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Developing a typological matrix of Museum Sound
Sources to Enhance Design and Management

Yi Zhang
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&2 ABSTRACT:

(a2’ Sound offers a promising direction for enhancing the visitor’s experience
in the context of digital transformation and multisensory engagement. However,
1 what visitors perceive on site is a composite soundscape woven from multiple
sound sources. If curators and designers attend only to the sound inside the ex-
hibit while overlooking these other sources, the intended effect of sound design
may be diluted or disrupted. This study introduces two sound methods, Sound-
walking and Sound Sketch, and engages 24 participants in guided listening ac-
tivities at two museums in Hangzhou, China. These activities generated a rich
body of empirical materials, they provide the basis for developing a typological
@ [ramework of museum sound sources and for formulating the concept of Sound
Field Thinking. This framework contributes to a more precise description of the
(l: museum’s soundscape and provides a more comprehensive perspective for muse-
um professionals to understand sound in museums.

Il suono offre una prospettiva promettente per migliorare I’esperienza del
visitatore nel contesto della trasformazione digitale e del coinvolgimento mul-

- tisensoriale. Tuttavia, cio che i visitatori percepiscono sul posto & un paesaggio
/l 0 \/ ! sonoro composito, un intreccio di molteplici sorgenti sonore. Se curatori e proget-
0 tisti si concentrano soltanto sui suoni interni alla mostra, trascurando queste al-

tre sorgenti, ’effetto previsto del sound design rischia di essere attenuato o com-
promesso. Questo studio introduce due metodi sonori, il Soundwalking e il Sound
Sketch, coinvolgendo 24 partecipanti in attivita di ascolto guidato in due musei
di Hangzhou, Cina. Tali attivita hanno generato un corpus ricco di materiali em-
pirici, che costituisce la base per sviluppare un quadro tipologico delle sorgenti
sonore museali e formulare il concetto di Sound Field Thinking, contribuendo a
descrivere con maggiore precisione il paesaggio sonoro del museo.
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1. Introduction

In recent decades, a new generation
of museums has adopted diverse
strategies to expand their audiences
and challenge the traditional image
of silence, sanctity, and rigidity.! In
the meantime, the soundscape and
sonic texture have undergone pro-
found transformations.? Modern so-
ciety has become accustomed to the
constant roar and noise generated
by industrial products, sounds that
have inevitably permeated muse-
ums and evolved into various forms
and functions. Sound serves multi-
ple purposes in the cultural produc-
tion of various types of museums.?
It functions as a curatorial theme,
a medium of communication, an
artifact, and a component of multi-
sensory experiences.* Through the
strategic use of sound, museums
can enhance storytelling, facilitate
knowledge interpretation, and en-
rich visitor engagement.’

A growing body of literature high-
lights a shared observation: the
positive aspects of sound and its
sensory qualities are often largely
overlooked in museum environ-
ments. In the digital age, while
many museums have come to rec-
ognize the role of sound in shaping
exhibition experiences, a notewor-
thy gap remains in understanding
the interplay of museum acoustics
ecology and the potential of diverse
sound sources. Sound is often re-
garded as a challenging and intru-
sive element that is often selectively
skipped in many museum settings.’
Sound has been consistently mar-
ginalised by the dominance of visual
hierarchies, struggling to achieve
equal recognition. Although mul-
tilayered, multichannel, and mul-
ti-perspective exhibition practices

are increasingly accepted,® the une-
ven power dynamics between sen-
sory modalities in museums remain
difficult to address fully.

Museum soundscapes have become
increasingly complex. Digital exhib-
its, interactive installations, immer-
sive media, and audio guide systems
add layers of sound, while ambient
noise — from air conditioning, ele-
vators, external traffic, and conver-
sations — continually permeates the
exhibition hall. These sounds, often
beyond the control of curators or
designers, shape how visitors per-
ceive space, exhibits, and narrative.
Museum sound design, therefore,
requires understanding how multi-
ple sound sources coexist, overlap,
and interact, rather than focusing
on any single sound in isolation.

Thus, this study addresses two pri-
mary research questions:

 What types of sound sources
exist in museums, and how do
these sound sources affect visi-
tors’ experience?

* Given the increasing demand for
sound content in the current era
of digital transformation, what
attitudes should museum profes-
sionals adopt toward designing
and managing sound?

