








3. Spatial Literacy

Our visible world, encompassing both the built and natural environments, is shaped by
principles, values, beliefs, and fears. The deeply rooted convictions of a given era’s society—
often its narrowest elite—underlie the construction of temples, the regulation of rivers, the
clearing of forests and reeds, as well as the development of inclusive public institutions and
climate-adaptive cities. Various associations within society reflect this, with their physical
manifestations (or events) occurring in public spaces. Society is not merely a collection of
individuals but a system, characterized by relationships among its components that serve
specific purposes (Meadows, 2008). This ever-changing web of relationships dictates its
functioning. Thus, a city is not merely a collection of buildings; it is defined by the public spaces

(connections) that exist between these buildings.
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The necessity for accessibility has created
intersections and squares, transforming this
infrastructural network into social spaces.
Certain sections and nodes have become
prominent, requiring careful planning.
Traditionally, public space is the negative
space between buildings, reflecting a society’s
values, economic status, and possibilities

in all directions. Muddy medieval streets at
some point transitioned to paved surfaces,
particularly around temples and town halls.
Protection, enclosure, and communal use
characterized these spaces, with public
institutions forming dominant parts of the
space’s boundaries. The irregular spatial

forms offered varied vistas, which remain
appealing today. The old towns are the most
beloved tourist destinations in European cities
due to their human scale and the dynamic
nature of the space boundaries, encouraging
exploration and interaction. In contrast,
Renaissance spaces are composed, serene,
often square-shaped, and although not
naturally formed through use, they are highly
functional. Thanks to 18th-19th century urban
planning, European cities have geometrically
designed classical squares. These squares

are larger, with open corners, airy, adorned
with centrally placed monuments and statues
that embellish the city. Early 20th- century
urban developments were abruptly halted

by world wars, and socialist realism did not
continue this tradition (Szévényi, 2021, p.
15-18). Postmodernism recognized the value
of returning to 19th-century public spaces,
where one could stroll, see, and be seen, but
consumer culture demanded the construction

of shopping malls. Malls created artificial
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promenades and plazas, providing only
consumption and services among the myriad
functions offered by urban spaces. Early
shopping centers (based on U. S. models)
featured ice-skating rinks as their central
plazas, but in newer malls, these have been
replaced by kiosks, and in suburban outlets,

by parking lots.

At the peak of the previously mentioned
Iceberg Model (Senge, 1990) are visible events.
Below these are the patterns and trends
shaped by the behavior and functioning of
systems. However, it is not the system that

is the starting point, despite the frequent
mention of “well or malfunctioning systems,’
but rather the underlying mental models. The
search for origins can, of course, continue
indefinitely. Sometimes, the tip of the iceberg
influences the deeper layers, as seen with
significant events like wars and natural
disasters impacting multiple generations’
thinking. Systems thinking research seeks the
causes of observable phenomena in the deeply
embedded network of mental models. Systems
do not“malfunction”; they operate according
to the value-based conditions established

for them. The advantage of systems thinking

is its neutral evaluation of cause-and-effect
relationships. For example, if a city prioritizes
automobile infrastructure for ninety years, it
will see a radical increase in heat island effects
and air pollution. These are not side effects but
probable outcomes, alongside frequent bus
services, thousands of annual injuries, rapid
emergency services, and the exponentially
increasing number of private vehicles. The

system functions perfectly, even if we did not



anticipate or want some consequences. If
different results are desired, systems thinking
recommends interventions at high-leverage
points (Meadows, 2008, p. 145).

Such an intervention is design focused on the
Architecture of degrowth. Contrary to analysis,
design involves the designer setting goals
according to their and the client’s values. To set
these goals, we must understand the changes
in social space in relation to human-nature and
city- ecology dynamics. Designer responsibility
means morally acceptable goal-setting, a
commitment to uncovering the connections
between causes and consequences, while
being aware that the complexity of systems
prevents full knowledge of all outcomes,

necessitating the utmost caution.

Capitalism colonizes sustainable models

and corrupts decision-making processes.

The institutionalized certification systems

of greenwashing (LEED, BREEAM) provide
shameful evidence of this, issuing sustainability
certificates for building complexes constructed
through environmental degradation and

with life cycles of less than twenty years. For
instance, the MOL (Hungarian Oil Company)
Campus in Budapest, inaugurated in 2022,
unsurprisingly holds both certifications,
achieved through solar panels, rainwater
recycling, 160 bicycle storage spaces for 2500
employees, and bird feeders (MOL Campus,
2022). Despite the sad comedy of this list, it is
undeniable that the building operates energy-
efficiently. However, the flag of sustainability
obscures important environmental and

wellbeing issues. Specifically, why was the

building constructed at all? What was and could
have been on its site? Whom does it serve, and
what are the impacts of its construction and
operation? Which building regulations had to
be altered, and why did this happen? What
message does it convey to the city’s residents

who will see it from every point of the city?

This last question is particularly significant as it
dissolves the usual distinction between private
and public investments. The city silhouette,
the visual aspect, is part of both the public and
social space. Thus, any significant change to
the city’s appearance is a public matter. The
all- seeing and omnipresent yet “introverted
skyscraper” (Gehl, 2014, p. 5) alters the city
silhouette, aiming to insert monumental
grandeur into everyday environments without
creating genuine urban centers. “It disrupts
the traditional values of the city without
creating new urban quality” (Schneller, 2015,
p. 119). Regarding spatial perception, Szovényi
notes that while the upper boundary of an
urban space is perceived as twice the height
of the tallest building forming the space
boundary, in the case of skyscrapers, this
upper limit can be perceived as multiples of
the tall building’s height (Sz6vényi, 2021, p. 12).
The cityscape is also significantly influenced by
suburban areas, new parcels, and residential
parks—all raising similar questions. However,
the greatest current threat to Budapest

and all the metropolises of the world lies in
the government and—occasionally—city-
supported developments that irreversibly
change the capital’s face, causing unforeseen
environmental damage while exacerbating

social inequalities.
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4. The Context of
Degrowth in Hungary

The first international degrowth conference
was held in Paris, followed by events in
several major cities across Europe and
overseas, and in Budapest in 2016. In
addition to Serge Latouche’s seminal works,
the book Prosperity Without Economic
Growth (Liegey, 2013) was translated into
Hungarian. One of its co-authors, Vincent
Liegey, a prominent figure in the degrowth
movement and spokesperson for the French
Degrowth Party, resides in Budapest and

is the founder-coordinator of Cargomania.
Numerous Hungarian researchers address
the economic aspects of degrowth, either
directly or indirectly. These include Alexandra
Kbves (Koves et al. 2023), Zoltan Pogatsa
(Pogatsa 2023), Andras Takats-Santa (2000),
and Zoltan Bajmacy and Judit Gébert (Bajmocy
and Gébert, 2014a). In the humanities, Andras
Lanyi’s contributions are particularly notable,
with several books dedicated to critiquing

unsustainable sustainability.

4.2 The State of Architecture of
Degrowth in Hungary

In Hungary, theoretical works on Architecture
of degrowth can trace their lineage to

Istvan Schneller’s collection of essays and
studies titled The Qualitative Dimension

of Architectural Space (2005) and selected
chapters from Akos Moravanszky and Katalin
M. Gyorgy'’s study collection (2007). Although
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these authors do not explicitly advocate for
degrowth, they belong to a generation of
creators who were active before the Great
Acceleration and attribute the devaluation
experienced in the 2000s and the rise of

real estate speculation to globalization and
the compulsion for growth. The topic is
partially addressed by the projects of the
Contemporary Architecture Centre (KEK),
the book The Power of Civic Ecosystems by
Levente Polydk and Sophie Bod (2021), and
the study Mapping Architectural Practices
Associated with the Economic Program of
Degrowth, published under the auspices of
the BME Doctoral School, which presents the
2019 Oslo Architectural Triennial focusing on
degrowth (Horvath-Farkas 2020).

While the practical architectural profession
includes a niche segment whose works reflect
the principals of degrowth, these endeavors
remain partial, with only specific projects,
rather than entire portfolios. Besides a few
realized projects, most contributions are
ephemeral, consisting of installations or
conceptual works. This study highlights a few

notable examples.

Déniel Bal6 captures the essence of degrowth
through transformation as a design act (Fig.
3-4.). He views the challenging legacy of the
Hungarian countryside, including the uniform
cubes and other heterogeneously constructed
buildings, as opportunities, with his executed
works demonstrating energy optimization and

a sound moral foundation.



Figures 3-4. Daniel Bal6: Long Cube House 2020. Photo: Déniel Balé.

Tamas Bene’s Bait houseboat blends the aesthetics of a cabin fishing boat and a skiff typical at
River Tisza (Fig. 5-6). This modest and gentle “holiday home”is a result of sophisticated design.
Bait’s passengers do not forgo distant shores but instead discover the hidden nature of their

homeland, offering opportunities for connection.

AR TORGASEESR

TISZA LADIK

Figures 5-6. Tamas Bene: Bait. Boat on River Tisza. Photo and axonometry: Tamas Bene.
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The Architecture Uncomfortable Workshop (Lukacs Szederkényi, Dénes Emil Ghyczy) was one of
the exhibitors at the aforementioned Oslo Architectural Triennial. They presented the House of
the Spring Wind, which they have erected every spring since 2013. The House of the North Wind,
similar to its Hungarian counterpart, was constructed through a ritualistic process (Fig. 7). The
large canvas mounted on the archetypal house-shaped frames is shaped and completed by the

wind, also functioning as a gate that visitors pass through to interact with nature.

Figure 7. AU Workshop: House of the North Wind 2019. Photo: AU Workshop.

In Hungary, cube houses situated on valuable plots are typically demolished, but this family
chose a different approach. The expansion of the existing cube house was shaped by the
constraints imposed by new building regulations. For AUW, however, these limitations acted as

a catalyst for creativity. As a result, HouseLove (Fig. 8-9), an innovative addition was developed
that not only functions effectively but also optimizes the use of financial resources, materials, and

energy for the owners.
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Figure 8-9. AU Workshop: HouseLove 2021. Photo: AU Workshop.

Nest box designed by BIVAK is a gentle yet effective intervention serving the nesting of birds
(Fig. 10). In Hungary it is common to perforate utility poles in order to reduce their weight.
Human intervention often appears on the mass erosion. Regularly the holes in reachable
height can be used as trashcan, shelf or billboard. The nestbox placed in 2 meters height is

an intervention which allows nature to connect with an infrastructural element, giving it a
new function. Inserting the box causes no harm in the utility pole and does not change its
condition or function. It can be taken out and cleaned easily by twisting the leg. The surface of
the durable material (acacia) is treated with oil to sustain the weather conditions. 3 prototypes

were placed in Budapest waiting for the nesting season.

Figure 10. BIVAK: Nest box 2019. Photo: BIVAK
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Sandor Guba and Péter Himori's project proposal aims to suggest a transformation of human
needs along the shores of Lake Balaton. According to the plan, the large grassy, paved beach with
its service facilities will be removed, and instead, a network of internal lakes and meadow- like
areas, featuring reed beds and both dry and wet grasslands, will be reconstructed. The few service
pavilions will be constructed from the materials of the demolished buildings and slide structures,
thus reducing construction waste. The railway side facing Lake Balaton will be transformed into a
car-free zone to minimize noise and air pollution impacting the natural environment. Access to this
zone will be permitted only with micromobility vehicles. Due to the reduced human presence and
sound effects, it is expected that the characteristic animal species of the area will return, similar to

what was observed during the quarantine periods of the COVID-19 pandemic.

Figure 11. GUBAHAMORI: Waterfront Development at Lake Balaton 2020.

5. Conclusion

Proponents of degrowth concur in rejecting the hegemonic paradigm of economic growth,
opposing the instrumental valuation of living and non-living entities, and challenging
individualism and globalism. They strive for a society that operates within ecological limits,

in a just and democratic manner, prioritizing human wellbeing. Despite the shared goals, the
origins of degrowth are complex and transdisciplinary, encompassing various visions and social
movements (Xue, 2022). Although the foundational principles of a steady-state economy were
articulated by early precursors in the 19th century, it is only in the last two decades that various

academic disciplines have begun to rigorously explore the framework and feasibility of such
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an economy. In the fields of architecture

and urban planning, there is an ongoing
process of conceptual clarification and
practical implementation, which necessitates
the informed engagement of policymakers
and urban populations. Policymakers need
to be convinced through economic and
environmental rationality—recognizing that
change is inevitable—yet more crucial is

the cultivation of urban citizens’ awareness
regarding the desirability of this change.
This endeavor requires a redefinition of

the concept of a good life, emphasizing the
recognition that fundamental human needs
have remained unchanged over the past
twenty thousand years, encompassing not
just basic sustenance, but also a life imbued
with meaning and a sense of belonging within
an accepting community. The dogmas of
belief in progress have led to the degradation
of knowledge into mere utility (diminishing
our capacity to understand others and
ourselves), the reduction of freedom to
consumption, and the conflation of creation
and work with production. The means have
become the ends. In fact, we do not find

our lives to be authentic and fulfilling when
technological services relieve us of intellectual
and physical effort, but rather when we have
the opportunity to exercise our abilities and
achieve excellence in doing so. (Lanyi, 2022,
p. 23). The concept of degrowth, therefore, is
not primarily about environmental or animal
protection, economic and technological
innovation, or feminist or children’s rights
movements, but rather an all-encompassing

and insatiable desire to recreate the

conditions for a life worthy of Homo sapiens,
the wise human being. Network biologist
Ferenc Jordan reassures his readers with a

profound observation:

“Pension systems, capitalism, Roman law, the
network of international relations, or even
democracy itself are extraordinarily complex
systems, but each is vastly simpler than, say, a
cell” (Jordan, 2023, p. 237.)

