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Abstract

Archaeoacoustics, an interdisciplinary field that combines archaeology, acoustics and computer
modeling, traditionally researches the sonic dimensions of ancient cultures, revealing insights
beyond conventional methods. This article, however, extends these techniques to the preserva-
tion of industrial heritage based on a critical heritage perspective. By focusing on the
MNACTEC museum network’s project “The Sounds of Industry”, it illustrates how capturing,
analyzing and recreating the sounds of the industrial past can enhance heritage conservation.
By providing immersive auditory experiences, archaeoacoustics presents a unique method for
connecting contemporary audiences with the industrial past. This study underscores the poten-
tial of sound-based heritage projects to deepen public understanding and appreciation of his-
torical narratives.

Keywords: auralization; museology; critical heritage studies; acoustic heritage; sound heritage;
heritage safeguarding

Resum. Arqueoaciistica industrial, métodes i aplicacions en la salvaguarda del patrimoni. El cas del
projecte «Els sons de la indiistria» del sistema territorial MNACTEC

L’arqueoacustica, un camp interdisciplinari que fusiona I'arqueologia, I'actstica i el modelatge
informatic, investiga tradicionalment les dimensions sonores de les cultures antigues i revela
coneixements més enlla dels metodes convencionals. Aquest article, no obstant aixo, estén
aquestes tecniques a la salvaguarda del patrimoni industrial des d’una perspectiva de patrimoni
critic. En centrar-se en el projecte «Els sons de la inddstria» de la xarxa de museus MNACTEC,
il-lustra com el fet de capturar, analitzar i recrear els sons del passat industrial pot millorar la
conservacié del patrimoni. En proporcionar experiéncies auditives immersives, I'arqueoactstica
presenta un metode Gnic per connectar el public contemporani amb el passat industrial. Aquest
estudi subratlla el potencial dels projectes patrimonials basats en el so per aprofundir en la com-
prensié i apreciaci6 publiques de les narratives historiques.
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1. Introduction

Industrial archaeoacoustics is an innova-
tive, interdisciplinary approach that com-
bines archacology, acoustics and computer
modeling to explore and preserve indus-
trial heritage. It extends the traditional fo-
cus of archaeoacoustics, which researches
the sonic dimensions of ancient cultures,
to the industrial era. By examining the
auditory features of historical industrial
sites, industrial archaeoacoustics provides
unique insights into the social dynamics
and cultural transformations that accom-
panied industrialization.

This article seeks to ascertain wheth-
er an understanding of the role of sound
and the study and preservation of indus-
trial archaeoacoustics is a necessary and
valuable component of the process of en-
suring the correct and complete preserva-
tion of industrial heritage.

The significance of sound in indus-
trial contexts is underscored by its impact
on daily life and work. The clatter of ma-
chinery, the hum of factories and the ca-
cophony of urban centers were not mere
background noise; they were integral to
the experience of industrialization. Un-
derstanding these sounds not only en-
riches our historical narratives and offers

a deeper appreciation of the conditions
and experiences of those who lived and
worked during this transformative period
but could also deliver new ways to inter-
pret our present.

Barry Blesser’s concept of “aural ar-
chitecture” is pivotal to understanding
how industrial acoustic spaces influenced
the behavior, communication and well-
being of workers. Blesser’s insights into
the interplay between sound and space
emphasize the need to consider acoustic
properties in cultural studies (Blesser &
Salter, 2007: 67-68). The unique sound-
scapes of industrial settings, with their
high noise levels and distinctive auditory
features, shaped not only the operational
dynamics of these environments but also
the social interactions and cultural prac-
tices of the communities that lived and
worked within them. This perspective en-
riches our understanding of how acoustic
environments influence daily life in in-
dustrial sectings.

Jacques Attali’s theories on noise as
a cultural and political force provide a
broader context for understanding the
significance of industrial sounds. Accord-
ing to Attali, noise is not merely a byprod-
uct of industrial activity but a reflection of
power structures, labor relations and tech-
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nological ideologies (Attali, 1985: 6). By
examining the soundscapes of the indus-
trial revolution, we gain valuable insights
into the socio-economic transformations
and cultural changes that characterized
this period. This approach reveals how
the auditory dimension of industrial her-
itage can serve as a way to explore broader
historical and cultural phenomena.

A significant advantage of applying ar-
chaeoacoustic methodologies to the indus-
trialization period is that, unlike many
archaeological sites, industrial environ-
ments are often well-documented through
photographs, drawings, narratives and oral
testimonies (figure 1). This wealth of data
enables past soundscapes to be reconstruct-
ed in detail with unprecedented accuracy.
In essence, archaeoacoustics functions as
a form of reverse engineering aimed at
reaching a specific period, situation or
process, to enable focused and clearly de-
fined research. Consequently, this ap-
proach requires multidisciplinary support
to combine, filter and interpret diverse
historical sources and ensure precise and
reliable results through the methodology.

AR

Figure 1. Interior of the warehouse with looms
from Pere Roma’s textile factory, “cal pelesque-
nes”. Source: Salvador, A. (1935). Retrieved
from <https://xac.gencat.cat/ca/llista_arxius_
comarcals/baix_llobregat/documentant-la-
industria/index.html>

Sites from our industrial past can be
found in varying states of preservation to-
day. Some no longer exist or are in ruins,
while others are protected or supported
by institutions dedicated to their conser-
vation. These institutions manage to pre-
serve, protect, reuse or reconstruct these
sites with varying degrees of success. The
same applies to the machinery that once
operated within them. Archacoacoustic
methodology can be adapted to any of
these particular situations, combining
in-situ measurements with computation-
al acoustic simulations based on histori-
cal information.

On the other hand, a primary chal-
lenge for any methodology based on digi-
tal representations of auditory perception
of a recreated environment is the com-
plexity of a model that only delivers a
unique spatial relationship between sound
sources and a receiver within a given
space. As a result, any three-dimensional
simulation such as VR or 360-degree ex-
periences, should be viewed as the aggre-
gation or interpolation of these unique
configurations.

In order to optimize these processes
for efficient performance without losing
reliability, the initial step requires histori-
cal analysis to establish a representative
spatial configuration of these elements
within the historical context under study.
This includes determining the types and
quantities of sound sources, their loca-
tions, the materials composing the ceiling,
floor and walls, as well as the dimensions
of the original space. Additionally, identi-
fying the position of the representative lis-
tener who best reflects the historical
activity, whether a worker or a nearby res-
ident, is essential. Establishing this list of
elements and their spatial properties,
along with deciding which aspects need to
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be measured rather than simulated, con-
stitutes the first stage of an archaeoacous-
tic methodology. This step is essential for
guiding the subsequent phases and ensur-
ing reliable results.