This study proposes a typological
matrix of museum sound sources
and intervention strategies, devel-
oped through sonic exercises with
24 participants across two distinct
museums. The contributions of
this study include: (i) introducing
soundwalking and sound sketches
into museum design education and
on-site observation as a repeatable
process for guided listening; (ii) de-
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veloping a typological matrix of mu-
seum sound sources to describe the
relationships among ambient back-
ground sound, operating sound,
sound from the audience and de-
signed sound; (iii) proposing Sound
Field Thinking as an initial concept
for understanding museum sound
environment as a continuous, dy-
namic, and interrelated environ-
ment.

2. The roles of sound in exhibition
interpretations

Currently, academic discussions
on the classification of sound in
museums are shaped by varying
definitions and taxonomies. These
frameworks are shaped by the role,
function and narration of sound
within exhibitions.

According to Stocker,” sound was
categorized into useful and useless
types. Useful sounds were defined
as music, narrative, and ambient
sounds — mirroring classifications
used in film production. Useless
sounds were identified as noise. It
was noted that both types of sound
could be intentionally created and
applied for specific purposes.

Bubaris!® introduced an initial
framework for understanding
sound in museum narratives in-
spired by the film sound design
theory, transposing concepts pre-
viously explored by Chion! in his
description of the cinematic space
to the museum field. It includes
two categories: diegetic sounds and
non-diegetic sounds, layered either
in the foreground or background
of the exhibition experience to fa-
cilitate the communication of sonic
information. Diegetic sounds are in-
tentionally designed to align close-
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ly with the audience’s experience,
while non-diegetic sounds, though
less directly related to the thematic
content, can meaningfully contrib-
ute to the narrative. de Jong!? also
explored these concepts and ap-
plied them in Polish museums.

Salmouka and Gazi'* proposed a
framework for classifying sound in
exhibitions that identifies three key
roles: informative, interpretive, and
immersive. The informative role
means sound as information, sim-
ilar to text in exhibitions, offering
supplementary context. The inter-
pretive sound is crucial in shaping
the exhibition narrative, fostering
audience engagement and connect-
ing different exhibit elements, pro-
moting meaning-making processes.
The immersive sound focuses on
creating a deeply engaging sensory
experience to evoke emotions and
enhance audience immersion.

Cortez* developed a typological
framework for sound in museums
based on literature and field obser-
vations from 59 on-site exhibitions
and 10 online exhibitions. It in-
cludes five “genres”: sound as lectur-
ing, sound as ambience/soundtrack,
sound as artifact, sound as art,
sound as crowd curation. She later
expanded the framework by add-
ing two further categories: sound as
a mental phenomenon, and sound
as live performance.!® This catego-
rization illustrates the diversity of
sound practices in museums and
highlights its significance in shaping
sensory experiences and contribut-
ing to audience’s meaning-making.

These sound typologies underscore
the complexity of sound in exhibi-
tions and its diverse applications
through the lenses of curation, de-
sign, visitors’ experience, and infor-
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mation exchange. Yet they mainly
address curated or designed sounds,
ortherole of sound in meaning-mak-
ing and sensory experience. In actu-
al museum settings, other sources,
such as mechanical operations, vis-
itor activity, and external environ-
mental sounds, are often left out-
side these frameworks. Sometimes,
unpredictable sound sources may
even interact unexpectedly with
those well-crafted by curators or de-
signers, leading to shifts in their in-
tended use and the visitor’s experi-
ence. This study, therefore, does not
seek to replace existing frameworks
but to offer a more integrative per-
spective for identifying overlooked
sound sources that may significant-
ly affect everyday museum experi-
ence.

3. The Listening Activities for Ob-
serving Museums

3.1 Soundwalking

Soundwalking is an active listening
activity designed to explore envi-
ronments, soundscapes and acous-
tic characteristics. It shifts the em-
phasis from a visually dominant
spatial experience to auditory per-
ception, encouraging awareness of
subtle sounds in the surroundings.
Soundwalking is widely employed
as a research method across dis-
ciplines and contexts, including
its theoretical reviews, ¢ studies
of measuring urban and outdoor
soundscapes,’” and research on
soundscapes in interior spaces.!®
Soundwalking remains rarely ap-
plied in museum spaces, though it
has been explored in educational
and observational contexts. Sound-
walking remains rarely applied in
museum spaces, although existing
studies have begun to demonstrate

its potential for exhibition practice
and curatorial education.®

In recent years, Soundwalking has
been adopted as an official method
in empirical soundscape research,
with efforts to establish a standard-
ised framework for its implemen-
tation. The international standard
ISO 12913-2% outlined detailed pro-
cedures and guidelines for using
Soundwalking to collect perceptual
data and evaluate soundscapes in
specific sites or spaces.?! Under this
framework, the author combine
Soundwalking with surveys and in-
terviews to gather insights into the
soundscape of a location, informing
its planning and design related to
sound.

