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Figure 1: Participants play with an instrument during a live performance. Image by J.Dadds

Abstract
This paper presents a retrospective longitudinal case study of a
family of malleable textile NIMEs, developed and deployed over
fifteen years in more than 110 public participatory performances
and interactive installations. While prior research highlights the
participatory potential of malleable NIMEs, longitudinal accounts
of their sustained use in real-world settings outside research
contexts remain scarce. As the maker-performer, I developed,
crafted, and maintained these NIMEs in practice by sewing tex-
tile interfaces, building embedded electronics, writing code, and
performing with them in public settings. This process generated
an archive of maker notes, tour diaries, media documentation,
and repair traces. Through analysis of this archive, I demonstrate
how repeated public deployment outside the laboratory reshapes
instruments for repeatable uptake, and show that interaction and
mapping complexity are repeatedly reduced to enhance legibil-
ity in noisy, time-limited participatory contexts. I further argue
that breakdown and repair traces can serve as longitudinal eval-
uation data, illustrated by contrasting an installation requiring
daily repairs with a subsequent redevelopment that sustained ap-
proximately 85,000 guests with minimal intervention. The paper
contributes a field-derived taxonomy of failures and issues, along
with transferable construction and maintenance heuristics for
designers of participatory textile NIMEs intended to withstand
rough handling. It is also offered as a deliberate contribution to
the NIME historical record, responding to calls for better docu-
mentation of instruments, long-term practice, and work outside
peer-reviewed research contexts.
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1 Introduction
Malleable interfaces offer new opportunities for participation
and musical performativity [4, 29, 36]. Despite their expressive
and performative potential, existing surveys highlight that longi-
tudinal accounts of malleable NIMEs in sustained real-world use
remain scarce [4]. In response, this paper presents a retrospective
longitudinal case study of the Tentacle Instruments—a malleable
NIME family that has undergone multiple iterations and repeated
deployments in intensive public contexts.

The Tentacle Instruments are malleable NIMEs constructed
from soft, cone-shaped fabric tentacles built with conductive
materials and embedded circuitry. Sound is controlled through
tactile actions such as squeezing, twisting, and bending. The
instruments are used in participatory experimental sound per-
formances and installations that invite uninhibited hands-on
interaction. Across the archive, the instruments appear in more
than 110 performances and exhibitions in settings including clubs,
pubs, art spaces, festivals, and gallery installations.

I use the term malleable to describe these instruments, as it
offers more specificity than alternatives such as tangible [15] or
non-rigid [5].Whilemalleable appears in existingNIME discourse
as a descriptor for deformable interfaces [4, 5, 12, 14, 19, 29, 34,
35], its nuance has not been explicitly theorised. I use it here
deliberately: as an adjective, malleable elicits action and invites
curious, exploratory interaction.

Bin argues that NIME’s historical record remains incomplete
— particularly with respect to instruments, long-term practice,
and work outside peer-reviewed publications — and calls for
collective action to address this [3]. This paper contributes to
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that record by documenting a sustained, practice-led lineage of
instruments.

This paper contributes:
• A 15-year retrospective case study of a malleable instru-
ment family developed through participatory performances
and installations, contributing a documented lineage of
malleable NIME development outside research contexts.

• A practice-led account of how repeated deployment pres-
sures shaped ergonomic, construction, and mapping de-
cisions, revealing a recurrent reduction of complexity to
maintain legibility during uninhibited public participation.

• A synthesised taxonomy of failures and design responses
derived from repair traces across development stages, illus-
trated by the contrast between a failure-prone installation
and a later staff-maintainable redevelopment.

Figure 2: Tentacle instruments in use by audiencemembers.
L-R: V2, V3 & V5

2 Background & Related Work
2.1 Malleable interfaces
Malleable interfaces are explored in NIME as expressive con-
trols that foreground embodied interaction and performativity
[4, 29, 36], including NIMEs such as Noise Bear [14], Pain Crea-
ture [20], and ZStretch [9]. Two recent surveys have mapped
this emerging field: Boem et al. [4] identified 11 non-rigid NIMEs
through an expert survey, while Skach et al. [29] reviewed NIME
proceedings to identify 9 textile NIMEs (TIMEs) since 2007. Tex-
tiles and plush materials afford intuitive participation, drawing
on tacit bodily knowledge and evoking actions such as grasping,
squeezing, and bending, while reducing the visibility of techno-
logical signifiers such as rigid enclosures and screens [17, 26, 35].
However, malleable instruments are rarely reported as sustained,
repaired, and redeployed in public settings [4, 21] — a gap this
retrospective case study directly addresses.

