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Deaf and hard-of-hearing (DHH) individuals communicate in many different ways — using
sign, speech, writing, touch and more. In designing technologies for DHH individuals, most
research takes a disability lens, exploring how technologies can support this wide range of
communication access needs. However, engagement with language and language-related fac-
tors is limited. My dissertation argues that a language lens can be generative in designing for
DHH communication accessibility, allowing us to better understand multilingual and multi-
modal realities and build technologies for both language access and communication access.
To demonstrate this, I present three studies exploring DHH communication online: explor-
ing speechreading in video-calls, captioning in multilingual media and conversations, and
tech-mediated sign language interpreting experiences. Across this variety of communication
contexts, I highlight how language and language-related factors influence use and efficacy of
accessibility technologies. I additionally explore how we might design technologies to meet
this diversity of language practices and access needs. To demonstrate how this approach can
be technically generative, I turn to the development of sign language dictionaries, investigat-
ing methods for video-based search and vocabulary expansion — thereby guiding design and

development in both access and language needs. Through empirical, design, and technical



contributions, my dissertation demonstrates the generative power of a language lens in DHH
communication accessibility, and contrasts dual goals of language access and communication

access guiding technology.
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Chapter 1

INTRODUCTION

Deaf and hard-of-hearing (DHH) communities represent a range of experiences with lan-
guage and disability and thus communication accessibility. Many DHH individuals identify
as disabled from living in a world that centers hearing and spoken ways of being. They
use different access practices and technologies to navigate communication in daily life and
provision access to sound and spoken language. At the same time, many DHH individu-
als identify as linguistic minorities through their use of sign languages [163, 212]. These
sign languages connect them to their communities and culture, but have faced oppression
throughout history [27, [162]. It was not until the 1960s that sign languages were recognized
as full languages (and not just analogues of spoken languages) [205]. This history has im-
pacted their presence in digital spaces, and many DHH signers are called to operate in a
second language online. Despite being situated as both disabled and linguistic minorities,
research and design of technologies for DHH communities often does not engage with both
perspectives.

Current research designing technologies for DHH communication primarily takes a dis-
ability lens. Most works focus on examining how technology might meet sensorial needs
(e.g., sound detection [129], speaker identification [12], captioning [110]) without further
examining how language might influence access needs and experiences. When language is
considered, research mostly focuses on translation i.e., ameliorating communication barriers
between DHH individuals and hearing individuals by translating between signed and spoken
language [253| [14]. While this is certainly an important task, it is not the only framework

under which we can consider the impact of language needs on communication accessibility.



Consider the diversity of DHH individuals’ experiences with language — some grow up bilin-
gual in a sign and spoken language, some never learn how to sign, and some are multilingual
(navigating multiple sign and spoken languages) [160]. This complexity of DHH individuals’
language lives is an opportunity for us to explore the multitude of ways technologies can be
designed for language access, and how language, more broadly, can inform communication
accessibility technology.

Consider this series of examples: A Deaf signer using captions while watching a movie
with their family. A late-deafened adult interacting with their signing colleagues with an
interpreter. A hard-of-hearing person using speechreading while chatting in their second
language with a vendor at a marketplace. For each of these individuals, it is not simply their
access practice (captioning, interpreting, or speechreading) that is determining the quality
of their communication experience — but language as well. Here I mean not only which
languages are present (movie in Korean, conference in American Sign Language (ASL), mar-
ketplace in Hindi), but also many language-related factors. For example, consider how well
they know these languages (e.g., can they read Korean captions? are they a novice signer?
how familiar are they with different dialects of Hindi?). Consider the social relations and
political histories of these languages (e.g., which other languages dominate the region/space?
could they switch between languages? why is access to this language important to them?).
Consider the digital footprint of these languages (e.g., do digital resources for learning this
language exist? are translation technologies readily available?). These examples highlight
that language needs frequently collide with access needs for DHH individuals — engaging
with language and language-related factors then can help us design technologies that better

match the needs of the DHH community in the real-world.

My research seeks to unveil the impact of language in communication accessibility and
investigate how technologies might be designed to support a diversity of language and access
practices. To do so, I examine DHH individuals’ experiences with a range of access practices
in online environments. In each of the scenarios listed above, individuals might combine

multiple practices together to make communication accessible — for example, pointing and



gesturing at the marketplace, or speechreading the signer’s mouth movements (or the inter-
preter’s voicing), or discretely signing with a sibling to clarify meaning of a phrase in the
movie dialogue. However, most prior research studies DHH access practices in homogeneous
contexts (e.g., monolingual, monomodal scenarios) and rarely examines how multiple access
practices might be combined to facilitate better communication access. I take a holistic
approach to DHH communication instead, exploring multilingual and multimodal realities.
In doing so, I hope to better understand how language impacts the use and efficacy of dif-
ferent access practices (e.g., speechreading, captioning, interpreting) and explore how these
access practices and technologies can mediate language access and communication access.

My dissertation is guided by the following research questions:

e How do language and language-related factors shape experiences of communication

access and effectiveness of different access practices in DHH communication repertoire?

e How can communication access technologies be designed and built to meet both lan-

guage needs and access needs of the DHH community?

Through the following chapters, I demonstrate my thesis statement: Language and
language-factors are critical modulators on how DHH individuals navigate and utilize the
access practices in their communication repertoires. Considering these factors and designing
DHH technologies for the dual goals of language access and communication access can better

support the diversity of DHH communication.

1.1 Research Approach and Contributions

My research features empirical, design, and technical contributions to account for the many
ways language and disability collide in daily life. My approach is interdisciplinary, drawing
on methods from both human-computer interaction and machine learning. In the following

chapters, I describe formative research understanding communities’ needs and experiences



with existing technologies, iteratively co-designing new technologies, and developing models
to power new technologies.

In Chapter 2, I offer a background on DHH communication practices and then discuss the
critical disability and language perspectives that inform my work. I briefly review relevant
accessibility and language technology research — each of the following chapters offers a deeper
dive into key related work.

In Chapter 3, I begin by exploring DHH individuals’ experiences with speechreading on-
line in video calls. This chapter features a three-part study, consisting of interviews, design
probes, and co-design sessions with 12 individuals who speechread. The empirical accounts
showcase the strengths and limitations of speechreading in mediating access to language and
to communication — on one hand, the ambiguity of mouthshapes and cognitive load limit lan-
guage access, but on the other hand, facial expressions and other paralinguistic cues foster
emotional connection central to communication. We find that several linguistic, environ-
mental, and sociocultural factors impact the choice between speechreading and captioning.
In line with these findings and holistic approach, our proposed designs explore supporting
speechreading alone as well as combined use of speechreading and captioning.

In Chapter 4, I explore captioning technologies — to dive into the intersection of lan-
guage and disability, I focus on multilingual individuals’ experiences with captioning for
accessibility. I conduct interviews and diary logs with 13 multilingual and disabled caption
users. This chapter showcases that language is fundamentally entwined with participants’
experiences of access. We find that factors such as comfort with a language, linguistic affor-
dances of a language, and cultural perceptions all impact what users desire from captions.
To navigate disparities in captioning across languages and still create communication access,
participants combine languages in unique ways (i.e., multilingual practices). This chapter
concludes by suggesting immediate directions for development as well as guiding principles
for future language-centered captioning technologies.

Having demonstrated that language is a critical component shaping DHH communication

access, my next two chapters further explore how we might use both language and disability



perspectives to inform technology design. For this, I focus on emerging sign language tech-
nologies. In Chapter 5, I investigate development of video-based sign language dictionaries
— specifically, examining how we might sustainably scale and update the vocabularies of
these dictionaries. By focusing on both video-based search (multimodal access) and dictio-
nary expansion (language growth and change), this work demonstrates combining language
and disability goals can be technically generative. In Chapter 6, I explore automated in-
terpreting technologies, studying how we might evaluate both the quality of translation and
quality of access provisioned by these technologies. Through a multi-stakeholder study with
20 DHH signers, hearing interpreters, and Deaf interpreters, we decompose the different
facets of an accessible interpretation — highlighting linguistic, cultural, temporal, contextual,
and relational dimensions that guide translation choices. Based on this analysis, we out-
line implications for the design, development, and deployment of sign language interpreting

technologies. We additionally propose improvements to remote interpreting technologies.

Overall, Chapter 3, 4 and 6 explore three different access practices from the DHH com-
munication repertoire — speechreading, captioning, and signing respectively. The empirical
accounts in each of these chapters provide evidence that language and language-related
factors are critical determinants in how DHH individuals navigate and utilize their commu-
nication repertoires. Each chapter additionally showcases how these language-related factors
can inform design and development of DHH technologies — for speechreading, multilingual
captioning, and sign language interpreting. Chapter 5 takes primarily a technical approach,
demonstrating that designing sign language dictionaries (a DHH technology) in accordance
with both disability and language access values results in a technology that meets real-world

needs as well as illuminates new directions for research inquiry.

Finally, in Chapter 7, I contrast findings from these different chapters to tease apart
the different goals of language access and communication access guiding DHH technologies.
In addition to discussing the impact of a language lens, I discuss the limitations of my

dissertation and directions for future work.



1.2 Authorship and Positionality

The work conducted in this dissertation is the result of collaborations with several wonderful
colleagues and mentors. While I led all of these projects, this work would not have been
possible without the sustained engagement and contributions of my collaborators. Each
chapter begins by listing co-authors — I use “we” pronouns to credit our collaborative work,
and “I” pronouns when referring to my own perspective or connections to the dissertation

as a whole.

My experiences with language and disability have greatly influenced my research ques-
tions and my approach. I grew up speaking Gujarati and English, along with exposure to
many other spoken languages. I also began learning ASL during the start of my PhD. Each
of these languages connect me to my culture and community, but my access to these lan-
guages has been strongly influenced by my evolving experiences with deafness and disability.
Through the course of this work, I have used a multitude of access practices and technolo-
gies to communicate including automated captioning, CART, speechreading, and signing.
To actively engage with how these experiences inform my research, I use reflexive thematic
analysis through my qualitative work, which foregrounds researcher subjectivity in theme de-
velopment. In each chapter, I additionally reflect on how these identities informed research
methods (e.g., accessibility considerations for interviews) along with discussing collective

authors’ positionality.

While my lived experiences have often sparked my initial interest in different research
projects, I have also been transformed by doing this work. Gathering empirical accounts
from DHH participants helped me recognize the diversity of communication practices and
ideologies in the DHH community. My interactions with Deaf peers and colleagues, disabled
friends and mentors, and my very multilingual family have continued to inform my under-
standing of communication access and how I approach it in my research and day-to-day life.
While I share some identities with my participants, there are also many ways in which I am

positioned away from them — I am privileged in my access to education and spoken language



(particularly English). My perspective on disability and deafness have been shaped by my
exposure to disability studies and disability justice through the course of my PhD, and drive

me in my goals of designing technology to support and celebrate all kinds of languaging.



Chapter 2

RELATED WORK
2.1 Background on DHH Communities and their Communication Practices

Deaf and hard-of-hearing individuals (DHH) have a mix of receptive and expressive com-
munication access needs, and use a range of communication practices — sign, speech, touch,
writing, gesture — to meet these communication needs. Advances in technology and policy
have increased communication options in today’s world. For example, in the United States,
the Americans with Disabilities Act requires entities ‘communicate effectively with people
who have communication disabilities” and provide ‘auxiliary aids and services’ — such as
access to real-time captioning (CART: Communication Access Realtime Translation) or a
qualified sign language interpreter [I]. In addition to these human access providers, DHH
individuals are increasingly turning to technologies like speech-to-text and text-to-speech
apps to navigate real-time communication [I36]. Writing and speechreading also continue
to be common access practices. Overall, DHH individuals’ communication preferences vary
based on their background and contextual needs.

This variety of communication practices is representative of the range of lived experiences
in the DHH community. The community includes individuals who identify as culturally
Deaf — a group of people bounded by use of shared sign language as well as shared values,
traditions, and history [211]. A core belief of this community is that deafness is not a deficit,
but rather part of the diversity of the world [161]. They value sign languages as cultural
cornerstones, and approach communication as a collaborative with shared responsibility for
access. Unfortunately, this perspective on deafness has not been shared by the hearing world
— historically, many have aimed to “fix” deafness [162], believing that people who can speak

and hear or act like they can speak and hear are superior [27]. This belief is known as



audism, and has resulted in perpetuating oralism, thereby oppressing sign languages and the

people who use them [162].

This history has had a lasting impact on contemporary DHH communication practices
as well as availability of sign language resources [I58]. While audist and ableist beliefs still
influence deaf education and access policies, Deaf activists and scholars have worked tirelessly
to ensure deaf people’s continued access to sign languages. A core part of this work is having
sign languages recognized as full languages (not just analogues of spoken languages) and
articulating the critical role they play in shaping Deaf people’s ways of knowing and being
(e.g., through Deaf gain [20]).

However, this has its limitations — Deaf people who are born to Deaf parents are only a
small portion of the contemporary DHH community [196]. Many DHH individuals are born to
hearing parents, or lose their hearing later in life, which means they may or may not learn sign
language. They may have a variety of experiences with different spoken, written, and tactileﬂ
languages (e.g., [160, 170, 207]) and unique approaches to navigating their communication
needs. These groups may identify with deafness differently, with some considering themselves
to be a part of a linguistic minority (with sign languages) [163, 212], some considering
themselves disabled, and some identifying with both (e.g., [46, 59, 23]), and some neither.
Given this range of experiences, in my work, I engage with both critical language and critical
disability perspectives. I use the term DHH, concurrent with participants’ descriptions of

their identities.

My work follows the trajectory of Deaf studies, toward descriptive and away from pre-
scription language ideologies. While I seek to highlight the fluidity of deaf communication
(i.e., how DHH individuals switch between languages and access practices as needed), I em-
phasize that this should not be misconstrued to undermine recognition of sign languages
as real languages or deny DHH individuals’ access to sign languages in any context they

might choose them [66]. DHH individuals’ fluid communication practices are often driven

'Such as Protactile, used by DeafBlind individuals.
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by necessity, motivated by sensory asymmetries and power imbalances [66].

2.2 Theoretical and Critical Foundations

I draw on theories from both sociolinguistics and Deaf Studies to understand DHH indi-
viduals’ experiences with accessibility, and technology. From sociolinguistics, I draw on the
concept of repertoires. First introduced by John Gumperz [102], repertories are linguistic re-
sources individuals’ draw on while communicating — including words and sounds and pictures
and gestures and signs [38, [48]. Unlike languages, which are externally defined, repertoires
allow us to look internally to a person and understand how they leverage all the communica-
tion resources they have — and sometimes cross boundaries of defined languages [210]. This
perspective puts the emphasis on languaging rather than languages (i.e., viewing language
as a practice rather than an entity [217]. Given the wealth of communication and access
practices available to DHH individuals in today’s world, repertoires give us a meaningful
lens by which to understand DHH individuals’ experiences with language and technology.
To better align with multimodality of deaf communication, I draw on Kusters’ et al. [159]
work, proposing semiotid? repertoires — thus no longer making distinctions between linguistic
and non-linguistic resources.

In addition to academia, my research is also informed by community based and activist
perspectives. In order to take both language and disability perspectives to DHH communi-
cation, I engage with both disability justice [34] and language justice principles [2]. Language
justice centers the right for everyone to communicate, to understand, and to be understood
in our languages and strives to create a world where no language dominates over the other
[2]. As put by the Praxis Project: “Valuing language justice means recognizing the social
and political dimensions of language and language access, while working to dismantle lan-
guage barriers, equalize power dynamics, and build strong communities for social and racial

justice” [78]. From disability justice, principles most relevant to my work are interdependence

2semiotic: relating to signs and symbols, gesture and body orientation
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(everyone relies on one another) and intersectionality (each person has multiple identities,
and each can be a site of privilege or oppression) [34]. I additionally draw inspiration from
accessibility researchers who have described how these disability justice principles can inform
our approach to accessibility technology research and design (e.g., interdependence frame-
work [29]), as well as deaf studies researchers who explore diversity of DHH community [84]
(moving beyond “homogeneous community of fluent signing white deaf people” [266]) and
intersectionality (e.g., [57, 232]).

Disability justice and language justice are closely entwined, although they have not often
been put in conversation with each other (some exceptions: [244] [165]). Both frameworks are
aspirational, and intend not for a fixed goal but ongoing and sustained engagement towards
a better world — “demand[ing] we move in mutual respect for all people regardless of whether
or how they sign, speak, or otherwise convey what’s on their mind or in their heart.” (from
“Language Justice is Disability Justice” [244]). Deaf spaces are an exciting place to engage
with both these concepts. Particularly relevant is Henner and Robinson’s work on a crip
linguistics manifesto [113], which discusses how language use both disables and represents

disability, and calls us to celebrate all ways of deaf and disabled languaging.

2.3 Technology and Communication Accessibility

2.3.1 Access technologies

Accessibility technology research is a growing field — a systematic review revealed that the
number of accessibility works published per year has increased from 22 in 1994 to 95 in 2019 at
ASSETS or CHI, and 11.3% of these works focused on DHH communities [I77]. Research to
support DHH individuals with technology varies widely, including technologies for captioning
(e.g., [122]), sign language (e.g., [135]), speechreading (e.g., [92]), sound detection (e.g., [129]),
sound visualization (e.g., [10]) to name a few. The works also explore a variety of contexts,
including educational settings (e.g., [159]), social scenarios ((e.g., [215]), workplace (e.g.,

[251]) alongside in-person and online modes (e.g., [15]).
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This body of research has shown how technology has the potential to both support and
constraint DHH communication practices. For example, captioning technologies, powered
by speech recognition, can offer spontaneous, accurate, and customizable access to speech
[T10]. However, the text format frequently misses nuances of emotion and tone, lacking par-
alinguistic information [63]. Similarly, sign language technologies (such as sign recognition
models and avatars) might support greater access to information and communication re-
sources [253], 221, T4] — but unfortunately, most digital platforms (video conferencing, social
media) are not designed for 3D language and visual communication, and tend to constrain
practices of DHH users [15], [I76]. Having identified limitations, these works also seek to im-
prove these technologies to better align with DHH users needs and communication practices
— for example, for captions exploring how to improve caption readability [154, B1], reduce
visual dispersion [128] [126] 215], improve richness [209, 265], 06], engage hearing stakehold-
ers [190], 240, 274], and more. I review research related to specific access practices (e.g.,

speechreading, interpreting) in corresponding chapters.

While the breadth represented in this body of research is promising, there are notable
disparities. The first of these is that not all modalities and languages have received equal at-
tention: research on captioning has extensively explored everything from accuracy to display
to augmentations; fewer works focus on sign language recognition, generation and translation;
and rarely works focus on study of Protactile. A review of DHH papers in Mack et al. s [I77]
literature review work shows that American Sign Language (ASL) and English (technologies)
dominate CHI and ASSETS. Second, the different practices and modalities are studied in si-
los — almost no works look at DHH communication holistically. For example, while few works
acknowledge speechreading practices of DHH individuals (e.g., [126], 154, 223], 256]), there
has not been an in-depth exploration of the interaction between captioning and speechread-
ing in environments where individuals have access to both. Overall, there is not much of
an understanding of how different access practices are situated among each other in the
DHH communication repertoire, and how we might design technology to support multiple

practices.
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2.3.2  Language Technologies

The world loses approximately 9 languages a year [242]. These language deaths are often
guided by colonial violence, racism and ableism [I52]. Technologies have played a mixed role
in this endangerment and minoritization of languages spoken/signed by 94% of the world’s
population [187].

On one hand, technologies make it possible for dispersed communities to connect with
each other (e.g., with communication technologies), as well as access information and cultural
resources in their own languages (e.g., with broadcast media) [I67]. There is also a rise in
translation technologies that make it easier for users to communicate and engage with content

across language differences such as Google Translate which supported 243 languages in 2024.

On the other hand, technologies have also reified disparities. Resources are not equi-
tably available or maintained across languages (e.g., Wikipedia [230]) and platforms only
support some languages — thus digitally disadvantaging users of these languages [293]. Even
with English, there are disparities in performance for different kinds of English, (e.g., biases
against African American Vernacular English [I50] or ‘accented’ speech [220]). Some tech-
nologies actively erase non-normative language practices: e.g., Bender et al’s work highlights
how language models flatten variation and contribute to reifying linguistic hierarchies [28].
Schneider [236] similarly notes how technologies reproduce notions of language as bounded
and disadvantage multilingualism and non-normative language practices. There is a deep

need for language justice in technology.

While growing research attention to biases and performance disparities across these lan-
guage technologies (e.g., [37, 195 [112] [167]), there has yet to be a study of sign languages
through this language lens. Sign languages experience a digital disadvantage not only be-
cause they are used by a smaller part of the population, but also because they are visual
languages — this necessitates rethinking paradigms for input and output and digital repre-
sentation. Training sign language models requires advanced computer vision techniques and

large-scale multimodal datasets, which are limited [41} 40]. Unlike written language corpora
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which can easily be scraped, sign language datasets need to be thoughtfully curated and
annotated [41], [40].

Even beyond signing, language technology disparities significantly impact DHH communi-
cation and research. While inequitable performance across languages are recognized, research
has not traced how this impacts downstream accessibility tasks (e.g., captioning technolo-
gies). Most accessibility research has focused only on monolingual contexts (e.g., English
conversations), not considering contexts with language switches. There needs to be a closer
exploration of the DHH communication context through a language lens to understand how

multiple marginalizations may materialize.
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Chapter 3

UNDERSTANDING SPEECHREADING IN VIDEO CALLS

In this chapter, I dive into the access practice of speechreading, exploring how it is
transformed in the online environment and ways technology might support speechreaders.
This work has been previously published as “Understanding and Enhancing the Role of
Speechreading in Online d/DHH Communication Accessibility” at CHI 2023, co-authored
with Jennifer Mankoff and Richard Ladner [73].

In the context of the broader dissertation, this chapter presents my work situating
speechreading as a part of the larger DHH communication repertoire — examining why DHH
individuals prefer speechreading and in which contexts. By focusing on video calls, where
automated captioning is easily available, this chapter contrasts two different parts of the
communication repertoire (speechreading and captioning) — showcasing users’ practices of

switching between and using both in tandem.