3.2 Sound sketch

The Sound sketch can be regarded as
the sonic counterpart to traditional
sketch by visual representation of
the perception and characteristics
of sound.?? This method captures
the cognitive processes and design
thinking involved, thereby reduc-
ing the load on working memory.*3
This approach of auralization helps
designers and creators to document
inspiration, articulate thought pro-
cesses, and preserve fleeting sound
experiences. Previous studies have
explored sound sketches from var-
ious perspectives, including the
associations and semantic-audi-
tory channels of sound sketches,?
the iterative refinement of sound
sketches in design processes,” and
the use of vocal sketching, gestures,
and other multimodal means of
representing sounds as a research
and design creative tool.?® In the
museum context, Kannenberg?
proposed a framework for creat-
ing sound sketches by integrating
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listening, recording, and drawing
to interpret museum soundscapes.
This approach incorporates draw-
ing, a fundamental artistic skill, into
sound art practice, metaphorically
representing specific listening expe-
riences.

Sound sketches, when understood
as metaphorical interpretations
and representations, serve not only
as a means of creating new mean-
ings but also as a way of perceiv-
ing ourselves and structuring our
language.?® Analyzed primarily
through a generative semiotic and
narrative lens,”® metaphors and
analogies reflect a ‘corporeal rever-
beration’ that can consciously con-
nect individuals, their cultures, lan-
guages, and backgrounds through
embodied representations such as
diagrams or linear narratives. This
is particularly relevant in the fields
of design and architecture.’® Sim-
ilar to how revisiting sketches in
visual art can yield fresh discover-
ies, sound sketches can help partici-
pants or designers revisit and refine
compelling concepts about sound.3!
Here, participants did not seek to
reproduce the sounds themselves
with precision. Instead, they used
lines, shapes, colours, and written
annotations to record the sound
sources, movement, intensity, emo-
tional qualities, and spatial rela-
tionships they perceived during the
soundwalking. In this study, sound
sketches are therefore treated as a
supporting tool for soundwalking,
helping participants recall and re-
flect on their listening experience.
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4. Methodological phases and im-
plementation

4.1 Research sites

Soundwalking and Sound Sketch
practices were conducted as part
of the extracurricular activities for
the course Research-based Artistic
Practices: Narrating the Post-human
in the Multi-Sensory Exhibition. This
course was offered during the PLAY-
SHOP summer school®*? at the China
Academy of Art from June to July
2023, with the author serving as the
main tutor.

The Soundwalking and Sound
Sketch sessions were conducted at
two renowned museums in Hang-
zhou, China: The China Museum of
Design Bauhaus Collection®* (here-
inafter referred to as CDM), de-
signed by Alvaro Siza and Carlos
Castanheira, and the China Comic
& Animation Museum?* (hereinaf-
ter referred to as CCAM), designed
by MVRDV. CDM was selected for its
typical characteristics as a white-
cube design dedicated to art and de-
sign themes. In comparison, CCAM
was chosen for its extensive use of
audiovisual content and interactive
experiences that enhance visitors’
understanding of animation, with
sound playing an important role in
its narrative.

4.2 Participants and Research Ac-
tivity Process

The experiment involved 24 sec-
ond-year students from the major of
art, science, and design at the CAA
School of Innovation Design. The
experimental procedures were ex-
plained to all participants, and writ-
ten informed consent was obtained
from each participant prior to the
start of the study. All interviews
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were audio-recorded with consent.

Before the Soundwalking and Sound
Sketch sessions began, a deep listen-
ing exercise was organized on cam-
pus. As Figure 1 shows, the author
embarked on a three-part exercise
designed to enhance our auditory
perception and attune us to the in-
tricate and textural nuances of the
sounds that envelop us.

The first step underscored how
routinely we categorize, and name
sounds based on their sources. The
second step brought students’ atten-
tion to aspects such as tempo, pitch,
and timbre. The third step served
as an immersive exploration of the
acoustic ecosystem that constantly
surrounds us, often unnoticed. The
exercise proved transformative,
providing us with an enhanced ap-
preciation for the richness of sound
and the many ways in which it in-
fluences our perception of space

and environment.