2.2 Body Conductivity
Body conductivity, or the variable electrical resistance of the
performer’s skin between contact points, can be exploited for
musical interaction. Most notably, Waisvisz’s Cracklebox [33]
positions the performer’s body within the sound-making circuit
by touching conductive contacts, producing sound through di-
rect circuit–body coupling. NIMEs such as Skintimacy [23] and
Ground Me [18] use body conductivity as a sensing modality, but
within digital audio circuits rather than directly coupled to sound

generation; in these cases, attention must be paid to mapping
design to maintain expressive legibility [16]. Across different
versions, the tentacle instruments use either a body-as-circuit-
component approach or a body-as-sensor-input approach.

2.3 Longevity and Maintenance
Robustness is repeatedly identified as a barrier to the design and
uptake of malleable interfaces [4, 22, 25], with crafting durable
interfaces and sourcing appropriate materials cited as persistent
challenges [4]. The recurring emphasis on durability reflects an
implicit assumption about how the public interacts with these ob-
jects: live music settings encourage a loss of inhibitions through
sensory immersion, social intensity, and the temporary social
relations of musicking [13, 30], and interactions may involve
pulling, twisting, brandishing, and grabbing. Designing for dura-
bility is, therefore, not only a technical concern but also a way
to afford uninhibited public engagement, and designing for this
level of heavy use may support uptake of NIMEs beyond initial
deployment.

2.4 Performance as a Research Site
Self-situated performance research [31] provides a vocabulary
for inquiry embedded in live encounters rather than separated
into controlled evaluation. For participatory instruments, field
deployment can reveal requirements that are difficult to repro-
duce in laboratory studies, including crowd density, uninhibited
interaction, unpredictable load cases, and unsupervised handling
[8]. This case study leverages a performance and exhibition prac-
tice as a site where such conditions repeatedly shaped design
decisions over time.

3 Methodology and Methods
This paper presents a retrospective, practice-led qualitative case
study drawing on archival research methods [11, 32], document
analysis [6], artefact analysis [24], and reflexive thematic inter-
pretation [7]. I draw on a self-assembled archive1 of images,
blogs, reports, travel diaries, correspondence, legacy code, surviv-
ing artefacts, and public documentation to trace changes across
iterations over fifteen years. Materials documenting concrete
iterations, breakdowns, repairs, and redesign decisions were com-
pared across these sources to identify recurring themes and points
of convergence. This analysis distinguished three development
stages and used breakdown and repair episodes to identify recur-
ring failure types, likely causes, and design responses.

4 Instrument Overview and Timeline
The Tentacle Instruments are malleable textile interfaces featur-
ing soft, cone-shaped tentacles that can be grabbed and squeezed
to control sound. While materials and circuitry evolved across
versions, the core interface remained consistent: a stuffed fabric
cone with conductive traces running along each side. Using em-
bedded sensing [5], the tentacle is played by grabbing it. When
this occurs, the performer’s hand bridges the conductive traces,
and their body resistance controls the sound.

Table 1 summarises ten notable iterations referenced in this
case study. The following narrative focuses on the design changes
these iterations represent, including shifts in placement, sens-
ing strategy, sound engine, and maintainability, illustrating how
1A curated selection of archive materials is available at https://www.malleableinstr
uments.com. The website documents selected items and examples, rather than the
full archive drawn on in this study.
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Figure 3: A diagram of the tentacle interface.

public deployment outside the laboratory favoured certain ap-
proaches.

5 Case Over Time: Three Development Stages
5.1 Stage 1: Early development (2009–2012)
Stage 1 established the core interaction principle: a soft, stuffed
textile tentacle that invites grabbing and controls sound through
body resistance. Two face-mounted prototypes (V1–V2; 1) exem-
plify this phase. V1 used a stripped single-core wire as a con-
ductive trace with an LM386 touch circuit, while V2 replaced
the wire trace with iron-on conductive fabric, retaining the same
body-contact sensing principle.

