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Abstract: The influence of sound on the behaviour of organisms and ecosystems presents
underexplored opportunities for bioinspired architecture. This paper introduces three design
principles that translate bioacoustic processes into spatial strategies: Sonic Biophilia, which enhances
interactions among species, soundscape, and the built environment; Translocated Sound Memory,
which brings soundscapes from distinct geographical origins to foster affective connections between
places; and Multisensory Sonic Inclusion, which converts sound into visual or tactile stimuli, thereby
broadening accessibility for neurodiverse and sensory-diverse populations. Each principle is
structured through a discussion of natural systems relevant to the proposed strategy and its
architectural correspondences, grounded in an interdisciplinary systematic literature review and
supported by selected case studies. The resulting framework expands the scope of bio-architecture
from morpho-functional analogies to sensorial and ecological dimensions, offering a basis for built
environments that support biodiversity, collective memory, and perceptual equity. This work is
intended as a reference for researchers and practitioners seeking to integrate sound, nature, and
synaesthesia into architectural practice. Furthermore, it provides both conceptual and operational
foundations while outlining future pathways for articulating these principles with the development
of tested design guidelines.

Keywords: biophilia; bio-acoustic design; soundscape; multisensory experience; sonic memory

1. Introduction

Bio-architecture has historically drawn inspiration from natural forms and processes through
biomimicry. Janine Benyus (1997) defined biomimicry as the “conscious emulation of life’s genius”
[1], emphasising the value of learning from nature to devise design solutions. In recent years, there
has been growing recognition that architecture must transcend the visual domain and engage the
other senses (sound, touch, smell, and so forth) [2]. In this context, architects and designers have
increasingly turned their attention to the sonic dimension of space — a paradigmatic shift that invites
us to ask “how built environments should sound like, not just how they should look” [2,3].

Moreover, the past decades have witnessed a rising interest in soundscapes within the fields of
design and architecture. The discipline of acoustic ecology, established by R. Murray Schafer in the
1970s, highlighted the dominance of a “culture of the eye” in contemporary society and the
consequent erosion of our auditory competence—that is, the ability to consciously listen to the
environment [4]. Schafer advocated for the appreciation of the sonic environment and introduced the
concept of the soundscape, framing the acoustic world as an integral part of both the ecosystem and
human experience [4]. Since then, research in sound ecology has demonstrated that sound plays
essential roles in the behaviour of organisms and in the functioning of ecosystems [5]. Many animals
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rely on acoustic signals for communication, navigation, and reproduction, such that noise pollution
can disrupt critical ecological interactions [6].

In parallel, studies involving human communities have revealed that the quality of the
soundscape directly influences psychological well-being. Natural soundscapes, for instance, promote
relaxation and restoration, whereas excessive urban noise contributes to stress, irritability, and a
range of health issues [7]. In short, sound and environment are intrinsically connected, and this
understanding has gradually begun to inform planning and design practices.

Despite this broader outlook, there remains a gap in both research and practice concerning what
might be termed bioacoustic design. Bio-architecture and nature-inspired design movements, such
as biomimetics and biophilic design, have traditionally focused on morphological, visual, and
material aspects of nature [2]. Seminal works such as Benyus’s Biomimicry (1997) and Wilson's
Biophilia (1984) emphasised learning from natural forms, processes, and patterns in order to apply
them to technology and architecture [8,9]. Likewise, biophilic projects have often prioritised elements
such as natural light, vegetation, water, and organic textures, features that primarily engage sight
and touch. Sound, however, continues to occupy a secondary role in these initiatives, while much of
contemporary architecture remains designed “for the eyes”, neglecting the non-visual senses,
including hearing [2].

Thus, the potential to integrate nature-inspired acoustic principles, a central aspect of
bioacoustic design, remains largely underexplored. This gap is particularly relevant because
incorporating the sonic dimension can enrich both the environmental and personal experience of
users, while also producing measurable benefits. In other words, there is a valuable opportunity to
extend the scope of bio-architecture beyond visual aesthetics and functionality by incorporating
nature’s sensory performance, such as sound, as a design element capable of fostering well-being and
nurturing a sense of natural connection between users and the built environment.

