamic, and
influential industries, as well as one of the most impactful
due to its highly invasive processes, especially the ones in-
volving environmental aspects and consumption of the finite
resources of our Planet (EU, 2022; EMF, 2017). Moreover, this
industry profoundly influences with its approaches and prac-
tices the environmental and economic dimensions due to
its vocation to codifying current patterns of change (Bertola
et al, 2016). In this context, it also strongly impacts changes
related to the social and cultural spheres. As argued by Kate
Fletcher (2018), the fashion industry is a powerful cultural
driver which influences the consumerist economic model
based on mass production that currently characterizes the
economies, even if our experiences of fashion are now dom-
inated and limited by this same model that involves fashion
in essential issues.

Niinimaki et al. (2020) argue that the industry consumes
vast quantities of water, land, and raw materials. For exam-
ple, the fashion sector produces 89% of all carbon emissions
and 20% of all global wastewater, with an anticipated 50%
increase in greenhouse gas emissions by 2030 (Bailey et al.,
2022). The sixth annual State of Fashion report by The Busi-
ness of Fashion and McKinsey & Company (2022) reveals
that globally, the fashion industry is responsible for around
40 million tonnes of textile waste a year, most of which are
either sent to landfill or incinerated. This can be attributed
to the current development models promoted by the indus-
try that encourage an increase in clothing consumption and,
therefore, fashion production. Pro-capita fiber consumption
almost tripled from 1950 to 2008, increasing from 3.7 kg
to 10.4 kg per person (Sanchis-Sebastia et al,, 2021). From
2007 to 2014, textile fiber production increased by an addi-
tional 20.2 million tons to 90.8 million tons, and this number
is expected to grow by 3.7%, compounded annually (Pensu-
pa et al, 2017). These phenomena are the direct results of
the economic model based on the linear development of the
fashion sector (Dissanayake and Weerasinghe, 2021). This
model is dominant, a legacy of the first industrial revolution,
which is based on so-called cradle-to-grave dynamics that
exploit natural resources and then directly dispose of them
without taking into account their regeneration potential and
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the possibility of reusing them in the next production and/or
consumption cycle (Braungart and McDonough, 2009). This
fuels the phenomena of production overabundance, com-
pulsive consumerism, physical and semiotic obsolescence
of the fashion product, and disaffection culminating in irre-
sponsible behaviors of serial accumulation and early dispos-
al of garments. This context is so alarming that it prompts
the Global Fashion Agenda, a leading forum for sustainability
in the fashion industry, to conduct a study to quantify global
fashion consumption in the Pulse Report (2017-2019). The
purpose was to return a numerical figure that would allow
manufacturers, and their consumers, to compare their im-
pacts. The study estimated that if current trends remain
unchanged, apparel consumption will increase 63% to 102
million tons by 2030 (Global Fashion Agenda, 2019). Since
consumption is no longer focused on satisfying a need but
on fulfilling a desire, it is bound to remain unavoidably in-
satiable by its very nature. This realization is also the direct
consequence of a garment’s semiotic and physical impov-
erishment. This deficiency allows production costs to be
drastically lowered. And the consequent lowering of prices
will enable buyers to purchase garments more easily. In this
landscape, the logic of waste is established as a direct con-
sequence of a supply chain that turns out to be excessive,
misleading, and distorted. Waste becomes an entity in this
context and acquires all its characteristics: value, impor-
tance, and impact (Binotto and Payne, 2017).

Considering what has been discussed, reviewing linear
development paths is essential. This can be done by adopt-
ing more sustainable models of development, such as the
circular economy model, which is to date recognized as the
leading entrepreneurial model for meeting the goal, for the
fashion industry, of decoupling sustainable fashion innova-
tion from resource exploitation through a strong focus on
proposing alternative materials and meanings to the notion
of “‘new” (Dan and @stergaard, 2021; Rathinamoorthy, 2019;
EMF, 2017). In this context, this paper investigates how, from
a design perspective, new trajectories are being defined in
the contemporary fashion industry to contribute to the de-
velopment of a closed-loop system in which the goal is to re-
cover or recycle secondary raw materials in multiple stages
of the supply chain (Muthu, 2018).

