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Figure 1: Illustration of a Deaf swimmer and a kayaker. The kayaker uses the DeafSwim app on a smartphone to send a vibration

alert to the swimmer’s smartwatch to gain their attention.

Abstract

This experience report presents a real-world case in which a Deaf
open water swimmer and their hearing kayak partner designed and
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developed a vibration-based system for attention signaling during
long-distance swims. When mainstream accessibility tools failed
to meet their needs, they built a lightweight, context-specific solu-
tion grounded in Deaf cultural practices and embodied knowledge.
Through in-situ use and reflective practice, we examine how this
do-it-yourself (DIY) tool emerged from relational design and Deaf-
centered philosophy. Rather than offering a generalized solution,
this work highlights the value of culturally grounded, small-scale
technologies shaped by the lived experience of a Deaf swimmer
and their collaboration with a hearing ally. We conclude with a
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call for research approaches and design platforms that empower
Deaf communities to create technologies rooted in their own values,
environments, and ways of being.

CCS Concepts

« Human-centered computing — Accessibility theory, concepts
and paradigms.
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1 Introduction

The first author, Huffman, is a Deaf open water swimmer, and their
hearing friend, referred to as P1, accompanies them by kayak during
long-distance swims. In response to the challenge of maintaining
communication across distance and limited visual contact, where
common Deaf attention strategies like flashing lights or physical
tapping are impractical, the pair created a field-deployed system
called DeafSwim. This smartphone app allows P1 to send vibration
signals to Huffman’s smartwatch, using three distinct patterns to
indicate course correction or request visual attention. Rather than
aiming for general use, the system offers a situated solution shaped
by Deaf cultural practice, environmental reality, and mutual trust.

This experience report presents a design philosophy grounded in
a specific, high-stakes context drawn from a Deaf individual’s lived
experience and their collaboration with a hearing ally. Rather than
treating accessibility as an abstract problem of retrofitting main-
stream technologies, we explore how Deaf individuals and their
communities can create tools that emerge directly from cultural
knowledge, environmental awareness, and the relationships that
shape their everyday interaction.

This case invites a broader design question: How can we sup-
port Deaf communities in developing context-sensitive, culturally
grounded tools, even when not intended for broad adoption? We
argue that accessibility research must move beyond abstract in-
clusion and instead support small-scale innovations grounded in
community values, relational insight, and lived expertise. This in-
cludes rethinking how collaborators and co-designers can act as
active allies who take on shared responsibility and engage in mutual
respect. This report does not present a universal solution. Instead,
it offers a possibility, rooted in dignity and the everyday creativity
of Deaf life.

Huffman et al.

2 Background and Related Work

2.1 Deaf Communities and Communication
Practices

The Deaf and Hard of hearing (DHH) community encompasses
diverse identities, including Deaf, deaf, hard of hearing, and Deaf-
Blind [7, 48]. Scholars advocate for a cultural framework over the
traditional medical model to highlight the strengths of the Deaf
community [31]. The term Deaf, with a capital “D,” refers to indi-
viduals who identify with Deaf culture and primarily use sign lan-
guage [9, 31, 39]. In contrast, deaf and hard of hearing describe hear-
ing loss without necessarily implying cultural affiliation [7, 9, 39].

Deaf cultural norms center on visual, spatial, and embodied
communication [30, 39]. Interactions rely on eye gaze, facial expres-
sion, and the use of sign language. In Deaf cultural norms, gaining
attention involves respectful strategies like tapping, floor vibra-
tions, flashing lights, waving, or asking others to assist [30, 38].
These practices reflect shared spatial awareness and visual sensi-
tivity [18], shaped by movement, environment, and bodily rhythm.
However, poor lighting or visual obstructions can limit their effec-
tiveness [29].

Allyship plays a growing role in Deaf communities, particularly
in contexts where hearing individuals work closely with Deaf peo-
ple, such as sign language interpreting, advocacy, and collaborative
design [52]. Hearing allies support and advocate alongside Deaf
individuals while acknowledging hearing privilege and the impact
of audism [24]'. This reflects the social model of disability, which
locates disability in structural barriers such as the lack of signed
communication or cultural understanding, rather than individual
deficits [47]. In this framing, allyship is not about helping but about
actively redistributing power, sharing responsibility, and supporting
relational autonomy.