It is within this context that the present investigation proposes and explores three principles of
bioacoustic design in bio-architecture:

The principle of integrating or attracting natural sounds into architecture investigates how built
environments might enhance interactions between human and non-human species. The proven
health benefits of natural sounds by amplifying positive feelings and reducing negative ones support
the notion of sonic biophilia. As discussed by Buxton et al. [7], when listening to natural elements
such as water and birdsong evoke adaptive responses in the human organism, with demonstrably
positive effects on well-being and stress reduction.

Kang [10] argues that sound should be addressed positively in urban design — not merely by
controlling noise, but by actively designing high-quality soundscapes. An experimental installation
at RMIT! University (Australia) exemplifies the use of sound as a biophilic catalyst within the urban
realm. The Sonic Gathering Place (Figure 1) integrates ambisonicii recordings of Australian biomes with
native plant species arranged around circular seating, creating an immersive experience that does not
suppress urban sounds, but rather complements them [11]. Post-occupancy evaluation revealed
measurable benefits: 95% of visitors identified a high restorative potential in the installation, while
65% reported an improvement in mood following the visit, based on comparative self-assessment
[11]. These results highlight the capacity of sound to amplify the positive effects of nature within the
built environment.
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Figure 1. The Sonic Gathering Place installation features stainless steel and slats made from wood composites. In
addition, four green circular loudspeakers are integrated into a computational system concealed beneath the

seating structure [11].

Such evidence reinforces the potential of sonic biophilia as a design strategy; by incorporating
natural soundscapes into buildings and urban spaces, it is possible to bring people closer to nature,
support local biodiversity, and promote health and psychophysiological comfort [7,11].

The principle of displaced sonic memory, in turn, is grounded in the idea of transporting
soundscapes from one place to another through recording technologies, in order to evoke affective
memories and cultural connections across distinct environments. The underlying premise is that
certain sounds possess strong cultural and emotional ties to specific communities and ecosystems —
what Schafer termed soundmarks, emblematic acoustic signatures of a place, analogous to landmarks
in the construction of local identity [4].

Research into historical soundscapes has shown that non-visual elements such as sound
contribute to a place’s sense of authenticity and identity, anchoring people to its past [13]. For
instance, a study'i conducted in historical districts proposed the inclusion of traditional or local
sounds as strategies to reinforce the feeling of “being in place” and to enhance perceived authenticity
of the urban experience [13]. In this sense, architects can take advantage of this by inserting sounds
characteristic of certain regions or times within contemporary spaces, thus generating a sensory
bridge between different geographical and/or temporal contexts. The Sonic Gathering Place,
previously discussed, also incorporates recordings of four biomes from other regions (South-Eastern
Australia), establishing a connection between users of the space and the natural landscapes from
which those sounds originate [11].

The principle of multisensory inclusion emphasises that bioacoustic design can also be inclusive
by converting or adapting auditory stimuli into other sensory modalities (tactile and visual) and by
creating sound environments tailored to individuals with diverse sensory profiles or neurodivergent
conditions.

In such adapted environments, auditory alarms are complemented by strobe lights”, doorbells
activate visual signals rather than sounds, and vibrating floors or furniture enable users to “feel”
sound through touch, making the presence of others or the rhythm of music and alerts perceptible
via tactile cues [14]. This approach also aligns with the principles of multisensory design discussed
by Ranne [15], who argues that the simultaneous stimulation of multiple senses, particularly when
coherent, significantly enhances the clarity and quality of experience, thus fostering sensory inclusion
in the built environment.
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In this way, the sonic component of design can be enjoyed or perceived by all users, regardless
of auditory limitations, while simultaneously enriching spatial experience across all senses. This
multisensory perspective resonates with the growing trend towards designing more synaesthetic and
equitable environments, where sound, vision, and touch complement one another to generate
intuitive, safe, and engaging spaces [2].

In this context, the paper proposes a conceptual framework for bioacoustic design in
architecture, articulating these three principles discussed through a systematic review of the
literature and a series of case studies. The strategies aim to incorporate the soundscape from various
contexts, including the natural environment, into the built environment. These principles thus seek
to demonstrate how sound, as a natural and experiential component, can be translated into design
strategies that foster biodiversity, emotional connection between places, and sensory equity.

2. Methodology

This study followed a three-stage qualitative protocol that couples evidence gathering with
design-oriented synthesis.

Stage 1 — Structured literature review. A systematic review was conducted across databases such
as Scopus, Web of Science, and ScienceDirect, focusing on topics related to bioacoustics, soundscape
ecology, biomimetics, sensory architecture, and neurodiversity. The review included peer-reviewed
articles, books, and relevant case documentation published between 2015 and 2025. Key concepts and
natural processes involving sound were identified and categorised to inform design strategies.