5.1.1 Sound Engine and Mapping. V1–V2 employed an LM386
op-amp circuit with five touch points responding to body resis-
tance, identified through exploratory circuit development. As the
participant’s body completed the circuit, there was no discrete
mapping layer to address — sound was produced through combi-
nations of simultaneous contacts and varying pressure, with each
tentacle producing sound independently, and combinations of
contact points altering the output. Sonic behaviour emerged from
the circuit’s physical configuration rather than programmatic
design, keeping the instrument immediately playable without
instruction.

5.1.2 Interaction and Durability. In these early versions, the ten-
tacle form enabled immediate exploratory play, as grabbing re-
liably produced sound with minimal instruction. However, this
stage also revealed constraints that shaped subsequent design
decisions: face placement obscured vision, fit varied across head
sizes, and the mass of embedded components compromised sta-
bility over time. Wire traces were unruly and potentially sharp,
prompting a transition to conductive fabric to improve handling
safety. Connection points on the circuit board were vulnerable
to wear and required repair over time. The key design turn from
Stage 1 was that the interaction principle was validated, while the
primary limitations were ergonomic, relating to face-mounted
wearability, and structural, particularly at the interface between
textile conductors and embedded electronics.

Figure 4: Top - V3 body conductivity input, updated with
conductive thread, Bottom - V8 using a Velostat pressure
sensor as input.

5.2 Stage 2: Self-situated Performance
Research (2013–2020)

Stage 2 is defined by repeated participatory performances, which
transformed the instrument from a novel artefact into a repeat-
edly deployed interface shaped bywear, repair cycles, and shifting
audiences.

5.2.1 Hip-worn Versions (V3–V4, V7-V8). V3 and V4 represent
early hip-mounted iterations that retained body-contact sensing
but explored interfacematerials and sound engines, while shifting
placement to the hip to afford more stable handling (Table 1). V3
used iron-on conductive fabric, later augmented with conductive
thread when the fabric lost conductivity through soiling, while
V4 used conductive tape. Both V3 and V4 generated sound with
a circuit-bent radio.

V7 and V8 reproduced the same hip-worn structure as V3 and
V4 but used hand-built pressure sensors made with Velostat [1]
and conductive fabric. These embedded sensor layers were sewn
onto the sides of the tentacles.

5.2.2 Sound Engine and Mapping. V3–V4 used circuit-bent radio
receivers, exploiting body conductivity through direct circuit ma-
nipulation and producing unpredictable but immediately audible
tonal shifts.

V7–V8 used a Teensy 3.6 [27] to generate two oscillators, de-
signed using the PJRC Audio System Design Tool [28]. V7 paired
a square wave and a triangle wave, while V8 used two triangle
waves. The pressure from each Velostat [1] sensor was mapped
to the pitch of its corresponding oscillator. A range of wave types
and mixing strategies were tested to find a combination that
yielded expressive, legible results under live conditions; additive
mixing proved unsatisfactory, while XORmixing introduced a de-
gree of complexity and interaction between the two tentacles that
more effectively rewarded exploration. The incoming sensor sig-
nal required smoothing to reduce noise, which introduced latency
and necessitated a trade-off between response time and signal
stability. Output volume was also attenuated when no interaction
was registered, reducing unwanted noise during performance.
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Further programmatic control — such as dynamic timbre shift-
ing or algorithmic response curves — was not explored in this
iteration, representing an area for future development.

5.2.3 Interaction and Durability. The Velostat pressure sensors
used in V7 and V8 proved inconsistent during sustained use,
becoming unreliable over time and offering a less expressive re-
sponse range than the body-contact sensing used in Stage 1. The
directness of the earlier circuit-bent approach — where the body
was itself part of the circuit — produced a more immediate and
varied sonic response than pressure sensing through a material
intermediary. Connection points between the sensors and the
circuit board remained a structural vulnerability, consistent with
issues identified in Stage 1.

5.2.4 Mixed Methods with Revised Materials (V9-V10) and Paral-
lel Head-worn Line (V5–V6). V5–V6 and V9 returned to a body-
as-circuit-component approach. V5–V6 used a stripboard-based
CD40106 sound engine, with V6 upgraded in 2022 to use the
PCB later created for E1. Because this circuit supported only
a single pair of touch points, head-worn placement provided a
more suitable configuration for these versions than a solitary
hip-worn tentacle. V9 used an LM386 circuit, with touch points
identified through circuit exploration. V10 used a Daisy Seed [10]
to implement an arpeggiator. Three tentacles controlled pitch,
pitch range, and tempo, respectively.