In the following sections, theoretical
foundations, methodological approaches,
practical applications and a case study in
the Catalonia Industrial Museum net-
work are explored, highlighting the po-
tential of the archaeoacoustics to preserve
and promote industrial heritage for fu-
ture generations. By integrating acoustics
into heritage conservation practices, we
aim to showcase the innovative potential
of sound-based heritage projects in deep-
ening public understanding and appreci-
ation of marginalized narratives.

2. Theoretical framework

2.1. Critical heritage studies

This article adopts a critical heritage ap-
proach to challenge established narratives,
particularly within industrial heritage,
by highlighting how archaeoacoustic
methodologies can play a vital role in
preserving and revealing the industrial
soundscapes and auditory experiences
that have shaped human history. The In-
dustrial Revolution marked a significant
change in societal structures and techno-
logical advancements, fundamentally al-
tering the acoustic landscapes of human
environments. Sounds associated with
industrial processes — such as the clatter-
ing of machinery, bustling urban centers
and the hum of technological progress —
became defining elements of modern life.
French economist Jacques Attali famous-
ly argued that societal changes can be an-
ticipated through the study of sounds,

suggesting that the noises of a society
provide early indicators of its future tra-
jectory. This perspective underscores the
importance of studying industrial noise
to understand societal behaviors and
technological advancements that contin-
ue to influence contemporary life.

Everywhere we look, the monopolization
of the broadcast of messages, the control of
noise and the institutionalization of the
silence of others assure the durability of
power. (Actali, 1985: 8)

Attali’s insights emphasize that sounds
are more than background phenomena;
they are active agents in shaping societal
behaviors and anticipating future develop-
ments. Before the Industrial Revolution,
there was no formal legislation aimed at
controlling noise or public nuisance. The
ability to make noise was considered a nat-
ural right, reflecting each individual’s au-
tonomy. However, as centralized power
structures began to emerge, the first legal
texts aimed at protecting public peace
were introduced. These early regulations
marked a shift towards controlling the
acoustic environment, reflecting broader
changes in social order and governance.
Despite these legislative efforts, the ideolo-
gy and laws concerning public noise were
often only nominally opposed to them.
While in bourgeois concert settings, si-
lence was meticulously maintained, re-
flecting the cultural values of the elite,
outside these controlled environments
there was little effort to enforce silence,
suggesting a societal belief that absolute
quiet was neither achievable nor desirable
(Thurston, 2013: 374).

However, a “dominant heritage dis-
course”, largely influenced by European
administrations, is often constructed to
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reinforce official narratives of the past
(Smith, 2015: 134). For example, in the
Catalonian industrial context, heritage
tends to emphasize monumentality, tech-
nological advancements, economic growth
and nationalism. This focus often over-
shadows marginalized narratives such as
industry’s direct connections to the pro-
ceeds of the slave trade, inhumane work-
ing conditions and the brutal treatment of
women. In her book 7he Uses of Heritage,
Dr Laurajane Smith introduces the con-
cept of the authorized heritage discourse
[AHD)] to address this issue (Smith, 2006:
29). She later explains this as follows:

There is a dominant discourse, which I
have termed the Authorized Heritage
Discourse [AHD]. This professional dis-
course is often involved in the legitimiza-
tion and regulation of historical and
cultural narratives, and the work that
these narratives do in maintaining or ne-
gotiating certain societal values and the
hierarchies that these underpin. The
AHD originated in nineteenth and twen-
tieth century European architectural and
archaeological debates over the need to
preserve the ‘fragile’ and ‘non-renewable’
past for ‘future generations’ (ICOMOS,
2000). It advocates a ‘conserve as found’
conservation ethic that assumes that val-
ue is innate within heritage sites. In do-
ing so, it privileges material heritage over
the intangible, and emphasizes monu-
mentality and the grand, the old and the
aesthetically pleasing. This Eurocentric
discourse has been taken up, and in turn
authorized internationally by organiza-
tions such as UNESCO and ICOMOS.
(Smith, 2012: 3)

When applied to industrial heritage,
archaeoacoustics complements this criti-

cal perspective by preserving not only the
physical vestiges of history but also the in-
tangible soundscapes that shaped human
experiences. By capturing the acoustic
characteristics and soundscapes of histor-
ical periods of humanity, archacoacous-
tics allows for the digital recreation of
these environments, offering new ways to
engage with and reinterpret the past.
Additionally, acoustic and sound
preservation not only challenges the per-
sistent dichotomies within the “author-
ized heritage discourse,” such as natural
versus cultural or tangible versus intangi-
ble, but also underscores the need to
make the concept of “community” and
heritage preservation practices more flexi-
ble. This methodological fusion enriches
our understanding of heritage, fostering
public engagement and providing inno-
vative tools for conservation that address
intangible dimensions of cultural history.
In the context of our case study on
Catalonia and the preservation of indus-
trial heritage, it is important to critically
examine how preservation practices have
been shaped by institutional priorities
and the predominance of visual narra-
tives. While recent history in Catalonia
has seen active efforts to preserve cultural
heritage, these initiatives have predomi-
nantly been led by institutions, primarily
through museums, and are largely cen-
tered on the hegemony of the visual. In
the case of industrial heritage, conserva-
tion efforts have often focused on pre-
serving empty spaces — such as abandoned
textile factories — or broken or obsolete
machinery. These machines are some-
times varnished to maintain their visual
appearance, yet rendered entirely unusa-
ble, inert and silent. Although recent ef-
forts have sought to integrate a sonic
context into the history of Catalonia’s in-
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dustrialization — through oral history re-
cordings or by addressing phenomena
such as the hearing loss suffered by many
factory workers due to the deafening
noise of the machines — there has yet to
be a meaningful attempt, prior to the
present study, to systematically record
and catalog the actual sounds of these
machines. Furthermore, the preservation
of industrial heritage often remains deep-
ly disconnected from its historical ori-
gins, such as the role of Cuban plantations
and their involvement with slavery.