Under the framework of language access, speechreading has a contentious role. Due to
ambiguity of mouthshapes, speechreading does not provide full access to what is said —
yet, historically, it has been promoted over sign language learning for DHH children (leaving
them without full access to language during critical years). However, for late-deafened adults,
speechreading is about maintaining access to language — the spoken language they feel the
most comfortable with, that connects them to their families and cultures. Availability of
other access practices (e.g., captioning) is not guaranteed across all languages. Speechreaders
therefore present an interesting space to examine how language influences access choices in

DHH communication.
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3.1 DMotivation

Any language used in communication has semantic (i.e., meaning of words), paralinguistic
(i.e., pitch, volume, intonation) and non-verbal (i.e., facial expressions, body language) com-
ponents. These components play a vital role in rich interaction — it is important to know
not only what was said but how it was said. Bolinger aptly summarizes why: “Much of the
time [the aim of speech] is to cajole, persuade, entreat, excuse, cow, deceive, or merely to
maintain contact ... The importance [of what is said] can be underscored by the words we
choose. .. or it can be underscored by the tone.” (Bolinger, 1986). However, with hearing

loss, access to semantic and paralinguistic components of spoken language is reduced.

Sign language can convey paralinguistic nuance through the speed and flow of signs
and accompanying facial expressions. However, of the estimated 48 million Americans with
hearing loss, only 500,000 use sign language [I71, [197]. Sign language use is similarly low
in other countries due to the deleterious impacts of oralism and audist beliefs [27]. While
hearing aids and cochlear implants attempt to improve access to semantic and paralinguistic
components of speech, and captions provide semantic information, only speechreading focuses
on how things are said. With speechreading, movements of lips, teeth and tongue are
used along with nonverbal and contextual cues to “hear” what is being said visually [139].
Although speechreading offers this important context, its cognitive demands are high and
its accuracy variable due to the inherent ambiguity of mouth shapes (for example, /p/ and
/b/ look identical on the lips). Thus, speechreading is most effective in settings where
communication includes a rich variety of contextual and non-verbal components. With the
increasing importance of online communication, especially during the early months of the
pandemic when few in-person conversations took place, captioning has risen in prominence.
While a few commercial tools allow captions to be placed near a speaker’s mouth, video
conferencing offers limited support for speechreading, thus forcing d/DHH individuals to

chose between speechreading and captioning, between semantic and non-verbal support.

Previous research has explored factors that impact speechreading ability [174], 239], visu-
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alizations to support speechreading [93], [182], [185] 286], and approaches to improve captioning
experiences|[143] 110, [164], 273, 190}, 311, 265, 96|, 215, 154, 240, 274]. However, most prior work
has looked at these technologies in isolation and fails to capture sociocultural and environ-
mental factors at play. In addition, research into technologies that may improve the accuracy
of speechreading is still nascent and has focused on individual words rather than continu-
ous speech. With the growing popularity of video-calls and the different visual affordances
of online environments, we need to understand how to create an accessible communication
space online and support a variety of communication strategies including speechreading and
captioning.

To understand the richness of d/DHH approaches to accessible communication, we present
a three-part study, including semi-structured interviews, design probes and design sessions,
with 12 d/DHH individuals who self-identify as speechreaders. Although our focus is on
speechreaders, our study is about communication in general, not just speechreading: We take
a broad approach, exploring lived experiences in formative interviews, grounding possible
solutions in a design probe of mocked-up speechreading supports designed to encourage
diverse ideation, and integrating participants’ life experiences with concrete designs in design
sessions. Our mixed methods approach allows us to study speechreading in the context of
multiple communication technologies and to better understand its role in communication.
Throughout our findings, we emphasize the complexity of communication and the value of
providing information that goes beyond captioning in supporting d/DHH communication
goals.

Our contributions offer a better understanding of the richness and variety of techniques

d/DHH individuals use to provision access. They include:

e Empirical accounts of communication in online environments, including the variety of
ways speechreaders interact with other d/DHH accessibility aids such as captioning;

and the importance of interdependence in ensuring access.

e Study of design probes of continuous speechreading supports in video-calls, including
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video mockups to support disambiguation, and static mockups to offer contextual cues,
inspired by [94, 03]. While prior works have focused on efficacy and learnability of
speechreading visualizations, our probe findings explore unwillingness to invest time
learning such visualizations, and preferences for bottom-up vs. top-down speechreading

supports.

e Holistic exploration of the design space of speechreading supports, including codesign
sessions to enhance speechreading and address environmental and social barriers to
access. The designs highlight creative ways to practice access such as offering speaker
feedback, extracting keywords, and supporting tandem caption use in addition to re-

ducing barriers to speechreading such as speaker variability and poor setup.
3.2 Background and Related Work

3.2.1 Background on Speechreading

Speechreading is a holistic approach to understanding communication that combines con-
textual information, bodily cues, and physical motion of the lips. A spoken language can
be broken down to the individual sounds (i.e phonemes) and corresponding mouthshapes
(i.e. visemes). When phonemes and visemes inform guesses during conversation, it is called
bottom-up or analytical speechreading [139], sometimes colloquially referred to as lipreading.
Speechreading also involves using contextual information, such us body language, location,
linguistic information, and topic of conversation to guess what is being said. This is known
as top-down or synthetic speechreading [139]. For example, it is easy to choose between a
guess of “juice” and “shoes” at the shoe store. However, it is estimated only 40% of sounds
in the English language can be seen on the lips[[] Most research on speechreading focuses on
acquisition of speechreading skills [95 03] and factors that modulate speechreading ability
[T74].

"https://www.cdc.gov/hearing-loss-children/treatment/how-people-with-hearing-loss-
learn-language.html


https://www.cdc.gov/hearing-loss-children/treatment/how-people-with-hearing-loss-learn-language.html
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Figure 3.1: English Phonemes and their Corresponding Mouthshapes (Visemes)

Speechreading has a contentious history. In 1880, the resolution at the Second Interna-
tional Congress on Education of the Deaf [162] severely limited the use of sign language in
schools for the deaf in many countries, where young deaf people first learned it as a natural
language. They were expected to learn how to speechread, even though it was a cogni-
tively demanding and inexact practice because of audism [27]. Speechreading was used to
propagate oppression of sign languages and Deaf culture.

In no way do we condone oppression of a culture or forcing individuals to learn how
to speechread. Instead, our work is rooted in supporting all the ways of being human and
all the ways of listening. For those who did not have access to sign language learning,
or who lose their hearing later in life and do not know sign language, speechreading is
simply finding a new way to listen. It is a way to maintain touch with their communities
and cultures — especially for those who are multilingual or native speakers of languages for
which accessibility technology is limited (e.g., automated captioning for Indic languages).
Understanding the needs and experiences of those who speechread, and how speechreading
is integrated into their overall approach to communication, is thus important to improving

design of accessible communication technology.

3.2.2  Communication Supports in Video-Clalls

A growing body of research aims to support d/DHH individuals communication online,

recognizing that most videoconferencing technology was designed with hearing norms in
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mind [I5]. Of these, few works have considered experiences of speechreading. For example,
Kushalnagar and Vogler [157] offer guidelines for videoconferencing accessibility (e.g., ideal
background and lighting), including supporting those who might speechread. Kozma-Spytek
also explores the impact of frame rate and audio-video synchrony for lipreading [I51].
Unlike with captioning and sign language, explorations of lived experiences of speechread-
ing online are missing from literature. One notable exception is [127]. There is increasing
work on the use of non-verbal and social cues over video call [97, BT, 234] but does not
look at d/DHH individuals specifically. While [239] quantitatively studied preferences for
hearing people’s behaviors in reference to enunciation, speech rate and voice intensity, they
not examine how d/DHH people navigate inaccessible behaviours. The interaction between
captioning and speechreading has also not been explored in depth [126, 154 223], 256]. Pre-
vious works discuss the visual dispersion [154] often experienced by d/DHH people, and eye
tracking studies have examined eye movements while using captions in movies or prerecorded
videos [223, 256]. How this plays out during video-calls with dynamic social interactions and

delayed captions remains unstudied.

3.2.83 Approaches to Support Speechreading

Below we describe relevant research for improving speechreading accuracy.

Cued Speech

Cued speech aims to reduce viseme ambiguity in speechreading [60]. Sounds that have the
same viseme (Figure are assigned to different “groups”. Group information is conveyed
by the speaker to the listener using different handshapes and positions (“cues”) around
the mouth. Combining these standardized cues with a viseme makes it easier to recognize a
sound. While synthetic speechreading alone achieves 50% accuracy, cued speech can improve
this to 90% [206], and has been adapted to over 50 languages [61]. The timing of cues in
relation to speech [20] is critical. While designed to be “synchronized”, cues actually appear

before the onset of the consonant. The anticipatory nature of the cue provides possibilities for
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the phoneme that will be uttered, and the viseme helps narrow down to a specific phoneme.

However, it requires training and a knowledgeable communication partner.

Digital Complements to Speechreading

Previous work has explored a variety of visualizations to enhance speech understanding.
For example, lip visualizations [286], [I85] can mitigate the effects of poor camera angle on
speechreading. Other work [218] visualizes pitch and volume along with phonemic character-
istics to enrich understand of intonation. There are also spectrogram visualizations, which
show a spectrum of audio frequencies over time, and can be used to identify spoken words
[298, 116, 275]. Similarly, mappings of phonemic and prosodic features to different textures
and colors have been explored [277]. However, these approaches require expert knowledge
[298], vary with each utterance and speaker [98], and are designed to be used alone and thus
divide attention while speechreading.

Some notable works focus on viseme disambiguation without dividing attention while
speechreading. Duchnowski et al. [76] created an autocueing system to support wider use
of cued speech, which was further improved using hyper-realistic animation by Attina [19].
The system made it possible for cuers to speechread non-cueing speakers, but it left out a
significant portion of the speechreading population who did not know cued speech. Massaro
et al. [182] used three LED lights on a pair of glasses to uniquely identify phonemes. These
lights corresponded to voicing, nasality, and friction of the spoken phoneme. However, user
studies indicated a high learning curve and difficulty using the approach with continuous
speech (when ambiguous phonemes are presented as part of a longer sentence or paragraph
of speech). Gorman et al. [93, [92] took an intuitive approach to design with video overlays
in PhonemeViz. Phonemes were placed in a semicircle around a speaker’s face, and an arrow
pointed to the phoneme corresponding to the beginning of a spoken word. It achieved 100%
accuracy when used for individual words, and training time and cognitive load were minimal.
However, the design did not translate well to continuous speech.

There are some notable omissions in this body of work. First, there is a lack of visual-
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izations that have been shown to work with continuous speech rather than individual words.
Second, these prior works attempt a range of goals from viseme disambiguation to intona-
tion extraction, and vary significantly on intuitiveness and learning time. These designs are
often evaluated by proxies or by speechreaders post hoc and thus miss the opportunity to set
priorities for speechreading supports that align with speechreading practice in early stages

of design (e.g., type of support, goals, learning time, intuitiveness).

3.2.4  Summary

While we are seeing a renaissance in the study of d/DHH communication technologies, which
is beginning to appropriately incorporate a rich and holistic set of communication concerns
as well as centering both DHH people and their communication partners, little of that work
has included speechreading. To date, speechreading supports have primarily focused on im-
proving accuracy and supporting learners. This work has not been translated to real-world
settings with continuous speech, and there is a dearth of formative research that explores the
role of speechreading and speechreading support technologies in online settings. To fill these
gaps, we must articulate the lived experiences of d/DHH individuals who speechread, un-
derstand the affordances of an online context, and explore the design space of speechreading

supports.
3.3 Design Probe and Study

This design probe and study contextualizes speechreading use and adds to the body of work
on visualizations to complement speechreading via design probes (inspired by cued speed
and PhonemeViz/ContextCueView [04, 03]) and design sessions. Specifically, we conducted
a mixed methods study to understand the online speechreading experiences of d/DHH in-
dividuals; gathered their reactions to a speechreading support design probes for continuous
speech in videos; and ideated new supports for speechreading during video-calls. In designing
this study, we took inspiration from McDonnell et al. 's observation of the importance of

social, environmental and technical factors in d/DHH communication [190].
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Team Positionality The first author of this work, who conducted all interviews, identifies
as hard-of-hearing, and is a frequent speechreader and a beginner in American Sign Language
(ASL). Participants were aware of this identity, which may have impacted their contributions.
For example, in the design session with the participants, the hard-of-hearing author actively
participated in brainstorming, and used insights from her experiences. The second author
has a non-hearing related disability, and is also studying ASL for use with family members
and colleagues. The third author has lifelong experience interacting with speechreaders.
These identities impacted the directions this research took — from the design probes to the

dynamics in all interviews.

3.3.1 Quverview of Procedure

The study process consisted of two semi-structured interviews conducted approximately a
week apart with a design probe presented between the interviews. Interviews were conducted
remotely with a single participant, conducted by one researcher, and supported by Commu-
nication Access Realtime Translation (CART) captioners. All interviews were audio and
video-recorded. Captions and automated transcripts were saved for analysis.

First Interview: During the first interview, we collected demographic information and
discussion focused on formal speechreading training, reliance on audio vs visual senses for
communication, experiences speechreading online, and participants’ vision of “rich” interac-
tion. For example, participants were asked to recall instances where speechreading was really
easy or difficult during a video call, and reflect on what aspects of the experience made it
easy or difficult to speechread, and whether they found speechreading online different from
speechreading in-person.

Design Probe: Next, participants engaged with an asynchronous design probe that
would help them to reconsider how digital video systems could support speechreading be-
yond typical captioning approaches. Our goal was to explore cued-speech-like supports for
speechreading in continuous speech contexts. Thus, we focused on presenting a variety of

cued-speech-like designs (six total), rather than comparing cued speech to other communi-
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cation options. To our knowledge, no prior speechreading support system has been tested
with speechreaders using full sentences (as opposed to individual words). Thus, a second
goal of the design probe was to give speechreaders an opportunity to provide feedback about
the potential value of such an approach.

These designs were presented using pre-recorded videos augmented with information
about vowels and consonants, and reactions were collected using a Google form. We con-
ducted this probe asynchronously using a form to allow participants the freedom to navigate
between designs and pace themselves. Details of the designs and corresponding disambigua-
tion task are described in section [3.3.21

Final Interview: The third session brought participants back into an interview setting
to brainstorm their vision of online speechreading supports. Participants met 1:1 with the
interviewer again to share their thoughts on the speechreading designs and to brainstorm new
approaches to supporting speechreading in video-calls. The interviewer brought up common
problems the interviewee previously mentioned to focus discussion around how technology
could help. Additionally, participants were asked about designs that previous participants

came up with.

3.3.2  Design Probes

We created two types of design probes: six bottom-up and three top-down speechreading
supports. Below we describe each, as well as the details of our asynchronous data collection

process.

Video Mockups of Digitally Cued Speech Supporting Bottom-Up Speechreading

We developed video mockups of digitally cued speech to simulate what a speechreading
support system might do in a videocall, inspired by [92]. While traditional cued speech uses
handshape and placement near the mouth to encode phoneme information, our approach
used abstract symbols, color, and position, as illustrated in Fig. 3.2 Like PhonemeViz,

our visualization shows these as overlays on videos around the speaker’s head [92], which is
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Design #3 Design #4

Design #5 P ] Design #6

Figure 3.2: Screenshots of Bottom-up designs applied to syllable ‘baa’ vs. ‘maa’. Note
how mouthshape is ambiguous.: Design #1 Consonant Shape, Vowel Color; Design #2
Consonant Position, Vowel Shape; Design #3 Consonant Color, Vowel Shape; Design #4
Consonant Position, Vowel Color; Design #5 Consonant Shape, Vowel Position; Design

#6 Consonant Color, Vowel Position.

better suited than traditional cued speech due to the limited 2D space in video-calls. We
use the idea of “grouping” phonemes from cued speech, where phonemes that are visually
ambiguous are assigned to different groups. For example, /p/ is assigned to group 1, /b/ is
assigned to group 2 and /m/ is assigned to group 3. Group information is conveyed using the
design dimensions described above. When group information is combined with the viseme
(mouthshape), it is enough to uniquely identify the phoneme. All phonemes are visualized
as they are inherently ambiguous; at any given time, the system shows one consonant and

one vowel.

To use such a system, the speechreader must learn to quickly recognize meaning from
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color, shape, and position, eventually with peripheral vision. This is supported by assigning
each consonant and vowel group a unique color, shape, and/or position. For example, in
Design 1, as defined in Figure [3.2], consonants group is indicated using shape and vowel
group using color (position is defaulted at bottom right). If a speaker says “bath”, the first
syllable, /b/aa, is cued using [light green (as the vowel is aa, as specified in Table circle
(as the consonant is in the b n wh group, as specified in Table . If they say “math”
instead, a [light green (aa) oval (m t f group) is shown. In contrast, Design 2 uses position
for consonant group, and shape for vowel group (Fig. , top right) so both images show
a light grey (default color) diamond (aa) that moves from bottom left (for the b n wh
consonant group) to top right (for the m t f consonant group), as specified in Table .
When group information is combined with the viseme (mouthshape), sufficient information
is present to uniquely identify the phoneme.

Colors, shapes, and positions were chosen to maximize differentiability. The heterogeneity
of grouped sounds required the mapping between phoneme groups and these dimensions be
arbitrary, making it potentially harder to memorize. It is possible that some mappings may
be more memorable than others, but we felt that the differences were unlikely to be salient
for beginning visualization users. Instead, to make recognition easier for first-time users in
our study, our visualization shows phonetic text (the consonant and vowel currently being
spoken).

We created final versions of each design as followed: We videotaped four speakers each
speaking all eight of the following sentences. Each sentence pair below has one word that
is ambiguous visually (when speechreading) and semantically (the correct word cannot be
guessed from the surrounding words). We embedded the ambiguous phoneme in a sentence
to offer a sense of a continuous speech use case and highlight the advantages of bottom-up

speechreading support:

1. a There is a mat in the house.

b There is a bat in the house.



27

Consonant Group Shape Color Position

d p zh Pentagon  Sage Green Top Left
rhs Triangle Red Mid-top Left

b n wh Circle Light Green  Mid-bottom Left

thk vz Star Turquoise Bottom Left
mt f Oval Yellow Top Right

y ch ng Rectangle Brown Mid-top Right
w sh 1 Square  Cobalt Blue Mid-bottom Right

gjTH Heart Lavender Bottom Right

Table 3.1: Group representations for Consonants. Colors, shapes, and positions are chosen

to maximize differentiability, but mapping between groups and dimensions is arbitrary.

Vowel Group Example Shape Color Position

a a Triangle Red Top Left
aa father Diamond Light Green Top Left

0 no Circle Cobalt Blue Mid Left
oy noise Oval Orange Mid Left

e there Pentagon Yellow Top Right
ei bait Clover Pink Top Right
u full Star Brown Mid Right
aw down Heart Turquoise Mid Right

i is, mini Square Sage Green Bottom Right
ai buy Rectangle  Lavender = Bottom Right

Table 3.2: Group representations for Vowels. Colors, shapes, and positions are chosen to

maximize differentiability, but mapping between groups and dimensions is arbitrary.
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2. a The night is beautiful.

b The light is beautiful.

3. a The fan is making strange noises.

b The van is making strange noises.

4. a There is a dent on the miniature hill.

b There is a tent on the miniature hill.

We hand annotated these videos to illustrate the different designs. We made four videos
using Design #1, corresponding to the sentences la, 2b, 3b, and 4b. We made four videos
using Design #2, selecting different variations of the four sentence pairs, and so on for each
design. Each of the four videos showed only one variation of each ambiguous sentence and

each one featured a different speaker, as seen in Table [3.3]

# Design 1 Who 2 Who 3 Who 4 Who

#1 Shape Color la: Mat S4  2b: Light S2 3b: Van S3  4a: Dent Sl
#2 Position Shape 1la: Mat S1  2a: Night S3  3b: Van S2  4b: Tent S4
#3  Color Shape 1b: Bat S3  2b: Light S4  3a: Fan S1  4a: Dent  S2
#4 Position Color 1b: Bat S4  2a: Night S1  3a: Fan S2  4b: Tent  S3
#5 Shape Position 1b: Bat S1  2a: Night S2  3b: Van S3  4a: Dent S4
#6 Color Position 1la: Mat S2  2b: Light S3  3a: Fan S4  4b: Tent Sl

Table 3.3: Ordering of speakers and answers by design

Static Mockups of Contextual Information supporting Top-Down Speechreading

Knowing that our participants might have different styles of speechreading (bottom-up wvs
top-down) and to support diverse design brainstorming later, we also created three sketch-

only mockups of top-down speechreading supports. Our top-down speechreading probes are
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shown in Figure and are similar to ContextCueView proposed in [94] 03]. Our goal
was to explore the potential value of keyword information, time information, and transition
indicators, and to seed participants with a broad set of ideas going into the design ideation

session during our final interview.

beach " the summe ONE TOPIC
July 4 : ToRe
sailing

9 ONE EMOTION
ANOTHER
EMOTION

Figure 3.3: Mock-up Stills of Top-down Probes: (left) keyword information, (middle) tem-

poral information, (right) transition indicators.

Design Probe Task

Participants engaged with the probe through a google form. For each bottom-up design, we
explained the design through sketches. We chose not to train participants for two reasons:
First, participants would have had to relearn things for each design (which would cause more
confusion). Second, we wanted to avoid burdening participants with learning the approach
before we had their feedback on its value in the broader communication context.

After familiarizing themselves with a design, participants disambiguated the above-mentioned
visually ambiguous sentences using the design: they viewed each video mockup then speci-
fied which sentence in a sentence pair that design corresponded to. To reduce the need for
training, we added phonetic text. After viewing all four videos for a design, participants were
asked to respond to a Likert scale statement about the design’s usefulness in disambiguating
utterances and its distraction from speechreading. We also asked participants to respond
to an open-ended query about their initial impressions and critiques of the design. All par-

ticipants saw the same version of each video for each design. After viewing all six designs,
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participants were asked about their overall impressions of phoneme-level annotations and the
various design dimensions (shape, color, position) used to encode phoneme information in
our designs. Lastly, participants viewed each of the top-down speechreading support images
in Figure [3.3| and shared their impressions of these contextual cues and other alternatives to

speechreading support.