5.2.5 Interaction and Durability. Shifting placement from the
face to the top of the head resolved several ergonomic issues
identified in Stage 1: full head coverings accommodated a wider
range of head sizes, sat more securely, and were less prone to
displacement when grabbed or pulled. The return to body-contact
sensing addressed the reliability and expressivity limitations of
the Velostat sensors used in V7–V8, restoring the directness and
tonal range of the earlier circuit-bent approach.

In V9 and V10, the chronic failure point identified in earlier
stages — the junction between circuit board and conductive tex-
tile — was addressed through a combination of screw terminals,
decorative embroidery to secure wiring in place, and hot glue
at connection points. This approach proved effective: V9 has re-
quired no circuit or join repairs across its deployment lifetime.
The primary maintenance required was cosmetic rather than
functional — the shiny fabric used for the tentacles degraded
visibly through repeated handling, losing its surface finish and
requiring replacement. This distinction between structural and
cosmetic wear is itself a useful finding, suggesting that material
selection for high-contact surfaces warrants separate considera-
tion from electrical and construction durability.

The key design turn from Stage 2 was a consolidation around
three priorities: hip and head placement as participation-supporting
ergonomics, construction approaches that reduce downtime through
maintainable joins and materials, and mappings that remain legi-
ble under conditions of heavy, uninhibited public interaction.

5.3 Stage 3: Installation development (2022,
E1 - E2)

Two exhibitions mark a third development stage, in which the
instrument family transitions from performer-facilitated partici-
pation to long-form public installation. This stage is significant
because it removes a key stabilising factor present in earlier
stages: my ongoing presence as maker-performer to model in-
teraction, manage extremes, and perform repairs. As a result,

the installation’s social and structural infrastructure becomes
integral to the instrument’s effective design.

Both exhibitions used the same custom PCB implementing a
CMOS logic oscillator, holding the sound engine constant across
the two contexts. This allows differences in outcome to be attrib-
uted to context, physical mounting, load paths, and maintenance
arrangements rather than to changes in electronics.

5.3.1 Sound Engine. A custom PCB was designed for this instal-
lation stage. The circuit used a CD40106 to generate a square
wave, which was then divided by a CD4040 to produce multiple
square waves at selectable frequency divisions, allowing for dif-
ferences in tonal range between individual boards. An LM386
op-amp drove a small speaker directly from the board. As in Stage
1, body resistance controlled pitch, with touch points identified
through circuit exploration. Mapping decisions were emergent
rather than programmatic, directed by the behaviour of body
contact within the circuit.

5.3.2 E1: Failure as field evidence. The Cacophony Room (E1)
was an installation at a public gallery. Twelve wall-mounted
tentacles were installed in a black-walled room with a colour-
changing spotlight; each tentacle emerged from a 3D-printed
housing and was paired with a speaker hung below. The gallery
was unsupervised and situated within a large festival context.
The installation had more than 6,000 visitors over one month,
including families and unsupervised children. The exhibition’s
framing as an arcade, combinedwith explicit signage encouraging
interaction, amplified the invitation to touch and shaped the
intensity and duration of those interactions.

The primary design pressure was mechanical loading. Break-
ages occurred almost daily throughout the exhibition: observed
behaviours included visitors hanging their full body weight on
tentacles, pulling tentacles from their housings, and ripping hold-
ers from the wall. Iterative updates to signage requesting gentler
use did not reliably shift behaviour. Instead, repairs became a re-
curring part of the exhibition’s operation, and each repair episode
exposed new weak points and new requirements for strain man-
agement, anchoring, and replaceability. The 3D-printed tentacle
holders had been built with insufficient density and were not
structurally adequate for sustained public interaction.

Within the logic of this case study, E1 functions as a concen-
trated stress test that made failure modes visible under extended
unsupervised public handling, and the correspondence between
the gallery and me — analysed alongside photographic docu-
mentation of breakages — provides field evidence that directly
informed the redesign for The Tentacle Parade (E2).

