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Figure 1: Stage plot of an outdoor concert in an amphitheater.

Abstract

From basements, to clubs, to stadiums, the spaces that become
venues for music performances carry unique acoustic qualities
that can present sound reinforcement challenges, but aurally
distinguish them from one another. Interactions between these
qualities and the music become avenues through which audiences
and musicians interface with the performances and with each
other, building community and musical connections in physical
space.

The project described in this paper presents a series of con-
certs using a digital acoustic-exaggeration system built on the
HISSTools Impulse Response Toolbox and other processing to
capture, transform, and heighten acoustic qualities of each venue.
The system allows performers to modulate these qualities’ promi-
nence using a MIDI controller, encouraging participants, both
musicians and audiences, to share musical experiences that foster
awareness of context and strengthen relationships with the space
and each other.

Qualitative audience and performer responses and spectral
analysis of the spaces’ Room Impulse Responses (RIRs) suggest a
relationship between noticeable acoustic qualities and increased
awareness of the relationships between sound, space, and people.
The concerts’ structure, framing as listening experiments, and
venue choices were also important factors in prompting reflection
about both groups’ participation. This opens up possibilities for
live performance practices and interfaces that center sound-space-
participant relationships.
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1 Introduction

Our relationships with the places we inhabit have long been
inseparable from their auditory imprints, from reverberation in
a Gothic cathedral to a birthday song in a kitchen. These sonic
signatures, and the way they resonate, serve as markers of the
familiar, and frame our relationships with places and what we
expect to find within them [5]. Especially in popular music, per-
formances often take place in spaces not designed for amplified
sound, with smaller-scale concerts using makeshift venues in res-
idential basements, living rooms, or acoustically untreated bars
and clubs [20]. These vernacular spaces display unique acous-
tic features that can present sound reinforcement challenges,
causing feedback or unwanted resonances.

However, said acoustic qualities can also be part of what dis-
tinguishes one performance context from another for a band on
a long tour or an audience member attending many shows in
a city. Smaller venues tend to function as social environments
and as room for artistic advancement [25]. They often create a
sense of community between their occupants, both performers
and audiences.

This paper investigates the sense of space and identifiable
place [18] involved in live music, its fleetingness, and the collec-
tive experience. The project follows observations from situated
experiences in a series of performances that encourage their au-
diences to pay attention to their physical context, and explore
it through a digital system for expressive acoustic exaggeration,
alongside collective, in-person experiences and individual reflec-
tion. Responses show a relationship between audible acoustic
characteristics, framing experiences as listening experiments,
and specific reflections. This points to new methods for directing
attention to context as well as content in live music.
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2 Background

2.1 Acoustic Perception

Architectural, climate, and material characteristics define rever-
berant qualities in a space () ). Timbral reverberation characteris-
tics are defined as functions of ) . The system used in this project
mainly takes into account the following reverberation parame-
ters as defined by [2]: 1)), the time it takes the sound level in a
room to decay by a certain amount, 2) ), the initial part of the
decay curve, plus Bass/Treble Ratios, which compare low/high
frequency) in relation to mid-range.

Research as far back as the 1960s [8] links measurable acoustic
qualities of concert halls with subjective perceptions [16], [27],
[30]. Shared language to describe acoustic phenomena helps us
understand how they affect perception, and helps audiences and
musicians express preferences. Kuusinen et al. [21] find heteroge-
nous preferences, which indicates that there may not be an easy
definition of “good" acoustic sound, especially considering these
studies’ focus on un-amplified Western classical/academic music.
A smaller body of literature studies rock and pop venues, where
music is amplified [4]. Adelman-Larsen identifies that lower BR
and higher TR achieve "togetherness", where the performers can
hear the audience’s reactions. While this literature identifies more
pleasurable acoustic qualities, it does not necessarily look for en-
vironments that prompt reflection, or new connections between
the audience, performers, and space.