3.3.8  Accessibility Considerations

The study was designed with accessibility to both participants and researchers in mind [178].
We offered CART for each interview to accommodate both the participant and researcher.
However, some participants (P6, P8) preferred to use automated captioning to minimize
lag in conversation, which we addressed using Google Meet. In situations where automated
captioning failed, the interviewer used chat to correct captions. We had one instance (P5,
Session 1) where the CART captioner suddenly canceled. In that case, the participant ap-
proved proceeding with automated captioning only. Occasionally, the interviewer would
correct captions using ASL/fingerspelling when the participant knew ASL. For CART cap-
tions in Zoom, participants were provided with a StreamText link. Realizing some of our
participants were not familiar with StreamText, we opted to also stream captions through

Zoom.

3.8.4  Analysis Methods

We analyzed the transcripts using reflexive thematic analysis as described by Braun and
Clarke [43]. Transcripts of interviews were read and re-read for immersion, important quotes
were highlighted and initial ideas were noted. Following this, codes were generated using
a mix of inductive and deductive approaches. The reflexive thematic approach foregrounds
researcher subjectivity in coding and theme development process. However, to reflect on
and deepen our process, the coding was shared with other authors and codes were discussed

between authors for prioritization and grouping into themes.
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3.3.5 Participants

We recruited 12 participants through several mailing lists of prominent disability and hearing
loss specific centers and through snowball sampling. We required that participants identify
as d/Deaf or Hard-of-Hearing, speechread frequently, and be fluent in English. We assessed
participants’ baseline speechreading ability using a recorded sentence without annotations.
All participants were correct in choosing the corresponding sentence from options, making

us confident in their speechreading ability.

Participants included five men and seven women with a mean age of 53 (SD=20). Ta-
ble[3.4]lists demographics in more detail. Many of our participants had gradual or fluctuating
hearing loss, which progressed variably through the years. Several participants learned to
speechread through time and experience. P6 and P8 took speechreading classes early in their
hearing loss journey, but attribute most of their learning to real-life practice. P1 attended
speech training until he was 7 years old, which partly included speechreading, and P2 taught
a speechreading class several years ago. P10 took speechreading classes at Gallaudet Uni-
versity, and spent time learning how to interpret body language. None of the participants
were cued speech users, although some were familiar with the concept, and P4 and P8 had
attempted it briefly. All participants frequently engaged in online speechreading, since the
study took place during the shift to increased online communication due to the COVID-19

pandemic.

Participants used a range of accessibility technologies (AT): audio (e.g., hearing aids or
cochlear implants), speechreading, automated captions, CART with professional caption-
ers and ASL. Choice of AT was influenced by availability, efficacy and social factors. For

example, using ASL requires adoption by people in your community.

There are also large societal events, such as the COVID-19 pandemic and subsequent use
of masks and videoconferencing, which significantly influenced technology use. Finally, our
participants had diverse language backgrounds including varying fluency in ASL, French,

Hindi, Japanese, Russian, Spanish, German and Chinese.



Participant Identity Age Onset
P1 Deaf 24 Birth
P2 Hard-of-Hearing 75 Birth
P3 Hard-of-Hearing 72 57 years-old, gradual
P4 Hard-of-Hearing | 26 Birth
P5 Hard-of-Hearing 23 9 years-old, gradual
P6 Hard-of-Hearing 73 18 years-old, gradual
p7 Hard-of-Hearing 70 64 years-old, sudden
P8 Hard-of-Hearing 62 30s, gradual
P9 Hard-of-Hearing 39 Birth
P10 Hard-of-Hearing 50 5 years-old
P11 Hard-of-Hearing | 72 Early 20s
P12 Hearing Impaired | 53 | 26 years-old, gradual

Table 3.4: Participant Demographics
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3.4 Findings

Our primary themes are derived from the first interview and parts of the design session: 1)
factors that impact speechreading online such as the interactions between speechreading and
captioning; 2) reorientation strategies in inaccessible situations; 3) social and cultural factors
impacting access provision. The second two phases of the study provide insight into potential
technology solutions for speechreading. These are reported in the final two subsections of our
findings, where we share reactions to our design probes and ideas from our design sessions,

highlighting design considerations for future research.

Participants’ speechreading experience was impacted by a variety of factors, most of
which has been noted in prior literature [I74, 93]. For example, poor lighting and obstruc-
tions (e.g., hand, objects, facial hair) make access to visual cues for speechreading difficult.
Being amidst a pandemic, all participants remarked on difficulty posed by masking and how
it made them realize how much they speechread. Body language, expressions and eye gaze
are crucial, and knowledge of context and topic lays the foundation for guesses in speechread-
ing. P11 remarked that in knowing the topic, “I find myself going faster than the speaker
and guess where they are going.” (P11). All participants emphasized the variability of lip
movements and body language across speakers. While familiarity with a person’s speech
pattern, such as knowledge of accent and word choice helps, “/Slome people I can lipread
100% basically. Other people I can do zero. And most people of course are in between.” (P2).
Finally, multiple participants highlighted the impact of language and accents on speechread-
ing. Each language has its own set of visemes and phonemes that are ambiguous. There
are nuances in pronunciation, such as aspiration (Hindi) or inflection (Chinese) that have no
visual counterparts, thus making speechreading difficult. Fluency in language and dialect
affects speechreading, as it comes with a large vocabulary and knowledge of pronunciation to
support guessing. For novices, it is hard to get sense of pronunciation just from writing. For
those who are multilingual, there is a different problem that originates from code-switching:

As P4 commented, “I would need to know whether the person is actually speaking in that
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language or not.” (P4)

3.4.1  Speechreading Online

While in-person and online speechreading share some affordances, there are significant dif-
ferences in how mentioned factors play out online. For example, good quality acoustics can
complement visual information, offering “all the cues that I needed in order to read the lips.”
(P12). In an online context, this translates to having a good quality microphone, not mov-
ing away from it and minimizing background noise. Similarly, one participant remarked on

minimizing visual noise:

“I have a really busy background ...and that’s terrible. .. because it’s distract-
ing. .. I like it when they have like a very neutral background because then I am
not distracted looking at other things instead of trying to read what they are say-

ing.” (P12)

Body language also plays out differently online. “Reading somebody’s lips is about the
same but it is more difficult to understand somebody’s body language.” (P9). The video set
up obscures posture and movement of hands and feet that are often key to speechreading.
For example, any fidgeting and shaking, such as tapping feet might reveal the speaker is
nervous or eager to get away. One participant also mentioned how video-calls can impact

speaker’s comfort and ease:

“People tend to be more rigid on a video call rather than in-person. .. because you

lose that human to human interaction.” (P1)

In addition to changed speech pattern, lack of eye contact makes it harder for listeners
to give off non-verbal feedback cues to get the speaker to slow down or repeat themselves.
Additionally, there is lack of control over a speaker’s video setup, or the ability to reposition

yourself to get the best angle. Some participants thought that made speechreading in 2D
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inherently different from 3D. Also, poor Internet connection can disconnect audio and video
streams, making it harder to speechread.

However, video-calls have pros as well. First, there is often a close-up view of the speaker’s
face from a good angle. The frontal view of all participants and speaker identification makes
group meetings easier to navigate. Second, video-calls can also circumvent social norms that

are in conflict with access needs. As P6 explains,

“Well ironically you can get closer to the person on a video call than you can

in-person because social protocols, you’re not going to be in their face.” (P6)

Third, video-calls offer control, as described below:

“It 1s much more difficult to control the environment in in-person meetings. The
room may be big and there may be other outside noises. .. Here at my home I can

make sure it is completely quiet...” (P10)

Listeners can adjust the size of speaker window, volume and remove background noise. Also,
norms and settings prevent parallel conversations and overlapping speakers, making online
more of a “controlled” (P9) environment.

Perhaps the most significant difference between online and in-person interactions is easy
access to automatic captioning. In online interactions in some platforms, it is often easier to
use captions without identifying oneself or interrupting the conversation. Participants varied
on their feelings about captioning versus speechreading in video-calls—some preferred only
one, or the other, some used both.

For those who were preferred speechreading to captions, they found it to be more accurate
than automated captions. While we cannot evaluate compared accuracy, these participants
“trust their speechreading more than captioning,” (P9) and this might be because speechread-
ing is the default for in-person conversations. Additionally, a key factor in this preference is

the ability to perceive the speaker’s facial expressions, body language and other nonverbal
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cues that are missing from captioning. These are important to get a sense of the speaker’s

tone and interpret the utterance well, as shared below:

“You get emotion. You get those hidden cues and human communication. You
can tell maybe someone is being sarcastic, maybe someone is joking and whereas

if you are just reading words, you lose all of that information.” (P1)

Captions only offer access to semantic components of language, ( “objective in transcrip-
tion” (P1)), so with speechreading, participants get a better sense of the speaker’s accent
and background. Access techniques are often evaluated by their ability to accommodate im-
pairment, but in articulating speechreading experiences, participants shared the connections

and communication fostered through speechreading:

“It also sort of helps you build a deeper connection and a bond with the other
person because you know exactly how they talk and it makes them more real than

Just reading it from a piece of. .. two-dimensional text.” (P4)

As speechreading is synchronous, listeners can perceive conversation in real-time and
leverage the audio stream with their residual hearing which is hard to do with delayed
captions. Despite recent technological advances, automatic captioning often fails with highly
technical vocabulary or unfamiliar words, like proper names. One participant, P6, has a
name that automated captioning struggles with and becomes frustrated at being unable
to recognize when she is called on by name. Due to the diverse language background of
our participants, we also found language of the conversation factored into the choice of
speechreading. Captioning is not available in all languages and requires literacy.

For those who preferred captioning, it was largely due to the innate ambiguity in speechread-
ing. Even with an ideal setup and great skill, there are multiple possibilities for a given
utterance. Speechreaders prune these choices using context and keywords, but if they get

it wrong, the only way to know is by responding incorrectly. In group conversations online,
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captions are preferred because they include speaker identity. Additionally, speechreading is
very dependent on speaker’s speech patterns and set up. Captions make speaker variability
and speed non-issues. Most importantly, captions are low effort compared to the cognitive

demand of speechreading. One participant expressed,

“I would probably go for the captioning. If it’s good captioning, then it would
probably calm me down.” (P6)

Participants who use captions and speechreading in tandem found captions to be an
additional information stream for speechreading, offering context. They described dropping
their gaze to read captions whenever they miss a word or a phrase. By offering feedback and
corrections for speechreading, captions inform participants if they misinterpreted the speaker.
With the pros of speechreading and captioning mentioned above, using both together allows
participants to maximize access: “I use both tools to try to get as much information as
possible.” (P9)

However, this simultaneous use is largely dependent on the delay of captions and their
positioning. If captions are too far behind, switching between two streams can be disorient-
ing. Bouncing gaze between speaker’s face and captions takes practice and divides attention,

especially when the captions are further away from the speaker’s mouth.

3.4.2  Reorientation Strategies

We asked participants how they deal with inaccessible interactions, and what strategies they
use to reorient themselves when they miss something in a conversation. Often, participants’
approach was simple: asking their conversation partner to repeat themselves as many times
as it takes to understand them; and if they are obstructing their face, ask them to remove
it.

Several participants remarked that they had to learn to be assertive, and request con-
versation partners follow accessible practices or repeat themselves. They needed to keep

reminding people because they forget. Some were hesitant to keep asking because it got
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“tiring and frustrating” (P11), while others said “it is a no-win situation if you don’t” (P3).
A few participants made sure they really needed a repeat by letting a conversation run-on

for context and only then asking if they felt lost:

“Before asking for any repeat or anything, I wait until I really don’t know. I also
let the person keep speaking thinking that if they continue it will give me a clue

on what I missed.” (P6)

When the conversation is sensitive, P9 found it hard to ask for repeats because she knew
how hard it was for the speaker to share.

Additionally, participants had access strategies. Zoom requires meeting hosts to configure
captions before the meeting begins. Many participants experienced hosts who did not know
that captioning was available or how to enable it. P3 asked to be host for meetings to avoid
any such confusion, and P4 used another captioning app in the background. In situations
where captioning lagged behind, P2 would interrupt “to let the captions catch up”.

To reduce inaccessible interactions, some participants set communication or access norms
from the start. This would be “a short lesson in what works for me” (P3), such as avoiding
obstructing facial features, speaking slowly and enunciating. One participant requested
content previews for meetings to support speechreading, and asked speakers to keep checking
in with him during the meeting. While this took a bit of effort, he said “I make sure my
time is valued and so is theirs” (P4). Another participant, P3, who is a teacher, “looped”
her classroom and had students speak into a microphone. This improved audio quality, but
also acted a prompt for students to speak slower and enunciate.

The people involved in the conversation also impacted reorientation strategies used. As
a member of Hearing Loss Association of America (HLAA) chapter, P3 found that set-
ting access norms easier with group of people with hearing loss as they are all empathetic.

Participants also had allies who helped negotiate or provision access, as seen below:

“My husband, I could lip read him a hundred percent with no sound.. .. If we were

out socially, and I would give this look, I make eye contact to let him know that
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I wasn’t following, and he would tell me what was being said . .. without sound.”

(P6)

By mouthing missed parts, P6’s husband acted as an ally to provision access. Allies might be
family members, spouses or friends. P5 would check in a trusted friend in group conversations
to reorient herself if needed. Other forms of allyship noted were friends who shaved mustaches
and beards to make lipreading easier. P2 also has a spouse with hearing loss and they have
evolved their communication practices over time to be accessible to both of them. For
example, they always capture each other’s attention before they start speaking and consider

lighting.

3.4.8 Sociocultural Factors

In asking participants to discuss above reorientation strategies, they also shared important
sociocultural factors that impacted access provision. P2 commented on division of access

labor:

“Communication is a two way street. ... They think I'm supposed to try harder

and I'm already giving 100%, 150% — they’ve got to do their share.” (P2)

Cooperation plays a key role in access negotiations, because conversation partners need to
follow through on any request to speak up, repeat, remove obstructions, reposition them-
selves, or write out words. But speakers could always choose not to provide this support.
Some people react badly when asked to clarify: “Sometimes I'll ask. It depends on if they
take your head off or not — you know?” (P8). Some might renege on access norms as they
forget over time, and others refuse to educate themselves even knowing they are working
with the d/DHH community.

Reorientation strategies are complicated by dynamics and context as well, as described

below:
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“So yeah, these — every time I interact with somebody, there are a thousand
different dynamics that go into how I am going to interact with that person.
It’s very very exhausting. It is time consuming. .. and you have to choose your

battles.” (P9)

To elaborate, participants would perhaps speak up for a repeat or access adjustment in a
small group, but would hesitate in a larger group or situation where they are a fly-on-the-
wall participant. Deciding whether to set access norms with a person depends on length of
future relationship, and accounting for different dynamics. “I will invest time into telling
you how to best interact with me if it will be long lasting relationship” (P9) but not for
a one-time interaction. It depends on how critical the conversation is (e.g., business wvs
transactional) and the authority or role they have in the situation. Along with hearing loss,
other sociocultural factors (such as race or gender) also affect power roles.

Hearing loss largely is invisible. This invisibility plays out in different ways, as shared by

two participants:

“So when I meet a new person for the first time, I sort of give them a lesson
of what works for me. And often times because you can’t see my implant or my

hearing aids, they will accommodate me for a few minutes, and then forget.” (P3)

“When you are in-person with someone, they would get a little worried for their
personal space if you were you know, real close to them. I am just watching your
mouth [and they would think] “What are you looking for, something in my teeth?
Or what’s the deal?”” (PT)

On one hand, conversation partners might forget about participants’ hearing loss and acces-
sibility practices. Visible cochlear implants can act as sign of their d/DHH identity and as
a reminder of access practices. On the other hand, this invisibility means disclosing hearing
loss is a choice. Access practices and technology play an interesting role in maintaining invis-

ibility. For example, gaze on lips while speechreading might give you away as shared by P7.
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Hesitance with disclosure partly stems from stigma and misconceptions around disability.
P9 had coworkers who would yell while speaking to her after she disclosed her hearing loss,
and it was counterproductive as yelling is not easy to understand.

Additionally, some participants found the visual attention demanded from both reading
captions and speechreading conflicts with ‘social norms’ of looking at the speaker. For

example:

“I was just taught that you look someone in the eye when you talk to them, and so
when I'm — I literally do feel very disrespectful when I am looking at their mouth.
It’s just the way I was raised, so it’s breaking some of those barriers even in my

mind, that it’s okay to look at someone’s mouth.” (P12)

Advocacy is a crucial aspect of participants’ lives, and how much they advocated for
their needs changed over time. Some used to bluff their way through a conversation, but
now prefer spending time with those who are willing to accommodate their needs. P2 had
hearing loss from birth, and in school he knew he did not like teachers standing near windows
because it was hard to understand them. But it was difficult to articulate the problem: being

back-lit. P11 shared the impact of finding a community of others with hearing loss:

“I went from not advocating for myself to now advocating for myself and everybody

else who have hearing loss. I've gotten much better.” (P11)

Advocating for access needs can help others who are not comfortable doing so in the same
situation. A few participants are also involved it larger scale advocacy efforts such as free
Zoom captioning, open captioning at movies and transit accessibility. In both individual
interactions and community service, they tried to increase awareness because “most people
don’t know what hearing loss is like” (P3) and “even though the technology is there, it’s not
well thought out” (P10).

To summarize, living in a hearing and ableist world means all participants have to nav-

igate inaccessibility frequently. Here we have described access practices (such as setting
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communication norms) and access hacks our participants shared. In the long term, advo-
cacy plays a huge part in improving access. This includes both self-advocacy in relationships,
and advocacy for others in the community. Underpinning any of these access practices and
reorientation strategies is the listener’s analysis of dynamics in the moment. Some key fac-
tors are disclosure of hearing loss, cooperativeness from conversation partners, their own role

in the conversation and power dynamics (from work hierarchies or sociocultural respects).

3.4.4 Design Probe Findings

USEFULNESS OF DESIGNS IN DISAMBIGUITING DISTRACTION OF DESIGNS
UTTERANCES FROM SPEECHREADING

M Useless Not Very Useful Neutral Little Useful ~ m Very Useful M Not Distracting = Not Very Distracting  Neutral M Little Distracting M Very Distracting
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Figure 3.4: Results of Likert Scales on (left) Usefulness for Bottom-up Designs; the scale
“Useless” to “Very Useful” is represented left to right in each bar. (right) Distraction from
Speechreading for Bottom-up Design. The scale “Not Distracting” to “Very Distracting” is

represented left to right in each bar. The line indicates neutral sentiment.

As described in Section after a series of speechreading disambiguation tasks, partici-
pants were asked to share initial reactions and rate usefulness and distraction of each design.
Individual participant statistics can be found in the appendix (Table|A.1]). There are mixed,
lukewarm reactions for usefulness, and all designs were rated as distracting (Figure. Here
we discuss the qualitative results, which were mostly negative. P2 and P12 both commented
on cognitive load: “Too much information to process at once. Old eyes and old brains don’t

process information as young eyes/brains. It’s hard enough to speechread without trying to
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TYPE OF SUPPORT DESIGN DIMENSIONS
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Figure 3.5: Results of Likert Scales on (left) Type of Speechreading support and (right)
Design Dimension in Bottom-up Designs. The scale “Dislike” to “Like” is represented left

to right in each bar. The line indicates neutral sentiment.

focus on two things [the design and speaker’s face] at once.” (P2). Additionally, some par-
ticipants (P1, P6, P9) were not convinced about the promise of phoneme-level annotations
over things like cued speech and captioning. Participant P11 found the bottom-up designs
promising, but thought they would be strengthened by a less-is-more approach, where an-
notations would be displayed only for sounds he struggles with. P8, who has tried to learn
cued speech before, remarked that she would not invest time in learning a system in this
stage of her hearing loss journey. In contrast, top-down designs received higher ratings than
bottom-up designs (Figure . Commenting positively on these designs, P12 said: “Some-
times speechreading reminds me of putting together a puzzle. If I can figure out two or more

words then usually I can piece together the sentence.” (P12)

These results suggest that we would benefit from contextualizing and understanding the
nuances of what worked and did not work. We can learn from the aspects of the designs that
participants liked. Further, P5 noted the idea of encoding information using these design
dimensions does not have to be limited to phonemes, but could be used for other factors

such as speaker identity and direction.

Position: The use of position, and the movement associated with it, can be distracting.
This was made worse by the fact that participants were trying to read the phonetic text. “The

way the design moves around the screen is very difficult to follow. It’s almost like playing
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whack-a-mole with my eyes. After a few minutes of this, I would definitely have a headache
and be super exhausted.” (P9). Despite this, it was the most liked design dimension, perhaps

because it is easiest to distinguish.

Color and Shape: P1 thought color was easier to identify peripherally compared to
shape, which requires foveal (sharp central) vision. Shapes were also harder to distinguish,
with pentagons and hexagons merging together. P5 said larger shapes might be easier to
distinguish but liked how color was “not so dull to look at”. This is reflected in ratings of

design dimensions, where color has much more positive ratings than shape (Figure [3.5)).

To conclude, the bottom-up design probe was mostly unfavored by participants. While
we cannot be certain that whether participants’ negative response to the design probes was
due to our designs, the fact that participants were not trained, or the overall concept of
bottom-up speechreading visualizations, we argue that participants’ response is valuable for
several reasons: First, they provided clear guidance about factors that should be amelio-
rated in future designs. For example, they were concerned about the visual and cognitive
overload posed by the bottom-up designs, particularly based on position. Second, this probe
represents the first opportunity that we know of for d/DHH people to respond to bottom-up
visualization designs in the context of full sentences of continuous speech, and in compari-
son with top-down designs. Our results provide compelling evidence that top-down designs
(such as ContextCueView [94]) should receive much more attention than they have in past
research. This allows us to redirect future research in this space to consider the complexity of
communication and access provision. Third, as we will see in the next section, participants
entered the design ideation session with multiple ideas that go beyond viseme disambigua-
tion. Thus the contribution of our design probe is not just to the probe designs themselves
but rather in participants’ reactions to the designs and the brainstorming this led to in the

design session phase of our study.
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3.4.5 Design Session Results

During the final session, participants shared a diverse set of ideas, codesigning with the first
author. The author actively participated in brainstorming, leveraging her own perspectives
as a technologist and speechreader, suggesting scenarios where technology could help based
on the initial interview, and by building on the participants ideas. Similar to the initial inter-
views, many of these ideas go beyond speechreading alone to address interactions with other
AT, environmental affordances and social dynamics. While some of the features described
below may exist in one platform or the other, there are idiosyncrasies in how captioning is
accessed and implemented in different videoconferencing platforms. Our goal in presenting
these ideas is to share speechreaders’ often omitted views on videoconferencing accessibility

options and offer insights future iterations of videoconferencing technology.