2.2 Deaf-Centered and Community-Driven,
Situated Technology Design

DHH individuals have historically adopted a wide range of technolo-
gies to support communication and daily life [15, 29, 35]. These in-
clude audio-based tools like hearing aids and cochlear implants [15],
as well as text-based and visual platforms such as speech-to-text
software [29], SMS, video calling, and even fax machines [40]. Yet
for many Deaf users, especially in atypical contexts such as out-
door or safety-critical environments, modified versions of hearing-
centered tools often fall short [4].

A common practice in mainstream design is to retrofit accessibil-
ity “after the fact [54],” such as adding captions to videos originally
created for audio consumption and turning sound notifications
into vibrations after realizing DHH users don’t hear them. These
retrofits, while helpful, often come with significant limitations and
do not fully address the needs of Deaf users. Increasingly, designers
emphasize the importance of technologies built from the ground
up with Deaf people at the center [3]. This shift parallels the rise of
community driven, situated design approaches. Underserved and
underrepresented communities often face challenges that are not
just different from those of the dominant population, but shaped

! Audism refers to discrimination against DHH people based on the belief that hearing
people and hearing culture are superior [8].
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by systems and structures that fail to account for their needs. In
response, researchers have adopted frameworks like design jus-
tice [14], which call for moving from “design for” to “design by,”
ensuring not only participation but leadership by community mem-
bers [5, 33, 36, 45].

This report presents an experience centered on Huffman, a Deaf
open water swimmer whose needs were not met by existing main-
stream technologies, and P1, their hearing exercise partner, long
time friend, and ally. Rather than adapting hearing-centered tools,
their solution emerged from a specific cultural and situational con-
text. As Angelini et al. argue, technologies for Deaf communities
should be grounded in Deaf experiences and cultural values from
the start [2, 5]. In their ASSETS work Experiencing Deaf Tech: A
Deep Dive into the Concept of Deaf Watch, they ask: “What if we
detach from hearing centered ideologies and shape technologies that
prioritize and cater specifically to the lived experiences and desires of

deaf people? [4]”

2.3 DIY Accessibility Tools

The practice of disabled individuals designing tools for them-
selves has a long history [11]. Hamraie introduces the concept
of crip knowing-making to describe how disabled people’s embod-
ied knowledge and material engagement with their environments
have historically driven innovation [22, 23]. Today, widely available
devices like smartphones and smartwatches have become central to
this practice, especially when paired with software that supports di-
verse abilities [53]. Scholars have explored DIY approaches as more
inclusive, personalized, and flexible alternatives to traditional acces-
sibility solutions [6, 50]. When conventional retrofits fall short, DIY
methods enable individuals and communities to create solutions
that are deeply situated and context responsive [28]. Yet, despite
this long history, Deaf participation in DIY remains underrepre-
sented in HCI literature. Barriers include limited access to maker
spaces, educational resources in sign language, and broader gaps
in awareness of Deaf cultural and lived experience [49]. Our work
contributes to this conversation by presenting a case study that
highlights the value of enabling Deaf individuals and their allies
to build their own tools, particularly in atypical situations where
mainstream technologies fail to provide effective support.

2.4 Edge Cases and the Limits of Existing
Literature

Although assistive technology research addresses many physical
and sensory disabilities, few studies focus on Deaf open water
swimmers. Most existing work supports DHH swimmers in indoor
competitive settings [19, 42], emphasizing performance rather than
the relational, context specific communication needs of Deaf indi-
viduals. Open water environments introduce unique challenges that
make common Deaf strategies, like visual signaling, difficult to ap-
ply [13]. This gap emphasizes the importance of documenting cases
involving Deaf swimmers and their hearing allies, which reveal
not only technical limitations but also new ways of understanding
support, trust, and safety in activity based communication. The
experience we present contributes to this space by showing how a
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Deaf open water swimmer and their hearing ally navigated commu-
nication challenges through small scale, situated, and relationally
grounded solutions.

3 Methodology and Context
3.1 Positionality

Huffman is a Deaf swimmer and computer science doctoral student
with profound bilateral sensorineural hearing loss (125-8000 Hz)?.
They use American Sign Language (ASL) and written English and
Chinese.

P1 is a hearing software engineer and fluent ASL user with a
close personal relationship to Huffman. During swims, P1 provides
kayaking support and co-developed the system.