Stage 2 — Development of design principles. Based on the ecological and sensory findings from the
literature review, the second stage consisted of the formulation of three design principles. Each
principle was derived from natural sound-related behaviours or mechanisms observed in ecosystems
(e.g. acoustic communication, spatial orientation, sound-triggered responses), and reinterpreted in
architectural terms. In addition to integrating, representing, and rendering the soundscape
perceptible within architectural space, the proposed translations are not based merely in metaphor
but in functional equivalence. Acoustic attributes (e.g., thythm, frequency, amplitude) are treated as
data streams that inform and modulate spatial parameters, including geometry, movement or

lighting.
The three proposed principles — Sonic Biophilia, Translocated Sound Memory and
Multisensory Sonic Inclusion — were conceptually structured by identifying the biological or

ecological phenomenon, its perceptual and behavioural implications, architectural correlations; and
criteria for design integration and responsiveness.

Stage 3 — Case study validation. Representative case studies were selected to illustrate and validate
each principle, based on their alignment with the proposed strategies and availability of
documentation. Examples include Sonic Gathering Place (Australia), Rain Vortex (Singapore), Voice
Tunnel (United States), Entfernte Ziige (Germany), Fragments of Extinction (Italy), Ecoacoustic
Theatre (Italy), and Sound Forest (Sweden). These were analysed in terms of acoustic materiality and
integration, and multisensory design features.

3. Bio-acoustic Design Principles

3.1. Sonic Biophilia

The first principle emerges from the articulation between the concept of biophilia and the
foundations of acoustic ecology. It proposes that the built environment should integrate natural
visual and material elements and also actively and responsively incorporate the sounds emanating
from those elements. This approach consists of recognising sound as an indicator of ecological
vitality, understanding that certain natural environments, such as gardens and water features,
produce soundscapes that positively influence users’ emotional, physiological, and cognitive states.
In this context, architecture does not merely accommodate nature; it listens to it and amplifies it,
providing a feedback loop between natural sounds and human behaviour.
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To enable such integration, it is necessary to conduct, during the diagnostic phase of the design
process, a detailed analysis of the existing soundscape at the site. This analysis allows for a deeper
understanding of the quality and composition of the acoustic environment, distinguishing, for
example, the proportion between natural sounds (such as animal vocalisations and running water)
and anthropogenic sounds (such as human interactions, traffic, or urban machinery). Such data are
important for identifying opportunities to enhance local acoustic biodiversity and for informing more
effective design decisions. To this end, the participation of a multidisciplinary team, including
architects, biologists, and soundscape specialists, is essential during this stage.

Based on such data, the architectural intervention may be conceived as a symbiotic mediator,
both visually and aurally. Elements such as vegetation attractive to birds, insects, and small mammals
— strategically selected to promote vocal diversity and continuous presence — can be incorporated
into the design, alongside hydrological structures that produce variable sound profiles (e.g.,
dripping, continuous flow, turbulence), depending on material, geometry, and seasonal variations in
the hydrological cycle.

This approach is exemplified by interventions such as The Sonic Gathering Place, discussed earlier,
where the intentional integration of local vegetation and pre-recorded natural sounds produced
measurable restorative effects in the urban environment.

Complementarily, the Rain Vortex (Figure 2), located in the Jewel Changi Airport in Singapore,
stands as the world’s tallest indoor waterfall, reaching 40 metres in height and visually integrating
with the central atrium of the building [16]. Beyond its aesthetic value, the continuous presence of
falling water also contributes acoustically to the spatial experience, functioning as an element capable
of reshaping the soundscape within an intensely artificial environment [17]. Studies indicate that
high-flow waterfalls are capable of producing substantial low-frequency output — comparable to
that of urban traffic noise — and that, when their sound level is close to or slightly above ambient
noise, they can help to mask undesirable sounds [17]. Although sound pressure levels remain high
in the presence of water, perception of tranquillity has been shown to increase, not only due to
physical masking, but also as a result of the distracting effect of natural sounds characterised by low
sharpness and high temporal variability [17]. The case of the Rain Vortex demonstrates that sound-
generating natural elements can be integrated as functional acoustic devices, enhancing users’
psychophysiological comfort and enriching the auditory experience in highly artificial settings.