2.2. Acoustic heritage

Every space has distinctive acoustic char-
acteristics shaped by its geometry, materi-
als and spatial configuration. Whether a
cave, church, prison, home, factory or
theater, each environment interacts with
sound uniquely, creating an auditory sig-
nature that defines its acoustic identity.
These characteristics, often simplified as
reverberation, are essential elements of
human experience and cultural memory.
Acoustic heritage refers to the study
and preservation of these sonic environ-
ments. However, the term has multiple
definitions, depending on the study con-
text (Zhu, Oberman & Aletta, 2024).
Rather than being a limitation, this con-
ceptual openness allows for broad research
perspectives, discussions and methodol-
ogies. In archaeoacoustics, the primary
focus is on estimating and preserving
the acoustic parameters of a given space
through in situ measurements or digital
simulations (Murphy & Shelley, 2010).
One of the most effective methods
for documenting, archiving and analyzing
these parameters is the impulse response,
which captures how sound interacts with
a space. This can be measured directly in

existing or difficult-to-access locations,
simulated in the case of lost structures, or
combined in cases where original archi-
tectural features have changed.

[...] Heritage acoustics uses different
measurement techniques, in particular
impulse responses to document how
sound reacts in a specific space. Anyone
who’s stepped into any cathedral or con-
cert hall and clapped their hands or whis-
tled and listened to the reverb trail off
has, at a very elementary level, conducted
an impulse response. (Markus, 2022)

An impulse response functions as a
digital filter incorporating all the echoes
produced by a space’s surfaces and their
temporal behavior across different fre-
quencies (figure 2). As we will see in sec-
tion 2.4, storing this data enables a space
to be experienced indefinitely by convo-
lution reverb, through a process called
auralization, making this a fundamental
tool for acoustic preservation.

Since an impulse response represents
only a single source-receiver relationship,
comprehensive studies require multiple
measurements or simulations, to build an
accurate library of acoustic data. Addi-
tionally, archaeoacoustics employs acous-
tic descriptors such as T60, Clarity50,
Speech Transmission Index (STT), Artic-
ulation Loss of Consonants (ALcons),
Strength (G), Early Decay Time (EDT)
and Clarity80 (C80) (Navas-Reascos,
Alonso-Valerdi & Ibarra-Zarate, 2023).
These descriptors provide quantitative
insight into the acoustic environments of
historical sites, enriching industrial herit-
age studies.

Preserving acoustic heritage is achieved
through systematic data storage, with au-
ralization serving as the most tangible
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Figure 2. Conceptual illustration of an acoustical impulse [Screenshot]. Retrieved from <https://
www.prosoundweb.com/images/uploads/Rational GuideFigure1June2015.jpg>

form of preservation. However, archaco-
acoustics has primarily been used for sites
of recognized architectural value or those
that have disappeared (Navas-Reascos,
Alonso-Valerdi & Ibarra-Zarate, 2023).
The emphasis on “culturally significant
buildings” (Firat, 2021), “important his-
toric buildings” (Brezina, 2013), or “hu-
manity’s great architectural sites” (Katz,
Murphy & Farina, 2020) raises critical
questions about what is deemed “recog-
nized” or “significant.”

Beyond physical deterioration, the
need to preserve acoustic spaces stems
from their role in cultural memory, his-
torical uses and human narratives.

The fire at Notre Dame Cathedral in
Paris in 2019 and the one at Gran Teatro
La Fenice opera hall in Venice in 1996
are reminders of the fragile nature of hu-
manity’s cultural heritage. Fortunately,
acoustic measurements, numerical simu-
lations, and digital reconstructions can

recover — and to some extent preserve —
the sound of humanity’s great architec-
tural sites. (Katz, Murphy & Farina,
2020: 32-37)

These cases highlight the urgency of
preserving acoustic data, especially for
non-official heritage spaces. Jonathan
Sterne critiques preservation guidelines
for lacking future-proofing, arguing that
archives must actively engage with the
present to anticipate future significance
(Sterne, 2009). Acoustic heritage, there-
fore, must not only preserve the past but
also adapt to contemporary and future
interpretations.

2.3. Sound heritage

The term “acoustic” is often used inter-
changeably with “sound,” “sonic,”
“acoustical” or “aural” (Zhu, Oberman
& Aletta, 2024: 1), which would imply,
among other things, that acoustic herit-
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age is synonymous with sound heritage.
However, as a collective, we aim to dis-
tinguish between these concepts for prac-
tical purposes, rather than assuming their
equivalence. While both terms are com-
plementary, interdependent and part of
the same auditory experience, we propose
this distinction primarily due to the sig-
nificant differences in their preservation
methodologies, and to facilitate their
comprehensive applications. In our un-
derstanding, “acoustic heritage” refers to
the characteristics of the environment or
space in which sound propagates, while
“sound heritage” focuses on the sound-
producing object itself.

The concept of “sound heritage” be-
gan to take shape as scholars and cultural
institutions increasingly recognized the
importance of sound in preserving and
understanding cultural practices, tradi-
tions and environments. This recogni-
tion grew significantly in the late 20th
century, particularly with the rise of au-
dio recording technologies that allowed
for the documentation and preservation
of sounds.

The formal acknowledgment of
sound as an aspect of cultural heritage can
be traced back to the 2003 UNESCO
Convention for the Safeguarding of the
Intangible Cultural Heritage (UNESCO,
2003a). This convention expanded the
definition of cultural heritage to include
intangible aspects such as oral traditions,
performing arts, social practices and other
forms of cultural expression. Sound herit-
age, therefore, became increasingly recog-
nized within the broader framework of
intangible cultural heritage, emphasizing
the importance of preserving not just the
physical artifacts of culture but also its au-
ditory elements that are integral to cultur-
al identity and memory.

2.4. Auralization

The safeguarding of acoustic and sound
heritage is fundamentally a form of herit-
age digitization, in which physical sound
phenomena are captured and preserved as
digital files. This digitization enables the
creation of accurate spatial audio experi-
ences through a process known as aurali-
zation.

This process, called Auralization, which
is an analogy to virtualization but in the
auditory domain, is defined as the tech-
nique of reproducing audio from numer-
ical data (simulated, measured or

synthesized). (Vorlidnder, 2008: 3)

In archaeoacoustics, auralization ena-
bles the recreation of historical sound-
scapes by simulating both sound sources
and their interaction with the acoustic
environment. This process accounts for
factors such as distance, directionality, re-
verberation and obstacles, thereby ena-
bling a highly realistic auditory simulation
in a binaural format.