Angelini is a Deaf predoctoral HCI researcher focused on Deaf
Technology. He uses multiple signed and written languages, in-
cluding German Sign Language (DGS), Austrian Sign Language
(OGS), Spanish Sign Language (LSE), International Sign (IS), Ger-
man, and English. He contributed critical reflection grounded in
lived experience.

Kushalnagar is a Deaf researcher and Huffman’s mentor and
supervisor. He uses ASL and written English. Spiel is a hearing HCI
researcher and Angelini’s advisor. They are fluent in English and
German, with intermediate OGS and basic IS. Both mentored this

paper.

3.2 Situating the Design Need and Identifying
Gaps
Unlike hearing swimmers, who receive instructions verbally or
through marine whistles [10], Huffman relies solely on visual cues.
Although they can communicate in ASL, it requires the swimmer to
locate and face the kayak, which is not always feasible in open water.
During training, Huffman typically glances toward the kayaker
once every four to six strokes, approximately every 10 to 15 seconds.
In urgent situations, such as warning about a nearby electric boat
or making a course correction, standard Deaf attention strategies
like flashing lights or floor stomps [26] are not applicable in water.
Huffman and P1 explored existing technologies to solve this
problem. Similar needs have been partially addressed in the scuba
diving community, where divers must communicate without sound.
Products like the Buddy-Watcher [34] previously attempted to fill
this role, but are no longer available, and it is unclear whether they
worked reliably when one user was not submerged. Other affordable
options now used in scuba contexts still rely on sound—either
mechanical, electronic [43], or air-tank based [1]. After exploring
these technologies and finding nothing suitable [12, 13], the pair
realized they were facing a rare and safety-critical situation that
mainstream accessibility technologies had not considered.

3.3 Collaborative Design Process

Drawing on their shared background in software engineering and
their respective experiences as swimmer and kayaker, Huffman
and P1 began exploring technical solutions to support open-water
communication. To avoid adding cognitive or physical burden, they

2This range includes most speech and everyday sounds [25]. Profound loss across it
indicates an inability to perceive sound from a medical perspective.
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Figure 2: Illustrations of the DeafSwim app. (a) One of Huffman’s early sketches of the phone and watch interfaces. (b)
Screenshots of the phone interface. (c) Screenshots of the watch interface.

chose Huffman’s existing waterproof smartwatch, already worn
during workouts. Its built-in vibration feature offered a promising
communication channel, especially given the visual unpredictability
of aquatic environments.

Instead of building a complex system, they focused on a simple
alert, similar to flashing lights or floor vibrations, to signal that the
kayaker was trying to get the swimmer’s attention. They created a
one-way setup in which P1 could trigger watch vibrations using a
smartphone. They defined three buzz patterns: left, right (for course
correction), and look (for immediate attention) (Fig. 2 (a)). Huffman
would respond by adjusting direction or making visual contact;
ASL could follow as needed. The design relied on mutual trust and
was reserved for moments of genuine need.

3.4 Apparatus and Tool Implementation

Huffman and P1 developed the system using devices they already
owned and regularly used: an iPhone 12 Pro and a Pixel Watch 3.
These devices communicate via Bluetooth Low Energy (BLE), with
the iPhone advertising itself as a peripheral (Fig. 2 (b)) and the Pixel
Watch listening for the advertisements and decoding embedded
commands. (Fig. 2 (c)).

Several hardware and software implementation approaches were
explored. Initial attempts using an Apple Watch proved unreliable,
and the closed nature of the system prevented the developers from
disabling power-saving features that interfered with the tool’s func-
tionality. In contrast, the Pixel Watch supported more stable BLE
communication during testing, even when performing a persistent
bidirectional BLE connection between the devices, and offered a
more flexible development process. Due to the strong attenuation
of Bluetooth signals by saltwater, the primary limitation was signal

loss when the swimmer’s arm re-entered the water after a stroke.
This small window led them to use the advertisement data for one-
way transmission. Furthermore, unlike the Apple Watch, Android’s
open architecture allowed them to modify the operating system di-
rectly and disable restrictive power-saving features. This was done
by creating and installing a Magisk module [55] that, upon boot,
runs Frida [41] and injects a script into the system Bluetooth dae-
mon to modify its behavior. These modifications ultimately allowed
the phone to reliably signal the watch within the brief transmission
window between strokes.