Then, students were divided into
two groups and asked to explore
the soundscapes of each museum
from two perspectives: as visitors
with  traditional soundwalking
questionnaires and as artists or de-
signers with sound sketches. Their
roles were switched between the
museums to provide a balanced ex-
ploration. The study drew on a set
of listening questions suggested by
Voegelin.*> These questions can in-
spire students to reflect on their
sound exploration in museums.
Within two days of the activities,
the author conducted semi-struc-
tured interviews with all students,
each lasting approximately thirty
minutes. Students were invited to
reflect on their soundwalking ex-
periences and discuss their insights
into the intersections of sound, art,
and design, referencing their ques-
tionnaires and sound sketches.

Fig. 1:

A deep listening
exercise at

CAA campus,
photographed by
the author.
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Key questions included:

» How would you describe your
listening experience in the mu-
seum? Please refer to your ques-
tionnaire and sound sketch.

« How would you evaluate the
soundscapes of the two muse-
ums?

 What role do you think sound
plays in the overall museum ex-
perience?

*  Which sounds left the most sig-
nificant impression on you?

* As an artist and designer, what
insights did you gain from this
experience?

The research used a multisensory
dataset to document the character-
istics, functions, and potential im-
pacts of sound on visitors. The da-
taset includes: observational field
notes written by the author; pho-
tographs and videos documenting
museum spaces, exhibits, visitor
activity, and the surrounding envi-
ronment; on-site audio recordings
capturing designed sounds, ambi-
ent noise, music, and mechanical
operations; sound sketches creat-
ed by participants; soundwalking
questionnaires completed by par-
ticipants; and semi-structured in-
terviews conducted by the author,
along with their transcriptions.

This study frames the listening activ-
ities as an exploratory investigation
based on observation, documen-
tation, discussion, and reflection.
Through open coding, it identifies
recurring sound sources and per-
ceptual experiences from question-
naires, interviews, and field notes,
and cross-references them with
sound sketches, photographs, vid-
eos, and audio recordings to con-
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firm their spatial and contextual
relations. These findings are then
synthesized into four categories of
sound. Drawing on workshop mate-
rials, participant feedback, and ex-
isting literature, the study clarifies
the value of this matrix for museum
sound design and management.

5. A typological matrix for
listening to museum

Building on the previous activities,
the author proposes a typological
matrix that serves as a conceptual
framework to address the potential
of sound in terms of its source, func-
tion, and designability within the
exhibition design field (see Figure
2). The aim is to encourage a more
holistic and listening-oriented de-
sign approach to sound, understood
as a critical element in exhibition
narratives and spatial design.

Ambient background sound

In this study, ambient background
sound refers to the collection of
non-specific, continuously present
sounds within a museum space un-
der normal operating conditions
and without visitors. These sounds
typically include spatial echoes, me-
chanical noise, and environmental
sounds from the outdoor surround-
ings.

Spatial echoes are influenced by the
architecture and materials of the
space, which influence how sound
diffuses and decays. A quarter of
students noted that the echoes in
CDM created a pronounced sense
of openness, to the extent of evok-
ing disorientation. These reverber-
ations enhanced the impression of
spaciousness, even though CDM is
an enclosed, windowless building.
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A Typological Matrix of Sound Sources in Museums
Ambient Operatin Sound from Desi d
background Fs)oun q g the eS|gn§
sound audience soun
l Spatial echoes I l Auditory prompts I l Conversations I Sound as attentional
access to exhibits
I Mechanical noise y Exhibit interaction Sound as informational

Audio guides
and podcasts

sounds access to exhibits

I Outdoor sound l

When effectively applied, reverber-
ation can create an optimal listening
environment and foster a sense of
immersion. Among notable exam-
ples, Fiebig, Piereth and Karnatz in
Soundscape as Methodology in psy-
choacoustics and noise management,
%6 demonstrated how the integration
of staircase design and reverbera-
tion at Cadolzburg Castle Museum
in Germany enhanced historical
perception, and Susan Philipsz’s
sound art in museums®*’ used re-
verberation to blur spatial bounda-
ries. Mechanical noise, on the other
hand, originates from facilities such
as air conditioning, elevators, and
exhibit equipment. About one-third
of participants highlighted that air
conditioning noise in the corridor
connecting two exhibition halls at
CCAM detracted from their experi-
ence. The intrusive sound discour-
aged visitors from lingering in the
corridor, causing them to overlook
the exhibits displayed there.

