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Disaster-Affected Spaces

as Multisensory Living Labs
Comfort and Regeneration
through the Reuse of Abandoned
Spaces

Laura Giraldi Francesca Morelli

Universita degli Studi di Firenze Universita degli Studi di Firenze
Orcid id 0000-0003-1913-1548 Orcid id 0000-0001-6190-1409
Keywords

Multisensory Living Labs, Adaptive Reuse, Post-Earthquake Architecture, Comfort Pat-
tern, Regenerative Design.

Abstract

Disaster-affected environments are often framed as remnants to be secured, remem-
bered, or replaced, overlooking their potential as multisensory spaces where perception,
memory, and embodied experience intersect. This paper reinterprets post-earthquake
abandoned architectures as multisensory living labs, where interior and spatial design
support both experimental practices and organism-centered well-being. Drawing on
cross-modal correspondences, environmental psychology, and neuroscience-informed
design, the study examines how the coherence of light, sound, materials, smell, and mi-
croclimate influences orientation, perceived safety, and stress regulation.

The research is based on two case studies from the Horizon 2020 Search & Rescue
project: Poggioreale (Italy) and a semi-collapsed building in Madrid (Spain). Through com-
parative sensory mapping and a user-centered approach, the paper identifies comfort
patterns that support spatial legibility, embodied interaction, and cognitive clarity.

The study argues that disaster-affected spaces can be reinterpreted as experimental
commons, wWhere regeneration occurs through the activation of multisensory qualities,
positioning design as a driver for resilience and adaptive reuse.
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1. Post-Disaster Abandoned Spaces as a Design Resource

In contemporary landscapes, abandoned spaces constitute a
widespread and often problematic condition. Former industri-
al buildings, closed shopping centers, amusement parks, and
other public or private spaces have progressively lost their
function and symbolic meaning (Pannofino, 2020). Deprived
of activities, rituals, and social relations, they often become
residual parts of urban experience.

A particularly complex category is represented by spaces
abandoned following disasters such as earthquakes, floods, or
explosions. In these cases, abandonment is not only the result
of the catastrophic event but also of socio-economic fragility,
territorial vulnerability, and reconstruction processes, often
limited to safety measures. This approach tends to reduce inter-
ventions to technical operations, while overlooking the percep-
tual, symbolic, and relational value of these environments.

Recent studies in environmental psychology and neuroscience
applied to design show that spatial experience emerges from
multiple sensory stimuli and from the embodied interaction
between body and environment (Haverkamp, 2025; Mallgrave,
2015; Pallasmaa & Robinson, 2021). Post-disaster spaces can
be understood as complex multisensory environments, where
light, sound, materiality, and atmosphere contribute to mean-
ingful experiences.

This paper reinterprets these spaces as multisensory living
labs: real contexts in which perceptual experience can be ob-
served and designed. Unlike controlled laboratories, they offer
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dynamic and unpredictable conditions for studying human
behavior in situations of uncertainty. The European Union
itself promotes the adoption of Living Labs as user-centered
environments for co-creation, experimentation, and validation
of innovative solutions (Desole, 2026; Schuurman et al., 2011).

Post-disaster environments are not merely unused spaces, but
places marked by trauma, memory, and resilience. As pal-
impsests of memory, they retain material traces of past events
and contribute to place identity (Ellard, 2015). Instead of
treating them as voids to be filled, this paper considers them
design resources able to generate new forms of experience
through adaptive reuse.

2. Interior and Spatial Design as a Practice of Reactivation
In post-disaster reuse, interior design, spatial design, and
wayfinding systems can mediate the relationship between
body, environment, and perception, without invasive structur-
al intervention. Rather than demolition or reconstruction, this
perspective favors light, reversible, and low-impact actions
capable of transforming the perceptual quality of space while
preserving its identity.

This approach also responds to environmental and economic
concerns: disposal, demolition, and rebuilding involve high
energy, material, and financial costs. Adaptive reuse extends
the life cycle of existing spaces and turns them into flexible en-
vironments. Design can act on the sensory dimension through
temporary lighting, chromatic differentiation, textile and
sound-absorbing elements, and reversible pathways or plat-
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forms. These interventions enhance orientation, reduce per-
ceptual ambiguity, support embodied anchoring, and improve
accessibility without compromising the existing fabric.

Design therefore operates not on the load-bearing structure,
but on the sensory experience of the place. It transforms the
ruin into a temporary, legible, and inhabitable interior, reac-
tivating its experiential potential and allowing new uses, from
cultural production to technological experimentation.