Figure 2. Central opening, Rain Vortex, at The Jewel Changi Airport, Singapore [16].

In design terms, sonic biophilic integration may also require the use of digital tools that associate
dynamic environmental parameters with architectural morphology. In this regard, acoustic sensors
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connected to machine learning systems capable of interpreting natural sound patterns and converting
them into spatial adaptation commands may be employed. For instance, the dominant frequency of
the local soundscape may be used to control kinetic devices such as louvres or movable panels, in
order to intensify shading, promote cross-ventilation, or regulate the amount of sound entering the
built space. This approach establishes a condition of continuous responsiveness between the natural
environment and the architecture, whereby the site’s soundscape is harnessed to modulate aspects
of environmental comfort and the dynamic behaviour of architectural form.

In the case of a project conceived in symbiosis with the natural environment — moving beyond
the mere insertion of plants and water into space — it is important to emphasise that the viability of
this strategy depends on specific structural and temporal factors. The implementation of a living
sonic ecosystem requires time for birds and other animals to recognise the site as habitat or migratory
route. Nonetheless, this limitation can be mitigated through the strategic selection of local species
with rapid growth and short seasonal cycles.

3.2. Translocated Sound Memory

The second principle is based on the premise that sound can serve as a mediator of emotional
connections between people and places, even when displaced from its original context. Rather than
limiting itself to the appreciation of local soundscapes, as in more conventional approaches, this
principle proposes a more narrative strategy by integrating sounds from other territories or
ecosystems as a means of evoking collective memories, activating symbolic associations, and
stimulating synaesthetic experiences.

This involves using architectural space as a medium for reproducing sounds that carry symbolic
value — such as the noise of an endangered ecosystem, the ritual song of a community, or the
soundscape of a distant territory — and allowing them to be re-experienced in an immersive,
sensitive, and critical manner.

This intentional displacement of soundscape can occur through high-fidelity environmental
recordings, digitally processed using algorithms that extract temporal and spectral patterns in order
to generate visual, tactile, or spatial stimuli aligned with their spectral characteristics. Rather than
simply reproducing background sounds, the design functions as a system of translation in which
acoustic patterns — such as rhythm, frequency, intensity, or timbre — are analysed and transformed
into design parameters such as light modulation, geometric variation, or the programming of kinetic
elements that physically respond to fluctuations in the original acoustic signal. This enables sound to
be materialised in a non-literal way, becoming a sensitive and interpretative architectural experience
in which space becomes a means of expressing sound memory.

An example that illustrates this approach is the installation Voice Tunnel (Figure 3), by artist
Rafael Lozano-Hemmer, presented in the Park Avenue Tunnel in New York City during the 2013
Summer Streets event.

The installation transformed a traffic tunnel, ordinarily closed to the public, into an immersive,
voice-responsive corridor where recordings of urban speech from various city neighbourhoods were
broadcast through a sound system distributed along the space. Simultaneously, visitors were invited
to speak into a microphone positioned at the entrance of the tunnel, with their voices captured in real
time to modulate the intensity of 300 LED"! lights spread throughout the corridor [18,19]. The lights
pulsed in direct response to the participants’ voices, creating a synaesthetic environment [19,20]. This
spatial reconfiguration created a kind of “interactive sound skin,” whereby the urban acoustic
landscape became a means of individual and collective expression, expanding the symbolic density
of the site beyond its physical materiality [20].
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Figure 3. Voice Tunnel, by Rafael Lozano, 2013 [21].

Another application lies in interventions focused on historical and environmental memory. The
installation Entfernte Ziige [22] consists of the transposition of soundscapes from the Koin
Hauptbahnhof railway station to the ruins of the Anhalter Bahnhof in Berlin, Germany, (Figure 4), which,
according to the artist, seemed to be “haunted” by the absent sounds of trains and crowds. The work
reconfigures the site as a space of sound evocation, where the memory of movement and urban life
is recovered not visually, but through listening.

Figure 4. Front and side views of the ruins of Anhalter Bahnhof, Berlin, former German railway station [23,24].