Footsteps l Sound as interactive

access to exhibits

Sound as emotional
access to exhibits

Sound as immersive
access to exhibits

Ambient sounds are also influenced
by the museum location and are of-
ten random and dynamic. Whether
located in the countryside or the
urban landscape, these sounds may
include natural elements, such as
birdsong, wind, or water, as well as
external traffic noise. One student
recalled arriving at CCAM on a quiet
morning, noting the profound still-
ness of its suburban setting, which
atmosphere was accentuated by the
presence of a lake just behind the
building.

Operating sound

The daily operation of a museum is
a complex and meticulous process
requiring the coordination of nu-
merous individuals, systems, and
resources. For example, systems for
ventilation, temperature control,
surveillance, and lighting maintain
a safe and comfortable environ-
ment for museums to ensure basic

Fig. 2:

A Typological
Matrix of
Sound Sources
in Museums,
created by the
author.
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infrastructure and accessibility.

From this perspective, two subcat-
egories of sound are identified: au-
ditory prompts, audio guides and
podcasts.

Auditory prompts

In museums, auditory prompts are
categorized into two types: broad-
cast systems covering the entire
venue and localized audio cues for
specific areas. Museum-wide broad-
casts are used in particular contexts
to convey information, such as re-
minding visitors to follow the rules,
assisting in locating individuals, or
announcing closing times. Localized
audio cues guide navigation, help
visitors orient themselves through
sound, and provide directional sup-
port, especially in dark environ-
ments, multi-sensory exhibitions,
or customized space where sound
enhances the experience. While the
design of auditory prompts has been
extensively studied in fields like au-
tomotive and healthcare,® design
research in museum contexts re-
mains limited and often leads to the
generation of unintentionally intru-
sive and annoying soundscapes.

Audio guides and podcasts

Audio guides are widely used and
well-accepted tools for auditory in-
terpretation in museums.* These
guides use storytelling to explain
exhibits, helping visitors to learn
about their background and details.
Audio guides can be either automat-
ically activated via Bluetooth, RF,
RFID or IR triggering systems at spe-
cific locations or they can be man-
ually selected on devices. In recent
years, many museums have made
audio guides accessible online so
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that visitors can use their smart-
phones to scan QR codes and access
the content. Audio guides function
as a compass that helps visitors
navigate the overwhelming array of
displayed artefacts and offers each
individual a personalised guide.*

Museum podcasts represent a new-
er category of sonic media gaining
traction. The museum podcasts cov-
er a range of topics, including the
history of the museum, detailed
knowledge about collections, and
behind-the-scenes stories of exhi-
bition production. It contributes to
museums extending their cultural
influence beyond physical bound-
aries, offering audiences a flexible
way of engagement.

Operating sounds refer to sounds
generated by museums to maintain
order, convey information, man-
age circulation, and support visitor
services. Here, the following types
of sound are grouped together be-
cause they all serve the museum’s
operational and guidance functions
at different scales. Museum-wide
broadcasts address the entire facil-
ity and are typically used for clos-
ing reminders, rules, or emergency
notifications. Localized audio cues
target specific areas, offering direc-
tional guidance, interactive remind-
ers, or safety alerts. While audio
guides and podcasts primarily sup-
port the interpretation of exhibition
content. While often considered be-
yond the conventional responsibil-
ities of exhibition designers, these
sounds remain integral to the holis-
tic construction of the visitor’s expe-
rience.

Sound from the audience
Nearly all students emphasised the
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impact of sounds from the audi-
ence on their museum experience,
including conversations, exhibit in-
teractions, and footsteps.

Visitors’ conversations typically in-
volve sharing impressions, exchang-
ing ideas, or seeking information. At
CCAM, where children are a prima-
ry audience group, their unpredict-
able behaviour creates particular
challenges. In the interactive game
areas, children’s excitement often
leads to loud screams, creating an
excessively noisy environment that
diminishes the effectiveness of the
exhibition content and coerce the
audience to escape.

Footsteps are generally considered
part of the ambient background
noise, yet they may also be under-
stood as sounds produced by visi-
tors’ bodily movement. While their
influence is subtle, they can become
prominent in quieter galleries. Over
half of the students mentioned the
creaking wooden floors in CDM’s
Bauhaus design exhibition room.
Opinions of students on this sound
varied. Some students found it dis-
tracting and preferred the quiet-
er terrazzo flooring. One student
observed that the creaking sound
was tolerable when walking alone
but became pretty jarring as large
groups were present. Others felt
the sound encouraged more careful
movements to keep a serene atmos-
phere. One student associated the
sound with the solemn tranquilli-
ty of wooden ancestral halls in her
hometown, describing it as calming
and comforting. As noted by Orhan
and Yilmazer # some visitors report-
ed that certain sounds in museums
can foster a sense of ease, helping
them avoid the overly restrained
and cautious behaviour often asso-

ciated with library environments.