This remark encourages us that human-made

systems can indeed be altered by humans.
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ABSTRACT | The complexity of the social, environmental and institutional challenges facing
by contemporary culture needs collaborative, multidisciplinary and intercultural actions to foster
a changing process towards a more sustainable and collective future. With the acceleration

of technology, the proliferation of data, approaches and digital tools has revealed multiple
characteristics of relation with technical field, finding also several criticisms from a social and
environmental point of view. In this context, the design space is evolving into a multi-agent

and mixed-initiative system where human and non-human agents collaborate and co-perform
shaping multidisciplinary and multimodal creative processes, offering practices beyond human-
centric cooperation to identify more democratic and inclusive scenarios. Collaborative practices
become interaction methods capable of overcoming critical issues and limitations highlighted
by technological systems, with a focus in artificial intelligence models and virtual environments
topics. The research aims to introduce an analysis of the collaborative aspects which allow this
hybrid relationship and the definition of methods in which this cooperation can take place.
These conceptual aspects will be applied to the analysis design-driven approaches developed in
a series of university projects, in which the human-non-human practices contribute in observing
the transformation of hybrid processes and the figure of the designer himself, who acquires the

features of the transitional designer.

KEYWORDS | HUMAN NON-HUMAN COLLABORATION, DESIGN-DRIVEN
APPROACH TO TECHNOLOGY, ARTIFICIAL INTELLIGENCE, EXTENDED
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1. Design-driven technology
approach

1.1 Introduction

The complexity which characterizes those
global challenges defined as ‘wicked problems’
by Hornst Rittel and Melvin Webber in 1973
has become an observable aspect of today’s
society. The specificity of these challenges is
multi-scalar, multi-causal and interdependent
(Formia et al.,, 2021) and are represented by
complex social dynamics involving different
types of actors and acquiring different

forms and characteristics depending on the
spatial, cultural context within which they are
embedded.

Together with these aspects, another
fundamental issue emerges in the analysis
and representation of the current social
system: the influence and application of digital
technologies and tools has acquired a social
value and represents a vector of change in
modes of relations, habits, flows, approaches
to production and consumption, generating
new forms of knowledge and cultural

processes (Beer, 2017).

These tools turn into socio-technical
agents, i.e. complex systems that have

a relevant impact in the political, ethical
and environmental fields and interact with
human agents (Vermaas, 2011) in a hybrid,
heterogeneous and collective relationship
(Latour, 1987).

The concept of the ‘Technosphere) coined by
Peter Haff, fits within this research framework
and emphasizes the speed with which the
relationship between human agents and
non-human agents, i.e. technological and
environmental elements, has developed: the
‘Technosphere’is the physical representation
that encompasses the enormous extension of
technological and digital networks. This term
is also intended to represent aspects of how
anthropic occupation also proceeds through
progressive infrastructural colonization
(Antonelli et al., 2019). The representation of
this artificial layer (Haff, 2014) represents the
impact that the development and acceleration
in technological production is having on social,
cultural and environmental transformations.
In this context, a heterogeneity of human
actors, such as individuals from civil society,

public administration, businesses and
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researchers, find themselves interacting and
collaborating daily with technological tools
and systems that have rapidly acquired a

relevant role in everyday activities.

Currently, several human actions are
mediated by interaction with tools that allow
interaction with non-human technological
agents. A hybrid multi-agent relationship is
established, where the concept of an agent
represents an entity capable of perceiving

its environment (Cattabriga, 2022) and is
classified according to several aspects related
to autonomy and the cognitive approach
(Burgin & Dodig-Crnkovic, 2009).

Interfaces, media and digital tools not only
shape the way we relate and think, but also
the way we interact with our bodies (Clark,
2008) and our approach to design complexity
(Giaccardi & Redstrom, 2020). Within this
context, it is fundamental to identify what
limits multidisciplinary approaches and
design cultures can overcome to identify new
hybrid spaces where technology represents

a support, not only instrumental but also
collaborative, to human, cognitive and
operational capacities (Monari

& Baraldi, 2020), becoming a resource for
actions of public interest and the innovation
of operational and design processes (Hoc,
2000).

A shared and systemic vision of design
practices makes it possible to identify
practices that can be applied in different
fields, such as the production system, which

refers to consolidated processes based on
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the substantial consumption of energy, raw
materials and human capital, or such as social
and relational practices, where technologies
can become a tool and an approach to

the construction of collective scenarios, if
designed according to an inclusive, accessible
and democratic approach. Connected and
collaborative actions overcoming the concept
of design, cultural and natural limits allow us
to imagine an integrated design between tools
and actors that can foster positive change
and transformation towards a future that
truly considers eco-systemic and sustainable

aspects (European Commission, 2019).

The objective of this contribution is to
represent the experimental activities carried
out in the context of a university research
group to create multi-agent systems and
environments where the collaboration

and design-driven approach allows for

the creation of methods and paradigms
useful to optimize the processes in which
these systems are embedded, in terms of
sustainability, and at the same time can
present implementation approaches to
current technological development methods
to make this framework more democratic and

accessible.

2. Research Methodology
Framework

2.1 Research framework
The presented paper finds its inspiration

within the extended research of the

working group of which the authors are



part. The research unit is characterized

by an interdisciplinary approach resulting

in the development and in-depth study of
different design themes intersecting with
each other. In order to better understand the
design-oriented methods considered in the
development of the discussions and projects
described in the following paragraph, it is
useful to briefly introduce the different areas
of research, which mainly concern the design
of services and systems for the city and the
people who live in it, reactivating places and
communities through inclusive and accessible
processes, the transformation of models

and processes within creative cultures as a
system of human and social value generation,
responsible innovation practices within design
systems (Formia et al, 2023) and design-
oriented disciplines that deal with how human
beings transform themselves in dynamic and

complex ways depending on the context.

These different fields of research are
characterized by more defined project areas
resulting from the project contamination; an
example of this is the theoretical and applied
field of research in Human Body Interaction
and Design Driven Open Innovation in which
the experimentation subsequently presented

find their contextualization.

The project space is characterized by a
transversal methodology and a systemic
approach linked to the concept of anticipation
(Celi, 2015; Formia, 2017; Ihiguez Flores

et al, 2019) and future studies based

on collaborative practices and collective

intelligence (Celaschi, Celi & Formia, 2014)

that drive transformation. Through a mapping
and verticalization of data and information
collected in the research phase, futures and
possible scenarios are generated (Celaschi
etal., 2019) conditioned by environmental
and social factors that can respond to the
complexity of the present and the changing

context.

Anticipation represents the point of view
through which the different research field
are interpreted, and which are translated
into project actions for the creation of multi-
agent systems in different contexts and

environments.
2.2 Experimental framework

As previously mentioned, the current
condition in which our society finds itself
differs from its predecessors due to the
continuous changes, the acceleration in
technological production and consumption,
and the increase in social distinctions that
induce the need for rapid and planned
actions that can respond reactively to the
criticalities that emerge. In this sense,
design action and above all anticipatory
action acquire importance, suggesting how
in the technological sphere, issues related
to sustainability (Bettiol, 2024), accessibility
and the democratization of digital practices
are necessary, are interconnected and
fundamental for designing future scenarios of
interaction with a more inclusive, conscious
technology and as a tool for activating

collective knowledge.
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Within this academic environment, two
research paths are in progress that focus on
identifying new ways of interaction between
people and technological tools, considering
external factors and how they influence
each other. Respectively, the two researches
focus on the definition of new paradigms of
collaboration with artificial intelligence and
virtual environments; they are distinguished
by their different technical backgrounds, by
the use of different tools and approaches,
while they are linked by a transversal
method involving multiple disciplinary fields
and an approach linked to experimental
activities, user research and testing, iteration
and validation, which are useful to form
knowledge and skills that are not only
theoretical and transversal, but also specific

and linked to know-how (Jarmon, 2009).

The applicative nature of the two research
makes them suitable for implementing the
progressive results obtained within projects
carried out by the research unit into national
and international programs. In fact, the
group’s involvement in a national project
running for a total of three years with the
aim of developing digital tools to support
design sustainability has created the context
for experimenting with practices of relating
people, artificial intelligence and the virtual

environment.
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2.3 Artificial intelligence-related
fields of action

The research stream analyzing the
relationship between people, artificial
intelligence and the design environment has
resulted in the opportunity to identify new
models and paradigms of interaction which
could create a more transparent (Wang et al.,
2022) and accessible relationship between
human and non-human agents (Wang et al.,
2022).

The field of research related to artificial
intelligence encompasses technical fields
of study on the analysis of intelligent
computational agents (Poole & Makworth,
2018) and finds a relationship with design
cultures in the interdisciplinary design of
modes of communication, relationship and
interaction (Yang et al, 2020; Zdanowska &
Taylor, 2022) that can manage and interpret
the complexity of Al systems (Cattabriga,
2022).

Design-driven disciplines represent a useful
tool for the definition of more democratic
ways of using technologies (Qahha & Ahmed,
2021) through approaches that involve human
agents, understood as end-users, and non-
human agents in the design of new ways of
using Al-based systems, creating processes of
knowledge diffusion between people and their
environment, including technologies, for the

definition of a conscious user experience.



Through an analysis of the current state of the
art on design actions to develop technological
systems and related interaction tools that can
respond to more accessible, intersectional
and sustainable design methodologies, it is
possible to identify new practices of relating
to artificial intelligence that do not replicate
the social structures mediated by the vision

of the dominant design culture (O'Neal, 2016;
Eubank, 2018) and that allow for an informed
and aware user experience as opposed to the
elusive logic of some algorithmic flows (Card,
2021).

By designing new technological tools and
their implications in processes according to

a collaborative approach, it is possible to
imagine new scenarios in which it is possible
to introduce technological support to optimize
the working method and consequently

bring about improvements in terms of the
capital investment used. If this approach is
applied in the production environment, it is
possible to experiment with operating settings
where collaboration and communication
between people and technological agents

can represent an outline that enhances the

sustainability conditions of the entire system.

2.4 Extended reality-related
fields of action

The research area regarding extended
reality stems from the consideration of
how affordance and perception change
in fully virtual or real scenes with virtual
augmentation (Shin, 2017). The first aim

of this work is to structure and optimize

digitized learning and training procedures
in industrial contexts. With this intention, in
the light of investigations and mapping of
state of the art in the various fundamental
areas, e.g. that of instrumentation, modelling
software and usable applications and
experiences, shortcomings in the literature
were identified, which were attempted to be
addressed by means of several experiments.
The first specifically concerns the ability

and comprehensibility of conveying written
information, through its transposition into
experiences of dematerialized immersive

procedures (Van Campenhout, 2020).

The other raises the challenge of exploiting
virtual scenes not only to foster learning on
the part of the end users, but also to facilitate
the creation of content, specifically textual
notes and interactive videos, that simplify
and make the instruction work carried out

by trainers more efficient. The analysis of the
data collected during the execution of these
first experiential tests shows that, despite

the rapid and important developments in the
field of virtual and mixed reality, the element
of presence is still critical and particularly

complex to fully pursue.

Therefore, the analysis and in-depth study
of a further field, that of haptics, was added,
with the aim of investigating the impact
generated by the addition of a component
to the experience capable of determining
greater cognitive involvement, through

the creation of experiences that exploit
multimodal stimuli (Gallace, 2012). In this

framing, the multi-agent component is
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understood, on the one hand, as a design
approach that sees the introduction of digital
techniques not only as an executive tool, but
as a collaborator in support of design, while
on the other, it is precisely the multi-sensory
character that entails a change of perspective
in the design of virtual experiences that are
no longer driven by the sense of sight as

the unique source of input and contribute

to the construction of more usable and

comprehensible experiences.

There is much room for improvement in this
field as well, but from the combination of
programmes and software already known, it
was possible to realise a pilot project stressing
this sector to understand its potential and
limitations. A new experiment was born

that focuses on textiles and aims at the
convergence of perception between the touch
of real materials and the touch of virtual
materials reproduced through visual and

tactile rendering by vibration.

3. Multi-agent design-driven
experiments

3.1 General process flow

The application of the two research within the
framework of the pathway financed by the
National Recovery and Resilience Plan through
the creation of extended partnerships
between universities, research centers and
enterprises made it possible to develop a
series of experiments aimed at defining the
characteristics and approach useful for the

creation of multi-agent contexts and spaces.
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Two parallel projects were started up involving
multidisciplinary teams composed of human
agents and non-human agents represented by

artificial intelligence and extended reality.

They specifically concern the development
of advanced tools for digital acquisition and
visual/aptic XR interaction for the textile
industry and the definition of new paradigms
of proactive relationships between people
and machines for continuous transformative
production and robotic systems. A
retrospective reconstruction of the design
process allowed us to identify an approach
with several features in common and some
design patterns of difference. The following
is a description of the general flow of the
applied design-driven method, without
focusing on the different declinations of

the two experimental activities. In this way,

it will be possible to identify the shared
aspects, patterns and recurring design actions
of the process of defining a multi-agent
environment, underlining the transformation
of the design space (Giaccardi & Redstrom,
2020) and the overcoming of traditional

human-centred practices.

The analysis and systemic representation of
these two paths is useful to define what are
the results obtained from the experiments
carried out up to the current state of progress
of the project, which represent what are the
characteristics which a multi-agent design
process should take into consideration

in order to favour the development of
transparent and aware contexts and

interactions, fostering the development of



sustainable solutions in the technological
sphere. The design approach acquired in
the two technological experiments (Figure 1)
can be summarised in three macro-phases
that define the activities already carried out
and future actions for the characteristics
definition of multi-agent space in which
design processes are optimized. As may be
noted, the actvities are divided into actions
that are performed by human agents alone,
non-human agents alone, or multi-agent

collaboration.

The start consists of the macro-activity
“Context framework phase” of defining the
context and research framework; this phase,
which can be analyzed as a pre-project step,
represents the action through which the
human multidisciplinary groups are created
based on the skills and tools available. These
teams define at this stage what are the
common objectives to be considered in the
development and structure of the project line
to be followed, also examining the different
nature of the skills and disciplines introduced
according to which an interdisciplinary

process can be developed.

The second action is the “Research phase”
where the individual themes involved

are defined and the mapping of the state
of the art, of the various relevant topics

in the project, is initiated. This analysis
makes it possible to identify and collect
good practices concerning both the state
of the art of bibliographic research and
the identification of case studies and the

collection of computational tools useful for

the development of the project, such as

hardware and software.