Speechreading Online:

Many participants set access norms in their relationships. However, conversation partners
often forget or are new to these norms, and there is a lack of infrastructure to “normalize” this
discussion. Having these guidelines come from “generalized source” (P6) was important to
negotiate access without disclosure. Further, with multiple and varying disabilities present,
participants discussed having a set of “accessibility guidelines” (P1) automatically compiled
from different people in meeting. These would include support for different disabilities and
access needs (“Please describe any images presented during the meeting”) giving a lesson on
“Zoom etiquette” (P9).

Importantly, unlike many technological solutions, access norms frequently involve both
conversation partners: access is a cooperative activity. Infrastructure that reinforces this
cooperative work can be beneficial. For example, participants described having to remind
conversation partners to speak slowly and clearly. Built-in conversation partner feedback
supports, to prompt a speaker to slow down and speak clearly during a video call (such as

reaction buttons) could remove the need to interrupt. Another way would be to automate
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speaker feedback that notifies them if they speak beyond a certain speed. Participants P9
and P11 liked how this would reduce their advocacy burden as it gets tiring to keep reminding
people. Participants P2 and P3 were skeptical, mentioning that the speaker would actually
have to pay attention to the feedback (cooperation) and not become desensitized to it.
In their experience, people revert to their speech habits sooner or later. Participant P8
mentioned “those who care will welcome feedback”. Technology can also help to support
non-speech access improvements. For example, P3 often has friends use cues such as “On

” so she can follow transitions. Extracting keywords and displaying them

another topic,. ..
separately (e.g., nouns and verbs; subject object) would be valuable in providing context.
Participant P11 mentioned from all of the design probes, this would be the easiest to adjust

to and adopt.

Another alternative for supporting speechreading is simulation using an animated face.
Speaker variability i.e. movement of lips, speech patterns, accents and use of body has a
big impact on speechreading ease. Participant P2 brought up the idea of a “Talking Head”
to mitigate issues with variance. Inspired by oral interpreters, this would be synthesized
human-like head that would repeat what was said in a lip-readable manner. Having this
same head for all conversations would let listeners “tune into” this speech pattern. Other
participants built on this idea by considering what lip-readable speech means. One aspect is
clear lip movements and another is “accent-free” speech (i.e. matches listener’s accent). Such
an animation could also correct for issues with lighting, angle and proximity. The aesthetics

and realness of the synthesized face and positioning are also important considerations.

While much of brainstorming focused on partner communication, participants P7 and
P12 discussed wishing for speechreading learning tools when they initially lost their hearing.
This could have familiarized them with what speechreading entails and what information
they could leverage. Whether onset of hearing loss is sudden or gradual would influence this
wish. In contrast, P6 found no need for formal training: “I was losing my hearing slowly so
was like riding a bike with training wheels, and you keep moving the wheels up and up [over

course of 50 years].” (P6).
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Combining Speechreading and Captioning:

The simplest way to reduce the divided attention while using speechreading and captioning
in tandem would be considerate caption placement. Captions are often streamed in separate
windows (e.g., through StreamText), and overlaying multiple windows on a small screen
to allow for simultaneous use is time consuming and tedious. Participants P1 and P12
thought the first step would be to integrate captions in the video calling window, followed
by allowing participants to move it closer to the speaker as they wish. Ideal placement
would vary person to person (near chin, cheek, above or below head). Dynamic captions
that adjust to the speaker’s movement would reduce the need to re-position captions to ideal
position relative to speaker’s mouth. Caption placement for group conversations in grid
view warrants additional thought as placing captions in speaker’s frame (P1) may complicate
speaker identification.

Degree of captioning use offers additional considerations. First, for those who rely sig-
nificantly on captions, it is difficult to leverage audio with disconnects between audio, video
and captioning. As captions are already delayed, and can’t always be sped up, we discussed
delaying the audio and video stream for it all to be synchronized. Some participants loved
the idea while others had reservations. Participant P5 wanted to see information at the
same time as everyone else in the conversation, and P10 thought it would make it difficult
to participate without being interrupted. Participant P4 felt he had adjusted to the lack
of synchronization after years of caption use. Second, for those who only glance down to

captions when they need them, like P9, it is often difficult to tune back into speechreading.

“If I missed something and then I am trying to figure out what was said — then I
am kind of busy trying to fill in that blank. I miss what’s said immediately after.”
(P9)

To reduce the need to search captions, we considered highlighting the relevant phrase in
the captions. This feature could be eye-gaze triggered, where the moment the listener stops

looking at the speaker’s mouth and shifts to captions, the corresponding phrase could be
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highlighted when captions appear. Alternatively, this could manually be indicated using a
mouseclick.

Lastly, participants shared ideas centered around supporting multilingual speechreaders
or speechreaders who are new to a language. For multilingual conversations, a simple but
useful feature would indicate the language of the conversation or the most recently uttered
phrase (a valuable type of top-down context). Additionally, being able to set multiple lan-
guages for captioning could be promising. Current systems often eliminate unrecognizable
words, not realizing they might be a different language. This multilingual captioning could
switch between languages as needed. P4 emphasized the need to recognize there are different
levels of understanding: audio and literacy, and people may not be equally comfortable with
both. So phonetic transcription, where any language pronunciation is rewritten in another
language (e.g., Hindi words written in English or vice versa), could support accessibility in
any language. Participant P9 suggested having two sets of simultaneous captions: one uses
original orthography and the other has a phonetic transcription. This could support novice

literacy and language learning.

Other solutions:

While our brainstorming focused on speechreading in video-calls, participants made sugges-
tions to improve richness of captions alone. In scenarios where speechreading is not possible
or difficult, some participants (P4, P1 and P5) brought up the idea of embedding emotions
in captions for rich connection. Emotions could be matched to color and integrated with
captions (e.g., red for anger, blue for sadness, yellow for happy), keeping in mind cultural
context and color theory. As this idea was run by other participants, there were concerns
about algorithmic accuracy in interpreting human emotion. P8 thought that such extrac-
tion would be redundant, preferring to rely on video for nonverbal cues. Participants also
envisioned technology to support wider range of experiences. For example, to bridge the gap
between online and in-person modes, some participants brought up augmented reality, which

would take some of the above described technologies, and bring them to in-person. Simi-
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larly, P8, who misses body language and the 3-dimensional nature of in-person interactions,
thought VR could be promising in bringing that to video-calls.

Finally, participants underscored the need for awareness and policy to complement design
solutions. In light of their advocacy work with the community, they find there is a need to
improve visibility and awareness of i) access supports offered and ii) access needs of the

d/DHH community. This was reinforced by two participants:

“I do think that the general public would care about these issues if they knew what
the issues were. I think a lot of it is just out of ignorance and lack of exposure.”

(P9)

“Leaving it to the person who needs it, bad idea. Sometimes the person who needs

it, doesn’t even know what’s available or what could help.” (P6)
3.5 Discussion

Through our study, we have shared lived experiences of speechreaders and why they value
speechreading. The effort and skill that goes into attending to all streams of communication
— words, body language, context — highlights the value placed on truly receiving and un-
derstanding what is communicated. Yet many accessibility technologies and communication
platforms focus heavily on hearing: the auditory and the semantic part of language. While
we do not dismiss the value of the semantic, we encourage technologists to consider all ways

of listening.

3.5.1 Technical, Environmental and Sociocultural Considerations

Looking beyond functional goals, such as hearing or listening, we argue that accessibility
technology cannot negotiate access without understanding and contextualizing it. Our con-
versations with participants highlight the myriad of considerations that go into provisioning
access. Expanding on McDonnell’s suggested framing [190], we reflect on technical, environ-

mental and sociocultural aspects of technology design.
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Technological Constraints on Speechreading Many participants use multiple ATs
(hearing aids, captions and speechreading) in concert. Research has focused on these in-
dividually, as evident with improving ASR and hearing technology. However, interactions
between these technologies remain unaddressed. We highlight how captions offer feedback
and a fail-safe for speechreading, but also visually distract from the face. Addressing the
tandem-use of captioning and speechreading requires its own set of access modifications as
seen in our design session—demonstrating that it is not enough to evaluate an AT based on
individual use. Some participants consider audio to be a part of speechreading, and others
consider it disjoint. Designers need to consider interactions between AT that come from

real-world use.

Environmental Impacts on Speechreading In exploring the differences between speechread-
ing online and in-person, we highlight the affordances offered by both modes. Importantly,
differences across modes are non-trivial, and future study of access practices should study
both environments in depth. Hybrid meetings may enhance affordances or exacerbate chal-
lenges in unique ways. Augmented reality, as suggested by participants, has promise in
offering the best of both worlds. Often implicit in design of these videoconferencing plat-
forms is choice of language of conversation. By presuming English-centric and monolingual
speakers, we leave out an estimated 50% of the world population that is multilingual and

code-switches often [9].

Sociocultural Influences and Access Provision In eliciting reorientation strategies
and access practices from participants, we discovered sociocultural aspects that impact ac-
cess provision. For example, disclosure of hearing loss has a huge impact on reorientation
strategies used; any access technology would similarly mediate disclosure. In navigating
inaccessibility, technology has the power to decide the division of labour for access. For
example, embedding accessibility guidelines and speaker feedback features into videoconfer-

encing infrastructure can emphasize that accessibility is co-created, and thus cooperation can
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be prompted. The divided attention caused by captioning and gaze on lips while speechread-
ing are both in conflict with social norms of maintaining eye contact while listening, thus
impacting adoption.

Together, the complex interactions of technical, environmental, and social factors under-
score the importance of contextualizing AT research and engaging with the interdependence
framework [29]. “Communication is a two way street...” (P2) — the role played by con-
versational partners, whether they are allies, strangers or others with hearing loss, cannot
be separated out in speechreading accessibility. How AT interacts with other people in the

environment i.e. through visibility can reinforce credibility or stigmatization of disability

2.

3.5.2  Summary and design recommendations

In this chapter, we present an exploration of the design space for speechreading supports
through design probes and design sessions. By engaging speechreaders in early stages of
design, we hoped to set priorities for design in this space. Our participants had the choice to
iterate on the bottom-up design probes, or come up with their own ideas for speechreading
supports in the design session. Most participants chose to do latter, offering some valuable
insight.

We followed prior approaches by focusing on viseme disambiguation in our design probe
[94, 93] . Thus, our cued-speech-like supports focused on increasing the upperbound for
speechreading accuracy. In contrast, the speechreading specific designs brainstormed by
participants (talking head and topic extraction) instead focused on reducing the variability
of speechreading accuracy across speakers and contexts. The other design ideas also spotlight
a myriad of ways technology can support speechreading beyond accuracy: reducing cognitive
load, mitigating variability, enhancing access to richness.

Bottom-up supports may still be valuable for some speechreaders, but may require a
different approach. Most participants found it hard to imagine integrating more annotations

to the visual field. They learned speechreading incidentally i.e. through necessity and
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exposure, and were not interested in investing time to learn complicated annotation systems.
Thus, the intuitiveness and learning time for speechreading supports is a crucial consideration
in design.

Additionally, addressing environmental and sociocultural challenges is important. In de-
signing their own technology, many participants favored accessibility guidelines and aware-
ness campaigns for their potential to reduce the advocacy burden. Our empirical accounts of
speechreading highlight examples of allyship and interdependence. These acts can be seen as
a form of linguistic care work, i.e., the work done to ensure all conversation participants can
understand and be understood [113]. How technology offers infrastructure for such linguistic
care work and access intimacy is another crucial consideration in design.

Many innovative systems have already been explored in research (e.g., topic changes
[123], [56], dynamic caption placement [I19], caption highlight [137], AR [166], 208], emotion
embedding [209, 265] ©96]), but could benefit from considering speechreading needs. For ex-
ample [123] helps d/DHH users track topics and speaker identity. They found that topic
changes were distracting for participants while our participants specify these transitions are
exactly what they need visualized. One explanation for this difference could be participant
speechreading practices. In another example, our participants suggest using caption high-
lights to quickly find missed words when speechreading during video-calls. In contrast, prior
work finds value in highlighting important words [154]. The combination of missed words
and important words could be very powerful for speechreaders. Similarly, our work adds to
prior discussion about speaker feedback features [190} 239] and caption placement [215] [12§]
by offering insights specific to video-calls and speechreaders.

In interpreting these prior works, it is hard to make direct comparisons to our own results
because there is a lack of clear information about participant communication practices. Most
prior papers include a range of d/Deaf and hard-of-hearing participants and do not specify
the degree to which participants make use of speechreading, sign language, and captions
in-person or online. As seen in our interviews, there is large diversity in access practices and

experiences across speechreaders and caption users and even signers. It would be valuable
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to see future research include these nuances when presenting participant demographics.

Lastly, our results suggest new spaces for research that have not been explored such as
video synchronization, language detection, and multilingual phonetic transcription. Prior
work has examined the impact of audio-video synchrony on lipreading [I51], and could sim-
ilarly study video-caption synchrony in dynamic conversations over video calls. Language
detection may offer valuable support in code-switched conversations, but use may be compli-
cated by accuracy and speed of existing algorithms. Exploring phonetic transcription may
reveal complex interplay between literacy, fluency, and speechreading accuracy across lan-
guages. A growing body of literature studies the use of non-verbal and social cues over video

call [97, 8T, 234] and can inform exploration of design spaces described in our work.

3.5.8 Limaitations

While our 12 participants had a wealth of diverse experiences to share, a larger sample size
could draw broader insights. In addition, our sample did not include cued speech users.
While this is a small subset of d/DHH people, their expertise with cued speech could have
led to new insights and design directions. Additionally, we only recruited from the United
States of America. While our participants had a range of cultural and language backgrounds,
recruiting from more countries would provide a valuable global context and provide insight

on speechreading in other languages.

Our design probe study was limited to a small number of static sentences without any
training. Overall, the results were more negative than positive. A significant amount of
new research would be necessary to implement a field-ready deployable system that could
annotate video on the fly based on recognized phonemes; however a next step might be to
hand annotate more complex videos and provide additional training. We are still assessing

whether this is the best option given the negative reactions of participants.
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3.6 Conclusion and Future Work

Human communication is rich and nuanced. How we say say things matters just as much
as what we say. Many videoconferencing platforms feature automated captions to support
d/DHH individuals, giving access to semantic components (e.g., words), but not much is
known about the interaction of captioning with speechreading. Through our conversations
with 12 d/DHH individuals, we have demonstrated the intricacies of speechreading, and
the myriad of ways to provision access. We identified technical, environmental, and socio-
cultural factors that contextualize communication accessibility, and emphasized importance
of the interdependence framework. Our exploration of the design space of speechreading
supports address a mix of technical (disambiguating visemes), environmental (multilingual
conversations), and sociocultural (accessibility guidelines) issues. Our work also explores the
interactions between speechreading and captioning. Further, we argue that future studies
should take a contextualized approach that spotlights diversity in communication practices
and how they impact technology use. Finally, our work highlights the role of interdepen-
dence in provisioning access and argues for a culture of considering diverse experiences and

co-creating accessibility.
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Chapter 4

EXPLORING MULTILINGUAL CAPTIONING FOR
ACCESSIBILITY

The previous chapter highlighted the many linguistic factors that impact speechreading
accessibility, and design of proposed speechreading technology. In this chapter, I dive further
into the intersection of language and disability, exploring captioning experiences of multilin-
gual and disabled individuals. This work has been previously published at CHI 2025 “To-
wards Language Justice: Exploring Multilingual Captioning for Accessibility”, coauthored
with Rahaf Alharbi, Stacy Hsueh, Richard Ladner, and Jennifer Mankoft [70].

This chapter explores captioning, which is typically studied through a disability lens in
HCI, through a language lens. The empirical accounts and analysis highlight the different
(language-specific) factors that impact communication accessibility — such as fluency/comfort
with a language, linguistic affordances, and cultural perceptions. In line with the framing
of repertoires, this chapter showcases how DHH individuals navigate disparities in caption-
ing across languages by using practices of multilingualism (translations, transliterations,
translanguaging) — thereby leveraging their full communicative repertoire. It concludes by
outlining immediate directions for development and guiding principles for future language-

centered captioning technologies.

4.1 Motivation

Captions are a synchronized text representation of audio in pre-recorded media or real-time
communication, often used to provide access to those with receptive communication access
needs such as d/Deaf and hard-of-hearing (DHH) and neurodivergent individuals [I53]. A

growing body of research in HCI is dedicated to understanding and improving captioning ex-
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periences (e.g., [110} [154], 10} (65, 11]). However, much of this research explicitly, or implicitly,
focuses only on English captioning, erasing the needs of disabled people who communicate
and consume content in “othered” languages. Over 50% of the world’s population is multi-
lingual i.e., understand or express themselves in more than one language [99]. Even in the
United States, about 67.8 million people speak a language other than English at home [75].
These statistics suggest a need to explore individuals’ captioning and accessibility experiences

across different languages.

Captioning is not the only technology with language disparities. Only about 500 of the
world’s 7000+ languages are represented online, with English (and more recently, Chinese)
dominating infrastructure and resources [271]. Speakers of these digitally disadvantaged lan-
guages are then themselves disadvantaged, with impacts on their communication practices
as well as their adoption of technologies [292]. In addition to English centrism, researchers
have called out monolingual bias present in technologies (i.e., supporting only one language),
which stifles multilingual practices, such as switching between languages at the word, sen-
tence, or document level [249]. Monolingual design is typical in current captioning interfaces
as well: e.g., Zoom only offers automated captions in 35 languages (many of them still in
beta) and only one at a time [297].

While research in natural language processing and speech recognition has begun to in-
clude low resource languages [226] and multilingual contexts [200], this research has not yet
influenced the user experience of captioning, perhaps because these technologies are mostly
not deployed. We argue it is necessary to understand how caption users are navigating vari-
ability in accessibility support across languages today. While some scholarship has explored
captioning experiences in different monolingual contexts and regions 79, 24, 2T5] 258], not
much is known about how captioning experiences differ across linguistic contexts and how
multilingual practices are represented by captioning. Thus, in this work, we sought to un-
derstand the current practices and challenges experienced by multilingual and disabled users
of caption technologies — how can we design captions to support multilingual futures and all

ways of communicating?
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Given the intersectional nature of this work, we sought out theoretical frameworks that
could help guide our analysis of the results [I09]. In particular, we draw from the concept
of language justice. Often used by interpreting agencies and community activists, language
justice advocates for the right for everyone to communicate in their own language(s) and
strives to create a world where no language dominates over any other — where we ‘com-
municate across differences without erasing differences’ [2]. Our analysis questions whether
the goals of language justice align with multilingual caption users’ needs, and explores how
multilingual captions can be a site of language justice.

We conducted a two-part study consisting of semi-structured interviews and diary logging
with 13 multilingual and disabled caption users. Our participants represent a range of
disabilities, and many languages were a part of their lives. Through elicitation of multilingual
experiences in interviews and logs, participants reflected on multilingual accessibility — how
it has been shaped by (un)availability of captioning, their comfort with the language, and
sociocultural perceptions of access — and how it might be improved.

In this work, we contribute:

1. Empirical accounts of disabled captions users’ experiences navigating accessibility in
a variety of languages, unearthing how fluency, linguistic affordances, and cultural

perceptions impact caption design and adoption,

2. Descriptions of how participants’ practices of multilingualism — such as translation,
transliteration, and translanguaging — are supported or hindered by captions, thus

articulating what it means for captions to be multilingual,

3. Suggestions of how we might address existing inequities— offering both immediate di-
rections for development as well as guiding principles for future work informed by

language justice.

Overall, we argue for more integrated perspectives on language and disability in com-

munication accessibility i.e., rethinking captioning as a language technology (as well as an
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accessibility technology). We believe this reframing allows us to recognize the multitude of
ways language needs and access needs of users interact and collide with each other — high-
lighting the need to engage with language lives of caption users and decenter spoken English
in the design of captioning technology. It also illuminates exciting new avenues for research,

and we invite researchers and technologists to take up this work.
4.2 Related Work

In this section, we begin by giving a brief overview of empirical research on captioning. Then
we discuss multilingualism and related terminology that is foundational to our work. Lastly,
we highlight how languages and technologies are intertwined, outlining ways technology
research reinforces ideas of monolingualism and English supremacy, emphasizing the need

for multilingual captioning research.

4.2.1  Captioning Research in HCI

Captioning is defined as “the process of converting the audio content of a television broad-
cast, webcast, film, video, CD-ROM, DVD, live event, or other productions into text and
displaying the text on a screen, monitor, or other visual display system” [204]. Captions can
be generated by humans or by using automated speech recognition software. In addition to
captions, which transcribe text in the same language as audio, subtitles are also prevalent
in prerecorded media. These are translations to another language, sometimes referred to as

interlingual subtitles.

Deaf and Disability Perspectives. As mentioned in Chapter 2 there is an extensive lit-
erature on captioning as an accessibility technology for d/Deaf and hard-of-hearing (DHH)
individuals. Captions can also offer access to neurodivergent individuals, those with audi-
tory processing disabilities, etc. However, research on captions with these populations is
fairly limited. While research has more broadly explored neurodivergent individuals’ com-

munication needs (e.g., [296, 62 295], [131]) and established captions as an access support for



29

some neurodivergent individuals (e.g., [0l [62])—captioning is the main focus for only a few
works that include neurodivergent perspectives [I89, 243]. Both works examine captioning
of TikTok videos, including content creators’ [243] and consumers’ [I89] perspectives. There
is still a need to explore how captions support access needs of this broader group, and how

they can be better designed to do so.