5.3.3 Interaction and Durability. E1 required daily maintenance
throughout its run. The failure pattern was consistent: the weak-
est points were the tentacle housings, the stem-to-wall attach-
ment, and the stitching joins on the tentacle bodies. These failures
were not incidental but reflected the conditions of uninhibited
public interaction described earlier in this paper — conditions
that the installation’s framing actively invited.

5.3.4 E2: Designing for sustained public use. The Tentacle Parade
(E2) was developed for Play Moves, a group exhibition of touch-
based art at the Museum of Brisbane. It treated E1’s failures and
observed interaction behaviours as design requirements rather
than exceptional misuse.

The tentacle holder was redesigned in collaboration with an
engineer so that tensile forces from pulling and hanging were
borne by the wall structure rather than by the tentacle stem, and
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Table 1: Tentacle Instrument iterations and mappings.

Ver. Year Conductor Hardware Sensor Mapping Placement

1 2009 Stripped single-core wire LM386 Body contact 5 pairs of body-contact touch points (crackles/squeals) Face
2 2010 Iron-on conductive fabric LM386 Body contact 5 pairs of body-contact touch points (crackles/squeals) Face
3 2014 Conductive fabric (then thread) Circuit-bent radio Body contact 4 pairs of body-contact touch points (crackles/squeals) Hips
4 2014 Conductive tape (then thread) Circuit-bent radio Body contact 4 pairs of body-contact touch points (crackles/squeals) Hips
5 2017 Conductive thread CD40106 Body contact Pitch control via body-contact touch points Head
6 2018 Conductive thread CD40106 (custom PCB) Body contact Pitch control via body-contact touch points Head
7 2018 Velostat + conductive fabric Teensy 3.6 Pressure T1–square-wave, T2–triangle-wave (XOR-mixed) Hips
8 2018 Velostat + conductive fabric Teensy 3.6 Pressure T1–triangle-wave, T2–triangle-wave (XOR-mixed) Hips
9 2022 Conductive thread LM386 Body contact 4 pairs of body-contact touch points (crackles/squeals) Hips
10 2023 Conductive tape (then thread) Daisy Seed Body contact Arpeggiator: T1–pitch, T2–pitch width, T3–tempo Hips

Figure 5: Top - The Cacophony Room,Metro Arts, Brisbane,
Australia, September 2022 (E1), Bottom - The Tentacle Pa-
rade, in Play Moves, The Museum of Brisbane, Brisbane,
Australia, December 2022 (E2). photo by Katie Bennett.

holders were 3D printed at 100% density. This change in load
path redirected forceful participant actions away from the soft
body of the tentacle and away from electronic joins toward a
structural anchor designed to withstand sustained loading. Up-
holstery pleather and heavy-duty thread replaced earlier fabric
choices to increase surface durability, and an internal conductive
fabric layer was added so that the interface remained functional
if an external conductive thread trace failed — directly applying
the distinction between structural and cosmetic wear identified
in Stage 2.

E2 was designed to be modular: tentacles could be replaced or
serviced without specialist tools, enabling gallery staff to main-
tain the installation independently. A maintenance manual was
provided, staff cleaned the tentacles daily, and spare tentacles

were supplied in advance. During the first fewweeks, some stitch-
ing failures required repair and replacement; tentacles were triple-
stitched to address this, and all issues were resolved within three
weeks. Under these conditions, the installation hosted approx-
imately 85,000 guests over three months, replacing only eight
spare tentacles, which the museum staff easily did.

5.3.5 Interaction and Durability. The contrast between E1 and
E2 is instructive. Where E1 required almost daily intervention
by the maker, E2 required intensive attention only in the first
few weeks, after which the installation operated with minimal
maintenance for the remainder of its run. The primary mainte-
nance burden shifted from structural repair to routine cleaning
and cosmetic upkeep — consistent with the pattern observed in
V7, where construction improvements eliminated circuit failures
while surface wear on high-contact materials remained the prin-
cipal maintenance concern. This suggests that when structural
and electrical durability are adequately resolved, cosmetic wear
becomes the primary ongoing maintenance consideration for
instruments in sustained public deployment.

The key design turn from Stage 3 was that designing for unin-
hibited public use requires not only material and construction de-
cisions but also a systems-level approach to installation: load-path
engineering, modularity for replaceability, staff-maintenance in-
frastructure, and pre-supplied spares are all part of the instru-
ment’s effective design.