This first state of research results in the
definition of certain insights that will
represent the starting point for user research
activities and the development of design
concepts. At the same time, the analysis of the
human and artificial users involved, and the
collection of the actors’ needs make it possible
to reformulate and implement the results
collected, also identifying useful strategies for
the development of project proposals that
can respond to the research question and the

needs that have emerged.

Consequently, in the ‘Design phase) the
process of defining the design output
through the integration between the parties
is designed, paying particular attention to the
development aspects, and the collection of
feedback that is fundamental for the correct
interpretation of the dialogue between
human and non-human agents with the

aim of optimizing the designed experience.
In this step, design- and technology-driven
experimentation took place, which enabled,
through an iterative process, the acquisition of
a mode of knowledge mediation, information
selection and interactive representation of
the processes activated in the interaction
with complex information systems. Two-way
communication between agents (Chen et al.,
2018) takes the form of a design tool where
design mediates between shared feedback.
The analysis, construction and testing of born
design prototypes allows the process to be
concluded.

The final output of the workflow takes
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the form of a so-called post-design phase that represents the systematization of the main

characteristics and aspects related to the construction of a multi-agent space, collected through

the development of the process. This concluding activity allows the work to flow into a practical

application that enhances and finalizes the collaborative process between human agent and

computational agent in the execution and facilitation of new design behaviors.

0. Context framewerk phase o 1. Research phase

Proof of Concept
ousine

¥ 2. Designing phase

iy | — Multi-agent activities
Concept Design process.
peneraton defrition
S
g "
| Desgn acens Mumanageee | | Honh
.

Figure 1: General workflow process

3.2 Artificial intelligence-based
experimentation

The identification of new practices of
multi-agent relationships makes it possible
to imagine new scenarios in which this
interaction can take place. In fact, by
designing and testing hybrid design spaces,
it is possible to scale them to different
scenarios involving different domains, such
as the educational domain or the industrial

production domain.
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The creation of a collaborative multi-

agent environment between people and
machine allows overcoming the concept of
unidirectional interaction, identifying the
potential of human and artificial capabilities,
promoting diversity, empowerment (lonescu,
2022) and testing more sustainable industrial

processes.



The objective of the experimentation on the
development of new paradigms of proactive
relationship between people and machines
for continuous transformative production and
robotic systems described below, introduces
the issue of cooperation between industrial
operators and artificial intelligence to be
able to create communication and feedback
exchange systems that can make the process
more iterative and sustainable. In this sense,
it is crucial to analyze ways of proactive
communication that enables shared decision
making (Allen, Guinn and Horvtz 1999; Chen
and Barnes 2014), through the definition of

a flow and related interaction tools that can

interact with existing established HMI systems.

The process (Figure 2) is begun through

an initial definition of the issues and

figures involved: the different cores of the
project are represented by some fields

of engineering involving the analysis of a
vertical reconfigurable cable-driven system,
collaborative robots powered by Al,
Al-based HMI, virtual prototype and
Industrial co-orchestration of network and

application software.

From these aspects, the group is
configured through the collaboration of
different figures such as researchers in

the engineering field, for the development
of technical aspects, operators who
directly relate to the workspace taken
under analysis, and designers, who enable
the design of the most optimal mode of
communication for the context. At this

stage, the non-human agents involved are

represented by tools and figures based on
artificial intelligence systems that participate
in the production actions and enter the

process as real operators and designers.

Following the definition of the design
framework and mapping of the state of

the art, the analysis of the communication
needs of the human and non-human actors
involved define the design insights for
optimizing the interaction and identify the
key aspects of the current interface used to

manage the machines.

The design phase, as described earlier, is
characterized by the experimental activities;
in this process, this activity is characterized
by three main aspects: the definition of the
quantity and quality of information, in order
to put the agents in a position to understand
it quickly (Billsus et al., 2005), the choice of a
graphical language, and the prototyping of an
interface, understood as a conceptual space
of action and colloquial interaction (Sheridan
& Verplank, 1978; Anceschi, 1993).

By first identifying the graphic components
related to the digital experience through a
series of collaborative activities, it is possible
to develop a series of prototype proposals
tested with operators and Al systems.
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Figure 2: Artificial intelligence-based experimentation

3.3 Extended reality-based
experimentation

In the context of extended reality, the thesis
on which the experiments are based can be
summarized in the application of the multi-
agent model as an approach that, in the

face of increased complexity inherent in the
pre-design and design phases, positively
affects the impacts of the resulting virtual
experiences by enhancing the interactions
between human and non-human
components, multiplying the feedback
produced by both parties. The common goal
of the constructed digital scenes, is to shape
virtual environments in which collaboration
between two or more individuals is fostered
by non-human factors, aligning their
perceptions and stimulating their creativity in
response. The result is experiences that differ
in output, which it sees changing as the scope

and goals for which it is being developed
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change but retain a structure that can be
traced back to the working method in use by

the research team.

The most relevant project is a pilot born out
of the need to delve into the branch of haptics
to understand its potential and limitations.
The experience relates to remote shared
design in textiles with ambivalent spillover
to the fashion and furniture sectors, through
the creation of a virtual environment that
allows immersive interaction of designers
with tissues and prototypes that do not
require physical counterparts during the
early operational phases; this approach

can bring benefits in the optimization of
concept generation and material use. The
development process is articulated, and for
this reason only the stages related to the
proposed multi-agent approach are reported

in this section.



With a view to maintaining a multidisciplinary
approach, the preliminary phase (Figure 3)
requires the careful structuring of a group
composed of figures from different fields who
share common interests and goals. Following
the identification of a working outline

follows the involvement of professionals and
researchers whose expertise covers a broad
area of knowledge. Since this is an experience
related to the generation of an archive of
digitized textile samples, profiles from the
field of representation were needed, in charge
of managing the workflow of acquisition

and visual restitution; mathematicians, in
charge of identifying algorithms useful for the
transformation of acquired images into three-
dimensional virtual geometry and figures
competent in programming; and designers,
dedicated to the study and creation of virtual
scenes and the design of interactions, with

particular attention toward haptic restitution.

Following the research phase, during the
design development phase, study of the
experience architecture takes place, the
outcome of which is the creation of the
multi-agent collaborative session being
experimented on. At this juncture, activities
are directed toward designing the dynamics
of agent involvement and interaction, both
human components (users of the experience
who enter input into the system) and of the
non-human components (in this case the
virtual simulation environment, which inherits
input and responds through feedback). What
has been described needs to be evaluated
through a testing process to gather data and

insights useful in defining the collaborative

environment. At the end of the design

phase, the multi-agent collaborative sessions
carried out with the aim of systematizing the
dialogue between the human and non-human
components, to identify the convergence
between what is returned as feedback and
what is perceived by the user and vice versa.
This last phase is particularly significant
because the totality of the non-human
component’s ability to express meaningful
and interoperable feedback that actively
stimulates the creativity and connectedness of

the designers involved depends on it.
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Figure 3: Extended reality-based experimentation process

4. Conceptual and methodological

synthesis

The results of the research activities carried

out up to now are shaped in the preliminary
definition of what are the main characteristics
the achieved multi-agent space should have

to be a tool for overcoming design practices
offering methodologies beyond human-centric
cooperation to identify more democratic and

inclusive scenarios.

The main features outlined can be

summarized as follows:

- Interdisciplinary collaborative approach:
first, it emerges the need to create a
working team and design process that

includes the final agents of the project in
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the design. In this way, the results obtained
can be modified and implemented

based on feedback and key aspects for
putting into practice and utilization of

the obtained output. Systemic analysis of
the entire process allows consideration

of the context within which the process is
developed, gaining attention and care for

environmental, human, and social issues.

- Systemic Complexity Analysis: The
whole-process view allows consideration
of the context within which the process is
developed, acquiring attention and care for
environmental, human and social issues.

In this context, multi-agent systems can



range from simple interactions between a
few agents to highly complex ecosystems
involving numerous components with

different roles and interactions.

- Agent heterogeneity: this aspect refers
to the characterization of the agents
involved according to different capabilities,
goals and decision-making processes,

from autonomy and responsiveness to

the environment (Russell & Norvig, 2009;
Wooldridge & Jennings 1995). Human
agents may provide cognitive capabilities,
social intelligence and systems approaches
while non-human agents may contribute
specialized knowledge, efficiency in certain

tasks or automation capabilities.

- Adaptation and learning: Agentsin a
multi-agent design space often exhibit
adaptive behavior, learning from their
interactions and experiences over time.
This can lead to improved performance,
refinement of strategy, or better alignment

with human goals.

- Ethical and social implications: The
presence of human and non-human agents
raises ethical considerations related to
accountability, reliability, fairness, and
impact on society. Collaborative design
allows development processes to be
defined where human and nonhuman
agents can work together to modify aspects
of the process and functionality to make

such systems more inclusive.

5. Conclusions

From the synthesis of the analyzed processes,
the need to identify new paradigms of
relationship with technology emerges; in
particular, the interaction with computational
tools is no longer characterized only by an
instrumental function but also by a hybrid
dialectical exchange where nonhuman

agents are collaborators of designers and
researchers to develop virtuous and conscious

experiences.

This approach underlines the potential of
design-driven collaborative processes applied
in multiagent environments (Margarido et al.,
2022) fostering the possibility of interpretation
of complex systems and environments by
non-technical and specialized users and
creating processes of increased technological
awareness, accessibility, and technological
democratization (Stumpf et al., 2021). In
addition, the skills to simulate environments,
procedures, and behaviors, makes it possible
to optimize the necessary resources, including
those turned into computation, producing

a positive impact in making processes more

sustainable.

The research activities carried out so far have
made it possible to define preliminary results
that can be encapsulated in 3 thematic macro-

categories.

The first aspect concerns the role of non-
human agents within the process: in fact, the

need emerges to consider non-human - or
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ultrahuman - components as technological
tools no longer as at the service of designers,
but on a par with any other co-participating
and collaborative figure with the goal of
improving the ideational and creative process

behind development processes.

Second, the aspect related to the application
of research in multi-agent experiments
takes the form of the formulation and
subsequent preparation of collaborative
design activities through the definition of

a shared language that allows all agents
involved to be able to interact and create a
hybrid dialectical relationship of information
exchange. The definition and codification of
a shared language makes it possible for the
shared interpretation, according to their own
specificities, of input data and to be able to

process consistent and interoperable outputs.

Finally, the role that the designer takes on
within this approach emerges: this figure
assumes the function of a dragging vehicle
(Irwin, 2015) to evolve traditional systems into
multi-agent enabling spaces, where he or she
is involved in the interpretation, transmission
and facilitation of interaction and dialogue
between human and non-human agents.

The discipline of design again acquires the
function of mediation and transmission of
knowledge (Celaschi, 2015) in a context where
the type of knowledge shared is human and

artificial.
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Moreover, the figure of the designer is
required to learn and practice vertical skills
that can enable design that can foster the
creation of virtuous systems that can lead to
open and accountable innovations (Blok &
Lemmens, 2015), in addition to the traditional
cross-cutting and interdisciplinary skills. The
work described within the paper represents

a still evolving process that will be deepened
and reformulated through the planning of
new project activities and actions. The goal is,
in fact, to expand the field of experimentation
by involving other computational agents

and human agents not yet included in the
study, such as generative modeling systems,
to expand, but at the same time to obtain
validation or useful information to the
updating of the model hypothesis presented
in this contribution. Through this approach, it
will also be possible to identify new contexts
and realities within which to scale and test the

formulated approach.
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ABSTRACT

The fashion system is confronted with a complex range of challenges, one of the most
pressing of which is the unsustainable impact of the industry, that is responsible for a
significant portion of world’s pollution and textile waste. The fashion industry’s linear model is
environmentally destructive, as it relies on the extraction of excessive resources. In response
to the linear models that have been prevalent in the fashion industry, alternative forms of
collaborative retailing have emerged in the context of the Circular Economy, seeking novel
solutions to promote more conscious and sustainable consumption. In this context, a growing
number of fashion brands are taking proactive measures to educate consumers about the
importance of garment care and durability, thus focusing on the final phases (‘use’and ‘post-
use’) as an integral asset of the transformation into a more sustainable fashion paradigm.

The strategies adopted include maintenance and repair services; take-back schemes;
awareness and marketing campaigns and collaborative business models. In this context,
which is predominantly discussed from a managerial and marketing perspective, it is crucial to
contribute to the discourse from a Design standpoint and identify its potential as an agent of
change. This paper employs a qualitative approach, supported by a literature review and case
study analysis, to examine the strategies employed by brands and platforms to raise consumer
awareness about extending the life of clothing, thereby facilitating a shift in consumer behavior
towards fashion circularity services and actions. In particular, the analysis considers the macro
strategies of Care, Recommerce and Reverse Logistics services and practices, exploring how

these are implemented to sensitize the consumer to a more sustainable consumption habit.

KEYWORDS | CIRCULAR ECONOMY, SUSTAINABLE FASHION, DESIGN
FOR SUSTAINABILITY, RESPONSIBLE CONSUMPTION
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1. Introduction

The fashion industry is a significant
contributor to global pollution, responsible
for considerable greenhouse gas emissions,
excessive consumption of water and

harmful chemicals, as well as generating a
large amount of textile waste. The textile
industry, in particular in developing countries,
is characterised by precarious working
conditions, including low wages, long working
hours and exposure to dangerous chemicals
(Battisti & Spennato, 2024). Furthermore, a
considerable quantity of clothing is discarded
annually, frequently before it has even

been worn, due to the rapid obsolescence

of fashion, the low quality of products and
the lack of incentives for reuse and repair.

The issue in question is linked to the linear
business models that are typically employed
by many fashion market participants. The
linear economy correspond to a system in
which resources are extracted to create
products that ultimately become waste and
are discarded. This approach, based on the
principles of mass production, a focus on
efficiency, a one-way business model and end-

of-line disposal, has the potential to generate

several negative impacts such as damage to
ecosystems, a reduction in the useful life of
the product and a mismatch with the demand
for responsible products (Bick et al., 2018;
Brewer, 2019; Fletcher & Grose, 2012).