Methocdlology

The article aims to present the result of an investigation
conducted on how fashion companies are pursuing circular
initiatives, making it possible to create strategic actions that
can stimulate a new understanding of what virgin material is
and encourage a reinterpretation of the concept of new. The
data analyzed were extracted from the knowledge reposito-
ry produced by the - Fashion in Process - Research Lab. at
the Design Department of Politecnico di Milano of which the
author is a member. The data were generated from: (1) the
research conducted by the research Lab (DGGROW, Mapping
Sustainable Fashion Opportunities for SMEs, 2019; Eras-
mus+, FashionSEEDS, 2019) and (2) the doctoral research
of the author (D'ltria, 2022). According to the authors’ in-
vestigation, a mapping of “secondary” raw materials-driven
circular practices of European fashion companies is carried

out through an iterative process: an initial desk research
phase followed by applying a case study methodology. This
process allowed the selected research field to be narrowed
into topics that emerged from the analysis and codified the
main approaches to circularity that inform the definition of
directions for addressing sustainable development issues.
Defining the directions allowed the boundaries of the study
to be identified. A selection of best practices is presented
among the case studies identified. The author focuses on
specific cases and uses them as a sample of the context
of interest. However, as Johansson (2007) discussed, such
a methodological approach includes many variables and
qualities for reworking explanatory knowledge.
Methodologically, three phases were conducted: (1) the
first phase was desk research to identify current practices
in the fashion industry. This mapped current sustainabil-
ity practices and identified best practices; (2) the second
phase was an in-depth qualitative analysis of the best prac-
tices identified during the desk research; (3) and the last
phase systematized the previously produced knowledge to
define business directions for implementing sustainability
through practices of recover or recycle of secondary raw
materials at multiple stages of the supply chain, from de-
sign to retail and waste collection. The mapping led to the
identification of 68 companies located in 21 nations in the
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Figure 1. Companies’ locations.

European continent, which have addressed aspects related
to new sustainable development models by using second-
ary-raw materials in their practices (Fig.1).

The choice to focus on the European region was driven by
the interest in investigating a context undergoing a solid
transformation due to policy initiatives put in place for the
sustainable transformation of the examined sectors (Green
Deal, https://commission.europa.eu/strategy-and-policy/pri-
orities-2019-2024/european-green-deal_it; EU Strategy for
sustainable and circular textiles, https://www.interregeurope.
eu/news-and-events/news/new-eu-strategy-for-sustaina-
ble-and-circular-textiles), by reasons of geographic proximity,
and by past experiences of collaboration with local compa-
nies. The composition of the company was heterogeneous.
They were textiles companies (24%) and brands of shoes (9%),
apparel (60%), and accessories (7%). Of the 68 companies
mapped, 6 were selected as case studies (Table 1).




Table 1. Case studies list.

Country Name of Description of Initiative Sector BIG MEDIUM SMALL MICRO
Initiative
France Vestiaire Online marketplace for second hand high-quality Apparel X
Collective designer fashion.
Italy Fulgar Sustainable textiles brand. Textiles X
Italy Manteco Sustainable textiles brand. Textiles X
Sweden Filippa K Longer technical life, lease, sharing own product Apparel X
take back.
United Christopher The REMADE ethos in particular has pioneered Apparel X
Kingdom Raeburn the reworking of surplus fabrics and garments to
create distinctive and functional pieces.
United Helen Kirkum The studio ethos in particular has pioneered the Footwear X
Kingdom reworking of surplus fabrics and shoes to create
distinctive pieces.
All these companies stand out for the way they are pursuing
implementations of sustainable practices within their sys-
tem, often adopting a design-driven approach as support.
The following phase consists of further desk analysis to pre- )
pare for long-distance interviews with representatives from — . s W N
selected companies. These companies have distinguished C & l | |
o | | | .

themselves for their approaches to designing waste out of
the system, using it as new raw materials or products. This
phase allowed for exploring possible theoretical relation-
ships and allowed for a deeper understanding of the subject
through the use of these case studies (Tellis, 1997). The third
phase focused on data interpretation. This phase supports
the author in understanding the criteria a company must
meet when working on design-led sustainable practices to
move to new circular development models for better use
of available resources. These aspects are now linked to the
concept of waste recovery and lead toward circularity, de-
coupling economic growth from increasing environmental
problems by imagining and implementing processes and
practices with sustainability characteristics with three par-
ticular approaches at different stages of the supply chain:
(1) reducing/sourcing, redesigning materials, products, and
services so that they are less resource-intensive; (2) repur-
posing/manufacturing, recycling waste, and scrap, without
destroying them, to create products that have more value;
(3) and reusing/retailing, making products and values last by
transferring them to another user.