Similarly, the projects Fragments of Extinction and the Ecoacoustic Theatre [23] demonstrate how
endangered soundscapes, such as those of disappearing tropical forests, can be translated into
immersive installations that preserve and amplify the listening experience of remote ecosystems.
Architecture, in this context, becomes a space for empathic and pedagogical activation [25]. In a
comparable way, the Italian installation Sonosphere, conceived as a fully immersive eco-acoustic
theatre, offers a similar sensory experience by spatially projecting high-fidelity recordings of natural
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habitats. The hemispherical structure, equipped with 45 loudspeakers distributed around the
audience and beneath the floor, enables the accurate reproduction of 360° soundscapes (Figure 5)
[26].

Sonophereo

Brevetto internazionale EP 305271981 - US 9,447,5928 di David Monacchi
In costruzione (2019) in coll. con Sonus SAL per PESARO Catd UNESCO deila Musica (disegno 3D G.Marno)

Figure 5. The eco-acoustic theatre Sonosphere, developed in Pesaro, Italy [26].

This design principle can be particularly effective in contexts of memory preservation,
endangered cultures, or identity reconstruction, in which the original sounds of a community may
be kept alive within public or interior spaces, such as exhibitions. By making audible — or visible
and tactile — what would otherwise be absent or forgotten, the project promotes a kind of expanded
listening, in which memory is not merely presented as acoustic information, but as an environmental
experience.

3.3. Multisensory Sonic Inclusion

The third principle expands upon the biophilic approach by recognising that listening to the
environment is a kind of sensory connection with the natural world, but that this experience must
remain accessible even to those who do not perceive sound in a conventional manner. This involves
extending the concept of sonic biophilia beyond hearing, treating sound as a multisensory stimulus
capable of being perceived through other senses, thus making the built environment more inclusive
and responsive to the sensory diversity of its occupants. In this context, the sounds of nature are
understood as a means of belonging and emotional regulation that should be democratised through
design.

Spaces designed from this perspective consider, for example, deaf or hard-of-hearing users, as
well as neurodivergent individuals with sensory hypersensitivities (as often found in the autistic
spectrum), and indeed any user who interacts with space through different modes of attention and
reception.

The fundamental strategy consists in converting or transducing* sound waves into alternative
modes of sensory stimulation, a principle observable in nature, where various organisms convert
pressure variations into mechanical signals (e.g., fish detect vibrations in water through their lateral
linevii, and spiders perceive subtle disturbances on their webs [27,28]). Technologically, this
translation can be achieved through materials and systems that physically respond to the properties
of sound, such as its frequency or intensity, and transform this information into vibratory or visual
patterns. Advances in smart materials have enabled, for instance, the use of piezoelectric polymer
membranes™ or piezoelectric ceramics* that selectively vibrate in response to specific acoustic spectra.
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When applied to architectural surfaces (e.g., floors, walls, or furniture), such vibrations become tactile
and perceptible to the touch, allowing sound to be physically felt by those who cannot hear it.

In parallel, the visualisation of sound can be achieved through responsive lighting systems, in
which spectral variations are translated into changes in colour, light intensity, or movement
sequences. By combining both strategies (vibration and light) it becomes possible to synchronise
stimuli of different natures, creating synaesthetic experiences. Ensuring coherence between the
modes of stimulation is essential to maintain perceptual clarity and avoid sensory overload,
particularly for individuals with specific hypersensitivities.

This principle is exemplified by the installation Sound Forest, located at the Swedish Museum of
Performing Arts (Scenkonstmuseet) in Stockholm (Figure 6). The project presents a multisensory
immersive environment composed of interactive vertical strings that emit both sound and light,
combined with circular platforms mounted on a raised floor. Each platform is equipped with tactile
transducers* that allow visitors to feel the music through vibrations transmitted to their feet. The
platforms respond to physical interactions with the strings by triggering multisensory feedback such
as airborne sound, light, and haptici response are synchronised. The installation explores music as a
bodily experience, promoting the perception of vibration through various parts of the body and
enabling audiences with different sensory profiles to access the sound composition through
alternative means [29].

Figure 6. Interactive light-emitting strings (left) and a user engaging with one of the strings (right) in the Sound
Forest installation [29].

When applied to everyday architectural settings, this approach calls for a revision of traditional
criteria related to environmental comfort and wayfinding. For instance, audible alarms may be
complemented by pulsing visual stimuli or localised vibrations; doorbells may trigger light-based
rather than acoustic signals; and interactive floors and surfaces may convey rhythmic or spatial
information through tactile means. Sound thus ceases to be an isolated datum and instead becomes
part of an expanded sensory communication network.