In contrast to the linear system, Circular
Fashion (CF) has emerged as a promising
alternative for the fashion industry. The
objective of this approach is to reimagine

the system as a continuous cycle, where
resources are used efficiently and products
are designed to last, being recyclable or
reused (Dan et al., 2023; D’Itria & Aus, 2023).
The collaboration of brands, manufacturers,
retailers and policymakers is highly important
to create a more sustainable fashion system
based on circular business models (Poldner et
al., 2022). However, another crucial factor in
effecting a paradigm shift is the consumption
habits (Koszewska, 2019). At this point in time,
brands and companies are attempting to raise
consumer awareness through a

variety of strategies within the concept of

CF, thus concentrating part of their efforts

on the last stages of the fashion chain
(retailing and consumption). These strategies
include: maintenance and repair services

(clear and accessible instructions on how
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to wash, dry, iron and store each garment;
online and offline customisation workshops,
professional repair services, DIY repair

kits); take-back programmes (collecting the
products either directly from consumers or by
setting up take-back points); awareness and
marketing campaigns (content highlighting
the importance of conscious consumption
and durable fashion, clear information on
the origin of materials, production processes
and environmental impact of garments);
collaborative business models (recommence,

rental and subscription platforms).

Within this context, this paper adopts

a qualitative approach, supported by a
literature review and case study analysis, to
examine the macro-strategies and parallel
processes employed by brands and platforms
to raise consumer awareness about extending
the life of clothing. The objective is to facilitate
a shift in consumer behaviour towards fashion
circularity services and actions. In particular,
the analysis considers the macro strategies

of Care, Recommerce and Reverse Logistics,
exploring how these are implemented in
order to sensitise the consumer to a more

sustainable consumption habit.

2. Conceptual Background

2.1 Circular Fashion: How the fashion

industry is moving towards a more
sustainable model

The fashion market is gradually responding
to the growing demand for sustainability, and

the concept of CF, which promotes a more
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responsible approach to the production and
consumption of clothing, is gaining ground.
However, the dichotomy between the
traditional fashion system and sustainability
principles remains a complex challenge.
The concept of the Circular Economy (CE)
within the fashion system (Hina et al., 2023;
Koszewska, 2019; Vecchi, 2020) challenges
the conventional linear production system
for clothing, footwear and accessories.
Instead of being discarded, these products
are reintroduced into the production process
after use, thereby inverting the traditional
logic of linear production applied into the
fast fashion market. The initiative replaces
the dynamics of consuming finite resources,
increases the useful life of materials,
reduces industrial waste and promotes

the sustainable development of the sector.
In practice, companies that adhere to the
principles of CF utilize fewer materials to
create individual items, work to eliminate
non-recyclable and polluting items from
the supply chain, attracting new suppliers
and sustainable inputs. Furthermore, they
recapture all materials that leave their
factories, from garments to packaging, for
reuse. They also seek to reuse inputs as
much as possible, promoting the collection

and renewal of materials.

The dominance of fast fashion in the market
over recent decades has been a significant
factor in the transition to CF, which is a
complex and gradual process. Fast fashion

brands have an important role to play in this



transition, but they must overcome a number
of challenges to adapt to a new business
model. These challenges affect not only fast
fashion but the entire fashion system - from
high-end to luxury - which appears to be
better equipped and ready for change at the
moment and, therefore, able to drive the
transition. Although the responsibility for
change is not limited to brands, consumers,
governments, and civil society also have a

crucial role to play.

In the light of this, the Ecodesign for
Sustainable Products Regulation (ESPR)
represents a significant transformation in the
landscape of European product regulation.
The regulation, which came into force in
July 2024, imposes rigorous environmental
criteria on all products placed on the EU
market, from the design phase to the end of
their useful life. By prioritizing the possibility
of repair, reuse and recycling, the ESPR
facilitates the transition towards a circular
economy and reduces waste. This regulation
serves to protect the environment while
simultaneously stimulating innovation and
competitiveness within the EU, thereby
establishing sustainable products as the
new norm. Furthermore, the ESPR is set to
transform the fashion industry, challenging
the dominant fast fashion model. The
regulation places an emphasis on durability,
repairability and recycling, compelling fashion
brands to prioritize quality over quantity,
transition to sustainable materials and
investigate circular business models such as

rental, repair and resale. While it necessitates

substantial adaptation, the ESPR offers
prospects for innovation and leadership,
proposing a more environmentally

responsible fashion landscape.

2.2 Design for Longevity: Making
long-lasting clothing

Design for Longevity represents a
comprehensive methodology for product
development, with a particular emphasis

on extending the lifespan of the product in
question. The objective is to create items
that are not only durable and functional, but
also resilient to changing conditions and user
needs. By evaluating factors such as material
selection, construction methods, and user
experience, designers can develop products
that retain their value and utility over time,
thereby reducing waste and environmental
impact (Carlsson et al., 2021). Such an
approach frequently incorporates strategies
such as modular design, repairability and
adaptability, with the objective of ensuring
that the product remains relevant and

desirable throughout its lifecycle.

Particularly within the fashion system, this can
be achieved through the implementation of
strategies such as the creation of long-lasting
clothing utilizing high-quality materials, the
incorporation of durable construction, the
provision of proper fit, and the incorporation of
clear care instructions. Furthermore, fostering
an emotional connection between the wearer
and the garment, as well as exploring business
models that prolong the active life of clothing,
contribute to the creation of value and the

extension of the product’s lifecycle.
Cumulus Conference Proceedings Monterrey 2024 — 1959



Within this context, the initial phases of the
fashion supply chain (conceptualization,
sourcing and assembling) is of particular
importance with regard to the role of Design.
At this stage, the choice of materials is of
great consequence, as is the development

of the patterns, it should ensure that the
garments are not disposed of prematurely
due to rapid wear and tear or an imperfect

fit. Moreover, during the modelling and
sewing phase, it is essential to adopt an
approach that contrasts with that of low-level
production. This entails considering the social
implications of the production process and
re-evaluating the working conditions of those
responsible for assembling the items. By doing
S0, it is possible to promote transparency in
production processes, thereby fostering an
emotional connection with consumers who
choose to adopt a more sustainable lifestyle.
Nevertheless, the role of Design is not limited
to the initial stages of the fashion supply chain.
The final phases (retailing and consumption)
are being examined from a sustainable
perspective due to the growing recognition
of the importance of ‘use’and ‘post-use’as
integral and crucial aspects for transformation
of the fashion system into a more sustainable

paradigm (Spagnoli & lannilli, 2023).

Some fashion companies, for instance, are
undertaking a process of business model
redesign based on the concept of Collaborative
Fashion Consumption (CFC). These business
models are based on the provision of resale,
rental, leasing, sharing, gifting and swapping
services (Arrigo, 2021; Becker-Leifhold &
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Iran, 2018). The services most frequently
offered by fashion brands and companies
have been resale and rental (Fabro Cardoso,
2024). In theory, by being reused and shared,
clothes last longer, reducing the need for
constant production. However, the rationale
behind consumers’ decision to utilize this
type of service remains inconclusive, with
motivations oscillating between a sustainable
positioning and an economic choice (Khalek
& Chakraborty, 2023). This is because, when
resold or rented, the products price is reduced.
In Europe, there is a significant presence of
resale services (including Vestiaire Colletive,
Vinted, DePop), while the United States is
also open to exploring sustainable solutions
through rental and subscription services

(including Rent the Runaway, Nuuly, Cocoon).

Other post-usage service that is being explored
by fashion brands and retailers are the
Takeback schemes, these programmes are
implemented with the objective of collecting
used clothing (Kant Hvass & Pedersen, 2019).
The objective is to minimize the disposal of
garments in landfill sites and to encourage
the concept of circular fashion. By recovering
the garments, companies have the option

of recycling them, transforming them into
new products, or even selling them on

resale platforms. Such practices can offer a
number of advantages, including a reduction
in environmental impact, the creation of a
more sustainable image for brands, and the
promotion of more conscious consumption
on the part of consumers. Nevertheless,

the implementation of these programmes



necessitates meticulous planning and the
overcoming of challenges, including those
pertaining to collection logistics and the quality
of returned items. Among the brands that have
adopted these programmes are H&M, Levi’s,

Eileen Fisher Patagonia and The North Face.

Furthermore, some brands are creating
dedicated areas in their stores where
customers can take their parts to be repaired
by qualified professionals. Another alternative
is to provide repair kits so that customers can
carry out small repairs at home. This option
allows consumers to be more independent
and to carry out small repairs quickly. Other
brands and platforms are partnering with local
seamstresses to provide repair services to their
customers. This strategy not only facilitates
access to the service, but also contributes to
local economic development by strengthening
local trade. Repair and reuse are fundamental
pillars of the ‘Care’ concept in the fashion
industry. By offering repair services and
promoting the reuse of clothing, brands are
contributing to a more sustainable and circular
future. Veja, Nudie Jeans and RE;CODE are

companies involved in this concept.

In this context, Product-Service Systems (PSS)
Design is an emerging as that provide valuable
tools in the redesign of fashion services (Afief
etal., 2021; Johnson & Plepys, 2021; Lang

& Armstrong, 2018; Pal, 2016). PSSs in the
fashion industry represent a paradigm shift

in the way clothing is sold and used, moving
beyond the traditional model of a one-time

purchase. By offering services such as rental,

subscription, repair, customization and take-
back schemes, PSSs provide consumers with
access to a wider variety of items, thereby
extending the life cycle of clothing and
reducing waste (Vezzoli et al., 2022). This
business model has the potential to promote
sustainability, personalization and customer
satisfaction, transforming the fashion industry
into a more circular and conscious model. In
contrast to the linear model of production,
consumption and disposal, PSSs can possibly
promote reuse, recycling and the creation of

value from existing products (Tukker, 2015).

Fashion brands, companies and retailers are
not limiting themselves to a single strategy
or process when responding to sustainable
demands. Instead, they seek to integrate a
variety of practices and processes to engage
consumers, as will be discussed in further

detail in this paper.
3. Methodology

The aim of this paper is to identify and discuss
the strategies that the fashion systemis
currently pursuing to transition towards a
more sustainable system, with a particular
focus on how it is encouraging longer
garment life through consumer behavior
change. Moreover, the regulatory proposals
put forth by the EU, which aim to enhance
the circularity, energy performance, and
environmental sustainability of products sold
within the EU market (known as the Ecodesign
for Sustainable Products Regulation, or ESPR),

serve as a further catalyst for this study.
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Methodologically, this article is structured in
two parts. Initially, a conceptual background
is presented, based on a literature review,
followed by an analysis of case studies. The
selection of the cases was made through
secondary research methods, resulting in the
identification of six case studies. The following
criteria were employed in the selection of the
cases: (1) Commitment to sustainability: all
the selected cases adhere to principles based
on circular and sustainable fashion as their
guiding philosophy; (2) Diversity/Relevance in
consumer awareness initiatives: variety and/
or relevance of initiatives to raise consumer
awareness of the durability of clothing’s life
cycle; (3) The cases are approached from two
distinct perspectives: In one approach, half

of the cases are developed by established
fashion brands, while the other half

concern businesses that act as support and

consultancy for fashion companies.

The cases were primarily framed into three
macro strategies: (1) Care, exemplified

by the cases RE;CODE and The Seam; (2)
Recommerce, exemplified by the cases of
Pangaia Rewear and Vestiaire Collective; and
(3) Reverse Logistics, exemplified by the Ellen

Fischer and SuperCycle cases.

Within those macro strategies, the processes
explored are: (1) Maintenance and repair
services: clear and accessible instructions on
how to wash, dry, iron and store each garment;
online and offline customisation workshops,
professional repair services, DIY repair kits;

(2) Take back programmes: collecting the

products either directly from consumers or
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by setting up take-back points; (3) Awareness
and marketing campaigns: content highlighting
the importance of conscious consumption

and durable fashion, clear information on

the origin of materials, production processes
and environmental impact of garments; (4)
Collaborative business models: resale, rental

and subscription platforms.

Taking these factors into account, the analysis
aims to investigate the strategies adopted by
the fashion industry to prolong the lifespan
of clothing items by fostering consumer
awareness. Furthermore, the objective is also
to identify which processes are addressed in

parallel with the macro strategy.
4. Case Studies Analysis

4.1 CARE

This section will analyse two case studies
in relation to the ‘Care’ macro-strategy. The
first case study considers RE;CODE, and the

second case study considers The Seam.

RE;CODE is a South Korean sustainable
fashion brand that has as primary focus

the upcycling, specialized in transforming
surplus materials and discarded textiles into
garments, reducing waste and promoting an
eco-friendlier fashion cycle. The incorporation
of recycled and organic materials into

their collections serves to minimize the
environmental footprint, allowing the brand
to create unique pieces or limited collections.
In this context, the service called MOL 1
RE;CODE offered by the brand is dedicated



to the upcycling and transformation of pre-

owned clothing. The service provides a means

of transforming existing garments into new
and stylish items through the application of

alterations, enabling the wearer to refresh

their wardrobe and give new life to items that

are no longer worn. The customer selects a

garment that they wish to have reworked,

RE;CODE tailors and upcycles the piece based

on the customer’s preferences and their
design expertise. The customer then receives

their renewed garment.

Furthermore, the brand offers a movement
called RE;TABLE, an activity where individuals
can gather with friends and family at the
table and practice fun upcycling together.
Until today, 20,824 people participated of
the initiative, which also aims to empower
single mothers financially and to sustain
their economic activity. The promotion of
upcycling and sewing education is offered to
single mothers who experience difficulties

in balancing childcare and economic activity.
They are trained to become professional
instructors through this initiative, and those
who successfully complete the educational
programme are subsequently employed

as skilled upcycling workshop instructors,
guaranteeing a stable standard of living

through continued economic activity. In

addition, RE;CODE keeps its sustainable impact

numbers up to date on its website (number
of revived stock garments; number of repair/
remodeling requests; number of designers
who have partnered with them, number of
socially responsible people together; number
of participants in the workshop RE;TABLE).