6 Findings and Design Implications (F1–F3)
This section distils three findings that cut across the stages and
are grounded in repeated evidence from the archive. While the
case is specific, findings are presented as transferable heuristics
for designers of participatory textile NIMEs intended to persist
beyond initial prototypes.

Table 2 presents a field-derived failure/issue taxonomy for
malleable textile tentacle interfaces used in participatory per-
formance and extended unsupervised installations. The table
summarises recurring issue types, likely causes in use, design
responses, and typical contexts observed in the archive.

6.1 F1. Repeated Deployment Pressures
Reshape Instruments Toward Repeatable
Uptake

Across the three stages, design, interface, and sound engine de-
cisions were shaped by what could be deployed, worn, and un-
derstood quickly in public encounters. Stage 1 established an
intuitive tactile interaction but revealed constraints related to
face-mounted ergonomics — obscured vision, variable fit, and
component weight. The shift to hip and head placement in Stage
2 improved comfort, visibility, and inclusivity across body sizes,
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Table 2: Field-derived failure/issue taxonomy and corresponding heuristics (design rules).

Failure/Issue Likely Cause in Use Heuristic Typical Context

Conductivity loss from dirt/soiling High-throughput handling; sweat/dirt; surface contamination Design for cleaning/contamination: choose durable conductors;
avoid grime traps; make contact surfaces cleanable or
replaceable as modules/spares

Long exhibitions; festivals; high-
throughput runs

Breakage at wire loop / transition Stress concentration; repeated flex at a single point Move joins out of bend zones: immobilise transitions; add
strain relief; minimise flex at textile–wire/PCB interfaces

Pulling/dragging gestures

Conductive thread fracture Abrasion and fatigue under repeated deformation Assume fatigue: dense stitching; provide redundancy (parallel
traces or backup conductive layer) so single breaks don’t stop
playability

Repetitive squeeze/twist

Shorts / intermittent contact (“thread
touches”)

Stuffing migration; tip compression; traces contact; frayed ends Prevent unintended trace contact: keep conductors away from
tips; terminate at base; add internal separation; avoid
compressive contact zones; mechanically secure ends

Pulling + tip compression

Wire pulled out of board / electronics Tensile load routed through PCB/solder joint Route load around electronics: design load paths that bypass
PCBs/solder joints; add structural anchors after the electronics
exit

Wall installations; hang-
ing/pulling

Confusion / low uptake with com-
plex behaviours

Limited attention; noisy context; unclear cause–effect Prefer legible mappings: reduce parameter coupling; keep
direct gesture–sound relationships; only add complexity if it
stays interpretable in situ

High-throughput events; unsu-
pervised exhibitions

supporting more consistent participation and easier sharing be-
tween participants. Stage 3 introduced more stringent require-
ments for robustness, cleaning, and maintenance, as the maker-
performer was no longer present to guide interactions or address
repairs in real time.

Design implication: For participatory textile NIMEs intended to
persist, deployment constraints — wearability, rapid comprehen-
sion, setup and repair workflow, and who provides maintenance
— should be treated as essential design requirements.

6.2 F2. Mapping and Behavioural Complexity
are Repeatedly Reduced and Refined
Toward Legibility Under Uninhibited
Participation.

Across the archive, complexity was viable only when partici-
pants could readily perceive cause–and–effect relationships un-
der noisy, time-limited conditions. In Stages 1 and 2, body-contact
control paired with circuit-based sound engines produced expres-
sive behaviour through material and electrical coupling, enabling
rich sonic variation without requiring participants to learn multi-
step interactions. Microcontroller-based versions (V7, V8, V10)
enabled structured synthesis but shifted expressive work into
mapping and code, requiring dynamics and timbral change to be
explicitly authored to remain noticeable and meaningful in partic-
ipatory encounters. Over time, the archive documents repeated
returns to simpler, more interpretable gesture–sound relation-
ships when complexity became difficult to learn in the moment.
This pattern is also reflected in the failure and issue taxonomy:
confusion and low uptake with complex behaviours recur, with
a consistent design response that prefers legible mappings, re-
duces parameter coupling, and preserves direct gesture–sound
relationships.

Design implication: In uninhibited participatory contexts, map-
ping legibility is a primary criterion for sustained engagement;
complexity should be introduced only when it preserves inter-
pretability in situ.