The final system (Fig. 2 (b) and (c)), developed through iterative
prototyping and testing, uses widely available commodity comput-
ing peripherals and is lightweight, reliable, effective, and tailored
to a specific use case.

3.5 Reflective Practice and In-Use Insights

The tool was initially created by Huffman and P1 to meet their
own needs. Early documentation was informal, including sketches,
journal entries, memory, and comments in code. As the system
became more reliable, they began reflecting more intentionally on
the design and use. They completed six swim sessions in varied
environments, including indoor pools, freshwater lakes, and coastal
saltwater. The tool was refined across these sessions, and Huffman
and P1 jointly discussed their design decisions and experiences.
In parallel, Huffman and Angelini engaged in post-hoc reflection
through journaling, dialogue, and memo writing. These reflections
were grounded in embodied experience and shaped the framing of
this paper, drawing on reflective approaches in HCI [21, 46].
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4 Results and Discussion

We reflect on values emerging from accessibility research in HCI,
including Deaf Tech design philosophy and situated empowerment.
The following sections examine this case through Huffman’s reflec-
tions, alongside Deaf cultural values and relational communication,
and extend a broader call to support community-led technology
making.

4.1 Defining Success Through Lived Experience

While the tool’s reliability was evaluated through standard engi-
neering practices, its user experience was assessed entirely through
Huffman’s reflection. Overall, the app worked well for Huffman,
and they reported that they would use it every time they swim in
open water with a kayaker.

For Huffman, success was not just about technical safety or
athletic performance, but also about personal freedom and joy
during those activities. The tool reduced the mental burden of
constant sighting and made space for enjoyment. In their journal,
they wrote: ‘I saw a purple crab under a rock in Alki. I was fascinated
because I had never seen a purple crab before, so I was watching it
until I passed it.”—something they normally would not have done for
fear of missing important signals. They further noted that the tool
reduced their mental stress during swims especially when sunlight
or environmental conditions made it difficult to maintain visual
contact.

Ultimately, the tool succeeded by relieving an invisible workload
that Huffman had long accepted. As they reflected: ‘T was always
thinking, ‘What if they need my attention but I wasn’t looking at
them?”” With the app in place, they described the experience as
less stressful, making open water swimming more enjoyable in a
way that had not been possible for this Deaf swimmer before. Later,
Huffman reflected: ‘T often felt open water swim is such a lonely sport.
I used to think it is like death, because no one can reach me. But now
knowing that someone can actually reach me, it feels so much less
lonely, but also more independent.” Reflecting on this shift, Huffman
wondered whether this newfound safety and presence was what
hearing swimmers routinely experience when accompanied by a
kayaker.

4.2 Reversing the Burden of Communication

After two swims with the system, Huffman wrote: ‘T realized how
much responsibility I was taking by having to look at the kayaker
constantly. I had to sight myself inside and outside the water and
also constantly look for the kayaker.” This meant checking for visual
cues every few strokes, dividing attention between swimming and
safety.

In many everyday situations, the Deaf or disabled person is
expected to carry the burden of communication. Huffman wrote:
“We are always expected to do more work to make communication
happen. Hearing people often ask us if we can read lips. Many of us

have to go through speech therapy to adapt to the hearing norms.”

This burden is not only social—it is often encoded into assistive
technologies themselves, which require deaf users to wear extra
devices or exert extra effort [20].

In contrast, this system intentionally shifts the responsibility to
the hearing person. P1 monitors the environment, decides when
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to signal, and initiates interaction. Huffman is freed from constant
visual monitoring and isn’t asked to wear anything beyond their
usual gear. The design repositions communication from Deaf users’
constant vigilance to a model grounded in Deaf-centered values.
Rather than requiring Huffman to compensate for hearing-centered
norms, it supports shared experience and mutual responsibility.

4.3 Deaf-Hearing Collaboration in Relational
and Situated Design

This system was developed through a Deaf-centered collaboration
between Huffman and P1. As P1 reflected: “We are doing this for
‘us.” We are making it for ‘our’ needs.”—not for the Deaf person, nor
to fix auditory deficits. During the design process, disagreements
were often resolved by deferring to Deaf cultural values and com-
munication norms. For example, Huffman labeled the three buttons
as “left,” “right,” and “look.” P1 initially suggested “stop” instead of
“look” for consistency, but Huffman explained that the goal was to
get the swimmer’s attention, not to halt movement. P1 then agreed
that “look” better reflected Deaf experiences and communication
strategies.