Language Perspectives. A closer look at captioning papers published through 1994-2019
at CHI or ASSETS [I77] reveals that English dominates given the geographical context for
much of this work. While a small body of work has begun to explore different languages
captions (e.g., French in classroom contexts [79], Greek in theaters [24], Chinese in augmented
reality [215], Japanese in museums [255]) and accessibility in different regions (e.g., India
[251], China [49]), there is not much discussion of how language or the broader cultural
context shapes the practices of captioning. Takagi et al. [258] note the over 4000 characters
in Japanese add complexity to real-time human captioning— highlighting that language can
significantly impact constraints and affordances of captioning. Notably, advances in speech
recognition are slowly increasing the availability of automated captioning on platforms (e.g.,
Google Meet, Zoom, YouTube, TikTok) — but the users’ perceptions of quality and practices
of use have not been explored. Additionally, captioning has mostly been studied in the
context of fluent users. Proficiency in language also impacts caption use — some research
has explored how literacy impacts DHH individuals’ experience of captioning, noting that
individuals with lower literacy are are less critical of technology probes [32], and examining
how we might support reading ease (e.g., [I50], 137]). There is room to further explore the
impact of fluency on caption adoption and desirability.

Captioning has also been examined from a media studies and audiovisual translation
perspective, such as captioning practices in TV shows and films. These works shed light on
how to tailor captions for an audience that might not have linguistic access (i.e., through
translations) or auditory access (e.g., subtitles for the DHH [3| 291]). A notable example

is Gonzales’ case study of multilingual content creation [88], which surfaces unique con-
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siderations in captioning for linguistic accessibility vs. sensory accessibility and how they
might inform each other. Other works of interest include those that explore captioning me-
dia containing multiple languages and study how to represent multilingualism in captions
[257, 227]. However, the intersection of audiences that know multiple languages (at varying

proficiencies) and have access needs has not been explored in depth.

4.2.2  Multilingualism and Related Terminology

There are over 7000 languages in the world [77]. Boundaries between languages, and distinc-
tions between languages and dialects, are not objective but rather socially and politically
determined [45]. There is a wide variation in the sounds or phonemes belonging to each
language as well as practices of transcribing these sounds. The set of symbols used to repre-
sent the language is known as the script. There is not a 1-1 relationship between languages
and scripts (e.g., English and French both use the Latin script, Hindi and Marathi use De-
vanagari, Japanese uses both Hiragana and Katakana, some languages are not written at
all).

Multilingualism has been the study of many fields and has a range of definitions [53].
Roughly, a multilingual person is “anyone who can communicate in more than one language”
[169]. Multilingualism can also be characterized from a societal perspective, where it refers
to the ability of institutions and individuals to engage in multiple languages in daily life [53].
Notably, multilingualism does not require equal fluency in all known languages, and more so
refers to an individual’s ability to use these multiple languages in everyday life [100].

Practices of multilingualism refer to how the multiple languages in someone’s repertoire
come together in daily life. They may use translation, which involves communicating
content from one language in another language while preserving or retaining meaning. They
may use transliteration, which is the process of writing content in one language using
the script of another language (e.g., transliterating Hindi in the Latin alphabet gives us
Romanized Hindi). Lastly, they may be translanguaging, which often refers to the practice

of switching between languages as needed (e.g., during a conversation). Translanguaging
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allows multilinguals to use their full linguistic repertoire and communicate without “watchful
adherence to boundaries between languages” [210]. These practices of multilingualism are
important in an increasingly globalized world — they support cultural diversity and expression
of identity. They also weaken forces of language dominance and assimilation by allowing

individuals to retain and share different languages [172].

4.2.3  Technologies and Language (In)justice

In addition to lack of support for certain languages (see Chapter 2), digital environments
introduce unique considerations and constraints for practices of multilingualism. For exam-
ple, researchers have unearthed biases in machine translation and language modeling (e.g.,
[112], 268, 175, 235]) and highlighted lack of support for certain scripts [13]. While some
researchers have begun to explore multilingual users’ practices navigating these constraints
(e.g., [213, 195, 250]), most attempts to make technologies ‘multilingual’ are disconnected

from actual user practices [249] 236].

Within HCI, more and more researchers are exploring multilingualism and arguing for
more multilingual research [117, [149]. In their work on non-native English speakers experi-
ences with mobile phones, Karusala et al. propose an intersectional approach for language
in HCI, that asks researchers to question “how users put diverse facets of identity through
languages and the forces supporting or hindering their uses of language” [142]. Similarly,

Cardinal et al. propose multilingual UX as generative cocreation [50].

However, not many of these works explicitly engage with language justice, besides a few
exceptions [283, 107, 106]. Notable is Cardinal et al’s work, which focuses on how to move
from language access to language justice in our community work [5I]. Given that there
are many ways language justice can be enacted through existing technologies, it would be

promising to have it as an explicit goal guiding research and development.
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4.2.4  Summary

For captioning technologies, current disparities in availability across different languages raises
questions about how multilingual users navigate variability in support and what their access
practices are in multilingual contexts. These multilingual contexts additionally bring varia-
tions in fluency and literacy, and thus also raise questions of how individuals’ language needs
and access needs come together. There is an opportunity to understand how captioning
design and use can be informed by language and culture, and how captioning might enact a

language justice agenda.

4.3 Team Positionality

All members of the research team identify as multilingual. Taken together, we have expe-
rience with languages such as Gujarati, Hindi, Arabic, German, Swiss German, Mandarin,
French, American Sign Language, and English — each with varying fluencies from native
speakers to learners. Some authors use captioning for communication access needs in differ-
ent languages e.g., when talking to family and friends, watching films, scrolling social media
videos, and meeting on remote video software for work. The authors experience in a multilin-
gual world, and their encounters with non-English captioning for accessibility prompted their
interest in pursuing this study. Prior to designing the methodological procedure, two au-
thors spent about two weeks documenting the captions they consumed in different languages
and how captions’ norms, format and (lack of) availability shaped their access needs. This
reflexive exercise helped the research team develop informed questions while also keeping in

mind how participants’ experiences may be different to that of the authors.

4.4 Methods

Given the dearth of research on multilingual caption users regarding their experiences in
different languages, we aimed to understand the accessibility of multilingual scenarios, the

availability of captioning, and how it might be improved. To do this, we conducted a two-part
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study consisting of semi-structured interviews, diary logs, and follow-up interviews.

4.4.1  Procedure

In the initial interview, we gathered the language background of participants to understand
where and how often participants encountered different languages. Similarly, we asked par-
ticipants about their disability identity, their access needs, and how captions supported (or
sometimes hindered) these needs. We asked them to share and contrast accessibility of their
experiences across different languages and in multilingual contexts. Particularly, we were
interested in the role captioning played in these different scenarios, its availability, and qual-
ity. We also asked participants to comment on how culture shaped these access mediations
in different languages with different people.

Following the initial interview, participants were invited to log their multilingual interac-
tions over a course of a week. This diary study was designed to prompt deeper reflection on
accessibility of multilingual interactions and elicit articulation of specific experiences from
participants’ daily lives (rather than a broad overview). We sent participants specific instruc-
tions at the beginning of the logging period that outlined the different kinds of experiences
that would count as “multilingual” (Table [4.1)). These included personal conversations with
friends or family, interactions with acquaintances online and in-person, social media con-
sumption (vlogs, Instagram reels, TikToks) or entertainment (movies, TV shows) — any
experiences that involve multiple languages or non-English contexts.

In these instructions, we also incorporated a personalized list of potential experiences for
participants to try based on the initial interview. We also pointed to captioning technologies
in the participant’s languages that they might be interested in experimenting with, e.g.,
video conferencing software that had introduced automated captioning in different languages
[89, ©0]. We sent participants a reminder every day to share logs over text or email. In
each log, participants were asked to briefly describe the context, the accessibility of the
interaction, and the availability of captioning. The logs were intended to facilitate recall

in the final interview. Participants were asked to submit a minimum of 3 logs through the
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Mode Activity Type Example sources Ways to Log
Online | Media TV Shows, Movies, Share link to media
YouTube, Instagram
reels, TikToks
Online | Video Calls Video conferencing plat- | Name of platform + Screenshot of
forms with monolin- captions*
gual and multilingual
automated captioning
(ASR)
Online | Information News, educational lec- Share link to video or name of
resources tures particular talk show
In per- | Informal conver- | Conversations with Short written description of expe-
son sations friends and family rience or photo/video/Snap/Reel*
In per- | Formal conver- Workplace/professional | Short written description of expe-
son sations interactions rience or photo/video/Snap/Reel*
In per- | Random Interactions during er- Short written description of expe-
son rands, day-to-day trans- | rience or photo/video/Snap/Reel*
actions

Table 4.1: An excerpt of diary logging instructions sent to participants. *Participants were

told to get consent of conversation partners before taking any photos or recordings.
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week. They could choose to condense their logs and send them at the end of the day, or send
them as each experience occurred.

For the final interview, we created a customized set of questions for each participant
based on their diary logs. For each logged experience, we probed them further to understand
the degree of technological and sociocultural support present. We aimed to understand
the unique features of available captioning, its quality, and the accessibility of the overall
experience in multilingual /non-English contexts (e.g., how did you feel about two sets of
captions being displayed in that video? or how easy was it to follow the language switches
in that in-person conversation?). In contexts without captioning, we asked participants
about other access practices they used. Participants were then called to reflect on accessible
multilingual futures.

All study activities were approved by the institutional review board (IRB) at the authors’
institutions. All participants were compensated for their time and expertise through a gift
card. The first author led and conducted all the interviews, sometimes while other members

of the research team observed. All interviews were scheduled for 60 minutes.

4.4.2  Recruitment and Participants

Our work is motivated by discrepancies in the availability and accuracy of captioning across
different languages. Since this discrepancy likely impacts all multilingual caption users re-
gardless of their specific disability, we sought to gather a diverse set of experiences by in-
tentionally expanding our recruitment from DHH individuals to also include neurodivergent
and disabled individuals who used captions for accessibility. Our focus on captioning meant
we sought individuals who had experiences with multiple spoken or written languages, rather
than multiple sign languages.

We shared our recruitment messages across a variety of disability and multicultural mail-
ing lists, Facebook groups, and community organizations. We also recruited through snowball
sampling. This resulted in 13 participants who identified as caption users for accessibility

(i.e., identified as DHH, neurodivergent, and/or disabled), and understand or express them-



Language Count Language  Count Language Count
Arabic 1 Hokkien 1 Russian 1
ASL 4 Italian 1 Serbian 1
Cantonese 1 Japanese 3 Spanish 4
English 13 Korean ) Tamil 1
French ) Malay 1 Ukranian 1
German 2 Mandarin 4 Welsh 1
Hindi 2 Portuguese 2
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Table 4.2: Distribution of Languages in our Participant Sample. The counts represent the

number of participants that discussed that language to be a part of their lives.

selves in more than one (spoken or written) language. Of these, nine participated in the
diary logging portion of the study and final interviews. On average, each participant sub-
mitted p = 12.33 (n = 9) diary logs — and most participants logged more online experiences
(i.e., TV, social media, phone and video calls)(u = 8.375,n = 9) than in-person interactions

(= 4.25,n = 9). To support anonymization, we describe the languages covered in aggregate

in Table [4.2]

4.4.8  Accessibility Considerations

All study activities were conducted remotely. Interviews took place on Zoom, and diary
logging occurred asynchronously. To support accessibility of the research process for both
participants and researchers [I7§], we offered CART, ASL interpretation, translation, and a
copy of questions ahead of time. Some participants preferred automated captions, in which
case participants used Zoom captions and researchers used CART. Sometimes they used chat
to type out specific examples in their languages (P2) or when they preferred to be voice-off

for a portion of the interview (e.g., P1). Often participants and researchers both spelled out
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words that were unfamiliar to the captioner (e.g., ‘Peranakan’).

4.4.4  Analysis

Three of the authors met and analyzed the collected data over the course of several weeks,
following a reflexive thematic analysis process [43] [44]. The first part involved reading
different transcripts and coming together weekly to discuss points of interest and potential
themes. Following this initial familiarization with the transcripts, we conducted an open
coding pass. Finally, we clustered generated codes together to larger patterns (e.g., practices
of translation, practices of language-switching, cultural dimensions of access) and one of the
authors reapplied these higher level codes to all of the transcripts. We further refined themes
through the writing process. Overall, each of the transcripts has been read by multiple team
members and there have been several discussions throughout the process to iterate on the

analysis.

4.5 Results

Figure offers an overview of our results. The top half of the diagram corresponds to
section Section [4.5.1] where we begin by articulating two different sides of communication
access for our participants: their access needs and their language landscape. Through the
rest of the results, we illustrate how these two sides of communication access (i.e., disability
needs and language needs) interact and inform each other, as seen in the bottom half of the
diagram. Section discusses the factors that impact a participant’s experience in a spe-
cific language— namely, notions of fluency, language characteristics, and cultural perceptions.
Section [4.5.3] builds on these to explore participants’ practices across languages, discussing
practices of transliteration, translanguaging, and translation. Finally, Section looks
beyond a single experience to the systemic impact of (lack of) multilingual access on partic-
ipant lives, thus emphasizing the need for holistic approaches to communication access that

integrate language and disability perspectives.
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The value of
Communication Access engaging with
language lives
| of participants!

v v
Access Language
Needs Landscape

E.g., caption use,
speechreading

-— E.g., frequency, context,
comfort, overall repertoire

How do these
interact / inform / shape
each other?

Factors for a particular language Practices across languages

LIy L] Translation Transliteration Uiy

Riuency affordances perceptions languaging

Figure 4.1: A visual map of the results section and our contributions. We illustrate the
value of holistic approaches to communication accessibility by highlighting the the many

ways disability needs and language needs interact and inform each other.

4.5.1  Communication Access: Considering Both Disability and Language

In this section, we begin by describing the language journeys and accessibility needs of our
participants, noting how their relationships with different languages and access often changed

through time.

Language Landscape

The participants in our study discussed a variety of languages during the interviews. Since
all were in the United States or Canada, they were comfortable with English (except for P3,
who preferred ASL). In discussing the different languages they could understand or express
themselves in, we found that participants rarely claimed to “know” a language. Instead,
they often discussed when they learned the language, their comfort with different aspects

(reading, writing, signing, speaking, understanding), how often they encountered it, and in
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which contexts.

Participants’ language repertoires were often broad and varied (e.g., P2: Korean, Span-
ish, ASL). The number of languages discussed also varied, with some, like P4, discussed two
languages, whereas others, like P5, discussed seven languages. For each of these languages,
degrees of comfort with receptive or expressive aspects differed, often shaped by how they
learned the language and how they use it today. For example, participants who learned a
language from their families only at a young age (e.g., P8: Mandarin, P10: Hindi) were
sometimes less confident about reading and writing than those who learned it at home and
school. Discussion of literacy was further complicated by numerous scripts available for a
language (e.g., P9 could read Serbianﬂ in Roman alphabet but not Cyrillic). Additionally,
sometimes shared histories between languages meant participants could understand a lan-
guage they never learned (e.g., P4 understands both Brazilian Portuguese and European

Portuguese).

Participants’ comfort with a language also changed over time and context, oftentimes
with their migration patterns. For example, P2 grew up speaking Korean in South Korea,
and only learned English after moving to the United States in middle school. Now, in their
mid-twenties, they easily navigate the world in English, yet they feel like they are “losing
Korean” (P2). Similarly, P12 told us, “I guess [Hebrew] is my first language, technically,
but since moving to [North America] with my family, we didn’t really speak it at home [...]
it’s definitely not at a very comfortable level anymore.” (P12). One participant noted that
an emerging fluency of a language is often neglected in Western spaces. P11 explained, “
[Many people’s] understanding of how language works is so off-base, [...] they say, okay, you

speak French, you should be able to say every word in the entire dictionary, like, you know

it, and it’s like — that’s not the way language works.” (P11).

P9 highlighted that Serbian/Montenegrin/Bosnian/Croatian are considered mutually intelligible lan-
guage varieties of Serbo-Croatian and attitudes about language are closely tied to the history of conflict
in the region.
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Access Needs

Our participants included d/Deaf and hard-of-hearing, neurodivergent, chronically ill, and
disabled individuals. Some of our participants identified with more than one of these disabil-
ities and some chose not to disclose specific diagnoses (as seen in Table and Table .
Therefore, in this section we discuss their communication access needs instead and how they

use captions to meet these needs.

Many participants mentioned the need for visual components (such as seeing faces and
bodies for lip movements and body language) to speechread [140]. Speechreading allowed
participants to guess what was being said based on lip movements (bottom-up) and on
context (top-down). Speechreading often coincided with caption use for our participants, as
noted in prior literature [73]. Other access practices included limiting background noise and
other sensory input (such as fans, bright lights, or heat). Overall, our participants shared a

preference for written modes of communication.

Our participants used captions in a variety of contexts: in-person conversations, video
calls, media, and at school or work. Table lists some examples of scenarios where they
used captioning from their diary logs and interviews. While some DHH participants could
request CART as an accommodation at school or work, those with other disabilities were

unable to since “they want you to have a [specific] diagnosis” (P11).

Captions played different accessibility roles: sometimes they were central to accessing
incoming information, sometimes they played a tangential role. For example, for P2, captions
were a backup: “sometimes, I can’t really tell what the person was saying. I refer back to
the captions” (P2). For P5 and P6, captions additionally acted as a filter to “focus on the
sound that I'm actually trying to pay attention to” (P6) and “/provide] scaffolding for the
auditory processing” (P5). For P7, captions helped hold onto conversational threads and
acted as a memory aid: “retaining information or remembering prompts can be challenging,

so I'm actually actively going back to the captions and looking at what you asked for.” (P7).

Often captions played multiple roles for the same participant, depending on their needs in



P Lang. | Disability | Multilingual experience using | Multilingual experience with-

No. captions out captions

P1 | 4+ HoH Watched Tamil movies with Conversation with their
Tamil/English captions; uses | nieces where they switch
transcription app inperson. between Hindi and English.

P2 | 4 HoH Watched a historical Korean | A call with their sister where
drama with Korean captions; | they switched between Ko-
used CART in class. rean and English.

P3 |4 deaf Watched a Chinese drama A chat with friends where
with Chinese captions. they switched between ASL

and spoken Chinese.

P5 | 4+ ND Watched news in Arabic Played multilingual Scrabble
from Palestinian journalists with a friend.
with Arabic/English cap-
tions.

P6 | 4+ ND Watching Spanish shows on Taking Spanish classes in
Netflix with Spanish/English | college.
captions.
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Table 4.3: Participant Table (1/2) with multilingual scenarios from diary logs and inter-
views. We only list number of languages to protect participant anonymity. Disabilities are
characterized as Hard-of-Hearing (HoH), d/Deaf, Neurodivergent (ND), chronic illness, and

auditory processing related.



P Lang. | Disability | Multilingual experience using | Multilingual experience with-

No. captions out captions

P7 | 4 HoH and | Watched YouTube videos Taking Hokkien classes on
ND in Mandarin with Chi- Zoom.

nese/English Captions.

P8 | 2 ND Watching Mandarin media Conversations in Mandarin
with English captions with with their family.
their partner.

P9 | 4 auditory | Went to a movie date watch- | A conversation with their
process- | ing a Japanese movie with parents switching between
ing, tin- | English captions. Serbian and English.
nitus

P10 | 3 HoH, Watched TikTok in Hindi A dinner with their mother
chroni- with English captions / call with grandmother in
cally ill Hindi and English.

P11 | 3 auditory | Watched TikToks in French A conversation with their
process- | and German with matching dog in French.
ing captions.

P12 | 2 disabled | Watches Russian media with | In person interactions in

Russian/English captions if Russian.
available.

P13 | 4+ auditory | Watched and listened to A chat with receptionist /
process- | Japanese karoake videos. grandma’s nurse in Can-
ing tonese and English.
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Table 4.4: Participant Table (2/2) with multilingual scenarios from diary logs and inter-

views. We only list number of languages to protect participant anonymity. Disabilities are
characterized as Hard-of-Hearing (HoH), d/Deaf, Neurodivergent (ND), chronic illness, and

auditory processing related.
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the moment and the communication context. In the absence of captions, participants would
either disengage or “struggle through” (P5), depending on fatigue and importance. Table
lists some examples of multilingual scenarios where participants did not use captions, either
due to personal choice or due to a lack of availability.

In the following sections, we discuss how different factors for a particular language and

across languages impact these roles and shape how captions offer access.

4.5.2  Factors that Impact Communication Access

In this section, we discuss how participant experiences of access are shaped by their comfort
with a language, its linguistic affordances, and cultural context. We highlight the impact of
these factors on the design and use of captions, demonstrating that 1) we need to move be-
yond English captioning as the standard and 2) language and culture need to be foregrounded

in captioning research.

Communication Access Conditioned by Fluency

As shown in Section [.5.1] participants have varying levels of fluency across different lan-
guages and different types of proficiency within the same language. This provides a rich
context within which participants have developed their communication access practices. For
example, less familiar languages might demand a slower pace of communication, resulting
in participants asking conversation partners to slow down or slowing videos while watching
them. For P3, for whom English is their fourth language, “if we are conversing in English,
I need to be a lot slower and they need to be slower with me.” (P3).

Language proficiency can additionally affect speechreading ease. Participants noted that
strong knowledge of vocabulary (necessary for top-down speechreading) and the ability to
recognize mouth patterns (necessary for bottom-up speechreading) are both crucial for effec-
tive speechreading. A lack of familiarity with key vocabulary relevant to the communication
context can thus make speechreading difficult in certain languages. For example, P9 watches

old Serbian movies with parents and finds “archaic Serbian” (P9) hard to follow. Similarly,
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P10 sometimes doesn’t understand what her grandmother said in Hindi, and attributes it to

generational differences in phrases and vocabulary.

While captions can address some of the above concerns, they bring up their own consid-
erations regarding fluency — notably, literacy. Being comfortable with speaking and listening
to a language does not necessarily mean comfort with reading it. For languages with scripts
novel to participants, reading proficiency had to be attained before captions could offer
access: “[My] confidence with reading [Arabic and Ukranian is] not as strong, so having cap-
tions in that language are less accessible or take more time or more energy to parse.” (P5).
Not only do captions require familiarity with the script or writing system at hand, they also
require a reading pace that matches incoming speech. For example, even French, which has
the same Roman alphabet as English, presents different access needs for P10: “when I was
in France and they wanted to watch more fast-paced stuff [...] which I could read [the French
subtitles, but] it was a bit tougher, so we would have to watch, like, comedies, or like just

change the subtitles to English.” (P10).