Moreover, RE;CODE’s BOX ATELIER represents
an expansion of the company’s commitment
to sustainable fashion practices through

the incorporation of a resale service,
facilitating the circularity of garments by
enabling customers to extend the life cycle
of their pre-owned RE;CODE clothing. To

do so, individuals may present unwanted
items to the BOX ATELIER, where a potential
consultation may assess the condition of

the garment and establish a fair resale

value. Subsequently, RE;CODE oversees the
listing and sales process, thereby enabling
the clothing to be repurposed and reducing
textile waste. Conversely, the resale section
enables customers to become active
participants in sustainable fashion by offering
a curated selection of pre-owned garments at

potentially reduced prices.

Still concerning Care strategies, the platform
The Seam has established itself as a crucial
service provider within the fashion industry,
with a particular focus on the UK market.
The organization’s fundamental objective is
to encourage the adoption of sustainable
practices through the provision of clothing
repair and alteration services. This approach
directly addresses the environmental
consequences of fast fashion by extending
the lifespan of existing garments, thereby
reducing textile waste and the necessity for
continual new clothing purchases. The Seam
offers a comprehensive range of services,
encompassing repairs that address minor
imperfections such as ripped seams, as well
as more intricate alterations such as zipper

replacements. Furthermore, they offer
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garment tailoring services with the objective of
achieving an optimal fit, including operations
such as suit tailoring, hem adjustments, and
dress alterations. Additionally, select locations
offer cleaning services for garments, thereby
providing a comprehensive approach to
clothing care. This dedication to sustainability
is not limited to the longevity of garments,
The Seam actively fosters the revival of skilled
craftsmanship within local communities. By
forming partnerships with local tailors and
seamstresses, they are able to guarantee

the provision of high-quality alterations and
repairs, while simultaneously supporting the

growth of small businesses.

The Seam also places a premium on customer
convenience. Their website offers a user-
friendly interface for online appointment
booking and service selection. This includes
the option of studio visits, whereby customers
can bring their garments to a designated Seam
location. For an additional fee, they offer the

convenience of at-home visits by skilled tailors.

4.2 RECOMMERCE

This section will present an analysis of

two cases pertaining to the ‘'Recommerce’
macro strategy. The first case study is that
of Pangaia Rewear, and the second is that of

Vestiaire Collective.

The PANGAIA Rewear initiative, projected by
the sustainable clothing brand PANGAIA, is a
peerto-peer resale platform dedicated to the
sale of pre-owned PANGAIA clothing items,

aiming to extend the life of their garments by
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encouraging consumers to resell them when
they are no longer fit for purpose. From an
environmental perspective, this process

has the benefit of reducing the amount of
clothing waste and the necessity for new
PANGAIA clothing production.

The use of Quick Response (QR) codes on
care labels facilitates the listing of items.
PANGAIA Rewear is conceived as a nexus

for their circular fashion mission, with the
potential for the integration of rental, repair,
and take-back schemes in the future. In
addition, PANGAIA has a page dedicated
solely to the care of its articles. Entitled
‘PANGAIA Aftercare) the use of natural fibers
and dyes in their products, requires an extra

care to keep them in good condition.

Other incentive of the brand regards the
Pangaia’s Inner Circle, a complimentary
loyalty programme. The registration process
can be completed by creating an account on
their website, and for each purchase made,
customers are awarded points, which can
subsequently be redeemed for discounts
and vouchers on future purchases. In
addition, members of the Inner Circle have
exclusive benefits, including the opportunity
to gain early access to new product launches
and sales. As one ascends through the

tiers, which are unlocked by accumulating
more points, one may gain access to special
events or experiences that align with
PANGAIA’s sustainability mission. One may
also select a welcome gift at the time of
joining, such as a discount or a donation to

environmental causes.



The brand goes beyond, offering a B2B service
named ‘Powered by PANGAIA; a platform that
makes its apparel and accessories available

to corporate clients who are inspired by

and aligned with the platform’s mission.

From the provision of merchandise to major
corporations for the benefit of their employees
and for corporate gifting, to the formation

of bespoke artist partnerships with cultural
institutions, to the enhancement of company
uniforms for employees, as well as to larger
innovation-driven projects such as the recycling
of old garments into new materials, ‘Powered
by PANGAIA' ensures that other business
solutions achieve the same high quality and

responsible standards as their own brand.

The second case studied in this section
regards the global online marketplace
Vestiaire Collective, where users can purchase
and sell pre-owned designer clothing and
accessories. The company’s focus is on

luxury, with a particular emphasis on top
brands and vintage items, as opposed to fast
fashion. The platform employs a multi-faceted
approach to act against the phenomenon

of fast fashion. The promotion of CF is a key
aspect of the company’s business model,
predicated on the repurposing of garments
and accessories, thereby curbing the demand
for mass-produced fast fashion items. In 2022,
the company initiated a policy of banning fast
fashion brands from its platform, making it
increasingly challenging for users to locate
these items on the site. Vestiaire Collective
also educates consumers about the negative
impacts of fast fashion, such as textile waste

and pollution, and demonstrates the lower

cost per use of second-hand clothes, which is
typically less than that of fast fashion items.
The company has also formed sustainable
partnerships with organizations such as

The OR Foundation to address the issue of

clothing waste in developing countries.

With Sojo, a UK-based enterprise specializing
in the repair and alteration of garments,
Vestiaire Collective has established a strategic
alliance. The objective of this collaboration is
to address two significant challenges within
the pre-owned fashion market: achieving

an optimal fit and ensuring the longevity of
garments. By incorporating Sojo’s services
into their platform, customers can now
purchase pre-owned luxury items with greater
assurance of size and fit. The capacity to tailor
these garments ensure a precise fit, thereby
reducing the risk of disappointment due to
sizing issues and fostering a more favorable

perception of pre-owned fashion.

Finally, in response to the growing demand
from our eco-conscious consumption, Gucci
has collaborated with Vestiaire Collective
to launch a new take-back programme.
The proprietor of a handbag from one

of their signature lines can exchange it

for store credit. This may be done either
through an elevated in-person experience
in selected Gucci boutiques or online, the
extension of the lifespan of a Gucci product
is in alignment with the House’s vision of a

circular future for fashion.
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4.3 REVERSE LOGISTICS

The section will analyze two cases in relation
to the ‘Reverse Logistic’ macro-strategy. The
initial case study is that of Ellen Fisher Renew

and Supercicle Platform.

The Eileen Fisher Renew platform was
developed with the objective of promoting
sustainability in the fashion industry,

where pre-owned Eileen Fisher clothing to
be given a second life. The programme is

a recycling initiative whereby used Eileen
Fisher clothing is collected and returned to
the company, it encourages the practice of
responsible consumption and the reduction
of textile waste. Clothing produced by
Eileen Fisher may be returned regardless

of its condition, whether it is gently used,
damaged, or in any other way unsuitable
for sale. For the consumer there is a reward
in the form of a Renew Rewards Card for
each returned item. From an environmental
perspective, this process extends the
lifespan of garments and reduces the

necessity for new clothing production.

Launched in 2018, Eileen Fisher’s Waste
No More initiative extends the life of
clothing and resources by transforming
pre-consumer and post-consumer textile
waste, specifically unwanted Eileen Fisher
garments, into unique and artisanal
textiles. Through the Eileen Fisher Renew
programme, customers can return used
clothing in any condition. Waste No More

then meticulously sorts, cleans and repairs
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these garments whenever possible. Using

a felting technique (process of matting

and condensing wool fibers together using
heat, moisture, and agitation), they give
new life into the used materials, creating
one-of-a-kind sustainable textiles. These
transformed textiles are then used to make
products such as cushions, wall hangings
and decorative objects. Waste No More

not only combats textile waste destined

for landfill, but also offers customers

the opportunity to participate in a more
environmentally conscious fashion cycle.
Furthermore, although the brand doesn't
focus on marketing campaigns, it does have
a section called ‘the journal’ on its website,
dedicated to providing information on repair
and resale techniques, on the certificates
the brand has earned, such as the B Corp,
and on materials and how to extend their

useful life.

Supercircle is a comprehensive technology
platform designed to assist retail brands in
the implementation of circular practices,
with a particular focus on the textile
industry. The platform’s primary objective
is to facilitate the transition towards a
more circular economy. Aiming to reduce
textile waste by establishing a closed-loop
system for the collection, processing, and
reuse of clothing, footwear, and other
textiles. This is accomplished through the
provision of a range of services for brands.
Through the Turnkey Trade-In Programmes,
Supercircle assists brands in implementing

consumer-facing programs that facilitate



the return of unwanted items and provide
customers with credit towards future
purchases. This encourages the practice

of responsible consumption and facilitates
the reintroduction of used items into the
supply chain. The platform also offers
solutions for excess inventory overseeing
the management of a brand’s surplus
inventory, which may include damaged
goods, samples, or excess stock. Supercircle
assumes responsibility for the collection,
transportation, and potential resale or
recycling of these items.

In terms of data and reporting, Supercircle
furnishes brands with exhaustive data

and reports on the performance of their
programmes. This enables brands to monitor
the environmental impact and customer
response to their circular initiatives. Brand
partners of Supercircle include Reformation,
ALC and Uniglo US.

5. Discussion and Conclusion

The aim of this paper was to contribute to
the field of Design by illustrating 6 of the best
practices in the fashion system in relation to
consumer awareness through strategies and
processes related mainly to the use and post-
use of clothing (Figure 1).

The first finding of this study concerns the
encouragement that a fashion brands and
platforms are providing for its consumers
towards a more sustainable fashion system.

The construction of a macro-strategy (Care/

Recommerce /Reverse Logistics) supported
by parallel processes, can lead to positive
socio-environmental effects. The cases
presented illustrate two distinct paths.

The first is exemplified by fashion brands
(RE;CODE, PANGAIA and Eilen Fisher) that
demonstrate diversity in their processes
and services, irrespective of their macro-
level strategies. The second is represented
by platforms that have the fashion system
as their target customer base (The Seam,
Vestiaire Collective, Supercicle). In this case,
processes and services tend to be more
specialized. The analysis demonstrates

the interrelationship between services

and processes, given that in the majority
of cases, brands and platforms offer a

combination of them.
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MACRO-STRATEGY CASE FPROCESSES
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THE SEAM # L REFAIR SERVICES

TAKE-BACK SCHEMES

RECCOMERCE ————

A T AWARENESS AND
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, COLLABDRATIVE
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REVERSE LOGISTICS —— _ - - BUSINESS MODELS

T T——SUPERCICLE PLATFORM l

Figure 1. Connection among macro-strategies and processes gained from fashion best practices in relation to consumer

awareness related mainly to the use and post-use of clothing.

Having as a macro-strategy the concept of ‘Care; RE;CODE transforms surplus materials and
discarded textiles into unique garments, offering services like custom upcycling and resale.
Beyond environmental sustainability, the brand empowers single mothers through upcycling
education and employment opportunities. By tracking its sustainable impact and offering a
platform for community engagement through RE;TABLE, RE;CODE is leading the way in creating

a circular and socially responsible fashion industry. The Seam instead, by offering a wide range

of clothing repair and alteration services, extend the life of garments, reduce waste and promote
ethical fashion. Their commitment to local craftsmanship ensures high quality repairs while
supporting the community. The Seam also prioritizes customer convenience with online booking,

in-store services, home visits and mail-in options.

From the ‘Recommerce’ macro-strategy point of view, the PANGAIA Rewear platform facilitates
the resale of pre-owned PANGAIA items, extending the life of garments and reducing waste. But
the brand also supports the consumer through other processes, for example the Inner Circle
loyalty programme, where customers are rewarded for their sustainable choices and receive
exclusive benefits. To extend its impact, Powered by PANGAIA offers B2B solutions for businesses
in line with the brand’s sustainable mission. With a focus on aftercare and material transparency,

PANGAIA aims to create a long-term relationship with its customers and the environment. Always
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under the same macro strategy, Vestiaire
Collective, through the promotion of circular
fashion and the banning of fast fashion
brands, addresses the adverse effects of the
industry. Collaborations with organizations
such as The OR Foundation and Sojo further
enhance the sustainability efforts of the
platform. Additionally, the partnership
between Vestiaire Collective and Gucci
highlights the growing significance of resale

and circularity in the luxury fashion sector.

Furthermore, Eileen Fisher Renew
programme, based on ‘Reverse Logistics’
macro-strategy, encourages customers to
return used clothing in exchange for rewards.
Meanwhile, Waste No More transforms
unwanted garments into new products.
Through education and transparency,

Eileen Fisher empowers consumers to make
informed choices. The Supercircle platform
instead offers a technology platform to
support brands in implementing similar
circular initiatives. This provides tools for
trade-in programmes, inventory management,
and data analysis. Collectively, these initiatives
promote a circular fashion economy and

reduce textile waste.

The second key finding of this study highlights
that the transformation of the fashion system
does not depend solely on the actions of
individual consumers despite the relevance

of their role. Indeed, the role of consumers is
crucial in shaping market trends, production
decisions and the overall value chain of the

fashion industry. Consumer demand, which

moves towards greater sustainability and
circularity, is increasingly recognized as a
driving force in encouraging more responsible
corporate behaviour (Musova et al., 2021).
Consumer and industry

responsibilities are distinct but interdependent
aspects of promoting responsible consumption
(Cavender, Lee & Wesley, 2021). While

research has traditionally focused on the lack
of circularity in the textile supply chain or

on consumer habits regarding the use and
disposal of garments, the involvement of the
fashion industry in the post-retail phaseis a
more recent development. The connection
between consumer and industry responsibility
is particularly evident in the increasing
recognition of the fashion industry’s role in the
circular economy and the growing consumer
awareness of sustainability. However, this
awareness, widespread especially among the
younger generations, does not always translate
into behavioural changes. Therefore, fostering
consumer attitudes towards sustainability,
together with a sense of responsibility, is
essential to promote meaningful change
(Luchs, Phipps & Hill, 2015).