When this principle is applied to bio-architecture, it acknowledges that the sounds of nature are
not merely to be contemplated but to be felt through multisensory engagement. This implies a change
in the way of designing, as it is not a matter of isolating noise or controlling sound as a pollutant, but
of cultivating it as a stimulus that can be interpreted by different sensory channels.

Although each principle has been presented individually based on conceptual frameworks and
practical examples, the methodological logic guiding their formulation may be synthesised
comparatively. Table 1 below organises the ecological mechanisms, perceptual effects, architectural
correspondences, and operational criteria associated with each principle.
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Table 1. Analytical structure underpinning the three bio-acoustic design principles proposed.
Principle Bio / Ecological Human Perceptual & Architectural Integration &
P Mechanism Behavioural Effects Translation Responsiveness Criteria
Proven effects on stress . .
. . . Vegetated courtyards Pre-intervention
Continuous natural reduction, attention .
. and water features soundscape audit;
sound sources (e.g., restoration, increased ) . . .
. . . designed for audible species-appropriate
.. . birdsong or flowing dwell time, improved . .
Sonic Biophilia flow; sensors use sound planting to sustain year-

water) are ecological mood, and enhanced

o : . data to feed kinetic round vocal activity;
indicators of habitat perceived . . . .
- s . ., . devices such as shading  real-time acoustic
vitality and biodiversity environmental quality in ) o
equipment monitoring loop

naturalistic soundscapes

Curatorial selection of
High-fidelity ambisonics culturally / ecologically

Evokes affective recording replayed via significant recordings;
Soundmarks carry the e e
L. . attachment, cultural concealed arrays; utilisation of distributed
acoustic identity of a . S .
lace: when continuity, and lighting pulses, surface multichannel systems
;W i . .
. P collective memory; reflections or and acoustic
Translocated Sound reintroduced elsewhere, . e
. fosters empathy towards environmental changes spatialisation
Memory they can evoke collective . . .
remote or endangered are synchronised with algorithms;

memory and re-establish . - .
y ecosystems through the the audio to enhance synchronisation of audio

symbolic connections to . . . I .
symbolic power of  immersion and support with visual / tactile cues;

the original context

soundmarks narrative or symbolic narrative signage
resonance explaining origin
context

Piezoelectric floors, seats Calibration of vibration
or wall panels that  thresholds vs. comfort;
vibrate to frequency =~ mapping the sound to
bins; water features that trigger, in synchrony,

Organisms such as fish,  Broadens access for
spiders, and certain deaf, hard-of-hearing,
plant convert pressure and neurodiverse users;

Multisensory Sonic . )
waves into mechanical reduces sensory

Inclusion . . . . pulse with acoustic other stimulating
stimuli for orientation or exclusion and supports . .
. . . intensity; translucent  elements of different
defence; humans can inclusive spatial . . .
. . . panels that shift opacity senses; option to
sense vibrotactile cues experience

with sound pressure personalise intensity

4. Discussion

This research proposes a repositioning of sound as a central element in the bioinspired and
biophilic design process, overcoming traditional approaches that treat it only as environmental noise
or a secondary variable to be mitigated. Through the development of the principles of Sonic Biophilia,
Translocated Sound Memory, and Multisensory Sonic Inclusion, the aim was to demonstrate how
soundscapes can operate as design matter — ecological, cultural, and perceptual — expanding the
scope of architectural biomimicry from the morpho-functional domain to the sensory and ecological,
and redefining biophilia beyond the mere incorporation of plants and water to include the sound
dimension.

With regard to Sonic Biophilia, the research highlights the value of natural soundscapes as
indicators of environmental quality and psychophysiological well-being. Ecological studies
underscore the essential role of audible sound stimuli in maintaining habitat quality and interspecies
interaction.

Sonic Biophilia, however, builds upon this understanding by treating natural sounds not as mere
decorative background elements, but as indicators of ecological vitality, whose presence can actively
reduce stress, restore attention, and enhance comfort. These effects are exemplified in the cases of The
Sonic Gathering Place and Rain Vortex, where, respectively, the attraction of wildlife and the presence
of the waterfall heighten the perception of tranquillity and facilitate the masking of persistent and
intense noise.