To fully grasp the methodology pre-
sented in this article, it is essential to ex-
plore foundational theoretical acoustical
concepts. Our approach follows Barry
Blesser’s “aural architecture” theory, which
posits that auditory perception consists of
two complementary elements: sound and
space (Blesser & Salter, 2007). Sound re-
quires a medium to propagate, just as the
medium needs sound to be activated.
Conceptually, an acoustic space func-
tions as a filter that modifies sound dur-
ing its propagation. Although sound and
medium overlap in human perception,
they can be documented separately — the
former through sound capture and the lat-
ter through acoustic filtering.
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This distinction is important because
the human brain processes these elements
separately, decoding the sound message
while simultaneously interpreting spatial
and locational cues. For example, walk-
ing into a cathedral at night, one can per-
ceive the shift from a narrow entryway to
a vast nave through the reverberations of
footsteps and speech, even in complete
darkness. This phenomenon, described
by Teng et al. (2017: 2), illustrates how
the brain separates auditory sources from
their reverberant spaces to extract envi-
ronmental information.

Auditory perception plays a critical
role in how humans create a sense of spati-
ality. Our brains unconsciously determine
the direction of sounds through minor de-
lays between the ears, and gauge the di-
mensions and materiality of spaces by
analyzing sound reflections. This capabili-
ty is so integral to our spatial awareness
that individuals in anechoic rooms, which
are devoid of reverberation, often feel dis-
oriented after a short period of time. Re-
cent behavioral studies suggest that the
auditory system can separate natural re-
verberation from its source to analyze en-
vironmental information, although the
neural basis of this process remains largely
unexplored (Traer & McDermott, 2016).

Another fundamental property of
sound and space is their ability to evoke
emotion and memory. This aspect is par-
ticularly relevant in a heritage context, as
it links auditory experiences with memory
and identity. Numerous studies have doc-
umented the emotional responses elicited
by sounds (Bradley & Lang, 2000: 207),
emphasizing that acoustic elements are
significant to communities and deserve
preservation as part of cultural heritage.

This study is situated at the intersec-
tion of several emerging academic disci-

plines that recognize the importance of
sound and the aural environment of the
past.

3. Methodology

The methodology deployed in this study
is based on the theoretical framework de-
scribed above, and integrates various ar-
chaeoacoustic techniques to safeguard,
study and publicise industrial heritage.
These methods are tailored to capture,
analyze and recreate the sounds pro-
duced by obsolete machinery and by
acoustic environments shaped by indus-
trial activities, providing a comprehen-
sive understanding of their acoustic
characteristics and their significance in
heritage conservation but also helping to
understand social processes through the
study of noise and acoustics. Historical-
ly, industrial noise was not merely a by-
product but a defining characteristic of
urban life, offering insights into techno-
logical advancements and societal chang-
es. This methodology is also designed to
deliver results mainly consisting of audio
banks that can be easily incorporated
into further studies or distribution strat-
egies. Some industrial spaces still possess
original machines that function ade-
quately; however, many of them no longer
operate with the original raw materials.
The study aims to answer three key
questions:

1. How do we determine original archi-
tectural properties in order to ensure
our analysis is reliable?

2. How do we evaluate the difference
in sound between the mechanism of
a spinning machine and the same
machine loaded with threads?
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3. Is it possible to simulate this sound
from an existing recording? Can we
recreate the sound of 50 machines
from the recording of one machine?

These kinds of considerations and
decisions necessary for the appropriate
representation of a lost sound space do
not have a single answer. They depend
more on the objectives, feasibility and
availability of resources than on a single
formula.

3.1. Industrial acoustic heritage
preservation methodologies

Industrial acoustic heritage preservation
involves a meticulous approach to docu-

menting, preserving and communicating
the acoustic properties unique to indus-
trial spaces.

This process includes capturing im-
pulse responses to understand how sounds
interact with the various surfaces in indus-
trial spaces such as walls, ceilings and
floors (figure 3). These recordings require
precise measurement techniques ranging
from advanced equipment compliant with
ISO standards (ISO, 2009: partl) to sim-
pler validated methods such as triggering
acoustic events like balloon pops or pistol
shots. They provide the basis for digital
recreations of the auditory environment
(Abel etal., 2010: 1). The ideal scenario of
acoustic spaces that still exist in their orig-
inal condition is not common. Thus, de-

[ ]
I
'!l. :
13

L X

Figure 3. Recording industrial site. Source: Raventos (2023). Retrieved from <https://acousti
cheritagecollective.org/archivomnactec/index.html>
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pending on the difference between the
present condition of an industrial space
and its original characteristics, digital
acoustic models are required, to determine
the same acoustic parameters that could
be measured in ideal conditions.

By analyzing this and various other
acoustic descriptors derived from archae-
oacoustic applications of room acoustics
such as reverberation time, clarity, speech
transmission index, articulation loss of
consonants, strength, and early decay
time, researchers can obtain a reliable
simulation of the desired acoustic envi-
ronment. This is essential for under-
standing the spatial characteristics and
ambiance of industrial sites.

The acoustic data and digital models
will also contribute to interdisciplinary
research, providing valuable resources for
historians, archaeologists, psychologists
and acousticians, leading to a deeper un-
derstanding of the role of sound in indus-
trial heritage and its impact on human
experiences. By achieving these out-
comes, acoustic heritage preservation ef-
forts will significantly contribute to the
preservation and understanding of indus-
trial heritage, ensuring that the sounds of
the past are accurately documented and
appreciated by future generations.

3.2. Industrial sound heritage preservation
methodologies

In contrast, industrial sound heritage
preservation methodology focuses on the
collection and preservation of sound
sources associated with industrial herit-
age. This involves a multifaceted ap-
proach to capturing the authentic
auditory experiences of historical indus-
trial environments, ensuring that both
the mechanical and human elements of

these soundscapes are preserved for fu-
ture study and appreciation.

The industrial era introduced new
sounds — factories, clattering machines,
bustling urban centers and the hum of
technological progress — that came to de-
fine modern life. These auditory changes
were not merely byproducts of industrial-
ization but integral elements shaping so-
cial interactions and cultural norms.
Studying these sounds allows researchers
to trace the evolution of social structures
and predict future changes.

It is therefore essential to consider a
range of potential sound sources, including
various types of machinery found in facto-
ries and workshops, such as looms, engines
and presses. External sounds, such as the
presence of a nearby river or the movement
of vehicles outside the industrial facility,
could also significantly influence the over-
all acoustic environment (figure 4).