In this case, P1 viewed themselves as an ally, not a savior. Huff-
man was a co-creator, not a passive recipient of care. Together, two
friends crafted communication strategies grounded in respect and
shared responsibility, responding to a situation where mainstream
technologies had fallen short. This mindset stands in contrast to
patterns in accessibility research where hearing researchers often
dominate the process, and Deaf collaborators are involved only in
limited feedback sessions [3, 37]. As Desai et al. argued, the ab-
sence of Deaf stakeholders in design not only introduces systematic
bias [16], but also overlooks the deep expertise rooted in lived ex-
perience. Centering Deaf perspectives is not a bonus or final step,
but is foundational to building technologies that are contextually
grounded and culturally resonant.

4.4 Design Grounded in Deaf Embodied
Experience

From the outset, Huffman and P1 aimed for a design that supported
attentiveness without disruption. Vibrations were used only when
necessary, directing attention through subtle haptic signals aligned
with the swimmer’s rhythm [27]. The system preserved mental
focus, respected autonomy, and embodied a quiet form of care [17].
The communication model was intentionally asymmetrical, with
only P1 sending signals. This reflected role-specific responsibility
and was shaped by consent and clarity [51].

The design was refined through multiple rounds of testing,
guided by Huffman’s embodied experience. For example, swim
environments ranged from cold saltwater in Puget Sound [44] to
warmer freshwater lakes [32]. Colder conditions required stronger
vibrations due to numbness, while warmer settings allowed for
lighter feedback. Vibration strength and pattern were adjusted to
suit each context. Rather than adapting tools focused on auditory
deficits, the design centered Deaf individuals’ everyday experiences,
including embodied attention, preservation of the visual field, and
context-aware alerting. Deaf individuals draw on spatial, visual,
and haptic awareness in addition to multimodal communication
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strategies. Yet, accessibility design still frames Deafness primarily
as hearing loss, overlooking this broader embodied expertise [2].

Deaf Tech offers an alternative: one that centers Deaf embodi-
ment without relying on auditory norms [5]. When design engages
with lived, contextual Deaf realities, it becomes more responsive
and situated, and attuned to human experience. We encourage the
accessibility research community to move beyond focusing solely
on auditory access or sign language alone, and to embrace the full
complexity of Deaf ways of being.

4.5 Call to Action

In this case, Huffman and P1 were able to create a solution because
they had the technical knowledge and skills to do so. Many DHH
individuals and communities, however, do not have the same access
to design tools or development resources. This raises a broader
question: What happens to vital ideas when the very people
who generate and need them most are not equipped to act
on them?

We offer this as a call to action for the ASSETS community:
How might we build Deaf-centered research approaches and design
ecosystems that empower DHH individuals to create technologies
rooted in their lives? These tools may not be cutting-edge in a
technical sense, but they can be culturally grounded, socially mean-
ingful, and exquisitely situated. Their value lies not in novelty or
scale, but in contextual fit, respect, and resonance.

We - hence - challenge the accessibility research community to
rethink what counts as innovation in assistive technology. Rather
than prioritizing scalability, technical complexity, or generalized
utility, we must recognize and support situated empowerment: the
ability for people to lead the design of technologies that reflect their
own contexts, knowledge, cultures, and needs.

5 Conclusion

We presented a real-world case in which a Deaf swimmer and
their hearing kayak partner developed a vibration based system to
support communication during open water swims. The tool was
not built for general use, but it addressed a critical gap in a specific
context where conventional solutions did not work. Grounded in
trust, cultural understanding, and physical awareness, this Deaf-
lead system shows how deeply embodied and situated knowledge
can lead to meaningful technology design. Rather than measuring
performance or productivity, it centers lived experience and shared
joy.

We argue that accessibility research should not stop at design-
ing for DHH users, but must also support tools created with and
by the DHH community. These tools may be small in scale and
personal in scope, but they embody epistemological knowledge
often invisible to design practices that reduce access technology to
mere functionality. As we imagine more inclusive futures, we ask
the ASSETS community: What would a Deaf-centered maker
movement look like? What tools and platforms are needed
so Deaf people can create their own technological solutions,
not only to access the world, but to shape it?

Huffman et al.
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