In the examples above, participants’ lack of fluency or proficiency in language directly
affects how they request access or use captions — whether by slowing it down, relying on it
more, or avoiding it until literacy is obtained. However, the need for access is not limited to
those who lack language fluency or proficiency. In fact, P5 noted feeling like they had more
access needs in their native and most familiar language (English) than the other languages,
because they are not afforded the leniency often given to those learning a new language:
“Honestly, I think it’s . . . the overarching sort of background information of ‘you're a
language learner’ versus, like, ‘I expect you to be able to communicate fluently’, I think that
is a very helpful — at least as far as getting access needs met” (P5). Communication partners
were more willing to alter conversation pace and fluency and be responsive to requests for
rephrasing and other access needs when talking to a language learner, rather than someone
assumed fluent. This sentiment was shared by P11, who felt there was less stigma for
accessing support (such as captioning) in other languages compared to their native language

(English), “I guess there’s stigma, and it feels like — I'm obviously an English speaker, why



75

can’t I just hear what you’re saying?” (P11).

These stories show how normative assumptions about fluency impact use of captions “if
you want to be considered fluent in the language, you have to be able to hear it properly, but
there are people who can’t hear languages properly” (P13). This raises questions about who

is included in the conception of a typical caption user and in what contexts.

Communication Access Molded by Linguistic Affordances

Our participants’ perceptions of communication accessibility in a language did not only
depend on fluency, but also the affordances, or features, of the language itself. For example,
while speechreading, P4 found Portuguese speakers moved their lips a lot more than English
speakers, making it easier to speechread. Other participants discussed different features of
a language that make it feel easier to process or more accessible to them. For example, P11
found the rules for spelling and pronunciation for German made it “really easy to picture
the words, as they’re being said” (P11). Similarly, for P5, “being able to visually process
language” (P5) and not having to physically speak made ASL feel cognitively accessible.

Interestingly, the match between speech and writing system varies significantly from
language to language. Participants remarked on how Spanish is written as it is pronounced
( “really transparent to the phonemes” (P6)) but other languages such as French and English
have less phonetic spelling, which impacts caption readability. P13 discussed Cantonese at
length, explaining how writing system impacts descriptiveness of captions: “there is quite a
big difference between what the [captions] say and what is actually being said because spoken
and written Cantonese are very different. [... the captions] are usually the more formal
version, as opposed to what they say on screen which is a lot more casual.” (P13).

The disparity between speech and text in Cantonese is because of the existence of a stan-
dard writing system across all Chinese languagesﬂ (Mandarin, Cantonese, Hokkien in our

participant pool amongst others). This standardized writing system allows written Chinese

2Chinese macrolanguage: https://www.kevinhsieh.net/2019/02/27/chinese-macrolanguage/


https://www.kevinhsieh.net/2019/02/27/chinese-macrolanguage
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materials to reach a wider audience. It also support disambiguation of spoken dialects in
media with the addition of standard captions. However, this practice of written standard-
ization removes aspects like slang and intonation that are unique to spoken dialects. P13
shared, “Having subtitles that are a more standardized version of what they are saying is
helpful, but at the same time you know it’s not exactly one-on-one with what they are saying
on screen, so that kind of sucks in terms of accuracy.” (P13).

The above stories highlight the degree and type of information captions encode varies
language to language. These linguistic affordances then bring up questions about the inherent
ambiguity in captions — if not speech, what do they offer access to? They also call us to

reflect on caption metrics like accuracy that may be ill-defined.

Communication Access Shaped by Cultural Perceptions

Participants discussed how certain cultural norms shaped perceptions of disability and ac-
cessibility. For example, P7 found that the widespread availability of Chinese captioning
on media allowed them to recognize captions “as a morm that provides access to a lot of
different users [...] I knew it was a tool that I could use for myself, even if I wasn’t, you
know, fully interested in it at the time.” (PT7). They found that this norm was lacking in
English-produced content.

Other participants offered contrasting experiences: “I think Western culture is a lot more
understanding [...] Indian culture that I've experienced is a little more, like, defensive [...]
like, you're kind of treated a little bit like a nuisance if you ask for accessibility.” (P10).
These perceptions of accessibility impacted participants’ adoption of captions — such as
whether they would feel comfortable asking someone to turn on captions while watching
media together, if they would openly use a captioning technology in a conversation, or
whether they would request captioning as an accommodation.

Cultural norms also influenced how participants thought their access needs would be
received. For example, P2 discussed norms of fast communication in Korean: “Koreans

they’re just going, doing, and eating, and working just fast and quickly through everything
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without a break. So, whenever I do ask, you know, can you repeat that or [...] ask people
to slow down. I do feel a little more self-conscious.” (P2). These norms impact whether
participants disclose their access needs and thus the role communication partners play in
facilitating access e.g., whether they would work collaboratively to make captions work better
by slowing down and monitoring errors.

Some participants developed ways to address inaccessibility within specific cultural con-
texts. P12 was often more covert in expressing their need in Russian, “I just make light of it,
like you know, make a joke around it and it helps the person slow down if I need a repeat.”
(P12). This desire for covertness impacted whether they chose to use captions or speechread,

since speechreading is less visible and reduces the risks of disclosure.

4.5.83  Communication Access Transformed by Practices of Multilingualism

Given our participants’ broad language landscape, the different languages they knew in-
teracted in many ways. Here we discuss how three different practices of multilingualism—
translation, transliteration, translanguaging—facilitated or hindered access provision for par-
ticipants. We also trace how captions embody these practices of multilingualism (e.g., Fig-

ure |4.2) and how participants use captions to meet both language and access needs.

Practices of Translation: Depicting Ideas Across Languages

Translation played an important role in participants’ lives. While some participants often
acted as translators for immigrant parents (P9), less literal translation was a key part of
participants lives as well. When P10 and their partner watch Hindi movies together, P10
expands upon the English subtitles, using their knowledge of Hindi to evaluate quality and
offer more nuance. In a conversation with Deaf friends signing ASL and a hard-of-hearing
friend who was not comfortable with ASL, P3 “interpreted into spoken Chinese from the ASL
that the group was signing” (P3) and vice versa. P3 was uniquely skilled to offer access in
this situation — they know Chinese and ASL, but also needed their hard-of-hearing friend to

repeat their spoken Chinese responses to meet their own access needs. These examples make
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oh u mean GAJAR KA
HALWA??

The ianer: colour frem-pumpkin’looks so nige.
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Figure 4.2: Practices of Multilingualism in Captions from Diary Logs. Left: Screenshot of
captions from a video where both English and Hindi were spoken. Captions encapsulate both
translanguaging (dynamically moving between languages) and transliteration (converting
written script from one to another). The first half of the caption is in English, the second
half is in Hindi, corresponding to the audio. The Hindi portion is transliterated to Latin
script. Right: Screenshot of captions from a video where Korean was spoken. Two sets of
captions are present: translated captions in English (top) and original language captions
in Korean (bottom). While the video is monolingual (Korean), the presence of translated

captions (English) introduce multilingualism.
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clear the ways that language and disability collide — our participants often simultaneously
navigated their access needs with regard to spoken language while using their multilingual
skill to extend access to others.

Translated captions (or subtitles) were widely available, with media from different lan-
guages often captioned in English to increase reach and audience. For those familiar with
the language at hand, accuracy of translated captions was sometimes questionable, making
them prefer original language captions instead. Along with disagreements about intended
meaning, participants found that translations did not conserve aspects that are key to the
viewing experience: “It’s either too literal of a translation or it’s just the feelings of the trans-
lation isn’t Tight. [...] they use a lot of poetic phrases in Chinese, but when they translated
it over it felt really flat and boring” (P8). However, many participants were driven to use
these translated captions as they were the only option.

When participants were not comfortable reading a language but were familiar with the
language, they used translated captions in interesting ways. For example, when watching
Hindi media with English captions, P10 found themselves reading the English translated
captions and mentally translating it back to Hindi to match the incoming audio. Similarly,
P7 could read simplified Chinese and not traditional Chinese. When they encountered a
Mandarin video with traditional Chinese captions, they opted for the English captions and
made “a few mental jumps [...] translating from the speakers [voice] to English [text] and
then from English back to Chinese” (P7). This process allowed them to leverage their full
linguistic repertoire and experience all aspects of the media that may have been lost in
translation. In choosing type of captions, participants made a calculated decision between
the cognitive demands of reading a less familiar language and cognitive demands of this

internal translation.

Practices of Transliteration: Adopting Different Scripts

Transliteration is the process of writing words of a language in the script of a different lan-

guage. For example, Figure 1 (left) includes captions with the words ‘Gajar ka Halwa’ which
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is a Hindi phrase E| transliterated to the Latin script. Participants encountered translitera-
tion of this kind often in user-generated digital content including text posts, music videos,

and open captions on TikToks or reels.

Some participants, like P10, appreciated transliterated captions as they offered access
without requiring familiarity with a certain script or literacy in the spoken language. While
transliterations removed the need to learn a specific script, they introduce new challenge —
sometimes they had to sound out the transliteration to recognize what it meant. Translit-
eration also introduced a lack of spelling conventions. This hampered reading speed and
sometimes comprehension, requiring participants to slow down a video or “look in the com-
ments to figure out what that means.” (P12). As captions are ephemeral, this impacted the

desirability of transliterated captions.

In addition to supporting users with low reading literacy, transliterations aided the pro-
cess of language learning — such as making pronunciations of unfamiliar words clear, and
helping learners familiarize themselves with a new script. However, some participants could
not imagine using it outside of a language learning context, or preferred to master the original
language script instead: “Studying so many different languages I can get quite turned around
on what sounds certain letters are supposed to make [...] yeah, learning a new alphabet is
hard, but after learning the alphabet that a language uses to transcribe itself, like, there’s a
lot more confidence on my part of, like, what things are supposed to sound like or what things
are supposed to be.” (P5). Transliterations also present ambiguity — each language has its
own phonemes, and a script different from the original may not be able to depict all the
sounds in that language. Reading a transliteration may then be more confusing and require

more processing power than reading text in its original script.

3A sweet made with carrots
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Practices of Translanguaging: Moving Between Languages

Translanguaging, the practice of fluidly moving between languages, allowed our participants
to fully combine their linguistic resources. Language switches were sometimes motivated
by the need to use specific vocabulary (e.g., P4 switches to English when having technical
discussions at work) and often allowed them to foster greater understanding. This practice
was not just limited to spoken languages, — for example, when P3 chats with friends who also
know ASL and Chinese, they often find themselves fingerspelling Chinese words phonetically
in an ASL sentence to refer to a specific concept in Chinese. This practice of translanguaging
also supports learning — for example, P2 discussed how he supported his partner who was
learning Korean: “There’s like similar pronunciations from Spanish to Korean. If phonetic
English pronunciations are not correct for Korean, we’ll translate it into Spanish phonetic
pronunciations and it will sound a lot better.” (P2). This pooling of resources across lan-
guages shows the commitment to collaborative meaning making rather than prescriptive

rules of language use.

However, translanguaging is not without downsides — some of our participants found it
difficult to follow language switches and identify languages. To navigate this potential inac-
cessibility, P1 requested multilingual conversation partners to stick to one language during
the course of conversation. When jumping into a conversation, P1 used his own responses
to clarify the language being used, and sometimes started speaking first to set the language
of the conversation. Another participant, P4, took a more direct approach, where he asked
conversation partners to clarify whether they are speaking in Portuguese or English when he
had a hard time following. This difficulty fluctuates given how expected the language switch
is and given how the language and words have been merged together — borrowed words are
common in many languages and these often take on new pronunciations in that language:

“lit is easy when] Portuguese pronounce it in a Portuguese way. When it is entirely new

[word] [...] I have trouble with that.” (P4).

Participants found that captioning performed in disappointing ways when multiple lan-
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guages were present in a piece of media or in a live conversation. For movies or TV shows, hu-
man generated captions often depicted the secondary language by name only e.g., [SPEAKS
SPANISH]. This approach offered access to neither the phonetic nor the semantic content,
making participants frustrated: “I'm like, so what am I supposed to glean from this?” (P9).

While some participants understood the choice to not translate might be from an artistic
standpoint, e.g., the creator did not intend the audience to understand what was being
said in that segment, the choice to exclude both transliterations and translations was deeply
frustrating: “I’m like, excuse me, 1'd like to know what they said [...] — yeah, it feels insulting
[to the] people speaking and the work and the art itself.” (P10).

While participants were able to toggle captioning language in some contexts (such as
Netflix), caption options in all languages had drawbacks, given creators’ assumptions of
language background of intended users: “I'm watching this Portuguese show and I have my
captioning set to English. And whenever they talk English, the captions disappear because
they assume since I put English captions I know English” (P4). Here, creators are also
making assumptions about intended use of captions — to provide language access and not
disability access. Some participants attributed this poor experience to not being able to
choose multiple languages in captions. This is particularly relevant for automated captioning
contexts where the inability to pick multiple languages for captioning caused captions to
turn into “completely gibberish” (P13). However, this breakdown in captioning was helpful
in indicating language switches in a video (e.g., P1 with YouTube). For those who used
automated captions in in-person contexts, such as P4, they navigated this breakdown by
manually switching the captioning language in their speech transcription app, a cumbersome
process. They mentioned that the captioning software was capable of detecting language

switches automatically — just not for all languages, highlighting inequitable development.

Reimagining Multilingual Captions

We asked participants to imagine accessible multilingual futures and reflect on what they

would like to see changed. Many participants desired widespread availability of captions for
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all contexts, including media and real-time conversations. For automated captioning, they
hoped for better transcription quality and increased accuracy in automatically detecting
language switches. In absence of further technical development, they hoped content and

media creators would invest in a “quality assurance” (P9) process.

Particularly important to participants was the addition of form factors that improved the
multilingual accessibility of captions — “an important metric is how well it handles multilin-
gual settings.” (P4). Some small scale changes with large potential for language switching
contexts included indicating the language alongside the transcription “n brackets above”
(P11) (e.g., [FRENCH] Mais oui...) and allowing users to choose multiple languages for
captions on a platform. They also proposed having “variety of scripts available” (P7) to
support a range of fluencies / literacies. They envisioned being able to use captions from
different languages simultaneously — “show both the translation and the original on the same
caption bar.” (P13). This would allow users to leverage information from multiple captions
at the same time “instead of having to open up a new tab, [...] I could look at a translation
right away.” (P2). Users could choose which set of captions to focus on moment to moment,
based on their comfort with the language, fatigue, and intention.

Participants also sought greater customizability for how language switches are handled
and displayed — such agency to pick what would be transcribed vs. translated vs. translit-
erated based on their comfort in the moment. P13 pointed out, “It would just be nice to
have a lot more learning and accessibility options” (P13). Customizability would reduce the
assumption made about the language and disability background of the audience. Partici-
pants also brought up customizability of visual aspects like placement and font size. Even
this desire was tied to multilingual fluencies: P10 for example, could catch background audio
for Hindi media, “wherever the captions are I'm fine, [...but] with Japanese I am a little bit
more specific just because there’s more to [take in] for me. [...] it would impact the size of
the captions for me based on my familiarity with the language.” (P10). Lastly, participants
emphasized that these technological changes needed to occur alongside social changes. Some

participants had experienced negative attitudes around caption use and emphasized the need
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to “destigmatize captions” (P8) as an accessibility technology. Education on “how language
works” (P11) (e.g., fluency changing over time and context) would be crucial to address

misconceptions and highlight the role captions play in language access as well.

4.5.4  Why Communication Access?

The previous sections have underscored the value of engaging with language in captioning
by surfacing factors and practices. In this section, we present parts of our analysis that
look beyond a single instance of (in)accessibility to the broader constellation of events, high-
lighting the systemic impact of (lack of) multilingual access on our participants’ lives. This
allows us to bring to the forefront why communication access is important to participants,
and what it affords access to. We unearth broader set of contexts and opportunities that
participants desire access to — access to language, access to community and culture, and
creating spaces where no language dominates or dies. We can see how their current use and

vision of multilingual captions align with the goals of language justice.

Multilingual Captioning as Access to Language and Language Learning

Participants emphasized the importance of access to language. Languages allowed them to
connect with their “roots and heritage” (P1), and learning languages was often necessary to
navigate the public sphere (such as school or work or day-to-day errands). However, aspects
of learning languages, like identifying new sounds and pronouncing new words were often
inaccessible to our participants. Multilingual captioning played unique role in supporting
language learning and thus affording them access to language.

For example, participants who were immigrants and learned English after moving to
North America (P2, P9, P12) discussed watching TV shows for language immersion in early
years: ‘“we ended up watching a lot of Star Trek of all things because it had English cap-
tioning.” (P9). Similarly, P12 found themselves transitioning from using Russian subtitles
(translated captions) to English captions (original language) as they became more familiar

with English.
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Interestingly, the role captions play shifts through their language journey. For example,
P2 found that what captions offered access to changed over time — in earlier years they helped
to distinguish the rapid stream of sounds from new language, and in later years they offered
broader context, “I think captions will always be helpful for me. [...] I will say though, I
think the more fluent you are with a language — least for me — I tend to use it less often.”
(P2). P7’s language journey with Hokkien was different — they were exposed to the language
while growing up and lost touch in adulthood. They took a beginner’s class on Zoom to
pick up the language again — unfortunately, there were no captions available. Remarking on
the experience, they shared, “I was a little bit ahead of the curve. So I did okay without the
captioning but I imagine had I advanced to the third or fourth level, I probably would have
needed access to captions.” (P7). At an advanced level, small nuances in sound and speech
would have been important to follow necessitating need for captions.

These examples highlight the dual role multilingual captions play in providing both lan-
guage access and disability access against the backdrop of our participants’ language jour-

neys.

Multilingual Captioning as Access to Culture and Community

As media offered participants an opportunity to immerse themselves in a language, it also
offered a gateway to culture and community — only if the media was accessible to participants,
“language shapes your understanding of the world, right? And captioning [is] also a gateway
to that.” (PT).

Inequitable development of captioning across languages and poor quality of captions made
participants reluctant to engage with non-English content. For example, for P13, “a lack
of captioning, or maybe a lack of me wanting to find the captions for French, has made me
disconnected to a lot of the culture, a lot of the things that I learned.” (P13). This exclusion
from pop culture and digital media spaces had far-reaching consequences for community
connection as well. P9 shared, “Cause we dont only watch media by ourselves. [...] we

might you know at home [...] but it’s part of a conversation you’re gonna go ‘hey, have you
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seen this movie?’ and then if you can’t ever see anything like how will you feel like you’'re
close to those coworkers or family or friends?” (P9).

Participants often learned languages to connect with their roots, or to foster deeper con-
nection with friends, family, or partners. By offering/hindering access to language, captions
could offer /hinder access to culture and community. For example, P7, who desired to connect
better with their Peranakan Malay ancestry remarked on the lack of both original and trans-
lated captioning on shows uploaded to YouTube, “while most people understand that we’ve
experienced cultural loss and that younger generations do not have access to their Peranakan
heritage and language, they [still] fail to provide translations. [...] If I'm trying to follow
along and I don’t understand what’s being spoken, it just feels difficult and makes it harder
to access culture, especially when I'm already here in [North America] and not surrounded
by community.” (PT7).

While the examples recounted above show how the absence of multilingual captions has
negatively impacted participants’ access to community and culture, they also highlight the

potential that thoughtfully designed captions have for fostering that access.

Multilingual Captioning as a Site of Linguistic and Cultural Preservation

Our participants were passionate about languages and actively sought out multilingual expe-
riences. Their immense respect for how languages offered access to culture and community
made them mindful of how language could be exploited for power. P5 shared, “/Languages]
are these really wonderful keys to, like, history and culture and identity. And as such have
been politicized [... to] untether people from their, like, historical or ethnic or religious or
cultural backgrounds and connections, like forced assimilation” (P5). In light of this history,
they cared deeply about ways to preserve language and culture, “it’s important to the people
and also it’s important to the language, to be able to maintain that presence and that sort of
steadfastness in existence” (P5).

Tracing these goals to captions, they discussed how captions often standardize variations

in speech in the process of transcribing to written form (also seen in Section |4.5.2)). P1
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shared, “Hindi is spoken so differently from different parts of the country and the world.
[...] the sound of the word, the way they say it, I think that is sometimes lost when it
comes to transcribing” (P1). They highlighted how standardization could have far reaching
consequences by erasing minoritized ways of speaking. They mentioned this had already
happened with the use of standard dialects on broadcast media, “everyone starts to speak
like on the TV and radio.” (P11).

Nevertheless, participants highlighted ways multilingual captions could be a site of preser-
vation. P11 discussed how more descriptive or phonetic captioning styles, that push the
orthographic rules of the language to better match what is being said (or particularly, how
it is pronounced), could preserve these linguistic and regional variations while facilitating
access (e.g., with Quebec French transcribed in written Joua]ED — “Personally, being a de-
scriptivist with language I think it is really important to keep the diversity.” (P11). Other
kinds of multilingual captions, like transliterations and translations both bring tensions and
opportunities. As we established in Section [£.5.3] translations may miss cultural context,
and phonetic captioning styles like transliterations might be hard to parse. But participants
did like the potential for linguistic preservation, especially in contexts like music or comedy,

which were central to culture.

Besides Multilingual Captioning

In highlighting participants’ current uses and visions of multilingual captions, we have
demonstrated participants’ hopes for the outcomesﬂ of communication access: access to
language learning, access to community, and preservation of cultural heritage. By bringing
these hopes for outcomes of access to the forefront, we show that multilingual captions are
only one of many tools for achieving these outcomes.

For example, some participants had doubts about whether captions could facilitate access

4https://www.thecanadianencyclopedia.ca/en/article/joual

5We draw this terminology from Crip Negativity: “What I'm really after is not the availability of access
but rather the outcome of access: What are we hoping access will do for us?”[246].
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to language. Limitations of captions as a medium, particularly for languages with mismatch
between writing and speech — “spoken Cantonese and written Cantonese are quite different”
(P13) — made participants hesitant about caption use. Similarly, P4 found that access to
Portuguese was better facilitated through speechreading, “/T/he thing is, my lipreading much
better in Portuguese” (P4) and thus did not use captions with family.