Figure 4. Panoramic view of Sant Feliu de
Llobregat. Source: Unknown. (1905). Retri-
eved from <https://xac.gencat.cat/perma
link/684bb363-7280-11e5-81a0-005056
924a59?__scale=h:361,w:640&time=1444
988886081>

Workers themselves could also be
significant contributors to the sound-
scape. The noises generated by their
movements, actions and interactions
with each other added to the overall audi-
tory experience. For example, footsteps,
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conversations and the sounds of tools be-
ing used were common in industrial set-
tings. More in-depth studies might even
explore how language and communica-
tion have evolved over the past century,
not only in terms of the words spoken
but also how they were spoken. Ques-
tions arise about whether these elements
can be simulated today, whether suffi-
cient information is available, and wheth-
er it is necessary for creating an accurate
historical soundscape.

Nonetheless, the archive of record-
ings or simulations of sound sources from
an industrial space or process forms a
highly valuable resource. This archive al-
lows researchers to listen to, preserve and
study specific industrial sounds in isola-
tion from other noises. The more detailed
the recordings of machinery, captured
using various microphones and positions,
the more possibilities there are for subse-
quent applications in research and for
public circulation.

In practice, the proposed methodol-
ogy begins with recording or recreating
the sounds produced by various industri-
al machines and processes. In the case of
well-preserved machinery or industrial
processes, high-quality recording equip-
ment is used, strategically positioned to
capture the full range of acoustic details.
This includes capturing airborne and
structure-borne sounds to ensure that all
aspects of the machinery’s operation are
documented. Even for recreations based
on sound synthesis strategies, the goal is
to create a comprehensive and accurate
representation of the sounds as they were
originally experienced (figure 5).

Oral testimonies from former indus-
trial workers could also be collected as
part of this effort. These testimonies pro-
vide invaluable insights into the auditory

Figure 5. J. Comas, former worker at the
Museu de la Torneria de Torellé. Source:
Raventos (2023). Retrieved from <https://
acousticheritagecollective.org/archivomnac
tec/index.html>

environment of industrial sites from a
human perspective. Workers can describe
the sounds they heard daily, the changes
in these sounds over time, and their per-
sonal experiences within these environ-
ments. These oral histories add a crucial
personal and human dimension to the
sound archives, preserving not just the me-
chanical noises but also the lived experi-
ences and perceptions of those who
worked in these spaces.

The recordings should be meticulous-
ly documented and categorized using de-
tailed metadata, including information
about the recording conditions, the equip-
ment used, the specific characteristics of
each sound, and the context in which the
sounds were captured. This information
ensures that the recordings are well-docu-
mented and accessible for future use and
comparison, and should be saved on de-
tailed technical sheets for each audio file.
These sheets provide in-depth informa-
tion on the recording process, such as the
positioning of microphones, the environ-
mental conditions during the recording,
and any other relevant technical details.
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This comprehensive documentation en-
sures the accuracy and reproducibility of
the recorded data, making it a valuable re-
source for researchers and practitioners.

3.3. Industrial acoustic and sound heritage
communication and promotion
strategies

Beyond the importance of creating the ar-
chive itself, heritage preservation requires
comprehensive and effective strategies to
publicize these results. The publication
and promotion of industrial heritage in-
volves making the documented sounds
and their significance accessible to a wider
audience. This includes developing expe-
riences that recreate the acoustic environ-
ments of historical industrial sites.
Immersive experiences allow users to ex-
plore and interact with industrial sound-
scapes in a highly engaging manner.

As discussed above in the theoretical
framework, a pivotal component of cir-
culating and promoting both acoustic
and sound industrial heritage is auraliza-
tion. By recreating the sounds of machin-
ery, workspaces and industrial processes,
auralization enables people to connect
with history in a profound and sensory
manner, thereby enhancing reflexive edu-
cational and emotional engagement. By
simulating the spatial distribution and
acoustic characteristics of past environ-
ments, auralization bridges the gap be-
tween historical research and the public
appreciation of industrial heritage.

Heritage digitization has been under-
way since the onset of the digital era.
However, in recent years, official initia-
tives (e.g., UNESCO, 2003b), rapid tech-
nological advancements, and the urgency
brought on by the COVID-19 pandemic
have significantly accelerated the develop-

ment of digital platforms for heritage man-
agement. This acceleration has led to
increased public and private funding for
innovations in online cultural experiences
for which acoustic simulation has signifi-
cant potential, including VR, AR and web-
based platforms. In this context, industrial
archaeoacoustics presents a valuable op-
portunity to play a crucial role in the pro-
motion and spread of industrial heritage.

4. Case study: MNACTEC Museum
Network, “The Sounds of Industry”
Project

The project Els Sons de la Indiistria - Ar-
xiu del patrimoni acistic i sonor de la indus-
trialitzacié a Catalunya [The Sounds of
Industry — Archive of acoustic and sound
heritage of industrialization in Catalonia]
is an ongoing practice-based research
project that collects sounds from the ter-
ritorial network of the National Museum
of Science and Technology of Catalonia
(MNACTEC). The project aims to pre-
serve the noises and acoustic spaces that
shaped the Industrial Revolution by re-
cording the sounds of the ancient ma-
chinery of the network’s museums, as
well as the impulse responses recorded in
their acoustic spaces. The result is an
open on-line catalog of lost industrial
noises and spaces.

“The Sounds of Industry” acts as a
sonic time capsule that brings together
the auditory landscapes of Catalonia’s his-
tory of industrialization. It also presents
the contemporary soundscapes of muse-
ums and centers dedicated to preserving
this vital heritage. Within these record-
ings, you can immerse yourself in the au-
ditory tapestry of various machines and
environments, all of which are associated
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with museums and centers affiliated with
the National Museum of Science and
Technology of Catalonia (MNACTEC).
The project invites the user to ex-
plore and listen, as these sounds provide a
unique window into Catalonia’s industri-
al past and the enduring echoes of its in-
dustrial legacy. As human activities shape
the soundscapes of our lives, the sounds
we create shape our societies and behav-
iors. The industrial soundscapes of the
late 19th and early 20th centuries were
filled with the noises of steam, metal and
oil. The inhabitants of those soundscapes
lived among those sounds, and their
identities were connected to them. To-
day, many heritage machines and sites lie
silent, abandoned or transformed into
museums, waiting to be awakened.