It shows that visitors are not pas-
sive recipients of the sound, but
active contributors to the museum
soundscape. Their behaviour may
reinforce, mask, or interrupt the
designed sounds for the exhibition.
Thus, exhibition designers and mu-
seum managers should consider the
sonic effects of visitors’ density and
interaction.

Designed sound

The integration of this type of sound
in exhibitions is often driven by
curators’ and designers’ efforts to
enhance interpretative and interac-
tive experiences. Designed sounds
can be categorised into five func-
tional subtypes.

Sound as Attentional Access to
Exhibits

Sound holds the inherent power to
capture, guide, and focus attention,
and it is a fundamental perceptual
property of auditory stimuli in dai-
ly life.*? In exhibitions, this type of
sound is used to direct visitor focus
to specific exhibits or areas in an
information-rich context. Exam-
ples include brief alert tones, tonal
variations, or rhythmically distinct
sound compositions.

Sound as Informational Access to
Exhibits

Sound serves as a dynamic medium
for conveying complex informa-
tion, encouraging active listening
and observation beyond passive
reliance on visual elements. Com-
mon examples include ad hoc and/
or archival recordings of scripted
narratives, theatrical presentations,
readings, interactive dialogues, oral
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stories, and interviews. Especially
within highly complex sensory con-
texts, these narrative sounds can
enhance or restrict the visitors’ in-
terpretation and meaning-making
while opening or closing interpre-
tative perspectives on content. For
instance, historical recordings or
dialogue segments can vividly il-
lustrate past events and stories. For
instance, historical recordings or
dialogue segments can vividly illus-
trate past events and stories.

Sound as Interactive Access to Ex-
hibits

Sound can stimulate curiosity
and enhance visitor engagement
through immediate and dynamic
feedback. In museums, interactive
and reactive sound takes various
forms, such as in hands-on systems,
body-on systems, motion-based
systems and complex multimedia
installations. These sound interac-
tions can occur through changing
sound effects, increasing volume, or
shifting sound positioning in space
to help visitors locate specific exhib-
its, select, manipulate or uncover
hidden content. This use of sound
fosters active visitors’ participation
and transforms the exhibition ex-
perience into a more engaging, em-
bodied and enjoyable process.

Sound as Emotional Access to Ex-
hibits

As noted by Kang,*® “Compared to
vision, sound perception is usu-
ally information-poor but emo-
tion-rich”. This emotional depth
makes the sound a powerful nar-
rative tool in exhibitions, capable
of evoking specific emotional states
such as suspense, nostalgia, joy, sor-
row, solemnity, or relaxation. Often
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presented as music, sound effects,
or soundscapes, these sounds have
low informational density but are
highly emotionally impactful. Yet,
these sounds transcend cultural
and linguistic barriers to convey
emotions that visual elements alone
cannot comprehensively express.
For instance, a familiar melody or a
specific sound effect can evoke emo-
tional resonance without requiring
verbal explanation.

Sound as Immersive Access to Ex-
hibits

Spatial sound goes beyond emo-
tional engagement to create a sen-
sory-enhanced environment that
draws and immerse visitors deeply
into a narrative. Unlike emotion-
al sound, immersive sound is de-
signed to construct a mentally con-
tained environment that captures
and sustains attention. This type of
sound design is frequently integrat-
ed with lighting, visuals, and spatial
elements to create comprehensive,
multi-sensory experiences, often
used to reconstruct or simulate nar-
rative settings. Among sonic forms,
the soundscape is particularly sig-
nificant in defining the overall ex-
hibition atmosphere and shaping
immersive experiences. The term
immersion frequently appears in
discussions of sound experiences.*
In museums, immersive experienc-
es often construct self-contained
narrative spaces, where spatial en-
closures and multisensory stimu-
li concentrate visitors’ awareness,
guiding them into a predefined sce-
nario. The role of sound in this pro-
cess is significant, as listening can
enhance the audience’s perception
of realism of the scene.®
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6. Inspirational insights: Sound
Field Thinking