The Directions

This paper codifies the data collected to identify the directions
that drive current design-led practices related to a new con-
cept of waste in the fashion industry. This section discusses
the results of the presented methodology by introducing sev-
eral case studies that illustrate the main approaches identified
by the study. Such approaches could inform and foster rele-
vant new directions in sustainable fashion design. This paper
aims to define potential pathways for developing a closed-
loop system that aims to either reduce resources exploitation,
repurpose secondary raw materials, or reuse the fashion prod-
uct - at different stages in the supply chain (Fig.2).

From an operational point of view, the work identified
three macro directions in the approach to sustainability
through design-driven practices that emerged from the case
analysis. Companies such as Manteco or Fulgar are acting
upstream in the supply chain. They are working to improve
their strategies to capitalize on the circular distinctiveness
of their products. They are now pursuing actions to develop
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Figure 2. The directions model.

a new approach that can significantly reduce textile waste
by rethinking sourcing practices through traceability. On the
other hand, Christopher Raeburn and Helen Kirkum are exper-
imenting with the designer’s role in reworking surplus textiles
and garments to create distinctive and functional pieces,
underscoring their attributes of conscious manufacturing.
Companies like Vestiaire Collective or Filippa K work down the
supply chain. They keep items out of landfills, changing tra-
ditional retail’s linear “take-make-away” model (EMF, 2017).
So the author discusses strategies with a common pattern
of avoiding waste and working on the meaning of "new.” The
study examines how these identified directions work for a
common goal but differ from each other. The analysis offers
insight that aims to describe the behaviors identified com-
prehensively. However, the author acknowledges that there
are limits within which these behaviors are adopted. Although
a common guideline is highlighted, the different cases need
to be understood in the specificity of their context, territory,
and actors involved. In the following sections, the selected
cases are explored.

Reducing/Sourcing

The first direction refers to companies working upstream
in the fashion supply chain. They work on their sourcing to
achieve sustainable supply chains by leveraging their position
at the beginning of the flow of goods and services. Compa-
nies rethink the system by redesigning the processes of buy-
ers' access to materials, production, logistics, and transporta-
tion, and distribution. To achieve this, transparency in supply
chains is critical to validate the origin of sustainable materials
(Fung et al, 2021). For example, the Italian textile company
Manteco launched Project43. This is a unique strategy based
on circular economy principles. They aim to optimize existing
materials and design pre-consumer waste out of the system
by recovering offcuts from the garment manufacturers that




use their fabrics. The collected materials are then regenerat-
ed into ‘'new’ fabrics. Manteco acts as a single point of con-
tact between all the actors along the supply chain to monitor
the material lifecycle. Project43 is now reducing and regen-
erating textile waste using the company’s facilitates through
a transparent system. (Fung et al,, 2021). By addressing the
critical issue of traceability, Project43 is also a tool capable
of overcoming the linear waste model and providing the fash-
ion sector with a different understanding of “new"” materials.
Another company that is making a significant contribution
on this front is Fulgar. It is a leading manufacturer of synthet-
ic yarns. It is now experimenting with the traceability of its
eco-friendly Q-nova yarn. This is an environmentally friend-
ly fiber made exclusively from raw materials regenerated
through a mechanical process rather than a chemical one.
A special ingredient in polyamide, the innovative traceability
system called ID (Identity), makes it possible to verify the au-
thenticity of the recycled origins of the yarn. The ID system
allows third-party organizations, such as consumer groups
and governments, to verify the reliability of the data provided.
All the presented companies working on this first approach
recognize that traceability is a crucial aspect of supply chain
sustainability (Naden, 2017; Sodhi and Tang, 2019). While for
some companies, traceability helps to identify environmental
issues and is a starting point for the improvement of the en-
tire supply chain, which is actively involved in the process of
mapping the existing material, in other cases, the monitoring
process takes place directly within the company, acting on
the material, in the intimate mixture, to generate a cascading
effect on actors inside and outside the fashion supply chain.