4.1. MNACTEC geographical network

The geographical network of the National
Museum of Science and Technology of
Catalonia (MNACTEC) is a unique muse-
ological initiative that explains the various
fields and processes of industrial society
throughout Catalonia, specifically where
they have been most significantly devel-
oped. The museums and heritage centers
that make up the network describe indus-
trialization in Catalonia through their col-
lections and/or the museological treatment
of the various now-obsolete activities or
traces that make up our industrial heritage.

Each of the sites in the network is
unique, and aims to conserve, research
and enhance the movable and immovable
heritage it preserves in order to analyze a
different aspect of industrialization in
Catalonia. Together, the MNACTEC
geographical network aspires to provide
the optimum museographic explanation
of the industrialization process in Catalo-

nia, making it one of the key assets of
contemporary Catalan culture, as well as
a great resource for the communication
of the values of innovation as a social and
economic driver. For this project, 24 of
the network’s museums throughout Cat-
alonia were recorded in-situ over a period

of two years (figure 6).

4.2. Case study: methodological
implementation

The methodology chosen for preserving
acoustic heritage involved capturing spa-
tial impulse responses using an ambisonic
microphone, employing both the sweep
technique and balloon popping at prede-
termined positions within industrial spac-
es. Additionally, industrial machines and
processes were recorded simultaneously
using from four to six different types of
microphones (figure 7). Audio files of the
recordings were then imported onto a
computer, where they were edited and ex-
ported as both mixed tracks and individu-
al tracks for each microphone recording.
The following equipment was used to im-
plement this recording system effectively:

— Geophone: Tailored for field record-
ings, it translates surface movement
(velocity) into audio.

— Ambisonic microphone: Designed
to capture audio in a 360-degree
field for subsequent decoding and
playback through various speaker or
headphone setups.

— Contact microphone: Captures
sound by physically contacting
the sound source, converting its
mechanical vibrations directly into
audio.

— Hydrophone: Specifically engi-
neered to capture underwater sound.
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Figure 6. MNACTEC map [Screenshot]. Retrieved from <https://sistema.mnactec.cat/museus/>

Figure 7. Ecomuseu Farinera de Castellé6 d’Emptries. Source: Raventéds, Marx & Klenner
(2023). Retrieved from <https://acousticheritagecollective.org/archivomnactec/index.html>
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— Cardioid condenser microphone:
Records sound in a single monaural
signal, collecting and blending all
sound sources into a singular audio
output.

— Electromagnetic microphone: Uti-
lizes an induction coil to detect elec-
tromagnetic fields and transform
them into audible sound.

— X/Y stereo microphone recorder: A
stereo recording configuration that
enhances the realism and spatiality
of sound by using two microphones
placed side by side at a 90-degree
angle to each other.

— Zoom F6 - Multi channel field record-
er + power bank.

— Macbook pro + Reaper software +
Max software + HISS tools + Focus-
rite 4i4.

— Dortable full range speaker for sweep
reproduction + 46cm Balloons.

4.3. Case study results and outputs

“The Sounds of Industry” project, carried
out across 24 museums that together de-
scribe the industrialization process in Cata-
lonia, has successfully generated significant
quantitative outputs that contribute to the
preservation and circulation of Catalonia’s
acoustic heritage. The project delivered a
comprehensive downloadable library of
acoustic resources (sweep and balloon
pop), which includes 142 stereo impulse
responses (binaural decoded) and 175 indi-
vidual microphone impulse responses
comprising spatial, cardioid mono and
contact microphone recordings. Addition-
ally, a downloadable sound heritage bank
was created, featuring 180 stereo audio
samples of industrial machinery (binaural

decoded) and 175 individual microphone
audio samples, employing a variety of re-
cording techniques including spatial, car-
dioid mono, contact, electromagnetic and
geophone recordings. Furthermore, the
project produced detailed text and graph-
ic documentation in the form of 24 docu-
ments that include images, contextual
information, museum descriptions, meth-
odologies and technical recording sheets,
providing a thorough overview of the pro-
ject’s scope and execution.

4.3.1. The online platform “The Sounds
of Industry ™

The platform The Sounds of Industry — Ar-
chive of acoustic and sound heritage of indus-
trialization in Catalonia aims to bring
together the archive comprising the sound
and acoustic recordings of the 24 museums
in the network of geographical network of
the National Museum of Science and
Technology of Catalonia (MNACTEC)
and to offer an open tool for all types of
audiences to engage with and explore the
sounds of the various machines and spaces
in the museums and centers affiliated with
the MNACTEC network. Besides listen-
ing to the archive, members of the public
can download the material for non-profit
uses, thus inviting interaction with the col-
lective sound memory of Catalonia’s in-
dustrial past and enabling it to be used as a
study tool or creative resource.

The archive is an open online catalog.
The recorded sounds are available to users
interactively. Users can experience the
acoustics of these industrial spaces using a
technique called auralization, which sim-
ulates the acoustics of a space using a filter
(convolution reverb) that modifies the in-
put signal (user’s microphone), allowing

2. <https://acousticheritagecollective.org/archivomnactec/index.html>
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the listener to experience their own voice
as if they were inside that space. The re-
corded sounds can also be manipulated
with a system of faders that allow the user
to listen to the machinery and industrial
processes with different types of micro-
phones (hydrophone, ambisonic, electro-
magnetic, geophone, etc.) depending on
the type of source and context.

The website consists of a homepage,
a download page with the complete
sound and acoustic archive of the 24 mu-
seums, a page detailing the project de-
scription, a sound heritage page and an
acoustic heritage page for each of the 24
museums that are part of “The Sounds of
Industry” project archive. There is also
the option to switch the language from
Spanish to English (figure 8).

On the homepage, there is a project
description, a one-minute introductory
video featuring images and sounds of ma-
chines and spaces that are part of the ar-
chive, a list of the 24 registered museums,
and a map of Catalonia showing the loca-
tions of the different museums. When the
user clicks on a museum from the list or

ELS SONS DE LA INDUSTRIA - Arxiu del patrimoni actstic i sonor de la industrialitzaci6 a Catalunya

“Els sons de la inddstria’ és un projecte per preservar el
patrimoni sonor | acustic dels espais de la
industrialitzacio a Catalunya,

Els0 65 un element moltimportant en (a nostra vida
diaria , per tant, també és una part destacada de la
nostra historia.