In response, companies, brands, retailers,
and platforms can contribute through a
range of strategies, engaging the consumer
in the process. Design, in its diverse forms,
represents a potential avenue for impact. In
addition to influencing the initial stages of
the fashion supply chain (conceptualization,
sourcing and assembling), the efficacy of
Design on the final stages of the fashion

supply chain such as distribution, retail,
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and consumption is important to guide

the consumer into a more conscious use

and post-use of the garments. In this

sense and within the concept of Design for
Longevity, the relationship between Use

and Post-Use Services (such as Fashion
Resale/Repair Platforms and Take Back
schemes) and Product Service Systems (PSSs)
Design is becoming increasingly close and
strategic, with the objective of developing

a circular and sustainable business model

in the fashion industry. These approaches
ultimately converge towards the extension of

product lifespan and reduction of waste.

PSSs are embedded in a fashion system with
the objective of minimizing resource use,
waste, emissions and energy losses through
the implementation of strategies that seek

to slow down, close and narrow material

and energy cycles. This can be achieved by
extending the lifespan of products, improving
efficiency in product use and operation, and
recovering materials that could be exploited
at the end of their lifespan. Therefore, PSSs
must be intentionally developed for the
purpose of the circular economy, although it
is still challenging to see full results, since a
fashion company can adopt circular economy
principles of closing the loop and still be
unsustainable, for example, if its employees

work in poor working conditions.
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In conclusion, the study shows that design
processes, which will soon be further
encouraged in light of the recently introduced
EU ESPR regulations, have become a
challenging undertaking. This is due to the
necessity of developing a system comprising
products and services in an integrated
manner, in accordance with the new
guidelines that have yet to be considered

in the conventional linear development
approaches employed by numerous

companies within the fashion industry.
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ABSTRACT | This paper presents an examination of the design process and tools for
adaptable Intelligent Virtual Agents (IVAs) in both physical and virtual proto- types, using a
Research through Design (RtD) approach and prototyping. The study focuses on the design of

a migrating virtual receptionist for a computer science department, transitioning from a screen
at the entrance, to a phone for mobile interaction, and ultimately to a robot in the coffee area.
The research ex- plores the educational implications of designing such virtual agents, raising
significant questions about the competencies required and the tools necessary for future
designers. The study also investigates design tools equipped with pre- configured agents,
identifying and discussing the adjustable parameters within these tools. The prototypes were
evaluated with 23 participants who interacted with the virtual receptionist in both a virtual reality
(VR) and a physical environ- ment, with the evaluation results indicating a high level of usability in
both envi- ronments. The research contributes to the field of design research, particularly in the
context of designing IVAs, by furthering understanding and application of the design process and
tools, exemplifying the integration of physical and virtual realities in prototyping, and suggesting
improvements for design tools and meth- ods to facilitate this process.

KEYWORDS | MIGRATING AGENT, VIRTUAL RECEPTIONIST,
INTELLIGENT VIRTUAL AGENTS, DESIGN, SKILLS, COMPETENCIES,
PROTOTYPING, RESEARCH THROUGH DESIGN, USER- CENTRED DESIGN
COMPETENCY MODEL

Cumulus Conference Proceedings Monterrey 2024 — 1975



1. Introduction

An agent is commonly defined as a software
or computer system that is situated in an
environment and capable of autonomous
action in this environment to meet its design
objectives (Wooldridge & Jennings, 1995).
Intelligence is, in this context, demonstrated
through flexible autonomous actions, that is,
how the agent per- ceives its environment,
how it reacts to the environment, and its
social interac- tion capabilities (Wooldridge &
Jennings, 1995).

Intelligent virtual agents (IVAs) are defined
as interactive digital characters that are
characterised by human-like modalities and
flexible autonomous actions by means of
real-time perception, cognition, emotion and
action. (Lugrin, 2021). Related, Embodied
Conversational Agents (ECAs) demonstrate
interaction abili- ties similar to face-to-face
human conversations. This includes the
ability to pro- duce and respond to verbal
and nonverbal communication (Cassell,
2000; Lugrin, 2021). The physical presence
and visual representations of ECAs aim to
enhance engagement and user experience
(UX). The nonverbal cues and facial
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expressions of the embodied conversational
agents can be used to convey meaning and
emotions (Cassell, 2000).

A virtual receptionist is an IVA or ECA that
uses verbal and nonverbal input such as “the
user’s voice [...] and contextual information
to provide assistance by an- swering
questions in natural language, making
recommendations and perform- ing actions”
(Cowan et al., 2017). Such agents should be
able to engage in face- to-face conversations
with visitors to a place, demonstrating many
of the same communicative behaviours as
humans do in service situations.

Different agent embodiments provide varying
opportunities for interaction while imposing
different limitations. Robots compared to
screen-based ECAs have a greater physical
presence (Li, 2015), but can suffer from
mobility problems and power limitations
(Kriegel et al., 2011). Digital characters
convey emotions more effectively but do not
move in physical space as they are confined
to a screeen. Characters on handheld devices
can accompany their users but their size

is a limitation, and they also have limited
interaction modalities (Aylett et al., 2013).



The design of these interactive technologies necessitates specialised expertise and knowledge

from various fields or domains, making it crucial for these diverse disciplines to have effective

methodologies (Kautonen & Nieminen, 2016). Com- petency models offer a structured approach

to organising and evaluating the knowledge, skills, abilities, personal characteristics, or a

combination of these attributes necessary for effective performance (Kautonen & Nieminen,

2016). Nieminen (Nieminen, 2015) developed a User-Centred Design (UCD) competency model

comprising 12 fundamental competencies (see Table 1). These competen- cies are categorised

into four groups: User Strengths or Designer Strengths depending on the participant’s role, Soft

Skills and Hard Skills, based on whether the com- petency is innate or acquired (Nieminen, 2015).

We have created prototypes of an IVA that migrates between three embodiments. This can

be thought of as a'soul-shell’approach in which the IVA is characterised as the soul and the

embodiments it inhabits as the shell and only one instance of the IVA is able to migrate between

various shells (Koay et al., 2011). The main research centres on the design of a migrating virtual

receptionist for a computer science department with questions on what competencies are

required to design these IVAs, and how might we equip future designers with these skills?

Table 1: UCD Competency Model according to Nieminen (Kautonen & Nieminen, 2016)

User Strengths

Soft skills

Designer Strengths

Hard skills

Subject Domain
Experience (SDE): (Tacit)
knowledge, crafts and skills
gained by (long) experience.

Communication (C):
Wellfunctioning and democratic
communications are the most
time consuming and critical
part of design work.

User Involvement (UI):
Capabilities in selecting the
right users and working with
them effectively.

Process and Methods (PM):
Process, management and
methodological excellence
and the skills to adapt them.

Context Availability (CA):
Access to real context of use,
may be restricted or difficult
to arrange.

Multidisciplinarity and
Collaboration (MC):
Multiple points of view
increase the eventual impact
of design.

Problem solving and

Designerly ways (PSD):

Attitude and determination
towards designing a change

for the better and having the
means to realize it in a responsible
manner.

Technology and Market
Potential (TMP): Awareness
of advances in available
technologies and relevant
trends at target markets.

User Cultures, Social
Networks and Practices
{USP): Each user groups
have their own language and
culture that can be difficult
to grasp and utilize in a
design project.

Motivation and Ambitions
{MA): Intrinsic motivation,
self-improvement,
professional ambitions,
competitive salary and
manageable workload create
solid design conditions.

Conceptualization,
Visualization and
Validation (CVV): Skills in
creating product concepts,
prototyping and testing.

Subject Domain

Knowledge (SDK):

Knowledge and skills gained
by education and certification.

In this paper, we describe the proposed design and its embodiments in two pro- totypes, which

have been tested with 23 users. Data on perceived usability, prod- uct reactions, and strengths

and weaknesses in the user experience were col- lected. As different prototypes filter a design

space and manifest design ideas differently (Lim et al., 2008), the two prototypes effectively work

as data source triangulation (Thurmond, 2001) to increase confidence in the research findings.

The structure of the paper is as follows: Section 2 provides a background on the migrating

virtual receptionist and the study's tools and methods. Section 3 out- lines the methods
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employed in the study, while Section 4
details the results of the evaluation of the
two prototypes. In Section 5, a discussion of
the study and its findings is presented, and
Section 6 contains the conclusions.

2 Migrating Receptionist
Prototypes

The prototypes of the migrating receptionist
are based on the findings of a previous
study on the conceptual designing of a
virtual receptionist (Author, 2021). Three
concepts were generated and the concept of
a migrating virtual reception- ist was selected
after a PMI (plus, minus, interesting) chart
evaluation process.

The prototypes were designed for three
places of interaction: the entrance,

the corridor and the coffee area of the
department. The receptionist migrated to
a different embodiment at each place. The
users were to interact with the receptionists
on a large screen by the entrance, on

a mobile phone used while walking in

the corridor and embodied in a robot in
the coffee area. The interaction with the
receptionist on the screens was based on
a form of text-to speech (TTS). The user
selected among text alternatives whilst the
receptionist responded using speech. Two
prototype versions were developed: one in
VR and one in physical space.

1Unreal Engine
2 Blender
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2.1 Virtual Reality Prototype

The migrating receptionist in VR was
developed and run in Unreal Engine. Unreal
Engine is a 3D game engine made by Epic
Games used to create video games, VR
experiences, and other interactive content for
various platforms. Unreal Engine was selected
due to its graphics qualities in VR and good
support for VR, which facilitated making the
VR environment realistic in relation to the
physical prototype. The environment (3D
layout of one floor of the department) was
developed using Blender? which is a software
used for creating 3D models, animations,
visual effects, etc.

The 3D model of the VR environment is

a representation of the three places of
interaction (the entrance, the corridor, and the
coffee area). The VR controllers represented
the user's hands, and a 3D model of a mobile
phone appeared in one hand. Communication
between the user and the receptionist was
that the user selected among text alternatives,
and the receptionists responded using
speech. Communication with the robot in the
coffee area was in text-based dialogue format.
The user selected text alternatives and the
robot responded with both audio and text.
Orange text represented the user’s text and
green text was the robot’s response.

2.2 Physical Prototype
The physical prototype was developed using

a static website for the agent on the entrance
and the mobile device screens. The robot



used in the coffee area was a Furhat robot?3.
Furhat is a social robot that communicates
with users in human-like face-to-face human
conversations by speaking, listening, showing
emotions, and maintaining eye contact (Al
Moubayed et al., 2012). A touch pro- jector
screen“ by the entrance was used for the
initial interaction with the receptionist. Each
participant was then accompanied by the
agent after it migrated to their personal
mobile phone. The migration to the phone
happened after the user scanned a QR

code provided by the receptionist on the
entrance screen. In- teraction on the phone
was performed using the the touch screen.
Communica- tion with the Furhat robot was a
face-to-face human-like conversation.

3 Method

The data collection of the migrating virtual
receptionist study was carried out with a
number of tools and methods. Video recording
of the touch interaction with the screens in the
physical prototype, as well as the interactions
in VR was performed. Audio was recorded
during the product reaction card words session
(described below). The study procedures and
the data analysis methods are pre- sented in
this section as well.

3.1 Instruments

Product reaction cards were used to
collect product desirability, and the system
usability scale (SUS) was used to collect the

3 Furhat Robotics
4 Sony Xperia Touch

usability data of the prototypes. An age and
gender questionnaire was used to collect
demographic data.

Product Reaction Cards

Benedeck and Miner (Benedek & Miner, 2002)
developed product reaction cards at Microsoft
as part of the desirability toolkit (also known
as the Microsoft Reac- tion Card Method).

The toolkit was created to understand

the intangible emo- tional responses like
desirability and fun resulting from a user’s
experience with a product (Barnum, 2021). The
method introduces a controlled vocabulary for
participants (Moran, 2016). The toolkit consists
of 118 words, the intention is to cover a wide
variety of possible reactions. The word list can
be modified in terms of the kind and number
of words. The selection process of which words
to use depends on design objectives, that is
desirable UX qualities, and the type of study
(Arvola, 2010; Arvola & Holmlid, 2015).

The words selected for the migrating
receptionist study were based on the
following design objectives:

* Immersion and engagement.

« User-friendly interfaces.

+ Seamless (continuous/fluent) transition
between interfaces and embodiments.

* Awareness: the user should feel
accompanied by the same agent between
embodiments.

« Similarities in interactions between the two
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prototypes, i.e., both prototypes should represent the same interaction design.

The words used in the reaction cards included 15 positive words and 11 antonyms of the positive
words. The use of antonyms was done to allow for expansive vocabulary - to give participants
more options to express themselves. The reaction card method recommends including at least
40% of negative words, and some neutral words (Moran, 2016). The words used were selected
from the 118 words of the Microsoft desirability toolkit. Although not in the toolkit's 118 words,
the words indifferent and Ok were included for the expansive vocabulary.

System Usability Scale (SUS)

The SUS, developed by Brooke (Brooke, 1996), is a standardised questionnaire used for the
assessment of perceived usability (Bangor et al., 2008; Lewis, 2018). The SUS is a relatively
quick and easy-to-use tool to be used when doing usability evaluations. It is adaptable to
various interface technologies due to its technology-neutral approach, allowing it to provide
a comprehensive assessment (Bangor et al., 2008). The SUS is stated to be robust even with a
relatively small number of participants (8-12 users) (Tullis & Albert, 2013)

We used the original SUS questionnaire questions, with the word system repre- senting the
migrating receptionist prototype as that does not affect the results (Bangor et al., 2008; Brooke,
2013). One questionnaire was used for each environment (VR and physical prototype) of the study.

Positive Negative Neutral
Easy to use Negative Familiar
Engaging Complex Indifferent
Seamless Disconnected Ok
Relevant Irrelevant Exceptional®
Immersive Disengaged
Inspiring Impersonal
Stimulating inconsistent
Effective Difficult
Personal Overwhelming
Exciting Confusing
Novel Intimidating
Approachable  Annoying
Consistent

3.2 Participants  V°tvating
Appealing

5 Exceptional: Depending on the context of use, the word can have either positive or negative connotations.
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The study consisted of 23 participants, 12
members of staff, 6 female and 6 male (age
range: 21-59). 11 student participants, 6
female and 5 male (age range: 18- 49). The
mode (10) of participants was within the age
range of 21-29. 80% of these participants
belonged to the student group. The member-
of-staff group was evenly distributed across
three age ranges. Four participants were
between the ages of 30-39, four between
40-49, and another four between 50-59. Six
of the member-of-staff participants were
researchers and the other six were not.