Repurposing/Manufacturing

The second direction characterizes the rising strategies
fashion companies adopt through a project approach that
enhances the use of discarded goods’ materials and com-
ponents to transform them into new, high-value products.
Christopher Raeburn is a pioneer of upcycling in fashion. He
started his eponymous brand in 2008 using British Army par-
achutes as his primary fabric source to create new garments.
Since then, he has developed expertise in reconstructing mil-
itary surpluses, such as parachutes, parkas, and military jack-
ets. This process is called reappropriation by the designer. The
designer's approach is guided by research on the garment
and the process of deconstruction itself; even the shape and
silhouette of his designs are developed based on the source
of the fabric rather than being cut and shaped on the de-
sign. Desigher Helen Kirkum carries out similar experiences.
Through her work, Helen Kirkum is hacking the footwear in-
dustry using waste as a raw material. The designer uses recy-
cled and dead stock materials as sourcing. These materials
are transformed into sneakers crafted to provide an individ-
ual experience to consumers. The design philosophy applied
to these products is to mix the components of the “repur-
posed” products, allowing the seams between the different
parts that compose the final shoe to be visible. Accentuat-
ing these points of connection aims to stimulate emotional
value to allow the user to own something inherently personal
and unique. The approach developed positions her as a pio-
neer of the “deconstructed” aesthetic in the sneaker industry
and at the forefront of the sustainable footwear movement.
In all the cases presented in this section, the circular link with
the development of products made through innovative and

disruptive craftsmanship becomes a challenging tool for ma-
turing the meaning of consumption and the way we interact
with the products we own. Moreover, creating a story around
the product gives additional intangible value to the object.

Reusing/Retailing

The third direction addresses sustainability issues related to
bringing second-hand clothing back into the market, creating
a circular system. Fashion companies in this category must
devise and implement innovative business models that re-
flect the changing landscape and evolving consumer behav-
iors. One example of a company engaging consumers in using
products as long as possible and keeping them in the market
loop is Vestiaire Collective. This online platform, launched in
2009, allows customers to buy and sell secondhand fash-
ion items. Sellers place items on the marketplace and, after
validation by Vestiaire’'s team of curators, the items become
available for sale. Vestiaire is exploiting the enabling power of
digital technology to recontextualize the concept of new ap-
plied to unused clothing items. Providing these products to
new customers increases the number of uses, giving a sec-
ond, third, or even fourth life to existing products. In addition,
through the creation of a community the company has cre-
ated a sense of belonging among those who share values and
actively choose to enter a circular system. Filippa K proposes
a different approach to this direction, which involves - in its
practices - actors within its supply chain such as logistics
departments and retail. In 2008, the brand opened its first
second-hand store in collaboration with a local entrepreneur,
Judit's Second Hand. The initial model operated as a consign-
ment store where customers returned their Filippa K clothes,
shoes, and accessories for resell. What characterized this ini-
tiative was the fact that the customer maintained ownership
of the product and after the product was sold, the customer
received 50% of the profit. If not sold, the product was re-
turned to the owner again or donated to a charity. The suc-
cess of this resale initiative allowed the brand to recognize
the program'’s potential to enable a circular business model.
The company’s pilot program was scaled up to become the
“"Preowned” program. This program is now running only in
Sweden. Customers return a used garment from the brand
to the store, or if the physical location cannot be reached, the
customer uses the brand platform. In return, the customer
receives a monetary incentive. Garments brought to a phys-
ical that are ready for resale are machine or dry-cleaned us-
ing environmentally friendly cleaning processes. Users that
post garments on the platform earn either cash and receive
60 percent of the resale price, or they can choose to receive
100% as a credit toward the purchase of Filippa K garments
from the current season. The cases presented here discuss
how the same product creates revenue multiple times by of-
fering new ways to involve stakeholders, both when consum-
ers resell their clothes and when different actors along the
stages of the supply chain (logistics, retail, collection/waste
management) engage in reintroducing “new” second-hand
clothes back into the market.