2.2 Adopted spaces and community: DIY,
Co-Presence, and Audience Experience

Responses to COVID-19-quarantine-era virtual concerts widely
expressed feelings of missing co-presence and social interac-
tion [14]. There had long been a sense that these were impor-
tant aspects of live music, and their absence highlighted their
significance[6]. Kronenburg examines how live music can create
identifiable “places" within physical spaces delineated by aural
and visual experience [18], only existent while the performance
is occupying them. He differentiates between different types of
spaces where these “places” form, with “adopted" spaces being de-
signed for other purposes but informally used for music. Adopted
spaces make up a significant portion of the venues where music
scenes start; they may appear as soon as a stage or loudspeaker
system is added to a public place [19]. DIY and punk subcultures
tend to practice the adoption of spaces, using homes and ware-
houses to create artistic and community places[12] where these
are otherwise inaccessible, too expensive, or reject their forms
of expression [7]. These practices with adopted spaces serve as
reminders that live music is a transient experience heavily tied
to its context and those who engage with it.

A major goal in building audience participation technologies
into live performances as in hyperaudience systems is that the
augmentation of the audience’s interaction increases their sense
of contribution to the performance [29], where their “physical
engagement strengthens the mental engagement and vice versa."

In this project, the “identifiable place" described as by Kro-
nenburg [18] intersects with the behavior and participation of
the people occupying the space to form a “performative place.”
This framing lets us consider interactions between these different
components, and prompts us to qualitatively investigate audi-
ence reflections [22]. Here, the role of the audience is not just in
the generation of the performative place but as a consequential
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intervening agent in its content, whether or not this is mediated
by technology.

2.3 Artistic Precedent in Utilizing Sound &
Space

Over the years, many artistic projects have featured sound en-
vironments shaped by the acoustic space they occupy. An early
example is Alvin Lucier’s “I am sitting in a room" [23, 3: " am
sitting in a room"], where he records reproductions of an orig-
inal recording playing through an acoustic system repeatedly
until the recording sounds only like the ringing resonant frequen-
cies of the room. Lamont Young and Marian Zazeela’s Dream
House features a very frequency-dense drone resonating through
an apartment, letting listeners hear different sounds by moving
through the space, with audible variations on movements as small
as a turn of the head [17].

A Blank Page[9], by Celeste Betancur, with acoustic design
by Luna Valentin, creates a continually-changing environment
by processing the sounds of the orchestra and combining these
sounds with “a dynamic virtual acoustic space" [1], partially with
modified acoustic captures of the venue.

Pauline Oliveros also focused particularly on acoustic space
manipulation [26], with performances by the Deep Listening
Band using her Expanded Instrument System to put live instru-
ments through acoustic captures of a cistern with long and partic-
ular ), and later with the cistern’s acoustic space being recreated
at EMPAC [24] with a distributed speaker array. These largely
evoked an external acoustic space in the concert’s venue.

These works focus on the aural experience of spaces, and how
audiences explore them by listening, but less so on the inter-
laced relationships between the performers, audiences, spaces,
and music. This project addresses these relationships and how
they interact with a shifting acoustic environment used as an
expressive resource.

3 System Design

The digital processing in this project was referred to as the PPS
(Performing Performance Spaces) system. It was iteratively de-
signed from the goal of enabling musicians to control the exagger-
ation of sonic qualities of the acoustic environment by adjusting
processing on their amplified instrumental and vocal signals in
real time. This was meant to bring participants’ attention to the
acoustic space they occupy together, and how it shapes the per-
formative place’s emotional and interpersonal effect. The system
was prototyped first in offices, then in informal tests, and later
shared in 4 public performances during the first half of 2025.

In the frequency domain, the impulse response (IR) of an acous-
tic system in a room (RIR) is deconvolved into a frequency curve.
In the time domain, the response is defined by ) and ) among
other parameters. Playing a signal convolved with the RIR of the
acoustic system into the same acoustic system excites reverber-
ant frequencies to a higher degree, and the decay curve becomes
more pronounced. This allows for a variation of the acoustic sys-
tem with more exaggerated frequency and decay curves, though
the difference is not obviously audible without a pronounced
frequency response, or without repeating the process several
times as in Lucier’s work.

Early tests showed that the pronounced frequency response
of repeatedly playing and recording a signal in the same acoustic
space could be obtained through auto-convolution: recording
the output of playing an IR as the input signal for a convolution
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