Furthermore, sonic biophilic integration should not be mistaken for decorative landscaping or
artificial sound ambience. Rather, it entails establishing an active and responsive relationship
between nature and architecture, grounded both in the ecology of place and in the auditory
experience of the user. By recognising sound as a legitimate component of the biophilic repertoire,
this principle expands the boundaries of bio-architecture by proposing that spaces should not only
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look like nature but also sound like it and adapt to it, thus deepening the direct connection with
natural elements and enhancing sensory engagement.

However, this responsive approach, in which the environment listens and reacts to the acoustic
context in real time, requires the integration of sensing, processing, and actuation systems*. Thus,
tools such as high-precision sensors, machine learning algorithms, and artificial intelligence may be
employed to adjust spatial conditions according to captured and processed sound data. This sound
reciprocity echoes Benyus’s [8] notion of the “conscious emulation of nature’s genius”, while also
opening new pathways for ecological interactivity in architectural design.

The second principle, Translocated Sound Memory, is anchored in research on sonic heritage and
acoustic ecology, recognising that certain sounds carry strong emotional, historical, and cultural
significance. Literature on soundmarks emphasises their role as cultural markers as meaningful as
visual landmarks. Building upon this understanding, the principle proposes the use of architecture
as a support for immersive acoustic experiences that recreate or relocate soundscapes from distant
geographic contexts.

Cases such as Voice Tunnel demonstrate the potential of public spaces to incorporate recorded
soundtracks that function as living sensory archives. Similarly, works like Entfernte Ziige and the
Ecoacoustic Theatre exemplify the transposition of historical soundscapes and endangered ecosystems,
respectively, into built contexts, where they operate as devices for environmental education and
empathic activation.

In sum, this principle proposes that the transposition of soundscapes may serve as a design
strategy capable of carrying meaning, fostering emotional bonds, restoring collective identities, and
reconstituting the acoustic memory of territories undergoing transformation.

However, implementing this principle requires not only the careful curation of the soundscapes
to be recreated, but also the integration of immersive and responsive technologies that enable their
incorporation into the built environment. This entails the use of tools such as ambisonic recordings
(which capture sound in 360°) to register the acoustic atmosphere of a given soundscape with spatial
precision. When reproduced through multichannel systems strategically distributed throughout the
architectural space, these recordings create a sense of immersion. Acoustic spatialisation algorithms
control the direction, distance, and movement of sound sources, synchronising them with visual
and/or tactile stimuli when desired.

The third principle, Multisensory Sonic Inclusion, stems from a critique of the dominance of sight
as the predominant sense in architectural practice. It advocates for the translation of sound into visual
and tactile stimuli, thereby broadening access to the soundscape for individuals with diverse sensory
profiles. This proposal is not restricted to accessibility for deaf or hard-of-hearing individuals; it
equally addresses the need of neurodivergent users, the elderly, and anyone who wish to engage
with space through synaesthetic perception.

Projects such as Sound Forest illustrate current technological possibilities for creating surfaces
that respond to sound data through light patterns or localised vibrations. This complex translation of
sonic stimuli into vibration, even when produced by high-resolution transducers, tends to convey
only general aspects of sound, such as rhythmic pulses or intensity, without capturing subtle nuances
such as birdsong. Similarly, the conversion of sound into light often results in simplified abstractions,
incapable of reproducing the full perceptual richness of sound. Nonetheless, such representations,
even when not faithful in detail, can still provoke meaningful sensations.

Nevertheless, implementation requires technical care; vibration thresholds must be calibrated to
convey nuances without causing discomfort for hypersensitive individuals, and light patterns must
be synchronised with sufficient precision to represent rhythms or intensities in an intelligible manner.
Moreover, genuine inclusion demands iterative testing and co-design with target user groups to
ensure that sensory translations are both functional and meaningful.

For this multisensory approach to be truly responsive and aligned with the sensory diversity of
users, it is essential to integrate a coordinated set of acoustic sensors, programmable controllers, and
sensory actuators. The system begins with the capture and processing of sound to extract acoustic
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properties such as frequency, intensity, and rhythm. These data are processed in real time by
microcontrollers< (e.g., Arduino boards), which interpret the sound patterns and convert them into
commands that activate lights, vibrations, or changes in physical elements of the space, such as the
opening of movable panels or the movement of architectural components. For instance, vibratory
floors equipped with piezoelectric transducers may pulse in synchrony with incoming sound
frequencies.