Following The European Code of Conduct for
Research Integrity (All European Academies,
2017), prior to participating in the study, all
participants were required to provide their
consent. They were briefed on the data
collection methods and tools, as well as the
intended use of the data. The consent form
covered specific areas, such as conferences,
teaching, presentations, and workshops.
Information regarding data storage and
management was also included in the form.
Additionally, in accordance with the research
code of conduct, no personal data of the
participants was to be presented in any of
the defined areas (conferences, teaching,
presentations and workshops).

3.3 Procedure

Participants were first presented with the
age and gender questionnaire. Then a
scenario was given describing that they were
unfamiliar with the department building and
were to find the office of a named member
of staff. Participants first interacted with the
receptionist at the entrance screen. Once
they found the E.Chilufya, M.Arvola, T.Ziemke
part of the building to go to, the agent then
migrated to the mobile phone, giving real-
time directions to the office as they walked in
the corridor. Participants were then informed
that the member of staff was in a meeting
ending in 10 minutes and were asked to

wait in the coffee area. The participant was
then given direc- tions to the coffee area

and informed that the receptionist would
migrate to the robot in the coffee area. These
interactions are illustrated in Figure 1 and 2.
The physical screen and VR interactions were
video-recorded during each session.

Figure 1: Migrating receptionist in physical prototypes.
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This was followed by the product reaction card session. The user was asked to select which words
they associated their interactions with the receptionist in the 3 embodiments. The participants
were to explain why they selected each word. The explanations were audio recorded. The last
part of each session was for the participant to fill out a SUS questionnaire.

Changes were made to the VR experience as the design had to be adapted to the prototyping
technology used. The HTC Vive Pro® was used. As the HTC Vive Pro requires a cable (from the
PC) to be attached to the Head-Mounted Display (HMD), the cable limits the navigation space.
We used the VR teleport function to overcome the limitation. The participants first had a trial
session to get familiar with teleportation, having the HMD on, and using the VR controllers for
interac- tion. The participants practised interacting with the robot in the coffee area during
the trial sessions as well. This had the participants familiarise themselves with the robot,
which responded through speech and text. The participant used the trigger function on the VR
controller for all interactions in the VR environment.

The order in which a participant experienced a prototype was balanced. If a participant's first

interaction with the virtual receptionist was in the physical prototype, the next participant would
5 HTC Vive Pro
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start with the VR prototype. This was done with the purpose of reducing learning and order effects.

Entrance Screen
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Figure 2: Migr

3.4 Data analysis

Analysis of the SUS data was done using the SUS grading ranking, whilst the reac- tion cards
data was analysed using Burke’s pentad with the WWWWWH (5WH).

SUS Grade Ranking

Bangor et al. (Bangor et al., 2009) incorporated a grade ranking system into the SUS, inspired
by the letter grades used by many universities as a recognisable and easy-to-understand point
of reference. This entails that a score of 80.3 or higher corresponds to an A, a score between
74 and 80.3 equates to a B, a score between 64 and 71 corresponds to a C, a score between 51
and 62 is equivalent to a D, and any score below 51 results in an F.

Burke’s Pentad and
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Mediated Action is an approach to studying cognition by analysing people’s ac- tions with physical
and psychological mediating means (tools) (Rowe & Bachman, 2012). Wertsch (Wertsch, 1997) uses
Burke's Pentad of human actions and mo- tives in his own framework of thinking as mediated action.
He states that the pentad involves focusing on agents and their cultural tools or mediational means.

Burke Pentad is Burke's approach to human action. It uses five terms as gen- erating principles
of investigation: Act, Scene, Agent, Agency, Purpose (Burke, 1969). As the pentad can also be
used for the analysis of the design problem as described in the WWWWWH (5WH) method (Van
Boeijen et al., 2020), we com- bine the two (agent/who, act/what, scene/when-where, agency/
how, and pur- pose/why) to present the emotional valence of the words selected during the
product reaction cards session.

4 Results

The data collection methods combine both quantitative and qualitative approaches. This
section presents the SUS score with Bangor et al.'s (Bangor et al., 2009) grade ranking, as well
as the product reaction cards results and their relation to Burke's Pentad and the 5SWH method.
4.1 SUS Results

The SUS results of both prototypes showed more positive results with a mean of 83.9 for the physical
and 78.3 for the VR as shown in table 2. A SUS score ranges from 0 to 100, with higher scores

indicating better usability. A score above 70 is considered good, while a score above 85 is excellent.

Table 2: The mean, standard deviation and mini of the SUS score for the VR and physical prototype

Physical prototype VR

Mean: 83.9 78.3
Using Bangor et al.'s (Bangor Std Dev: 10.7 13.2 ) the major- ity of the SUS
& & ( & Min: 60 47.5 ) J y

scores for both the physical ana VR prototypes rail under the aa- jective best imaginable (scores
between 84 and 100), with the highest count of A grades by the participants. This is followed by
a B grade (adjective excellent) of 6 for the physical and 8 for the VR prototype. The next range is
under the adjective Ok, D grade, with 2 for the physical and 4 for the VR prototype. The lowest
SUS score of 47.5 is under the adjective poor. This was a single result from the VR prototype.
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The results of the product reaction cards session are shown in Figure 4. The word easy-to-use

has the highest count in both the VR (15) and the physical prototype (20). The words not selected

by any of the participants (with zero count) are: dis- connected and disengaged. The top 5 positive

words in both prototypes are easy to use, effective (23), engaging, seamless and novel (all selected

20 times). The neg- ative words are confusing (9), impersonal (6), complex (5), intimidating (5) and

overwhelming (4). The most selected neutral words are familiar (10) and ok (8).

Annoying
Disengaged
Disconnected
Indifferent

Overwhelmi...

Difficult
Motivating
Exceptional
inconsistent
Irrelevant
Immersive
Intimidating
Confusing
Complex
Appealing
Stimulating
Inspiring

ok

Familiar
Impersonal
Consistent
Exciting
Personal
Novel
Relevant
Approachable
Seamless
Engaging
Effective
Easy to use
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Easy to use relates to how/agency.
Participants selected the word to refer
to the experience of interacting with the
migrating receptionist.

Effective relates to why/purpose,

Participants found the idea of having a mi-

grating virtual receptionist effective.
Engaging relates to who/agent and how/

agency. Some participants selected the word

engaging to refer to having the same agent
accompanying them. Other participants
referred to interactions with the different
interfaces (agency) as engaging.

Seamless relates to when/scene and
how/agency. Participants used the word
seamless to refer to the VR environment
and the interaction with a migrat- ing
receptionist (agency).

Novel relates to why/purpose and how/
agency. The idea of interacting with a
migrating virtual receptionist was novel
to most participants. The form of using
VR for the purpose of interaction with
the agent was novel to a num- ber of
participants as well.

Confusing relates to how/agency. This
referred to the interactions in VR.
Impersonal relates to who/agent:
Participants used the word impersonal
to refer to the interaction with the Furhat
robot, it felt disconnected from the
screen embodiments.

Complex relates to what/act and how/
agency. Participants used the word com-
plex to refer to actions in VR such as
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teleportation. Others used the complex to
refer to the technology/programming used
to build the prototype.

+ Intimidating relates to how/agency and
who/agent. Participants not familiar with
VR found it intimidating. Other Participants
used the word intimidating to refer to the
Furhat robot.

+ Overwhelming relates to the how/agency
and who/agent. Though categorised as
negative, one participant used the word
overwhelming for a positive ref- erence
during the VR experience. Others used
the word to refer to a nega- tive inference
to the VR experience and interaction with
the receptionist.

+ Familiar relates to where/scene and
how/agency. Participants used the
word to refer to the familiarity of the VR
environment as it felt like the physical en-
vironment. Familiar was also used to refer
to the technology used before; such as
QR coding, interactive touch screens and
the Furhat robot.

+ Ok relates to why/purpose. Participants
selected the word to refer to the ex-
perience with the migrating receptionist.

Relations of the rest of the words to Burke
pentad and the 5SWH method:

+  Why/purpose: Relevant, Inspiring,
Stimulating, Motivating, Irrelevant. « What/
Act: Exciting and difficult.

+  How/Agency: Consistent, disconnected
and inconsistent.

+  Who/Agent: Approachable, personal,



appealing, disengaged and annoying.
*  When-where/Scene: Immersive.

Two participants added 2 words that were not included in the collection of words provided.
Unapproachable was used to refer to the initial interaction with the Furhat robot by one
participant. The other word is natural, which was used to refer to a meaning connecting the
words seamless and effective. The participant used natural to refer to the manner in which
the migrating agent took the initia- tive to make itself known to the user once it migrated to
another embodiment.

Table 3: Burke's Pentad with the 5WH association to the words selected by the users.

. ++++
Why?/ Na?vel, Rf_-levant, ]nspwmg, +44/-0-
Purpose Stimulating, Motivating, (mdn= +
P Effective, Ok, Irrelevant. '
mode= +)
+ -
?
:\lhat.! Exciting, Complex, Difficult | (mdn= -,
ct _
mode= -)
Easy to use, Engaging,
Seamless, Consistent, +++++
How?/ Novel, natu r_fal, N +(+/-)0 -
Agency Overwhelming, Familiar, .-
Confusing, Complex, (mdn= +/-,
Intimidating, mode= +)
disconnected, Inconsistent
Engaging, Approa_lchable, P
Personal, Appealing,
Who?/ P R
Intimidating, Impersonal, _
Agent . . (mdn=-,
Disengaged, Annoying, _
mode=-)
Unapproachable
When? Seamless, Immersive ++0
Where?/ Eamiliar ! ! (mdn= +,
Scene mode= +)
Valence: + Positive, - Negative, 0 Neutral

Table 3 shows the valence of the words selected by the participants and the association to
Burke's Pentad and the 5WH. The words associated with the why/purpose relate to the users’
interpretation of the purpose of the migrating receptionist.

The purpose has a median and mode of positive valence. The what/act words relate to how the
users perceive the actions taken in interacting with the agent in the different embodiments. the
Act has a mode of negative valence and the median is negative.

The how/agency words relate to how the users perceived the interaction with the receptionist in
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the 3 embodiments (interfaces). Agency has

a median of +/- (the word 'effect’ was used to
refer to negative and positive valence). The
mode of the agency is positive. Who/agent,

in this case, is the virtual receptionist. Agent
has a median and mode of negative valence.
The words associated with When/where/scene
refer to the space in which users interact with
the receptionist.

5 Discussion

The purpose of this study is to explore

how to design a migrating virtual recep-
tionist for a computer science department,
to contribute to a discussion about the
competencies required to design IVAs for
public spaces, and how future designers can
be equipped with such competencies.

The paper describes two prototypes of the
same agent that filter the design space and
manifest design ideas differently (Lim et al.,
2008). This and the use of quan- titative and
qualitative data collection effectively work as
data source triangula- tion (Thurmond, 2001) to
increase confidence in the research findings.

Although differently filtered design spaces, the
results of both prototypes were similar. Initially,
it was that the VR prototype would be less
accepted by users due to limitations in mobility
and the use of VR equipment. However,

this was not supported by the results,

which showed similar levels of acceptance
between the VR and physical prototypes. The
physical prototype exhibits slightly better
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results in terms of the SUS results. The VR
equipment affected some responses on im-
mersion, seamlessness, novelty, complexity,
overwhelming and familiarity. The SUS score
grading places both prototypes primarily within
the categories of best- imaginable, excellent,
and good (figure 3).

The results from the product reaction cards
indicate a higher count of positive words
compared to the negative and neutral
words. However, there are slight differences
between the two, with the physical prototype
having a higher count in areas such as ease
of use, approachable, and relevance. The
overall trend, how- ever, remains similar

for both prototypes. The VR prototype
scores higher in words such as immersive
(exceedingly), exciting and stimulating.
Some of the negative words that stand out
for the physical prototype are impersonal,
complex and in- timidating (with reference
to the Furhat robot). The VR prototype has
confusing, overwhelming (though used as a
positive word by some users), and annoying.
The neutral words familiar and Ok score the
same for both prototypes.

Burke's pentad and the 5WH analysis of
the top positive, negative, and neutral
valence focus on the interaction of the user
with the migrating receptionists. With the
most prominent being the ease of use and
seamlessness of the embodiments. This
includes the complexity and intimidation of
some of the mediums of interac- tion. Some
of the words apply to more than one term



of the pentad and 5WH. Complexity relates
to the act as well as the agency. The neutral
word familiar looks at the familiarity of the
environment and some of the technologies
used for the prototypes. The word Ok refers
to how the ideas of the prototypes being
passive (Bangor et al., 2008).

5.1 Competencies and Skills

Nieminen (Nieminen, 2015, p. 22) refers to
“competency (pl. competencies) to describe
the characteristics, abilities, and necessary
resources to complete a de- sired task in an
excellent manner”. We use Nieminen's UCD
competency model (Table 1) to outline the
design competencies and skills required by
designers of IVAs. This identifies and clarifies
the necessary skills, knowledge, and character-
istics (Nieminen, 2015, p. 22) to design the
IVAs. We selected the competencies essential/
relevant to the study findings.

User Strengths

The user Strengths competencies are
characterised by items, actors, and con-
cepts belonging to the users’ immediate
surroundings (Nieminen, 2015). These
include experiential knowledge acquired
through work tasks or prolonged use, the
context of use as a design resource, and
ingrained user cultures, networks, and
practices (Nieminen, 2015). The study is
conducted with students and members
of staff who frequent and work at the
department. This includes the use of the

three areas of interaction (entrance, corridor
and coffee area) with the receptionist.

The user domain experience can range
from low:i.e. visitors to the department,
medium:i.e. students and members of staff
who have been in the department for less
than 3 years and high:i.e. graduate students
and members of staff who have been in

the department for more than 5 years
(Nieminen, 2015, p. 67).