6.3 F3. Breakdown and Repair Traces
Constitute Longitudinal Evaluation Data
That Can Be Distilled Into Transferable
Heuristics

Across stages, breakdowns were not isolated incidents but re-
peated evidence of where participatory use loads the instrument
mechanically, electrically, and socially. Stages 1 and 2 document

recurrent wear and vulnerable points — particularly at joints
and at material transitions between textiles and PCBs, in conduc-
tive materials under repeated deformation, and on conductive
surfaces exposed to sweat, oil, and dirt. These failures drove incre-
mental adaptations to construction to keep instruments playable
throughout repair cycles. Notably, construction improvements
in V9 eliminated circuit failures entirely, shifting the primary
maintenance concern to cosmetic wear on high-contact surfaces
— a distinction between structural and cosmetic durability that
itself constitutes a transferable finding.

Stage 3 consolidates these lessons through the E1–E2 contrast.
E1’s daily breakages revealed that extended unsupervised han-
dling produced sustained tensile loads — including visitors hang-
ing from tentacles — and that signage alone did not reliably limit
extreme behaviour. E2’s redesign succeeded by changing load
paths so that forces were borne by the wall structure, strengthen-
ing materials, adding redundancy through an internal conductive
fabric layer, and shifting maintenance from the artist to gallery
staff through modular components, pre-supplied spares, a main-
tenance manual, and routine cleaning. Under these conditions,
the installation sustained approximately 85,000 guests over three
months with only eight spare tentacles used. The failure and issue
taxonomy in Table 2 summarises recurring issues and practical
design responses derived from this longitudinal evidence.

Design implication: Systematic attention to breakdown and re-
pair traces can serve as a longitudinal evaluationmethod, yielding
practical construction and maintenance heuristics for participa-
tory malleable textile instruments.

7 Limitations
This paper presents a single-case longitudinal account grounded
in an artist’s archive, with uneven documentation spanning fif-
teen years. To address these limitations, findings are presented
as transferable heuristics rather than universal claims, and key
claims are grounded in repeated evidence across stages — includ-
ing contrasts between performance and installation contexts and
between a failure-prone and a robust installation redevelopment.

7.1 Future directions
The tentacle instruments remain in active development, and this
paper represents one point in an ongoing practice. New iterations
are currently in development, continuing to explore the tentacle
form across different placements, materials, and sound architec-
tures. Current work focuses on developing mapping strategies
and code complexity for the hip-based digital versions, including
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further exploration of multimodal interaction in which more than
one parameter can be controlled simultaneously. Improving how
body-contact sensing functions within digital circuits is a contin-
uing priority — this includes pre-digital signal amplification and
the exploration of capacitive touch [2], which may offer a more
stable and expressive alternative to direct resistance-based sens-
ing. Audible and physical feedback mechanisms are also being
explored to better communicate instrument state to participants
in live, noisy settings. This paper is offered as a deliberate con-
tribution to the NIME historical record, and future iterations of
the tentacle instruments will continue to generate the kind of
longitudinal, practice-led documentation that Bin identifies as
urgently needed [3].

8 Conclusion
This paper presents a retrospective case study of a family of mal-
leable instruments developed over 15 years of participatory per-
formances and installations. The case shows how repeated public
deployment outside the laboratory created selection pressures
that reshaped the instruments toward repeatable uptake — in-
cluding ergonomic shifts in placement and construction changes
driven by maintenance realities. Across the archive, mapping
and behavioural complexity were repeatedly reduced toward
legibility under conditions of uninhibited participation, where
noise, limited attention, and forceful gestures made direct ges-
ture–sound relationships critical for confident engagement. The
paper also argued that breakdown and repair traces can serve as
longitudinal evaluation data: by coding recurrent failure modes
and design responses — and by contrasting an installation that re-
quired daily repairs with a redevelopment that sustained approx-
imately 85,000 guests while holding the sound engine constant —
I distilled transferable construction and maintenance heuristics
summarised in the failure and issue taxonomy in Table 2.

Together, these findings provide a long-term account of a mal-
leable instrument in public use and practical guidance for partic-
ipatory NIMEs intended to persist beyond initial prototypes. The
tentacle instruments are still performed, repaired, and reimag-
ined, and this paper is offered as a practice-led contribution and
record for the NIME community [3].

9 Ethical Standards
This research has received ethical clearance through Griffith
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