5. Conclusions

This paper outlines some strategies for integrating sound into architecture from a bioinspired
perspective, focusing on the articulation between soundscapes, human well-being, ecology, and
sensory accessibility. Through the development of the principles of Sonic Biophilia, Translocated Sound
Memory, and Multisensory Sonic Inclusion, the study establishes a theoretical framework for rethinking
the role of sound as active design matter and for guiding integrative design practices.

It is important, however, to recognise certain limitations. The validation of these principles was
based on case studies and literature review, without practical architectural experimentation or
sensory analysis of real biophilic spaces. The absence of empirical measurements such as acoustic
comfort assessments or perceptual impact evaluations involving users with diverse sensory profiles
limits the direct verification of the proposed strategies.

Even so, these principles constitute an analytical framework from which new practical trials can
generate testable design guidelines. In this regard, pilot studies and post-occupancy evaluations are
useful for verifying, refining, and quantifying the impact of each principle within built environments.

This investigation repositions the soundscape as a biophilic resource in which architecture
should embrace the sound of place, intervening to correct or enhance it only when it proves to be
harmful to the environment and users. The articulation between biophilia and soundscape emerges
as a strategy for promoting comfort, reducing stress, and positively impacting both physical and
mental health.

In parallel, the recovery of historical and ecological soundmarks emerges as a pedagogical tool
and a means of fostering environmental awareness. Whether through permanent interventions or
temporary installations, the reintroduction of identity-bearing sounds strengthens cultural ties and
stimulates ecological consciousness.

In addressing sensory diversity, it is essential that individuals with auditory hypersensitivity,
hearing loss, or neurodivergent profiles have access to solutions that allow them to experience the
soundscape in ways that align with their needs, whether through vibrations and/or synchronised
visual feedback.

6. Notes

iRMIT: Royal Melbourne Institute of Technology

ii Ambisonics is a spatial audio technique that enables the capture and reproduction of sound
with the aim of recreating a three-dimensional auditory perception. It employs spherical harmonic
functions to simulate, immersively and dynamically, how the human ears interpret direction,
distance, and spatial context [11,12].

iit The study by Hu et al. [13] identified culturally significant sounds such as conversations in
regional dialects, street vendors’ calls, scenes from the daily life of local communities, folk activities,
and traditional performances. These sounds were analysed across five historic districts in China:
Dashilan (Beijing), Bund (Shanghai), Laodaowai (Harbin), Jianghan Road (Wuhan), and Shamian
(Guangzhou).

ivNeurodivergent individuals exhibit neurological variations that diverge from the neurotypical
norm (e.g., Autism, Dyslexia, Attention Deficit Hyperactivity Disorder, or Tourette’s syndrome).
These variations are part of the natural diversity of the human brain and influence the ways in which
people perceive, process, and interact with their environment.
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vStrobe lights are light sources that flash at regular intervals, creating rapid intermittent visual
effects. They are commonly used in artistic environments to produce visual stimuli.

viLED (Light Emitting Diode) is a semiconductor device that converts electrical energy into light.

vii Transduction is the process by which one form of energy (e.g., sound, light, or motion) is
converted into another; for instance, vibrations transformed into electrical signals or tactile stimuli.

viil Lateral line is part of the sensory system present in fish and aquatic amphibians like tadpoles
[27].

ixPjezoelectric polymer membranes are thin, flexible films made from polymeric materials (e.g.,
polyamides and polyesters), used in sensors, microphones, or loudspeakers due to their ability to
vibrate or respond to stimuli [30].

x Piezoelectric ceramics (e.g., Lead Zirconate Titanate) are ceramic materials that generate an
electrical charge when subjected to mechanical pressure, and vice versa [30].

i Tactile transducers are devices that convert electrical signals into physical vibrations
perceptible through the skin, enabling sound to be experienced as tactile stimuli —for example,
through the sensation of rhythm, intensity, or musical pulse (e.g., virtual reality gloves and vibratory
floors).

xi Haptic perception refers to the ability to recognise objects and textures through both active
(movement) and passive (pressure) touch, allowing one to perceive the environment through touch,
pressure, texture, and vibration.

«iit Multichannel systems consist of arrays of loudspeakers distributed throughout a space to
enable the spatialized reproduction of sound. They provide immersive experience by directing
different audio channels to specific positions, thereby simulating the origin and movement of sounds
within the environment.

v Actuator devices are mechanisms capable of converting one type of energy into mechanical
motion.

x Microcontrollers are programmable integrated circuits capable of reading sensor inputs and
controlling physical actuators.
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