3. Case Studies

The research adopts a qualitative, research-through-design
approach combining literature review, comparative case study
analysis, and sensory mapping. The analysis focuses on the
embodied experience of first responders and users interact-
ing with unstable environments, exploring how multisensory
conditions influence orientation, perception, and action in
post-disaster contexts.

The two case studies were developed within the Horizon 2020
Search & Rescue project, where abandoned environments were
used as testing grounds for technologies and operational pro-
cedures. Although different in historical, spatial, and symbol-
ic terms, Poggioreale and the Madrid site share strong per-
ceptual intensity generated by instability, fragmentation, and
material degradation. This makes these places relevant for a
reflection on multisensory reuse and adaptive regeneration.
Within the Search & Rescue pilot activities, these environments
provided realistic conditions in which perceptual, operation-
al, and spatial dynamics interacted. Light variation, acoustic
reverberation, deteriorated materials, dust, and spatial discon-
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tinuities affected spatial understanding, decision-making, and
the embodied experience of first responders.

The reuse of abandoned architecture can thus enhance mul-
tisensory qualities, turning ruins into spatial configurations
that support engagement, orientation, and new forms of in-
teraction. It also reinforces memory and identity through the
material and symbolic traces they embody.

3.1. Poggioreale: Memory, Identity, and Social Regeneration
Poggioreale is a small town located in the Belice Valley, in
western Sicily (Italy), abandoned after the 1968 earthquake.
Today, the site is partially accessible through controlled visits
aimed at preserving the structures and limiting access to
dangerous areas. Despite decades of abandonment, its urban
fabric remains recognizable: streets, public buildings, church-
es, and fragments of domestic architecture still reveal the
original configuration of the village.

The site is characterized by collapsed roofs, deteriorated
surfaces, debris, exposed walls, and environmental exposure.
Natural light enters roofless buildings, creating shifting con-
trasts and shadows; sounds reverberate in empty spaces; dust,
wind, and material decay contribute to a dense multisensory
atmosphere. These conditions create an immersive perceptual
environment, in which the relationship between body, matter,
and space becomes particularly intense.

Within the Horizon 2020 Search & Rescue project, Poggiore-
ale was used as a full-scale simulation environment for rescue
operations conducted in April 2022 (Fig.1).
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Figure 1. Laura Giraldi and Francesca Morelli, “Use Case 1: Victims trapped under rubble” in Poggio-
reale (Sicily, Italy), pilot activity on search and rescue operations, 2022.
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Several areas of the historic center, including the former nurs-
ing home, church, and hospital (Chalaris et al., 2021a), were
used as operational scenarios because their structures remain
legible enough to support realistic emergency simulations.

The use of the site remains compatible with its historical and
symbolic identity. The ruins do not merely function as op-
erational settings, but as environments capable of activating
emotional, sensory, and cognitive responses. The interaction
between responders, abandoned architecture, and unstable
spatial conditions generated a specific embodied experience
strongly influenced by the multisensory qualities of the place.
Deteriorated surfaces, amplified sounds, dust, natural light,
and atmospheric conditions shape a complex perceptual en-
vironment, fostering spatial awareness and direct interaction
between body and matter.

Beyond emergency simulations, Poggioreale offers opportu-
nities for cultural and social regeneration. Its emotional and
narrative dimension makes it suitable for artistic events, cul-
tural initiatives, and audiovisual productions, where sensory
authenticity becomes central. The site can therefore be under-
stood not only as a memory landscape, but also as a potential
cultural infrastructure able to reconnect the community with
its territorial identity.

Through performances, exhibitions, workshops, and collec-
tive initiatives, the abandoned village could evolve into a dis-
tributed cultural hub, reinforcing social cohesion and counter-
acting depopulation processes.
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In this sense, the project does not generate value ex novo, but
reveals, preserves, and amplifies a value already embedded in
the place.

3.2. Madrid: Operational Infrastructure and Experimental
Flexibility

The second case study concerns a group of abandoned build-
ings in a rural area on the outskirts of Madrid (Spain) (Fig.2).
The site is isolated, marginal, with limited accessibility and
a lack of significant urban relationships. Unlike Poggioreale,
it does not possess consolidated historical or symbolic value.
The structures are abandoned, with partially collapsed walls,
deteriorated elements, and large interiors without mainte-
nance.

These conditions make the site suitable for simulating emer-
gency scenarios, as it resembles post-earthquake destruction
settings. Within the Horizon 2020 Search & Rescue project,
the site was selected as a testing ground for complex rescue
operations involving unstable conditions, including the re-
lease of flammable gas and the introduction of smoke and
odor-based stimuli (Chalaris et al., 2021b).