Only a total appreciation of the
acoustic environment can give
us the resources for improving

the orchestration of the world
soundscape.*

Listening actively to an exhibition
reveals the diverse array of sound
sources within a museum. These
include music, audio guides, back-
ground and operating sounds, sound
effects, visitors’ conversations, and
other sounds that merge and inter-
act from all directions. The poten-
tial of sound to create meaningful
museum experiences is increasingly
recognized, permeating exhibitions
in various forms. The insights gath-
ered in this study are converging
into a problem consciousness that
remains to be further tested and de-
veloped: Sound Field Thinking. This
concept views the museum as a uni-
fied and continuous auditory envi-
ronment where sound design must
take the entire space into account
rather than being confined to isolat-
ed installations or specific areas. De-
signers are encouraged to perceive
the museum as a dynamic sound
field and consider both its inherent
sound sources and the unpredicta-
ble, visitor-generated sounds that
occur during the experience. To cre-
ate a coherent and harmonious au-
ditory environment, designers must
address the narrative of both exist-
ing and designed sounds, mediate
the relationships between different
sound sources, and consider how
visitors’ behaviour shapes the over-
all soundscape.

One participant remarked that
sound has the power to ruin an ex-

hibition due to its significant disrup-
tive potential. Whether it is a central
element or not, sound is inherently
intrusive and cannot be ignored.?
Unlike visitors who can choose to
close their eyes to turn off the visual,
they cannot turn off their percep-
tion of sound.*® Uncontrolled noise
or sound design that contradicts
the exhibition narrative, whether
through excessive volume, disrup-
tive noise, or irrelevant effects, can
impede deeper visitor engagement.
Its negative impact is more easily
amplified in the minds of visitors
than visual failure or visual disrup-
tions. For example, visitors them-
selves are often the largest and
least controllable source of noise
in museums.”® Human-generated
noise significantly affects acoustic
comfort.>® Many visitors describe a
museum as a noisy and disordered
place, particularly one featuring
interactive or multimedia exhibits.
The sounds of visitors tapping on
interactive displays, the hum of air
conditioning, sound bleeding from
exhibits, and the chatter or shouts of
children combine to form a dynam-
ic and often chaotic soundscape.*!
This issue is exacerbated by two fac-
tors: insufficient consideration dur-
ing the design phase of cumulative
visitor sounds and the frequent use
of highly reflective surfaces in mu-
seum architecture.>? It also under-
scores a broader issue: discussions
about sound and acoustic design of-
ten focus solely on noise control and
mitigating negative impacts.>®* This
negative image overlooks the poten-
tial of sound as a powerful tool for
enhancing visitors’ experiences.

A student described an exhibition
hall at CCAM where two interac-
tive touch walls allowed visitors to
trigger thematic content by tapping
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the screens. Children screamed and
fought intensely for control of the
display, their noise blending with
the loud scolding from parents
and the constantly shifting sound
effects from the installation. The
cacophony reverberated through
the smooth surfaces of the hall, cre-
ating what the student described
as ‘sounds battling each other’. At
this point, the sound volume of the
space exceeded its reasonable lim-
it, prompting visitors to hurry past
the hall to escape the overwhelming
noise. Background noise is an una-
voidable aspect of human environ-
ments,* and noise cannot be entire-
ly eliminated.>’

Another student shared her experi-
ence at an exhibition room on rural
education at CDM. She noted that as
the temperature and the number of
visitors increase, the museum usu-
ally adjust the indoor temperature,
but sound levels remain unchanged.
In this exhibition, she initially heard
the faint sound of running water,
which fit the ambience of the space
well. However, as more visitors en-
tered, the delicate sound was quick-
ly overpowered by crowd noise. De-
spite the wealth of research on how
visual elements and temperature
affect museum experiences, sound,
as an essential parameter for im-
proving spatial comfort and visitor
engagement, has received compara-
tively little attention.>®

These examples illustrate a critical
insight: the spatial sound volume
is not static but fluctuates with the
number of visitors. Moreover, when
one set of sounds interacts with an-
other, they may amplify, cancel out,
interfere, or resonate in unpredict-
able ways. Designers often test de-
signed sounds in empty or minimal-
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ly occupied rooms without other
sound sources, overlooking how
visitor presence dynamically alters
sound volume and interactions be-
tween different sounds.

From a practical perspective, Sound
Field Thinking offers a form of prac-
tical awareness for curators, design-
ers, and museum managers. It be-
gins with identifying sound sources
early in the exhibition production
process, especially ambient back-
ground sounds and their influence
on the exhibition. Audio guides,
museum-wide podcasts, and local-
ized prompts should be planned as
part of a unified sound design strat-
egy, while designers should test de-
signed sound under real visitor con-
ditions rather than only in empty
spaces. It is important to recognize
that sound is not simply an added
layer of content, but a medium that
shapes spatial perception, narrative
rhythm, and embodied experience.
After opening, designers or muse-
um technicians should adjust vol-
ume, duration, playback frequen-
cy, and spatial placement based on
visitor feedback to refine the sound
experience during daily operations.