Conclusion

From what has been illustrated, the rethinking of waste and
its connotation of “new” emerges as a strategic factor that
is now leading the transformation of fashion companies to-
wards a sustainable development model. Here are presented




the opportunities that have occurred, for fashion companies,
to trigger innovative processes that favor iterative activities
to disrupt the linear economy logic of waste and nurture a
change in operating models. Such models could inform di-
rections toward a circular paradigm enabled by adopting de-
sign-led practices in the European fashion industry. One of the
most critical levers the fashion industry can pull to preserve
non-renewable resources and eliminate waste is to design it
out of the system. The different approaches suggest that to
reach this goal, the link between circularity and design-driven
innovation in the fashion field is related to a systemic per-
spective. The one illustrated here represents a system that
is now starting to be rolled out at scale, promising to limit the
extractive production of virgin raw materials and decrease
textile waste. As these approaches mature, companies will
need to embed them into the design phase of product de-
velopment while adopting reducing, repurposing, and reusing
processes. The key element linked to this systemic transfor-
mation is the reorganization of the supply chain to achieve
the goal of eliminating the concept of waste by involving all
stakeholders, from designers to consumers. Each company
connected to the supply chain must develop company-spe-
cific strategies. Directions for further development of the
work based on this study are being outlined within the spe-
cific framework of the Italian Recovery and Resilience Plan
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Abstract

Ifitis true that in recent years the concern with climate change
has been growing (Bell, Poushter, Fagan & Huang, 2021), there
is still a long way to go to make our lifestyles more sustainable.
Several companies and brands have been thinking of strate-
gies that allow them to become more sustainable (Hodgson,
2021), albeit with very different levels of success.

The fashion industry is, in this context, a very paradigmat-
ic case since it is responsible for the emission of more than
"1.2 billion tons of greenhouse gases each year, accounting
for more than 10% of the world's carbon footprint” (Motif,
2021). With such a large footprint, several brands and design-
ers have sought to transition to more sustainable fashion.
However, despite the efforts made, the truth is that the mes-
sage does not always reach consumers. Thus, if, in fact, con-
sumers’ awareness of the environment and sustainability has
grown in recent years, if it is true that consumers have be-
come more demanding in relation to the processes used by
brands, we still continue to see a gap between the willingness
to buy more sustainable brands and the effective purchase of
these brands (Wong, 2021).

In this context, consumers are looking for more transpar-
ent and sustainable processes and where brands are already
working in this direction. For a long time, it was believed that
the price prevented the effective purchase of more sustaina-
ble products. Still, this idea has been removed in recent years,
which leads us to question whether the problem is not in the
communication strategies developed by brands to commu-
nicate their processes and products. Are consumers aware
of what sustainable fashion really means? How have brands
been able to convey and explain the difference between con-
cepts such as Ethical Fashion, Circular Fashion, Slow Fashion
or Conscious Fashion?

Unsure about the effectiveness of this communication,
in this work, we seek precisely to analyse how some of the
leading brands that are assumed to be sustainable (Abbas
&amp; Shipin, 2021; The Good Trade, 2021) have communi-
cated, particularly in social media, spaces that aggregate a
large number of consumers, but above all capable of defining
trends and habits. On the other hand, these are also the plat-
forms where the new generations are present, gaining even
more importance in conveying the message to those who are
the consumers of tomorrow and the guarantors of the plan-
et's future.
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Introduction

According to “The Pulse of the Fashion Industry 2019 Update”
report, the efforts made by the fashion industry in terms of
sustainability are slowing down. The document, created hy
the Global Fashion Agenda and Sustainable Apparel Coalition
in partnership with Boston Consulting Group, reveals that
“the fashion industry has improved its social and environ-
mental performance in the past year (2018) but at a slower
rate than the previous year (2017)" (Pulse of the Fashion In-
dustry, 2019, p. 1). Following an indicator created to evaluate
the goals and sustainable practices by entities of the fashion
industry, the report alerts to the fact that “fashion companies
are not implementing sustainable solutions fast enough to
counterbalance negative environmental and social impacts
of the rapidly growing fashion industry” (ibidem). However,
the problem no longer resides only in fashion companies, it is
also a cultural matter. Thus, only can we comprehend the fact
that consumers continue to adopt fast-consumption habits.
As the report also states, “the question is no longer wheth-
er it is necessary to improve sustainable business practices,
but rather how long it will take before consumers stop buying
from brands that do not act responsibly” (op cit. 2019, p. 11).