While multilingual captions could foster access to community, some participants did not
think that the dearth of captioning had impeded their access to community. P3 had “learned
how to work in the world without a lot of accessibility. [...] Captions really are recent and
new thing for me.” (P3). They were used to using other access practices like writing notes
or asking for repeats. Other participants (P1, P2, P3, P5) sought community and cultural
connections outside of the ones they were born into by learning sign languages like ASL. P2
remarked, “I wish more hearing people would recognize the rich culture that there is within
sign language and Deaf [communities]” (P2). This adoption of sign languages indirectly
facilitated preservation, given the history of oppression of sign languages amongst audistlﬂ
world.

Thus, when we look at captions as a “gateway” (P7) to different activities and contexts,
we can recognize that the use of captions is intentional and goal-driven. These intentions
may change over time and context, and sometimes other access technologies and practices

are better suited for reaching these goals.
4.6 Discussion

Our results highlight the many ways our participants navigate access in a multilingual world.
We articulate notions of multilingual accessibility grounded in our participants’ lived expe-
riences — particularly, their language lives, which are often lost in prescriptive ideas of what
communication should be.

Our analysis showcases the importance of integrating language perspectives into cap-

6 Audism is a type of oppression directed at DHH people, privileging hearing senses and ways of commu-
nicating [27].



89

tioning research and examining the interplay between linguistic and sensorial access needs.
We underscore the potential for language justice — a practice that examines how language
can be a tool for oppression and equity — to inform our work in this space. Building from
language justice, we call researchers and technologists (1) to attend to factors like fluency,
linguistic affordances, and cultural perceptions unique to each language/experience; (2) to
foster practices of multilingualism such as translation, transliteration, and translanguaging
in captioning; and (3) to reflect on and address the systemic impact of (lack of) multilingual
access on communities, culture, and languages.

Informed by these results, we begin by commenting on the state of speech recognition
research and offer some immediate directions for development. Looking further down the
horizon, we discuss how we might change our approach to captioning research, thus offer-
ing guiding principles and preliminary spaces for inquiry. We conclude by discussing how

language justice could be valuable beyond captioning research.

4.6.1 Immediate Directions

Addressing the disparities in availability and quality of captions across languages requires
significant advancements in speech recognition technologies. For English speech recognition,
deployed technologies and state-of-the-art models achieve single digit WER (Word Error
Rate [87], which roughly corresponds to the number of errors in transcription for every
100 words). In contrast, the performance of monolingual models of other languages varies
widely (e.g., 13-25 for Hindi [35], 16-22 for Japanese [141], 13-30 for Arabic [7]). Efforts to
train multilingual models also yield disparate performance — for example, Whisper Al ranges
from 5 to 80 WER (e.g., 5 for English, German; 15 for Chinese, Korean; 30 Hebrew)
[222]. While NLP researchers are working on innovating new techniques, collecting better
multilingual datasets (e.g, [132]), and exploring new metrics (e.g., [105, 147]), it will be a
while before these developments trickle down to users and technologies are readily available.

In the meantime, we believe improving caption form and display is a promising avenue

of work. Many of the experiences discussed by our participants relate to professionally
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captioned media (e.g., TV shows, movies) and user-generated content (e.g., YouTube videos,
TikToks, Instagram reels). Our results point to several actionable directions for improvement
(Section . Some could be implemented by revising captioning practices and increasing
awareness, such as ensuring that the language is identified within the transcription in square
brackets. Others require small changes to platform functionalities and leverage existing cap-
tions, such as allowing display of more than one caption at the same time (e.g., Korean on
top, English at the bottom) and supporting selection of multiple captioning languages for
multilingual media (i.e., videos with language switches). For these dual-track captions on
multilingual media, we additionally recommend offering users more granularity in customiz-
ing font, size, and placement for different languages. Applying some automated approaches
to transliteration could further allow for increased support for captions in multiple scripts
(e.g., Simple and Traditional Chinese and Pinyin) and thus support users with different litera-
cies. While these are low technical complexity, they would improve multilingual accessibility

considerably.

4.6.2  Guiding Principles

In addition to NLP advancements and captioning design, we believe that to truly redress
the imbalances we see across languages today, we require a fundamental shift in how we
approach captioning research. Below we offer three guiding principles to reshape our ethos:
centering language, decentering fluency, and recognizing fluidity of use. For each of these,

we highlight how they inform our spaces for inquiry.

Centering Language

We argue language should be a crucial axis by which to design captioning technology, rather
than an afterthought. English captioning has become the standard in HCI research, and
an implicit assumption of generalizability reinforces the idea of “voice from nowhere” [230]
— that there exists a neutral language and that language is English. In contrast, our work

shows that captioning norms and practices are shaped by the linguistic, historical, legal, and



91

structural processes inherent to languages (Section [4.5.2)), and that we need to bring these
contexts to the forefront. Doing so not only recognizes the situated and specific nature of
our knowledge, but also allows us to begin building tools that support typologically diverse

languages and their users.

For example, our participants discussed linguistic affordances like spelling conventions
for German or cadence for Portuguese that impacted accessibility of their experiences. P13
discussed how “spoken and written Cantonese are very different” (Section , impacting
what information captions can encode and convey. Additionally, language and culture are
closely entwined, and our study further shows how cultural norms influenced access practices
and adoption of captioning — such as P12 who felt the need to be covert expressing their
needs in Russian vs. P7 who felt captioning was a norm in China. These results point to

the value of language-centric perspective.

How might this inform our spaces for inquiry? One direction for research is extending
work on caption style, placement, error display to different languages and exploring how
language characteristics impact the efficacy of current best practices. For example, how
do unique visual affordances, like vertical reading order and logographic script impact the
use of visual space while captioning? Another question rises for languages where writing is
significantly different from speech (e.g., Cantonese) — what do accurate captions (and thus
metrics) mean in this context? A systematic exploration of how listeners of these languages
navigate discrepancies can help us design captions that better meet their access needs. Yet
another direction could aim to improve usability of automated captioning in these languages
through human-in-the-loop paradigms like crowdsourcing captions and correcting errors.
These approaches have often been studied for English in Western contexts — exploring how
language characteristics shape efficacy and cultural norms impact generalizability are open

questions.
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Decentering Fluency

In this work, we engage with participants’ experiences in a range of languages — from those
they grew up speaking to those they were just beginning to learn. As a result, we could
recognize the role proficiency and notions of fluency played in participants’ experiences with
multilingual accessibility. This is a contrast to most research in our field, which often only
engages with fluent (English) speakers as potential users of technology. We argue this implicit
prioritization of fluency not only excludes non-native speakers of languages, but also ignores
how fluency fluctuates over time. Migration, relationships, and globalization called our
participants to pick up (and sometimes drop) languages in different periods of their lives.

We call researchers to engage with these complexities of language use by decentering fluency.

Our participants discussed many experiences that occurred in less-fluent languages but
were no less important to them — such as learning languages with their partner, watching TV
shows with friends, and connecting to their heritage and families. Decentering fluency allowed

YANAA

us to unearth our participants’ “subjective, emotional relationships with languages” [160].
They further highlighted how fluency conditioned their use of captions (e.g., familiarity with
script and reading speed) thus impacting access. Importantly, our participants highlighted
how fluency as an ideology encodes ableism — consider P13’s quote in Section [4.5.2) “if you
want to be considered fluent in the language, you have to be able to hear it properly, but
there are people who can’t hear languages properly” (P13). These assumptions discount any
non-normative communication styles. This is echoed in P11’s experiences with caption use
in English, where she felt stigmatized as a ‘native’ speaker. By reducing expectations of

fluency, communication and access provision became easier for our participants (such as

P5’s experience with access needs being lower in a language learning context).

How might this inform our spaces for inquiry? A promising direction for research is
actively building technology that supports users with varying fluencies. For example, given
the complex interplay between literacy and caption use, how might we redesign captions to

support novice readers? Beyond readability, there is also a broader question of supporting
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semantic understanding. We could extend research from audiovisual translation literature
which largely focuses on analyzing captioners’ choices in subtitling media (e.g., [227) 257, 17,
3, 55]) to actually engage with the experiences of audience members who use captions for
accessibility and may be multilingual themselves. Similarly, the field of language acquisition
could offer valuable perspectives in balancing the sometimes conflicting goals of language
learning and access/understanding in the moment. We might also explore how practices of
making language accessible in books and other text (e.g., including footnotes and rephrasing

content) could apply to captions.

Recognizing Fluidity of Use

Much of this work aimed to highlight the complexities that rise from the multilingual fluidity
of the real world. We find that this fluidity extends beyond language (i.e., switching between
languages) to the use of access technologies and practices as well. Instead of constraining
themselves to a particular access technology such as captioning (Section , participants
leveraged different technologies and practices as needed. Their choices were guided not
simply by the availability of captioning, but also by how it would support access and what
it would facilitate access to: language, community, and cultural heritage (Section . We
argue that recognizing this fluidity is necessary to designing technology that is useful in the
real world.

Our participants perform complicated calculus while negotiating both language access
and disability access in multilingual contexts since no one set of captions offers full linguistic
and sensorial access. Consider a context with language switches — original language captions
presume fluency, and translated captions presume the hearing ability and disappear with lan-
guage changes (Section . Participants’ practices of multilingualism, fluidly combining
their linguistic repertoires for translation, transliteration, and translanguaging, demonstrate
the need to to think beyond static, monolingual contexts, and recognize how multilingual
captions may adopt to changing needs.

Recognizing fluidity in use also calls us to be expansive in our conceptions of users. While
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prior work on captioning often focuses on the experiences of DHH people and evaluates the
efficacy of transcribing audio to text, we opted to include perspectives of neurodivergent,
chronically ill, and disabled individuals well. Doing so allowed us to surface unique ways
captions supported access — by acting as a scaffolding for auditory processing, a focus tool,
and a memory aid (Section [4.5.1)).

How might this inform our spaces for inquiry? The different roles captions play in pro-
visioning access for different users raises the opportunity to explore how these functions
may inform design and evaluation (e.g., metrics) of captioning technologies. Systematically
exploring what motivates use and non-use of captions amongst other access practices in a
moment could deepen our understanding of communication accessibility for DHH, neurodi-
vergent, and chronically ill individuals. Importantly, this perspective opens us to research
that attends to the fluidity of access and explores what motivates an individual’s choice of

technology, modality, and language in a given moment.

4.6.3 Beyond Captioning

Through a deep exploration of multilingual captions, we have shown how language and
disability shape each other and shape what access means. We invite researchers to explore
these ties in broader accessibility research, beyond captioning.

In the last few years, accessibility research has been engaging with disability justice, a
developing framework and activist movement led by disabled queer people of color. Disability
justice principles have been used as a guiding lens to redesign captioning technologies, such
as orienting hearing and DHH people to collectively attend to captioning errors [I88]. They
have also been used to subvert ableist structures in broader accessibility research [254] 280,
279, 118, [120]. We call researchers to incorporate language justice agendas as well, given how
closely it aligns with disability justice. In fact, Sins Invalid, a foundational disability justice
organization, argues that language justice is disability justice — both movements demand
we move in mutual respect for all peoples, regardless of whether or how they communicate

[244].
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For example, consider research on DHH communication more broadly. Language justice
allows us to engage with Deaf individuals who identify as minoritized language users, it
centers the linguistic richness and cultural importance of sign languages independent of the
access they afford [72], and it encourages to respect the multitude of ways d/DHH individuals
sign or speak or gesture — the ways they understand and make themselves understood [113].

We believe there is value in taking a “language-first” perspective beyond captioning too.
English also dominates research on web navigation [228], audio description [I83], technologies
for visual access |36} 269, [5], and alternative-and-augmentative communication devices [261]
and more. Since languages may encode and describe color, direction, sound, and space
differently, diversifying languages explored can deepen our understanding of practices for
sensorial accessibility. We believe these differences across languages fundamentally shape
how we communicate information and mediate accessibility interpersonally or technologically.
Decentering fluency and recognizing fluidity of use is equally important in these broader
contexts as well.

More broadly, we encourage researchers to document and investigate accessibility prac-
tices across languages and explore how multilingualism is transforming the design and use of
accessibility technology. Given that practices of transliteration, translanguaging, and trans-
lation can be powerful ways to preserve languages, we call technologists and researchers to

reimagine all of our systems to foster these practices.
4.7 Limitations

Getting a representative sample of as a large and dispersed population as “multilingual
caption users” is difficult. As such, through recruitment we tried to capture experiences from
people with diverse language and cultural backgrounds, hoping to articulate the complexity
and nuances and space for future research. However, despite offering language interpretation,
our research was limited to multilingual caption users who felt comfortable communicating in
English or ASL, which means we did not include perspectives of a large number of individuals

with valuable and potentially broader cultural insights. All participants were located in the
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United States or Canada. Thus, our findings may not be applicable to other geographical
contexts. Additionally, languages represented in our sample are mostly widely spoken. We
invite future research to engage with languages at risk of disappearing due to colonialism
and other oppressive structures (e.g., Hawaiian).

We conducted our study at an exciting time in the multilingual captioning world. Im-
provements in speech recognition technologies are resulting in deployment of automated
captions in different languages to various platforms. For example, videoconferencing plat-
forms such as Google Meet began adding non-English captioning in mid-2022. As of June
2024, Google Meet supports 87 languages [91], over half of which were added after we be-
gan data collection. Our results are situated at a point in time where for most users, lack
of high-quality automated captioning support in their (non-English) languages is a reality.
However, the shifting technological landscape may succeed in addressing this disparity in
availability. This increasing availability of multilingual captioning presents an opportunity
for future work to investigate individuals’ adoption and long-term use of these technologies,
and track their accessibility dimensions.

We attempted to include diverse disability perspectives on captioning. However, our
sample was limited in size and thus may not capture the multitude of ways captions can
support individuals’ access needs, particularly those who are multiply disabled. As stated
in Section [4.6.2] being expansive in our conception of caption users is integral. Multiply
disabled caption users with unique combinations of access needs, such as those who identify
as DeafDisabled or DeafBlind, could further point to ways we rethink captioning practices—
for instance, by offering braille access to captions, word bubbling around caption text [247],
access to complete transcript, or rapid serial visual presentation [85]. Exploring these could
be a valuable space for future work.

Lastly, our interest in multilingual captioning for access meant we focused on spoken and
written languages instead of signed languages, as most do not have a standard written form.
Exploring individuals’ use of translated captions with sign languages (e.g., English with ASL)

could be insightful. Additionally, understanding how individuals navigate interactions with
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translanguaging between different signed languages, and signed and spoken languages is an

interesting avenue of future research.
4.8 Conclusion

We live in a multilingual world. Disabled people speak various languages, and experience
varying levels of access needs across different languages. Yet, HCI and accessibility research
has implicitly or explicitly focused on English in designing technologies like captioning. Our
research contributes a language and disability justice agenda to decenter English, and cel-
ebrate all ways of communication. Through stories of 13 multilingual individuals who use
captions for accessibility, we show how disabled people navigate multilingual access needs,
the roles that multilingual captions play in their lives, and their visions for the future. Over-
all, our analysis allows us to situate multilingual captioning within broader social, cultural,
and linguistic structures. By centering language, decentering fluency, and recognizing fluid-
ity of use, we can orient communication accessibility research toward language and disability

justice.
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Chapter 5

DEVELOPING SIGN LANGUAGE DICTIONARIES

Having explored deployed technologies and communication experiences in existing digital
environments, my next two chapters shift focus to emerging technologies — studying how we

might center both language and disability needs while building technologies from the ground
up.

In this chapter, I focus on sign language dictionaries. Dictionaries are inherently about
language access — in how they support learners of a language as well as native users and the
ways they document a language. With sign languages, the visual nature additionally calls us
to explore information retrieval paradigms that align with these modalities. Sign language
dictionaries therefore require we take both disability and language perspectives — a disability
lens to ensure the search is accessible, and a language lens to develop approaches that reflect
realities of language use and change. Given the diversity of signing practices in the DHH
community and evolving vocabularies, sustainable and scalable sign language dictionaries

can help us document and preserve minoritized signing practices.

In terms of methods, this work takes a technical approach, exploring how we might train
sign language models that are grounded in the values of disability and language access. The
results showcase that aligning modeling approaches to these values is technically generative
— not only resulting in practical insights for dictionary maintenance, but also illuminat-
ing new directions for ML methods inquiry. This work has been previously published at
EMNLP 2025 “Investigating Dictionary Expansion for Video-Based Sign Language Dictio-
naries”, coauthored with Daniela Masicetti, Richard Ladner, Hal Daumé III, Danielle Bragg,

and Alex Lu [74].
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5.1 DMotivation

Dictionaries are important resources for sign languages, offering a way to document the
many different signs comprising the intricate vocabularies of these languages. In addition to
documentation, dictionaries are particularly helpful to novices or language learners, allowing
them to easily look up signs they are unfamiliar with. It is crucial that these dictionaries
have mechanisms to stay up-to-date with changes in the language, such as the creation and
adoption of new signs by signing communities. Here we consider the problem of dictionary
expansion, where the vocabulary of an established sign language dictionary is updated to

incorporate new signs.

A key factor that makes sign language dictionaries (and thereby their expansion) unique is
that sign languages are visual-manual languages. This means that sign language dictionaries
typically use video entries to represent each sign in their vocabulary, and need video-based
approaches for users to look up signs and query the dictionary. In a video-based dictionary, a
user demonstrates a sign to a camera, and the dictionary returns a ranked list of entries from
the dictionary that might correspond to that sign. Recent advancements in sign language
datasets and modeling show exciting promise in making video-based dictionary retrieval a
reality [IT1]. For example, many state-of-the-art isolated sign language recognition models
(which are trained to recognize single signs from vocabularies of 2k+ signs) currently achieve
recall@10 above 90% (i.e., queried sign is in top-10 results) — this high performance makes

it possible to deploy these models for dictionary retrieval.

However, a key limitation of almost all such modeling approaches is that it is unclear
how they might support dictionary expansion. The technologies underlying most video-based
retrieval methods are often machine learning classifier models trained on a fixed vocabulary,
where each sign corresponds to a label in a fixed label set. Incorporating new vocabulary
into these models would typically require retraining them from scratch — however, this is can
be computationally expensive and relies on the availability of a sufficient amount of high-

quality training data, which may be difficult in practice. It also means that third-parties
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can’t adapt existing dictionaries to their needs (e.g., representing local dialects or specialized
lexicons). An ideal approach would support vocabulary expansion without retraining the
existing model, but this class of approach remains largely unexplored.

In this work, we investigate the feasibility of dictionary expansion without retraining for
video-based sign language dictionaries. To overcome fixed vocabulary constraints encoun-
tered with current classification approaches, we propose a simple method that instead uses
the representations learned by deep learning models for dictionary retrieval, rather than just
their final classification layer. Doing so allows us to work with unseen signs through nearest
neighbor-type approaches.

We explore how this type of approach performs across a range of circumstances, simulat-
ing dictionary expansion in ideal settings as well as more realistic and challenging scenarios.
We separately evaluate the performance of expanded models on core signs (those in the orig-
inal dictionary) as well as newly added signs. We find that our method performs well when
adding a small number of new signs (~ 1 — 100), each with many examples (~ 15 per sign),
to a dictionary with an existing large vocabulary — maintaining performance compared to
the pre-expansion for both new and old signs. However, performance degrades substantially
when we constrain the number of examples for new signs, or attempt to add many new signs
to the vocabulary, which we argue are likely scenarios for real-world dictionary expansion.
Our work is the first to systematically explore computational challenges dictionary expan-
sion, providing directions for future methods development grounded in real-world needs of
sign language dictionaries and their users. These opportunities for future research not only
offer a space for technical discovery, but also further the exploration of sign languages as

languages [289, [72].
5.2 Background

Sign Languages and Dictionaries. Sign languages are visual languages, with each sign
composed of distinct handshapes, movements, non-manual markers, and other phonological

features. There are over 300 sign languages in the world. Our work focuses on American Sign
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Language (ASL), which is the most common in North America. ASL is culturally significant
to Deaf community in the continent, and is also learned by many as a second language [173].
ASL dictionaries are a valuable resource for this group.

Part of what makes dictionary retrieval in sign language challenging is that two differ-
ent signs might share nearly all the same phonological features (which can cause them to
look visually similar) but have very different meanings. For example in ASL, SORRY and
PLEASE only differ in handshape, SUNRISE and SUNSET only differ in movement (exam-
ples of minimal pairs). Dictionary retrieval methods need to be robust to such dense lexical
neighborhoods.

Existing sign language dictionaries support querying in English, through a set of de-
scriptive features, or by video demonstration. Searching by English word or gloss (e.g.,
SigningSavvy, LifePrint) is a valuable approach for those looking to learn a sign from an
English word (i.e., English-to-ASL translation). However, users cannot leverage these dictio-
naries to look up the meaning of an unfamiliar sign (i.e., ASL-to-English). Allowing users to
navigate dictionary search directly in sign languages is complicated as sign languages do not
have standardized written forms. One approach is feature-based search (e.g., HandSpeak &
[42]) that allows users to search by describing features of a sign (e.g., handshapes, move-
ments). Video-based search allows users to search by demonstrating a sign (returning all
dictionary entries that may match the search video). Video-based dictionaries also allow
native signers to navigate dictionaries in their primary language— their development is an

important avenue of work.

Video-based Dictionaries and Sign Language Recognition. Recent advancements
in datasets and modeling have changed the landscape of sign language recognition research.
Consider the release of large-scale isolated sign datasets for ASL (e.g., ASL Citizen [71],
Semlex [145], PopSign [252], WLASL [168], ASLLVD [I§]), each of which contains large
vocabularies (over 2000 signs) and multiple samples per sign from different contributors. It

is now feasible to use deep learning to train models for single sign recognition, and thus build


https://www.handspeak.com/learn/109/
https://www.signingsavvy.com/
https://lifeprint.com/
https://www.handspeak.com/word/asl-eng/
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video-based sign language dictionaries [IT1]. While many have worked to surpass dictionary
retrieval performance on these benchmark datasets (e.g., [I01], 282]), most of these methods
are limited by approaching sign language dictionary lookup as a classification problem — thus
making it hard to adapt to changing vocabularies. In this work, we propose a basic method
for leveraging these classifiers as dictionaries expand their vocabulary, and demonstrate where

this method succeeds and where challenges still remain.