En aquest arxiu es rescaten els pasatges sonors dels
processos d'industrialitzacié a Catalunya, aixi com els
sons actuals dels museus | centres que mostren aquest
legat

Podreu explorar-hi els sons de les diferents maquines i
espais dels museus i centres del Sistema Territorial del
Museu Nacional de la Ciénciai la Tecnica de Catalunya
(MNACTEC), Us convidem a escoltar-los.

the map, an image of the museum ap-
pears, along with descriptive information
about the museum and the option to ac-
cess its sound heritage or acoustic heritage.
When the user selects the option to
visit the sound heritage, the page directs
them to different machines in the muse-
um, illustrated with a photograph. Here, a
mixer allows them to play and pause the
recordings, as well as adjust the volume
of recordings from the different micro-
phones used to record each machine, such
as electromagnetic, contact or ambisonic
microphones (figure 9). This not only
generates interactivity with the user but
also allows them to hear the subtleties or
significant changes between microphones,
and helps them understand the process by
which the sound archive was created.
When the user selects the option to
visit the acoustic heritage, the page takes
them to the different recorded spaces of
the museum, illustrated with a recent pho-
tograph. In this case, instead of displaying
the impulse response, we opted for an in-
teractive and immersive option that allows
the user to speak into their computer’s mi-

descarrega sobre landu

# Ecomuseu Farinera de Castells
dEmpiries

# Can Marfa Genere de Punt, Museu de
Mataro

# Museu del Ciment de Castellar de
riHug

# Huseu de la Colonia Seds
dEsparreguera

# HMuseu de Ceramica La Rajoleta
dEsplugues de Liobregat

+ Museu del Ferrocarri de Catalunya a
Vilanovai la Geltrd

*# Farga Palau de Ripoll

+ Huseu del Ferrocarril a M6ra la Nova
+ Huseu de Gerri de la Sal

# Museu Hidroelectric de Capdella

# Museu de lAigua i el Textil de Manresa
# HMuseu de les Mines de Cercs

* useu Trepat de Tarrega

+ Museu de [0l de Catalunya ala
Granadella

# Huseu Moli Paperer de Capellades
+ Museu de o Pel dIgualada |
Comarcal de tAnoia

Figure 8. The Sounds of Industry homepage [Screenshot]. Retrieved from <https://acousticheritage

collective.org/archivomnactec/index.html>

Treballs d’Arqueologia, 2024, nim. 27

129


https://acousticheritagecollective.org/archivomnactec/index.html
https://acousticheritagecollective.org/archivomnactec/index.html

Emilio Marx, Ginebra Raventds de Volart,

Edgardo Gémez Ortiz

Industrial archaeoacoustics, methods and applications
in heritage safeguarding. The case of the MNACTEC
Territorial System project “The Sounds of Industry”

crophone and hear their voice as if they
were inside that acoustic space (figure 10).
For this, The ConvolverNode was used.
This interface is an AudioNode that per-
forms a Linear Convolution on a given
AudioBuffer, often used to achieve a re-
verb effect. A ConvolverNode always has

THE SOUNDS OF INDUSTRY - Archive of acoustic and sound heritage from Catalonia's industrialization era.

MORA LA NOVA RAILWAY MUSEUM
Steam locomotive MZA 606, Cuco) [cabin interior)

exactly one input and one output. This
tool was especially well received by users
because, in general, we have noticed that it
is genuinely difficult for a person without
prior knowledge of the subject to under-
stand what the acoustics of a space really
mean or what convolution reverb is. Of-

downloads

Figure 9. Méra la Nova railway museum sound heritage [Screenshot]. Retrieved from <https://
acousticheritagecollective.org/archivomnactec/index.html>

THE SOUNDS OF INDUSTRY - Archive of acoustic and sound heritage from Catalonia's industrialization era.

TER MUSEUM
Rusinol Colony - 1912 Room

Ground floor

Please tap the circles to access various spaces.

& Experience your voice's distinct quality in each space. Important: To enable the microphone, please use headphonesl.

downloads

> Sound heritage

Figure 10. Ter Museum acoustic heritage. Source: Raventds, Marx & Klenner (2023). Retrie-
ved from <https://acousticheritagecollective.org/archivomnactec/index.html>
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fering users the possibility to hear how
their own voice changes and modifies ac-
cording to the acoustic properties of dif-
ferent industrial spaces has been a highly
valuable tool for enabling anyone to not
only understand but also feel and experi-
ence these spaces in an immersive way.
Additionally, the website includes a
page that provides information about the
archive, the process followed to generate
it, and the types of microphones used.
The website also offers a section that al-
lows users to download the complete ar-
chive of the sound and acoustic material
from each museum. This archive includes
recordings from all the microphones used
and a binaural mix of all of them. It also
includes impulse responses of the acous-
tic spaces made with both the balloon
method and a sweep made using the
HISStoolbox, free software that allows
impulse responses of a space to be meas-
ured and delivered (Harker & Tremblay,
2012: 148-155). The download also
includes a PDF with a description of
the archive’s content, a description of the
museum, a photograph of the space or
machine, its technical name, and the mi-
crophones or techniques used (figure 11).
When creating the page in collabora-
tion with a public institution, it was very
important to prioritize aspects of accessi-
bility and interactivity in the design and
user experience. Details such as font size
or text justification can be essential to in-
clude older people or those with neurodi-
vergence. At the same time, it was essential
to convey basic knowledge about sound,
acoustics or heritage so that anyone, re-
gardless of educational level or age, could
feel connected to the content. For in-
stance, this could be by providing simple
explanations about the difference between
sound heritage, acoustic heritage and in-

dustrial heritage. Another challenge was
organizing the large amount of sound ma-
terial we had gathered. In the end, we opt-
ed to select the most relevant material for
the website for sonic or historical reasons,
while leaving access to the complete ar-
chive in the download section.

5. Conclusions

The study of industrial archaeoacoustics
highlights the indispensable role of sound
in the comprehensive understanding and
preservation of industrial heritage. This in-
terdisciplinary approach, combining prin-
ciples from archaeology, acoustics, history
and cultural studies, provides a robust
framework for documenting, analyzing
and interpreting the acoustic environ-
ments of historical industrial sites. This
study underscores the necessity of incorpo-
rating the auditory element into heritage
conservation efforts, to enrich our under-
standing of the past and ensure the holistic
preservation of our cultural history.