This situation is clearly aggravated by our society’s way
of normalizing extreme consumerism, promoting waste-
ful lifestyles, and following online trends such as “clothing
hauls” or “beauty empties” videos, where YouTubers display
their newest acquisitions until their next binge-purchases to
their followers. In this sense, we found ourselves in a para-
dox since social media are used to promote fast fashion, yet
these platforms are also used to build consciousness among
consumers. Customers are using digital means to interact
with their brands. Therefore social media is highly important
to a new fashion brand (Scheide & Marques, 2018).

The report finds that “mentions of sustainability in so-
cial media increased a third faster than overall social media
growth between 2015 and 2018" (op cit. 2019, p. 2). How-
ever, sustainability is still not a priority during buying deci-
sions. If quality and aesthetics truly dominate consumers’
decisions, as "Pulse of the Fashion Industry” indicates. In
that case, it is up to the industry to transition to a more sus-
tainable world. Following this logic, this study seeks to col-
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lect several examples of Portuguese brands with sustainable
motivations, both in production and culture. Our proposal is
to identify these brands, their products, and their commu-
nication strategy, namely taking into account their interac-
tion with social media users. In terms of methodology, this
research uses content analysis of the brands’ websites and
their social media pages.

With this work, we attempt to reflect not only on fashion
industry problems but also on how these issues are intrin-
sically linked to lifestyles, culture and communication hab-
its. Per Byrum (2017, p. 219), “the connection between mass
communications messages disseminated via social media
and the diffusion of information among environmentally
conscious consumers requires further study”. Considering
the Portuguese sustainable fashion market, the current pa-
per is structured as follows: the next section provides the
literature review, and then we present the methodology and
results in sections. Finally, conclusions, implications, and fur-
ther research are presented.

Communicating sustainability

through social media

Per The State of Fashion, consumer behaviours and social
media transform fashion industry communication.

(..) the attitudes of executives also reflect evolving

consumer behaviours that are forcing industry players

to “self-disrupt” (the #1 trend identified by executives
for 2019.) (...) Social media has an increasingly impor-
tant voice in dictating consumer demand, helping small
brands grow explosively. Across the industry, speed-to-
market and responsiveness to consumer needs are be-

coming critical success facts (2019, p. 12).

The report is clearly highlighting the recent decisions and
moves made by fashion industry players, who recognized
the need to disrupt the system with new ways of thinking
and communicating, using social media as a platform to
touch consumers directly and obtain data, a trend also ap-
proached by The State of Fashion the year prior, as execu-
tives considered "mobile obsessed” consumers as the most
important prediction made by the 2018 report (The State of
Fashion, 2019, pp. 12-13).

Fashion brands also need to recover from bad press and
communicate better with their consumer; the fashion in-
dustry has ignored sustainability and ethical practice for a
long time, this is mainly due to the lack of information and
transparency from fashion brands, and therefore, the need
for brands to communicate about sustainability and ethical
measures is more-than-ever crucial. Yet, in this case, trans-
parency is much more important for consumers than spo-
radic “good public actions” from brands. Generations that
are now the main target as consumers, both Gen Z and Mil-
lennials, have been defined by their quest for more sustain-
able economies and industries based on their preferences
for digital solutions and their concerns about our planet’s
fate. In the quest for sustainability, however, emerging
brands seem to have more success with these generations
(especially Millennials), than established brands, as they are
capable of relating with these generations through social
media and have a more approachable and conscious image
than their counterparts. These smaller companies are, for
the most part, being very careful with production by choos-
ing national manufacturers, and keeping a close look on

their supply chain by producing less, preferring quality over
quantity, thus allowing them to transparently communicate
their brand’s values to their consumer through social media
live streams from their factories. Per The State of Fashion
(2019, p. 74), "digital technology