During the pilot activities, artificial stimuli intensified the
multisensory conditions of the site and reproduced realis-
tic emergency situations. Smoke, odors, damaged surfaces,
structural discontinuities, and unstable environmental con-
ditions generated a high-intensity perceptual environment,
enabling the testing of technologies, operational procedures,
and responder behavior.
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Figure 2. Search & Rescue Project team, “Pilot - Use Case 7: Chemical Substances Spill” in Madrid,
pilot activity on emergency response to a chemical spill, 2022.

As in Poggioreale, the deteriorated spatial configuration influ-
ences environmental perception. Damaged surfaces, structural
openings, and missing wall sections create a dynamic rela-
tionship between interior and exterior spaces, affecting ori-
entation, spatial understanding, and decision-making. Unlike
Poggioreale, however, the value of the Madrid site does not
derive from collective memory or symbolic heritage, but from
its ability to function as an operational, experimental, and
productive infrastructure. Its flexibility allows continuous re-
configuration, transforming a marginal abandoned space into
a platform for research, innovation, audiovisual production,
crash testing, and multisensory experimentation.
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4. Comfort Patterns: Toward a Dynamic Definition

of Comfort

The comparative analysis identifies five recurring principles,
here defined as comfort patterns, which describe how space
can support orientation, perception, and action in post-disas-
ter environments characterized by instability, fragmentation,
and high sensory intensity. These patterns are not prescrip-
tive solutions, but adaptive design strategies responding to the
specific conditions of each context.

Comfort is not understood as a static condition of well-being,
but as a dynamic process of perceptual and cognitive regula-
tion through which individuals orient themselves, understand,
and act under unstable conditions. In post-disaster environ-
ments, comfort patterns do not correspond to conventional
stability or protection, but to the capacity of space to support
cognitive clarity, orientation, and embodied interaction. This
interpretation aligns with restorative design, which highlights
the role of the environment in psychophysical recovery (Paz-
zaglia & Tizi, 2022).

The two case studies show how interior and spatial design can
transform instability from a critical factor into a design re-
source.

Sensory Coherence

Coherence among sensory stimuli enables more effective
perceptual integration, faster cognitive responses and greater
interpretive clarity (Mallgrave, 2015). In post-disaster con-
texts, where sensory overload and environmental ambiguity
are common, the alignment of visual, acoustic, tactile, and
environmental stimuli becomes essential for reducing cogni-
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tive stress and facilitating orientation. When stimuli are con-
gruent, the cognitive system can process information more
efficiently, reducing cognitive load and enhancing clarity.
Conversely, sensory incoherence in degraded or unstable en-
vironments increases disorientation and fatigue. Design can
therefore orchestrate stimuli, even with minimal devices, to
re-establish a coherent relationship between perception and
space.

Design implication: The alignment of lighting, materials, and
acoustic cues can be used to reduce perceptual ambiguity
and enhance cognitive clarity in unstable environments. The
alignment of lighting, materials, textures, and sound cues can
reduce perceptual ambiguity and improve cognitive clarity in
unstable environments.

Spatial Legibility

Spatial legibility is the ability of an environment to com-
municate its organization and make paths, hierarchies, and
relationships understandable. In post-disaster scenarios, frag-
mentation and collapse compromise the readability of space.
Recognizable elements, such as residual structures, land-
marks, material transitions, or lighting variations, can sup-
port mental maps and improve perceived safety (Lynch, 1990).
Interior design can reinforce these elements without invasive
interventions.

Design implication: Designers can reinforce spatial legibility
through wayfinding systems, light gradients, and material
differentiation to support orientation, spatial comprehension
and perceived safety without altering the identity of the site.
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Embodied Anchoring

Spatial experience is deeply embodied. Embodied anchor-
ing refers to the relationship between body and environment
through touch, movement, balance and proprioception. In
unstable environments, irregular surfaces, changes in eleva-
tion, and material discontinuities activate a continuous bodily
awareness. Temporary pathways, platforms, supports, and
tactile references can strengthen the body-space relationship
and improve safety.

Design implication: Tactile surfaces, reversible platforms,
temporary support and physical reference elements can
strengthen the body-space interaction, improving stability,
awareness, and protection.

Refuge Zones

In high-intensity sensory environments, micro-refuge zones be-
come essential for cognitive and emotional regulation. These
are areas where stimulation is reduced or controlled, allowing
pause, recovery, and perceptual reorganization. They may
emerge through shadows, protected interiors, or quiet areas, or
be designed through lightweight interventions such as textiles,
screens, acoustic buffers, or controlled lighting.