7. Application of sound research
methods In museum interior
environment

The development of sound design
relies on effective methods and
tools. In our exploration of listen-
ing in museums, the author guided
students to adopt the perspectives
of audiences, artists or designers.
As Figure 3 manifests, they learned
to document and articulate their
thoughts and impressions during
the listening process. Our bodies
serve as sensitive and practical
instruments for detecting sound.
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These methods are valuable not for
measuring sound but for guiding
participants to re-enter the museum
environment through attentive lis-
tening and to render otherwise in-
expressible sound experiences into
visual materials.

Thus, the author encouraged partici-
pants to engage with the soundscape
by adjusting their movements, like
clapping, to explore reverberation
and perceive how sound disperses
or concentrates within the space,
such as continuity, rhythm, -ca-
dence, polyphony, and dissonance.
Subsequently, Soundwalking ques-
tionnaires and sound sketches were
introduced to help participants doc-
ument their auditory perceptions

Hoo\/ 2

X
[
< pplT
A TN s
D OO
STOON, [T el N
S ’W/ -

systematically, laying a foundation
for subsequent sound analysis and
design translation. Here, sound-
walking helps designers identify
previously overlooked sound sourc-
es within the museum and incor-
porate them into design considera-
tions. Compared with conventional
text-based questionnaires, sound
sketches provide an immediate and
tangible representation of partici-
pants’ understanding of spatial rela-
tionships among sound sources. For
instance, some sketches depict ech-
oes as outward-flowing lines, rep-
resent mechanical sounds through
dense textures, and record chil-
dren’s voices as irregular, high-in-
tensity symbols. While these rep-
resentations are not standardized,
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Fig.3:
Examples of
sound sketches,
created by CAA
students.
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they offer designers a visual tool for
reflecting on how sounds move, in-
teract, and flow within the space.

Variations in sensory sensitivity,
commonly referred to as aural di-
versity’’, mean that participants
may have different auditory and
perceptual abilities due to varying
degrees of hearing loss or listening
habits. Besides, the lack of a stand-
ardized visualization system means
that sound sketches depend on indi-
vidual expression. As a result, these
records remain subjective and situ-
ated, and cannot be treated as com-
parable representations of sound
experience. However, these explo-
rations can offer some insights for
teaching and practicing sound de-
sign in museums. Perhaps, future
research could focus on integrat-
ing soundwalking, sound sketch,
and other complementary tools
into a comprehensive sound design
toolkit. It would provide exhibition
designers with a structured process
for transitioning from sound per-
ception to expression, advancing
the application of sound-driven de-
sign in museums and broader de-
sign contexts.
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8. Conclusions: towards a listen-
ing-driven design approach

This paper presented an in-depth in-
vestigation into the important role
that sound plays in modern muse-
ums, addressing two main topics.
On the one hand, the author consid-
ered the different types of sound ex-
isting in museums and how they af-
fect the visitors’ experience. On the
other, we explored possible ways
and methodological tools that mu-
seum professionals can adopt to de-
sign and manage sound in museums
in the era of digital transformation.

Fieldwork conducted in two re-
nowned museums with a group of
students demonstrates how Sound-
walking and Sound Sketches meth-
ods can be useful for learning to
open one’s ears and analyse differ-
ent sound environments, thus en-
hancing creative conceptual explo-
ration and sensory documentation.
In addition, findings on the multi-
faceted role of sound from litera-
ture review and fieldwork have led
to the definition of a typological ma-
trix of museum sound sources that
reveals the potential of sound for
construction, design and narrative
transformation within the museum
context.

Although it is not possible to ana-
lyse every sound source that con-
tributes to the generation of the
overall museum soundscape, this
research tries to provide a useful
analytical framework for building
a more systematic and comprehen-
sive understanding of sound. This
typological matrix then informed
the concept of Sound Field Think-
ing, understood as a method to view
the museum as a unified and con-
tinuous auditory environment that
should be taken into consideration
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as whole within the design process.
Finally, these methods can support
further exploration of sound appli-
cations in museum contexts, offer-
ing museum professionals a tool to
integrate sound within the design
process thus supporting the further
exploration of sound-driven design
and management approaches in the
future.
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