Context of use (context availability) is often
associated with situatedness, encompassing
time, location, and other factors surrounding
the actual use (Niem- inen, 2015, p. 68). The
design of the IVA physical prototype must
consider the location of the interaction,

as well as when and how the agent can be
accessed. In the case study, the agent is
accessed via the large screen by the entrance,
the mobile screen as the user walks through
the corridor, and the physical robot in the
coffee areas. The design of an IVA in VR

must account for the scale of the available
physical space users use to manoeuvre, and
alternatives such as teleportation if the space
is limited, with teleportation methods varying
based on the user’s past experiences. Other
contextual factors include the presence of
other users in the areas of interaction and
the levels of access to those areas - e.g. high
for members of staff as they can access most
parts of the building, medium for students
and low for visitors.

User cultures, social networks, and
practices refer to the common practices
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(Subject domain terminology) and cultural
interpretations of future users of the product
or service (Nieminen, 2015, p. 70). The
virtual receptionist study primar- ily involved
Swedish speakers, with a few participants
from other countries, including one native
English speaker. Although participants were
proficient in En- glish, a few words required
further explanation or translation during
sessions with a few of the participants. An
important factor in this context is the use/
display of written text during digital (screen
or VR) interactions.

Soft Skills

Soft Skills competencies encompass design
and teamwork traits that are influenced by
personal aptitudes, such as communication
and collaboration skills, a multidisciplinary
attitude, and motivation (Nieminen, 2015, p.
72). While these skills can certainly be refined
through training, they are primarily rooted in
intrin- sic abilities (Nieminen, 2015, p. 70).

Prototypes facilitate and encourage a

shared understanding between users and
designers. They provide means to identify
relationships between users' tasks and
system functionality that can guide how to
order functions and contents tempo- rally as
well as spatially (Hakim & Spitzer, 2000). The
study involved participants from the same
department, which allowed for a high level

of communication. All parties had the same
vocabulary, which enabled easy dialogue with
the de- signer. Communication in the design
of IVAs should be high for effective team-work
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and design outcomes (Nieminen, 2015).

The conceptual phase of the study involved
participants with expertise in multiple

fields, including design, computer science,
and cognitive science. A multidisciplinary
approach facilitates a more comprehensive
understanding of the human aspects of
complex design tasks that necessitate
expertise from several disciplines (Nieminen,
2015, p. 73). This design approach is required
for IVAs oper- ating within social interactive
spaces, which are expected to interact with
diverse users with varying levels of experience.

Designer Strengths

These competencies focus on the core values
of UCD: user involvement, designerly ways
of solving design problems, and professional
skills in defining, visualising, and testing new
solutions’ (Nieminen, 2015, p. 77). Designers
of IVAs need to integrate these codes to
generate relevant and useful designs.

User involvement pertains to identifying
and engaging suitable users at the correct
time, and incorporating suitable interaction
methods to stimulate their participation and
creativity (Nieminen, 2015).

The design phase dictates selecting suitable
users (Nieminen, 2015). In the case of the
virtual receptionist, user involvement began
from the concept generation phase, which
included students and researchers from
design, computer science and cognitive
science. The prototype evaluation phase
involved students from various programmes



within the department, administrative staff
members, and researchers.

The interaction methods were chosen
based on a mixed-method approach
(triangulation), adhering to UCD principles
as UCD aim to understand users and

pro- pose new solutions to improve their
lives (Nieminen, 2015, p. 79). “Design as a
practice is characterised by an attitude and
a determination to introduce change for
the better, and have the necessary means
to realise it, in a responsible manner”
(Nieminen, 2015).

New designs must be defined, have a

concrete form and be evaluated to determine

a suitable solution (Nieminen, 2015, p.

81). Ideas and features must be refined

into concepts that describe the scope of
the design. The forms and contents of
these concepts are explored using various
visualisation techniques (low to high
fidelity) (Nieminen, 2015). Artefacts are then
used to test the design (validation) using a
plurality of usability or user experience (UX)
evaluation methods (Nieminen, 2015).

The generation of ideas and features

for the virtual receptionist was achieved
using a combination of methods. These
included a remote bodystorming (Porfirio
et al., 2019) with the staff researcher

and a desktop walkthrough (Blomkvist

et al., 2016; Stickdorn et al., 2018) with

the student participants. During these
sessions, participants discussed each of the
three areas of interaction and proposed

potential ideas and features. This was
followed by a brainstorming session with
the participants after each method, which
served to refine the identified ideas and
features. The findings from both sessions
were then analysed using a combination
of morphological chart (Smith et al., 2012)
with Burke’s pentad, resulting in three
concepts. The Plus, Minus, and Interesting
(PMI) (Sharma & Priyamvada, 2020) method
was used to select the final concept: the
migrating virtual receptionist. The final
concept was then developed into VR and
physical prototypes, which were evaluated
using usability and UX methods.

Hard Skills

Training and education serve as the
foundation for acquiring these competencies.
These competencies contain the capability

to choose and apply appropriate procedures
and methods, comprehension of the
potential of available technologies and the
market, and a segment of knowledge that
forms part of the subject domain expertise
(Nieminen, 2015, p. 84).

The training and education required for
prototyping IVAs can vary significantly,
depending on the intended context, the
prospective user, and the current knowledge
and skills of the designer or developer. For
instance, the physical prototype of the virtual
receptionist study required programming
skills in HTML, CSS, and Javascript for

the agent displayed on the screens. The
Furhat robot, on the other hand, requires
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programming skills in Kotlin or graphics. The
VR prototype de- mands proficiency in 3D
modelling, animation, and C++ and/or node-
based pro- gramming. This highlights the
diverse skill set required in the field of IVA
design and development.

The type of equipment required to develop
an IVA for a social interactive space is
context-dependent as well. For example, in
the case where the agent migrates between
three embodiments, interactions by the
entrance happened via a touch projector
screen®, Participants used personal mobile
phones for interactions in the corridor.

The Furhat robot was used to conduct
interactions in the coffee area.

The Effectiveness and efficiency of developing
an IVA are influenced by the context and
the designer or developer's knowledge

and learning skills. Using the development
process for the virtual receptionist serves
as an example. With a large learning curve,
the VR prototype took approximately six
months to develop. This included a four-
month period of gaining a comprehensive
understanding of the tools and equipment,
followed by two months of development of
the VR environment. In contrast, the physical
prototype took approximately two weeks to
develop, with the majority of the time spent
on learning and developing the dia- logue

in Kotlin for the Furhat robot. The other
platforms (screen-based agents) did not
require much time due to the developer’s

6 Sony Xperia Touch

7 MetaHuman Animator
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prior proficiency in the development tools.

5.2 Limitations

The longer development time of the VR
prototype can be attributed to the extensive
feature set and complex toolset of the
platform. Building the features for the three
embodiments required the integration of
multiple external plugins, which added

to the learning time and complexity. The
development time could have been reduced
by building the environment from scratch,
eliminating the need to learn and customise
the dialogue plugin. Similarly, utilising tools
like MetaHuman Animator’ could streamline
the animation generation process and
further optimise development time.

The notion of developing the physical space
prototype using two different platforms

(web development stack and Furhat SDK)
goes against the significance of utilising a
single platform for developing the agent
across all embodiments. This approach
ensures seamless integration and connection
between the different embodiments,
enhancing the overall cohesiveness and
functionality of the prototype.

It is important to acknowledge that the
findings may not be generalisable. Instead,
it is more appropriate to consider the
transferability of the results on a case-by-
case basis, allowing readers to assess the
applicability to their specific design contexts
or challenges. This approach recognises the



unique characteristics of each design situation
and the influence these can have on the
outcomes of the research

While case studies in industry contexts are
common in design research, we opted to
create our own project within the department.
This decision was made to ensure better
control over the experiment and to explore
innovative methods without the constraints
of business risks. However, it is important

to note that this approach may result in
reduced ecological validity, as the findings
may not directly represent real-world industry
scenarios. Nonetheless, it provided us with
the opportunity to experiment and test new
ideas in a controlled environment.

6 Conclusions

This paper has presented a study of the
prototyping and evaluation of a migrating
virtual receptionist in virtual reality (VR) and in
physical prototypes. The two prototypes were
used to filter a design space and manifest
design ideas differently. The prototypes
effectively function as data source triangulation
to increase confidence in the research findings.
While the generalisability of the findings

to the comprehensive design of migrating
embodied agents for public spaces may be
limited, specific aspects of the findings can still
be effectively employed in the field of design
research. These aspects further understanding
and application of the design process and
tools, exemplify the integration of physical and
virtual realities in modern design practices and

suggest improvements for design tools and
methods to facilitate this process.

The idea of applying design ideas from this

study to the design of agents in other public
spaces is interesting for further research.
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ABSTRACT | This paper presents the preliminary findings of a multidisciplinary study exploring
how physical and digital spaces contribute to social inclusion within welfare systems. Conducted
by a team of sociologists, urban planners, and designers, the study focuses on the exploratory
mapping phase, which encompasses two main areas of investigation: 1) the impact of digital
dimensions on socio-spatial inequalities in welfare access in contemporary cities and 2) the

role of physical spaces in promoting social inclusion in the peripheral areas of Milan, with a
specific focus on youth, the elderly, and migrants. To address these questions, the study utilizes

a specialized triple mapping tool: 1) the Context Tool, which places spaces within their broader
neighbourhood context; 2) the Detailed Space/Service Tool, which evaluates the internal layout
and technological infrastructure of these spaces; and 3) the Activities and Digital Service Tool,
which identifies and assesses digital welfare services. The findings from this phase are compiled
into a dossier that aggregates data and provides a foundational framework for analyzing and
designing future welfare spaces. This preliminary research underscores the potential of hybrid
spaces—integrating multiple functions and stakeholders—to enhance digital competencies and
improve access to welfare services for vulnerable populations. Ultimately, this paper aims to

set the stage for further research and policy development in welfare design, highlighting the

designer’s role in creating analytical tools and innovative solutions.

EYWORDS | E-WELFARE, DIGITAL WELFARE, SPATIAL AND SERVICE
DESIGN, SOCIAL INCLUSION
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1. Introduction

This paper presents the initial phase of a
multidisciplinary research project conducted
by sociologists, urban planners, and
designers from Department of Architecture
and Urban Studies (DAStU) and the Design

Department at Politecnico di Milano.

The paper illustrates the preliminary results
of the ongoing research “E-Welfare in the
city. Physical and digital spaces for social
inclusion in the metropolitan area of Milan”
conducted by this interdisciplinary group,
which operates within the “MUSA - Multilayer
Urban Sustainability Action” ecosystem,
funded under the National Recovery and
Resilience Plan (NRRP) by the European

Union - NextGenerationEU.

MUSA - Multilayer Urban Sustainability Action
aims to transform the Milan Metropolitan
Area into an innovation ecosystem for urban
regeneration, encompassing all levels of
intervention, from social to technological.
The goal is to scale this model at regional and
national levels and eventually to serve as a

European benchmark. This objective will be

achieved through a set of actions addressing
various dimensions of an innovation
ecosystem, defined as “an evolving set

of actors, activities, and artefacts, and

the institutions and relations, including
complementary and substitute relations,
that are important for the innovative
performance of an actor or a population of
actors” (Granstrand & Holgersson, 2020).

The ecosystem is designed to thrive on the
synergy between academia, industry, local
government entities, and civil society. It is

a collaborative effort involving Universita di
MilanoBicocca (the lead entity), Politecnico di
Milano, Universita Bocconi, Universita Statale
di Milano, the Municipality of Milan, and the
Lombardy Region.

The project’s intervention areas, referred to
as “spokes,” include various domains. The
Department of Design and the Department
of Architecture and Urban Studies (DAStU),
to which the research group belongs, are
engaged in multiple aspects of the project,
from social to technological scales. The

research focuses on:
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« Immersive digital platforms for
communication, visualization, and
interaction with territorial data related to
urban contexts to guide sustainable urban
regeneration processes.

«  Sustainable fashion, luxury, and design
to steer key economic sectors towards
an eco-digital transition, contributing to
low-impact production and distribution
processes.

« Innovation for sustainable and inclusive
societies, aiming to strengthen social
inclusiveness by tackling inequalities,
promoting public engagement, enhancing
social sustainability, and advancing
technological tools for individual and social

wellbeing [Spoke 6].

Within Work Package (WP) 3 “Innovative
Models against Social Inequalities’, the
project addresses existing obstacles to social
inclusion, focusing on the most vulnerable
individuals and groups. It develops innovative
welfare services, supports stakeholders and
policymakers in measuring social inclusion
impact, and identifies inclusion indices to
suggest and develop technological strategies
to reinforce the presence of marginalized
groups. Specifically, Task 3.3 focuses on
Territorial Welfare, promoting interventions
towards social inclusiveness, recognizing

and including marginalized and precarious
populations within local welfare services and
policies, shaping local policies to improve
work-life balance, and promoting integrated
access to social and healthcare services,

particularly for vulnerable individuals.
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The research “E-Welfare in the City”and

this paper contribute to the ongoing debate
regarding the relationship between digital

tools and welfare provision, exploring the
implications when digitalization intersects

with territorial welfare systems. It specifically
highlights the significance of physical spaces
in shaping the modes of digitalization.
Contrary to the assumption that digitalization
eliminates the need for physical spaces,

it redefines their role in facilitating access

to welfare. These spaces serve as crucial
intermediaries, bridging specific subsets

of the population with welfare services.

This renewed function underscores the
importance of physical locations in ensuring
that digital welfare services are accessible

and effectively meet community needs. By
examining these dynamics, the research
aims to provide a deeper understanding
of how digitalization and physical spaces
can coexist and complement each other in
providing welfare services.

2. The Digital Divide as a trigger
element in Design for Welfare

Recent technological advancements, driven
by platforms supported by terrestrial

and space-based infrastructures, induce
systemic changes in urban environments
with implications that are largely unknown.
Traditional concepts such as the “smart
city” have proven inadequate in addressing
these complex challenges and may even
exacerbate socio-spatial inequalities. The

smart city narrative often emphasizes