Design implication: The design of micro-refuge spaces us-
ing soft materials, filtered light, and acoustic buffering can
support emotional regulation and cognitive recovery without
modifying the existing structure. Lightweight and reversible
interventions can create micro-refuge spaces that support
emotional regulation and temporary recovery without modi-
fying the existing structure.
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Biophilic Devices

Natural elements contribute to physiological and psychologi-
cal comfort. Light, airflow, vegetation, water, and natural ma-
terials can reduce stress and improve the environmental qual-
ity of the experience. In post-disaster environments, biophilic
elements may already be present or can be integrated through
minimal and reversible strategies.

Design implication: Integrating natural elements such as natu-
ral light, ventilation, vegetation, and water can support phys-
iological well-being, reduce stress and improve the sensory
quality in high-intensity environments.

Taken together, these patterns show that comfort does not
eliminate complexity or instability, but makes such condi-
tions legible, orienting, and cognitively sustainable.

Rather than neutralizing instability, design can transform it
into a meaningful and inhabitable experiential condition.

5. Interior and Spatial Design: Models of Reuse and
Multisensory Infrastructures

The analysis of comfort patterns redefines the role of design
in the reuse of post-disaster spaces, shifting the focus from
material transformation to perceptual activation. Interior and
spatial design operate as mediating practices between body
and environment, intervening through light, reversible, and
low-impact devices. Light, textiles, platforms, and temporary
systems can re-establish coherence among sensory stimuli,
enhance spatial legibility, provide embodied anchoring, and
introduce comfort without altering the existing structure.
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The comparison between Poggioreale and Madrid outlines
two complementary models of reuse. In Poggioreale, comfort
patterns emerge largely from the historical structure and ma-
terial stratification of the site. Sensory coherence is generated
through the interaction of light, material, and sound; spatial
legibility derives from the persistence of the original urban
fabric; refuge zones and biophilic elements are already em-
bedded in the environment. Here design works through reve-
lation and amplification, enhancing what is already present.

In Madrid, by contrast, comfort patterns must be construct-
ed through design and simulation. Sensory coherence is
achieved through the orchestration of stimuli; spatial legibili-
ty is supported by artificial devices; refuge zones compensate
for perceptual intensity; and the biophilic dimension remains
an unexplored opportunity. Here, the value of the space is not
intrinsic, but emerges through use and design activation.

These two models, memory-based and performance-based,
are complementary. They show that the value of abandoned
spaces is constructed through modes of activation, perceptu-
al conditions, and degrees of transformability. Post-disaster
spaces can therefore become multisensory infrastructures
for research, training, cultural events, and audiovisual pro-
duction. In a context increasingly dominated by digital sim-
ulation, their sensory authenticity remains a distinctive and
non-replicable value. Reuse becomes a process of perceptual
regeneration, in which design does not replace the existing,
but reactivates it through experience.
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6. Conclusions: From Ruins as Voids to Ruins as Perceptual
Infrastructures

This paper has reinterpreted post-disaster abandoned spaces
not as voids to be filled, but as active multisensory environ-
ments capable of generating experience, knowledge, and new
uses.

Through the analysis of the Poggioreale and Madrid, it has
shown that reuse does not necessarily rely on material trans-
formation but can occur through the activation of perceptual
qualities already embedded in space. Similar dynamics can
be observed in other post-disaster regeneration contexts,
where abandoned environments have been progressively reac-
tivated through cultural, social, or experimental practices.

The main contribution lies in the introduction of comfort
patterns as interpretative and design tools. In unstable and
high-intensity sensory environments, comfort does not co-
incide with control, but with the capacity of space to support
orientation, cognitive clarity, and embodied interaction.
The case studies highlight two complementary modes of
reuse: one grounded in memory, identity, and emotional en-
gagement, and one based on performance, adaptability, and
experimentation.

Within this process, interior design acts as a perceptual me-
diation. Through reversible devices, such as lighting, tex-

tiles, and pathways, it can transform the experience of space
without altering its structure. This approach also represents
a sustainable strategy, avoiding invasive interventions while
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enhancing the existing fabric. Post-disaster spaces can thus
become permanent multisensory infrastructures for techno-
logical experimentation, cultural production, and audiovisual
practices, contributing to their reintegration into the contem-
porary landscape.

In contexts increasingly shaped by digital and simulated en-
vironments, these spaces offer a sensory authenticity: a di-
mension that cannot be fully reproduced artificially and that
significantly enhances perceptual experience and emotional
engagement (Ellard, 2015). The reuse of abandoned spaces,
understood as a cultural and design-driven process, redefines
the relationship between body, space, and environment. The
ruin ceases to represent loss and becomes a perceptual infra-
structure capable of generating experience, knowledge, and
regeneration, reaffirming the role of embodied experience in
contemporary design (Mallgrave, 2015; Pallasmaa & Robin-
son, 2021).
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