The case study of the MNACTEC
museum network’s “The Sounds of In-
dustry” project exemplifies the practical
application and benefits of integrating
sound into heritage conservation. This
project underscores the importance of
field recordings, archival research and
public engagement in creating a rich au-
ditory archive that deepens our under-
standing of Catalonia’s industrial past.
By capturing and preserving the authen-
tic sounds of industrial machinery and
environments, we can provide future
generations with a nuanced appreciation
of the technological and social dynamics
that characterized the industrial era.

The methodologies for preserving in-
dustrial acoustic and sound heritage out-
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ARXIU DE EL PATRIMONI ACUSTIC | SONOR
DE EL SISTEMA TERRITORIAL DE EL MNACTEC

8. MUSEU MOLI PAPERER DE CAPELLADES

Projecte realitzat per Patrimoni Acistic i MNACTEC 2021

Figure 11. Sons de la Indtstria: Capellades Paper Mill Museum. Source: Raventés, Marx & Klen-
ner (2023). Retrieved from <https://acousticheritagecollective.org/archivomnactec/index.html>
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lined in this study are expected to yield
significant outcomes, both in terms of
preserving the historical soundscapes
of industrial sites and enhancing public
engagement with this aspect of heritage.
By implementing these methodologies,
the study anticipates achieving compre-
hensive documentation and preservation
of industrial sounds, which will serve as a
valuable resource for researchers, histori-
ans and the public.

Expected results of the industrial
acoustic heritage preservation methodol-
ogies (Section 3.1) include the creation of
a comprehensive library of impulse re-
sponses that capture the acoustic charac-
teristics of various industrial spaces. This
library will be complemented by detailed
metadata and technical sheets, ensuring
that the recorded data is thoroughly doc-
umented and easily accessible. Addition-
ally, the development of 3D models and
audiovisual documentation will facilitate
the digital recreation of historical sound-
scapes, allowing for immersive experienc-
es that accurately represent the auditory
environments of the past. These efforts
will not only contribute to a deeper un-
derstanding of industrial heritage but also
support interdisciplinary research, foster-
ing new insights into the role of sound in
historical contexts.

The focus of the industrial sound her-
itage preservation methodologies (Section
3.2) is on capturing and preserving the au-
thentic auditory experiences of industrial
environments. Expected outcomes in-
clude the development of a multichannel
machinery and industrial process sound
bank that captures the full range of sonic
details associated with industrial machin-
ery and processes. This sound bank will be
accompanied by extensive metadata,
audiovisual documentation and detailed

technical sheets, ensuring that the re-
cordings are well-documented and repro-
ducible. Oral testimonies from former
industrial workers will add a human di-
mension to the sound archives, preserving
not only the mechanical noises but also
the lived experiences and perceptions of
those who worked in these spaces.

Finally, through its industrial acous-
tic and sound heritage communication
and promotion strategies (Section 3.3),
the study anticipates the creation of inter-
active digital sound archives and VR/AR
experiences that will enable the public to
engage with industrial heritage in a high-
ly immersive and interactive manner.
Educational programs and workshops
will raise awareness of the importance
of industrial heritage, while public en-
gagement initiatives will involve local
communities in the preservation process,
strengthening their connection with their
heritage. Additionally, the integration of
historical industrial sounds into public
spaces will create a sense of place and his-
torical continuity, making industrial her-
itage more accessible to the public. These
efforts will be supported by interdiscipli-
nary research, promoting collaboration
across fields to develop innovative strate-
gies for preserving industrial heritage.

The exploration of potential further
applications underscores the transforma-
tive impact that archaeoacoustic method-
ologies can have on industrial heritage
preservation and public engagement.
These proposed initiatives offer a roadmap
for enhancing the emotional and educa-
tional connections between communities
and their historical environments. They
include:

— Acoustic memory: Studying the
capacity of former workers to recall
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and emotionally respond to simula-
tions of the reverberant sounds of
industries where they were employed.
Spatial physical installations: Design-
ing onsite installations that allow vis-
itors to interactively engage with
acoustic environments through real-
time audio signal convolution with
the original impulse responses of
specific industrial spaces.

Virtual guides: Incorporating 360-
degree or 3D virtual guides on the
MNACTEC network website with
acoustic simulations that change as
the user navigates the virtual space.
Sounding physical edition: Creating
a vinyl-book edition that includes
audio samples along with graphical
and textual research materials, appeal-
ing to various audiences including
noise enthusiasts, historians and music
producers.

Public experimentation and creativi-
ty: Encouraging public engagement
through open calls for musicians and
artists to experiment with and cre-
ate new works from heritage audio
banks, fostering a living connection
to heritage.

Heritage gamification: Integrating
game-design elements into heritage
experiences to engage and educate
audiences, enhancing their under-
standing and connection to cultural
and historical narratives.
Health-related studies on industrial
archaeoacoustics data: Further stud-
ies on industrial acoustic heritage
safeguarding exploring in depth the
relationship between acoustics and
its impact on hearing loss, cardiovas-
cular health issues and the precarious
working conditions associated with
industrialization.

These applications not only enrich
the preservation and interpretation of in-
dustrial soundscapes but also ensure that
heritage conservation remains dynamic,
inclusive and accessible. By leveraging
technology and people’s involvement,
these methodologies can create immer-
sive, interactive and educational experi-
ences that highlight the significance of
industrial acoustic environments.

The study of industrial archacoacous-
tics not only broadens our understanding
of historical industrial environments but
also highlights the importance of sound in
shaping human experience and cultural
heritage. By preserving and interpreting the
sounds of the past, we can provide a more
comprehensive understanding of industrial
history, emphasizing the vital role of sound
in the cultural and social dynamics of in-
dustrial societies. The methodologies and
applications discussed in this paper demon-
strate the potential of sound to enhance
heritage practice, ensuring that the auditory
dimensions of history are appreciated by
contemporary and future audiences.

In conclusion, the integration of sound
into heritage conservation efforts not only
enriches our understanding of the past but
also ensures the holistic preservation of our
cultural history. The innovative methodol-
ogies and applications of acoustic heritage,
such as those explored in the MNACTEC
project, highlight the transformative po-
tential of sound in heritage practice. By us-
ing sound, we can create more engaging,
immersive and educational experiences
that foster a deeper connection to our in-
dustrial heritage. This approach not only
deepens our engagement with the past but
also fosters a sense of continuity and con-
nection to the industrial heritage that has
shaped our present and will continue to in-
fluence our future.
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