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Preface

In a world shaped by constant transformation and global interconnectedness, design emerges as 

a bridge between people, places, and ideas. Cumulus Monterrey 2024: Design Across Borders – 

United in Creativity invited the international design community to reflect on the profound potential 

of design to transcend cultural, geographic, and disciplinary boundaries, uniting us in the shared 

pursuit of innovation, inclusion, and positive change.

This edition of the Cumulus Proceedings gathers contributions that respond to urgent questions: 

How can design foster empathy and intercultural understanding? In what ways does it become 

a catalyst for social transformation in a complex, globalized world? Can design truly become a 

universal language—and what are the challenges in achieving that ideal?

The richness of perspectives represented in these proceedings speaks to the global nature of the 

Cumulus network. Authors, researchers, educators, and practitioners from across continents have 

come together to share insights, experiences, and provocations within four thematic tracks:

•	 Design for Change explores design’s role in social innovation, sustainability, equity, and the 

circular economy—highlighting projects that place co-creation and inclusion at their core.

•	 Speculative Futures ventures into emerging territories shaped by technology, artificial 

intelligence, and immersive experiences, imagining the future of creative practice.

•	 Education in Art and Design focuses on pedagogical innovation, interdisciplinarity, and the 

challenges and opportunities of digital transformation in global learning environments.

•	 Translocality brings critical attention to issues of migration, decolonization, and the Global 

South, recognizing the importance of diverse voices and perspectives in shaping a more 

equitable world through design.

Together, these contributions reflect a collective commitment to harnessing creativity as a force 

that transcends barriers—linguistic, political, cultural—and brings people together around shared 

values and visions.

We are proud to present this volume as a testament to the power of design to imagine, inspire, and 

unite. May it serve not only as a record of this important moment in time but also as a spark for 

continued dialogue, collaboration, and transformation in the global design community.
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Design Across Borders: United in Creativity 

Lorenzo Imbesi

Full Professor, Sapienza University of Rome

President, Cumulus Association

The Cumulus Monterrey 2024 Conference marked a timely and vital moment in the global 

conversation about the role of design in shaping a better world. Hosted at the prestigious design 

institutions of Tecnológico de Monterrey and Universidad de Monterrey (UDEM), the international 

gathering has been further enhanced by the unique Monterrey’s rich heritage and cultural 

identity, contributing to a thriving ecosystem of creative exchange for scholars, researchers, and 

practitioners across various design disciplines. 

The central theme of the conference, “Design Across Borders: United in Creativity,” provided 

an inspiring gateway for exploring how design holds the possibility to transcend geographical, 

cultural, and disciplinary boundaries. In particular, the conference was framed by four imperative 

trajectories: “Design for Change,” investigating how design practices can drive social innovation 

and sustainable development; “Design Futures,” exploring the interplay between technology and 

creativity, immersive experiences, virtual realities, and the implications of artificial intelligence; 

“Education in Art and Design,” investigating pedagogical approaches in the field; and “Translocality,” 

addressing complex issues of migration, decolonisation, and North-South dynamics. Themes 

highlight the broad scope of contemporary artistic and design pursuits. 
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At the heart of the conference was a shared recognition that design can be a dynamic force for 

empathetic understanding and intercultural dialogue. Through a rich program of keynote lectures, 

panel discussions, workshops, exhibitions, and informal exchanges, the international community 

demonstrated determination to work collaboratively across geographical and cultural divides, 

confirming the foundational premises of the conference: that creativity knows no boundaries, and 

through design, we can forge connections that transcend the limitations of space, time, and cultural 

difference. In an era of unprecedented global challenges, from climate change to technological 

acceleration, from cultural conflicts to social inequities, designing without boundaries means 

identifying areas of commonality, intersection, and convergence, highlighting them in ways that 

resonate with and reflect the spirit of our transborder region. As traditional confines between 

nations, disciplines, and cultural contexts become increasingly permeable, the design community 

must find itself uniquely equipped to harness this fluidity. Rather than resisting uncertainty, design 

must embrace it, transforming constraints into opportunities for innovative problem-solving and 

cross-cultural exchange. 

The proceedings collected in this edition offer an extensive variety of perspectives on the ideas and 

projects discussed at the event. They include case studies, speculative work, educational reflections, 

and practical strategies, all pointing to the evolving role of design to shape societal interactions, 

encouraging intercultural dialogue, and building a more harmonious and interconnected world. 

However, these proceedings capture only a portion of the energy and insight shared during the 

conference, with the remaining impact continuing to reverberate through ongoing collaborations 

and dialogues within our global community. 

As we move forward, the conversations from Cumulus Monterrey 2024 remind us that creativity 

thrives not in isolation, but in community. And in a time marked by division and uncertainty, design, 

when practiced with care and intention, can truly serve as a bridge. One that brings us together to 

learn, to act, and to imagine a positive change.
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THE FUTURE EVOLUTION OF DESIGN-ORIENTED 
PRACTICES IN THE CONTEXT OF HUMAN AND 
NON-HUMAN COLLABORATION  
 

Virginia Vignalia , Michele Zannoni*b, Diego Pucci*c   
a Alma Mater Studiorum University of Bologna – Bologna, Italy  
b Alma Mater Studiorum University of Bologna – Bologna, Italy  
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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 & Redström, 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 

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 



    1910 — Cumulus Conference Proceedings Monterrey 2024

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; Iñiguez 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 
et al., 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. 
 
 

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 AI 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 AI-based systems, creating processes of 
knowledge diffusion between people and their 
environment, including technologies, for the 
definition of a conscious user experience.  
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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. 

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 & Redström, 
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 



    1914 — Cumulus Conference Proceedings Monterrey 2024

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. 

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 (Ionescu, 
2022) and testing more sustainable industrial 
processes.  

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 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 AI, 
AI-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 AI 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 

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. 
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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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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 

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 

Figure 3: Extended reality-based experimentation process 
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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: Agents in 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. 

 

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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