Prior Work on Dictionary Expansion. While some work has explored how sign lan-
guage recognition models might generalize to unseen data (such as different datasets and
different languages, e.g., [282]), only few have focused on the task of dictionary expansion.
Huamani et al. [121] compares different incremental learning approaches for Peruvian Sign
Language dictionaries, and Gupta et al. [104] explores the same for Indian Sign Language.
Both works consider small vocabulary contexts (under 100 signs) under ideal data conditions
(multiple examples of the new vocabulary), which might not reflect real-world conditions with
larger vocabularies, larger expansion demands and variable amount of examples. While some
researchers have explored sign language recognition with data constraints (e.g., limited data
for all signs [39, 267] or unequal data across signs [145] or demographics [21]), they again
focus on fixed vocabulary contexts. In this work, we look at the combination of the two
contexts i.e., expanding vocabularies and data-constrained recognition as this is the most

reflective of real-world use of sign language recognition for dictionaries.

5.3 Experimental Setup

5.3.1 Task Definition

We consider the task of video-based search in sign language dictionaries. For dictionary
retrieval, we aim to map user-submitted video queries x to glossed] 5. We assume have

access to a pre-trained classifier f that maps videos to a fixed number of glosses N: f : x +—>

!English translations for isolated signs
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{1,..., N}, outputting probability for each gloss in the vocabulary of the dictionary. These
probabilities can be ranked and used to retrieve a list of likely matching signs for the user
(e.g. the highest probability gloss is the top-ranked retrieval result).

After training this classifier, we discover that M new signs have become commonplace
and we wish to add them to our classifier, to yield f': x +— {1,...,N + M}. We wish to
expand the dictionary without having to retrain f, as computational resources or time for
retraining are limited. To facilitate the expansion of f to f’, we assume that we have access
to varying number (m) of videos for each of the M new signs (e.g., through crowdsourcing
contributions).

Given this new model f’, we care about how well it does on both the original N signs
(i.e., we do not want its performance to degrade dramatically on the old signs in comparison

to f), and the new M signs (i.e., we want it to correctly recognize the new signs).

5.8.2  Qur Dictionary Ezpansion Approach

In this work, we propose a method to support dynamic vocabulary expansion of f to f’
using learned feature representations. Deep learning models, particularly those trained for
classification like f, learn rich intermediate representations that capture semantic and visual
structure in the data. These representations (typically extracted from the penultimate layer)
can often generalize beyond the specific labels used during training. We adopt a similarity-
based retrieval approach using these feature representations. Given a query video of a new
sign, we extract its feature representation using f and retrieve the most similar video from
a database using a nearest-neighbor search in the feature space. This database consists of
feature representations from both the core vocabulary and an expansion set of new signs.
In practice, to expand the dictionary, an administrator would simply need to process new
sign videos through the trained (frozen) classifier to extract their feature representations and
add them to the retrieval database. No additional training or fine-tuning is required. This
provides a lightweight, scalable solution for incorporating new signs into a fixed-vocabulary

dictionary by leveraging the generalization capacity of learned embeddings and similarity-
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Figure 5.1: Schematic of Data Setup for Dictionary Expansion

based retrieval. Below, we discuss how we simulate a variety of realistic dictionary expansion

scenarios, carefully slicing a large ASL dictionary dataset into appropriate subsets.

5.3.3 Data Setup

We use the ASL Citizen dataset [71] as it was collected to support research and development
of ASL dictionaries. This dataset contains about 84k videos of 52 d/Deaf and hard-of-hearing
contributors fluent in ASL performing single signs. It also contains videos of the seed signer
(a highly proficient ASL signer) whose videos were used to prompt data collection. Each
video is labeled as 1 of 2731 glosses. The dataset provides standardized train, validation,
and test splits by contributor, allowing for testing of model generalization onto unseen users,
mimicking real-world use.

To simulate dictionary expansion, we split the ASL Citizen dataset by gloss into two non-
overlapping subsets: a “core vocabulary” and an “unseen vocabulary”. The core vocabulary

is intended to simulate entries that are initially present in a dictionary. We assume that
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the dictionary administrators have already trained a classifier, using the training dataset
associated with the core vocabulary. Held-out test recordings of the core vocabulary can

then be used for the purpose of simulating a dictionary query.

The unseen vocabulary are glosses that we reserve to test dictionary expansion under
various scenarios. The unseen vocabulary is intended to simulate new signs that will be added
to the dictionary at a future date, after machine learning models have already been trained
on the core vocabulary. We further split the unseen vocabulary into expansion and query
samples. We consider the expansion dataset to be examples the dictionary administrator is
in possession of, and can use to expand their machine learning model. The query dataset is
then intended to simulate users querying the expanded model, and used to test performance

of the expanded models.

Mindful of how the composition of the vocabulary might influence task difficulty, we
randomly generated three different core-unseen splits for our dictionary expansion experi-
mentsE]. We repeat our experiments with each split and report average performance and
standard deviation across these runs. We note that we did not segment the core and unseen
vocabulary by contributor, meaning that signers in the unseen vocabulary may have already
been seen in the training dataset of the core vocabulary. We consider this to still be reflec-
tive of real-world usage as crowdsourced dictionaries (like ASL Citizen) often sustain repeat

contributors.

5.8.4  Dictionary Settings

To understand how the difficulty of dictionary expansion interacts with various data ac-
quisition challenges in the real-world, we begin by declaring a base setting for dictionary
expansion. We then vary parameters of this base set-up in controlled ways to simulate these

various data challenges.

2Splits can be found here: https://github.com/aashakadesai/asl-dict-expansion-splits/
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Base setup In this set-up, we assume we begin with a reasonably large core vocabulary
with many examples per sign. We then simulate a scenario where only one new sign is
added to the vocabulary, with ample expansion samples for this sign. In our case, our core
vocabulary consists of 1,000 signs and total of 14,691 training videos (i.e., ~15 videos per
sign, each performed by different contributors). We then expand the vocabulary by 1 sign
(going from 1000 to 1,001 signs) using all available expansion samples for that sign (i.e., ~15
videos per sign, each performed by different contributors). We repeat this procedure over all
1,731 signs in our unseen vocabulary and report averaged metrics (see section 3.6), testing

on a total of 20,902 videos.

Adding a Sign with a Single Example Gathering multiple samples for a new sign in-
volves considerable effort. For example, for dictionaries that rely upon crowdsourcing, newly
added vocabulary may be recently invented signs that have not fully disseminated through
the community yet. In these cases, only a small number of contributors may initially provide
videos of the sign. To simulate this scenario, our core vocabulary consists of 1,000 signs
(with ~15 videos per sign, each performed by different contributors). We then expand the
vocabulary by 1 sign (going from 1000 to 1,001 signs) using only one expansion sample for
that sign (in contrast to ~15 samples used in the base set up). We consider two settings
for how the single sample per sign is obtained: In the first setting, we assume that signs
are organically contributed by different contributors. We simulate this by randomly sam-
pling a video from the unseen expansion set. In the second setting, we assume a long-term
contributor (i.e., someone who has likely recorded examples of most of the core vocabulary)
contributes a new sign to the dictionary. We simulate this by using a specific contributor’s

video to represent core and added signs throughout the dictionary.

Adding Multiple Signs with Multiple Examples In the real world, it is likely that
multiple signs will be added to a dictionary. Dictionaries are expected to grow iteratively

with contributions over time. This larger expansion context might have a more significant
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impact on dictionary performance for the core vocabulary. To simulate this scenario, our core
vocabulary again consists of 1,000 signs and newly added signs have 15 expansion samples
each. Unlike the previous two settings, instead of adding one sign to the dictionary, we
sample a set of signs (n = 100, 500, 750, or 1000) to add to the dictionary. This allows us
to test expanding the vocabulary by 10%, 50%, 75% and 100% respectively. For each stage
of expansion, we randomly sample three different sets of signs from the unseen split to be
added to the dictionary, as differently composed sets might impact the difficulty of the task
uniquely. We report the average performance across these splits as well as corresponding

changes in performance of core vocabulary after expansion.

Adding Multiple Signs with Few Examples Next, we were curious about the inter-
action between adding multiple signs and having limited expansion samples for a new sign
on dictionary expansion — a very likely real-world scenario. To simulate this, we used used
aspects from each of the above settings: Our core vocabulary consists of 1,000 signs (with
~15 videos per sign). We then test expanding the the vocabulary by 10%, 50%, 75% and
100% (i.e., adding sets of 100, 500, 750, and 1000 signs respectively). But in this setting,
newly added signs have only one expansion sample each. We again consider two settings for
how the single sample per sign is obtained: In the first setting, we assume that signs are
organically contributed by different contributors. We simulate this by randomly sampling a
video from the unseen expansion set. In the second setting, we assume a long-term or hired
contributor adds new signs to a dictionary. We simulate this by using the seed signer’s video

to represent core and added signs throughout the dictionary.

Exploring Smaller Dictionaries Certain sign language dictionaries may be more spe-
cialized or in early stages of documenting a lexicon, and thus smaller in vocabulary. To
simulate this scenario, we decided to create three new core-unseen splits (100 and 2631 signs
respectively) for our experiments. FEach of these splits is uniquely composed to reflect var-

ious underlying rationales of smaller dictionaries. First, naively, we randomly sampled set
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of glosses. Second, reflecting a dictionary that might be aiming to be comprehensive but is
newer, we sampled a set of semantically distributed glosses (details in Appendix. Third,
to reflect a more specialized dictionary (such as one targeted towards language learners), we
sampled a set of glosses matching that use case (from HandSpeak’s list of first 100 signs for
ASL learners). For each of these splits, our core vocabulary has 100 signs and total of ~1490
training videos (i.e., ~15 videos per sign, each performed by different contributors). We first
test performance adding a single sign with multiple examples (i.e., newly added signs have
~15 samples). Then we test adding multiple signs to the dictionary— exploring adding sets
of 10, 50, 75, and 100 signs to the dictionary, following the same sampling approach as the

large dictionary setting.

5.8.5 Model Architecture and Training

We use the spatiotemporal graph convolutional network (ST-GCN) [287], following previous
works on this dataset. We extract keypoints using MediaPipe Holistic, and use the same
27 keypoints outlined in OpenHands [241]. We preprocess the keypoints using the same
procedures outlined in prior work [241], [71]. The model is trained on the core vocabulary for
100 epochs using a learning rate le-3, an Adam optimizer and a Cosine Annealing sched-
uler. We select the best performing checkpoint on the core validation set for our expansion
experiments. To extract feature embeddings for our experiments, we use the encoder of
the ST-GCN model’] We use cosine distance to calculate similarity between embeddings in

nearest neighbor search for dictionary retrieval.

5.8.6 Metrics

We use metrics consistent with prior work on sign language dictionary retrieval to evaluate
the returned ranked list of glosses: Discounted Cumulative Gain (DCG, which evaluates

overall ranking of the correct sign in the list) and recall-at-k (which considers if the correct

3as the decoder is a single fully connected layer this corresponds to the second-to-last layer of the model
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Figure 5.2: Performance of added vocabulary across different dictionary expansion sce-
narios. Bars are clustered by scenario and represent DCGs of added signs using centroid
representations- scenarios with multiple samples (blue), one random contributor example

(solid gold), one long-term contributor example (striped gold).

is in the top-k rankings).

5.4 Results

Overall, we find that the performance of our dictionary expansion method varies greatly
across different dictionary settings — Figure provides a snapshot of our results. In the
following subsections, we walk through the results in each setting and our corresponding
analysis. The ranking of settings was consistent across all metrics so we report DCG, but

full tables reporting each metric for each experiment can be found in the appendix.

5.4.1 Core Dictionary Performance

We provide a baseline to contextualize dictionary expansion by first measuring the retrieval
performance of seen signs in the core vocabulary only, with no dictionary expansion per-
formed (Table in Appendix . The classifier trained on the core vocabulary achieves
a DCG of 0.7787 and top-1 accuracy of 62.21% when tested on the test split of the core vo-
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cabulary (1000 glosses, ~12038 videos). We then validate our feature representation-based
retrieval method: it achieves a DCG of 0.7719 and top-1 accuracy of 61.11% on the same
test split of the core vocabulary. Comparing these two approaches, we see that the feature-
representation approach performs as well as the classifier on seen (i.e., core) signs. We were
further able to improve performance of the feature representation approach by calculating
the centroid of all sample videos for each sign and using this instead in our retrieval database
of feature representations. Interestingly, this strategy even surpasses the classifier, with a
DCG of 0.8050 and top-1 accuracy of 66.04%. Thus, we retrieve the centroid representation

of all core and expanded signs for all subsequent experiments.

5.4.2 Base Setup Performance

Having established that using extracted features from a classifier is an effective strategy for
dictionary retrieval, we next focused on testing a baseline dictionary expansion scenario that
we consider the most ideal setting for dictionary expansion. In this set-up, we add a single
sign, with expansion samples equal to the maximum number in the ASL Citizen training
dataset for that sign (typically 15).

When we have multiple examples for each sign, we find that the performance of newly
added signs is comparable to that of the core vocabulary (Table . Specifically, we see a
DCG of 0.8042 and top-1 accuracy of 65.38% on the new vocabulary (compared to a DCG
of 0.8050 and top-1 accuracy of 66.04% for the core vocabulary). This suggests that our

feature representation method could be effective in this dictionary expansion setting.

5.4.8 Adding a Sign with One Example

When adding a new sign with just a single example, however, we see a significant degradation
in performance (Figure . When this sample is randomly selected, the newly added signs
achieve a DCG of 0.4492 and top-1 accuracy of 21.74% (Table |5.1]) — a large drop compared
to a DCG of 0.8042 and top-1 accuracy of 65.38% in the base setup with multiple examples

per sign.
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Setting DCG Rec@1 Rec@10

Many Examples 0.8042 4+ 0.0037 0.6538 + 0.0047  0.9105 + 0.0040
One Random Contributor Example  0.4492 + 0.0016 0.2174 + 0.0041  0.5396 + 0.0056
One Long-term Contributor Example 0.6881 £+ 0.0025 0.4955 £ 0.0006 0.81205 =+ 0.0070

Table 5.1: Dictionary expansion performance when adding a single sign to the dictionary
under a variety of data settings. We can see that amount of data and choice of sample (in

low-data settings) are a significant factor in performance.

This demonstrates that data plays a critical role, and we hypothesize that constraining
ourselves to a single example video for a sign limits our method’s ability to provide a robust
representation for retrieval with the new sign. The feature representation of a given video
likely contains both information about the sign along with variation specific to a given
contributor — we hypothesized that taking the centroid across many samples “averages out”

the contributor-specific variation, providing a more robust representation of the sign itself.

Based upon this hypothesis, we reasoned that using a single contributor for all videos
in the retrieval database, as opposed to different contributors, may reduce the impact of
contributor-specific variation. We experimented with using a specific contributor’s videos as
expansion samples for the dictionary. We reasoned this would simulate a scenario where a
long-term contributor to the dictionary has recorded many, if not all, signs in the vocabulary
in addition to the added sign. A benefit of this is that we can then use this signer’s videos to
consistently represent all signs in the dictionary, both core and added — and thus minimize
impact of user variation. We tested this approach with videos of five different contributors
from the ASL Citizen dataset: the seed signer (P52), P33, P11, P50, P27 — all of whom had
recorded videos for (almost all) glosses in the ASL Citizen dataset. We find that dictionary
retrieval performance for added signs improves significantly with this single signer set up

— in the best case (seed signer), achieving a DCG of 0.6881 and top-1 accuracy of 49.55%
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after using only one expansion sample per added sign (Table [5.1). However, we also note
that performance varies drastically across contributors: e.g., 24.81% top-1 accuracy using

P11’s videos vs 42.15% using P27’s videos (results for each signer can be found table in
Appendix [A.3]).

5.4.4 Adding Many Signs with Many Eramples

Having explored expanding the vocabulary of a dictionary by one sign (i.e., going from a vo-
cabulary of 1000 to 1001), we next studied the impact of larger scale expansion that involves
adding multiple signs. The left half of Figure [5.4] and Table summarize performance of

core and added signs at different stages of expansion (adding 100, 500, 750, and 1000 signs).

We observed that as more signs are added, dictionary performance degrades. However,
even in the largest expansion scenario we tested, dictionary retrieval performance overall
remains reasonable for core and added signs at each stage of expansion (Table . When
adding 100 signs, new signs achieve a DCG of 0.7984 and a top-1 accuracy of 64.33% on
average — a slight drop in performance compared to the baseline expansion setup. At this
tier, the impact on core vocabulary is also minimal, dropping to a DCG of 0.7968 and top-
1 accuracy of 64.84% compared to pre-expansion. We find that performance continues to
drop for both core and added vocabulary as we add more signs to the dictionary. The last
expansion tier, adding 1000 signs, achieves a DCG of 0.7397 and top-1 accuracy of 56.03%
for new signs and a DCG of 0.7436 and top-1 accuracy of 57.27% for core vocabulary. This
tier corresponds to effectively doubling the vocabulary of the dictionary and shows a ~9
point drop in top-1 accuracy and a 0.06 point drop in DCG. While this is not insignificant,
we note that top-10 accuracy remains above 85% post-expansion for both core and added
signs, meaning that users of a dictionary will continue to find the desired sign among the
first 10 entries. This suggests that expanded dictionaries generally maintain similar levels of

usability in our simulated setting, even up to 1000 added signs.
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Figure 5.3: Impact of chosen expansion sample when adding multiple signs with one example.

Reporting DCG of added signs (red) and core signs (blue).

5.4.5 Adding Many Signs with One Example

We next assessed the interaction between adding multiple signs to a dictionary and limited
number of expansion samples per sign. Figure [5.3| summarizes our results multiple stages of
expansion and across two different setups— using a random contributor’s video for each sign
vs. using a specific, long-term contributor’s video for all signs.

For both setups, we note a similar overarching trend that performance degrades as we
proceed to larger expansion tiers i.e., as we add more signs to the vocabulary. However, we
find that performance for core and added signs varies drastically in each setup (Figure
and Appendix . When using the random contributor’s video for added signs (alongside
centroid for core signs), we find large disparities in performance between added signs and core

signs — added signs achieve a DCG of ~0.4 and top-1 accuracy of ~20% in contrast to core
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Figure 5.4: Comparing trends in dictionary expansion across large and small dictionar-

ies.Reporting DCG of added signs (red) and core signs (blue).

signs with a DCG of ~0.75 and top-1 accuracy of ~62% across different stages of expansion
(Table [A5). When using a long-term contributor’s videos, we again note the benefit of
reducing user-variation in the retrieval space (Table f added signs achieve a much better
performance: a DCG of ~0.64 and a top-1 accuracy of ~44%. We note that there are less
disparities between core and added signs in this setup; however, we see a bigger drop in core
vocabulary performance compared to pre-expansion: achieving a DCG of ~0.65 and a top-1
accuracy of ~48% (Table . This is likely due to the fact that the seed signer’s video does
not approximate the latent representation of the sign as well as calculating centroid across

multiple users.
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5.4.6  Small Dictionaries

We were curious if the trends we see in dictionary expansion experiments would hold for
dictionaries with smaller core vocabularies (such as new or emerging dictionaries). We tested
this scenario using models trained on a vocabulary of 100 signs with multiple examples per
sign. We then tested expansion using multiple examples per sign.

When adding a single sign to the vocabulary, we find that similar to our results with
the larger dictionary, the performance of the added signs is comparable to that of the core
vocabulary (first row of tables in Appendix . When adding multiple signs, this trend
continues (Figure — we find small gaps between core vocabulary performance and added
vocabulary performance at each stage of expansion. However, for the smaller dictionary, we
note much larger variations in performance across different core-unseen splits (as evinced by
large deviation bars in Figure . For example, with the randomly generated split, adding
10 signs to the vocabulary leads to a 9 point drop in top-1 accuracy for added signs (going
from 67.22 to 58.21) (Table [A.7); whereas the semantically distributed split has almost no
drop (Table and the HandSpeak split has 3 point drop (Table [A.9)). We believe this
suggests that the lexical composition of the vocabulary (both core and added) is a much
more significant factor for small dictionary expansion. Lastly, we note that performance
degrades faster with each expansion tier for the small dictionaries. We hypothesize that this
is because small dictionaries have not been exposed to sufficient data during training to learn

good /robust feature representations for signs.

5.4.7 Visual and Runtime Analysis

Our representation-based method assumes that signs that are visually similar are placed
closer to each other in the embedding space. To evaluate this, we examined the visual simi-
larity of errors made by our method (i.e., confusions) in the base setup. We used phonological
labels from ASL-Lex [23§] to identify key parameters (Handshape, Movement, Location) for

each sign in our vocabulary and then counted how many of these features differed between
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confused signs. We find that on average 1.85 features differ between confused signs. In
contrast, when sampling 1000 random pairs of signs from the lexicon, 2.38 features differ
on average. This indicates that the confusions made by the model are between signs with
fewer differences in phonology (i.e., more visually similar signs). Appendix provides
some examples of common confusions.

Finally, given the motivation around practical deployment, we calculated the time it takes
for retrieval as the dictionary expands. As expected with nearest-neighbor search, retrieval
time increases linearly with the size of the vocabulary: 10.12ms for 1000 signs vs. 16.08ms
for 1500 signs vs. 21.47ms for 2000 signs. At the current vocabulary sizes, we anticipate this
increase in time would not significantly impact user experience. However, as the dictionary
grows further, implementing techniques for speeding up nearest neighbor search (e.g., using

Meta’s FAISS package) would be valuable.
5.5 Discussion

In this work, we explored sign language dictionary expansion across a variety of settings.
Our results highlight the feasibility of expanding sign language dictionaries using feature
representation-based approach, and demonstrate that performance is contingent on the type
and quantity of data available for new vocabulary.

Given enough examples of a sign, we show that incorporating it into an existing dictionary
is quite feasible. This is valuable for when small changes need to be made to a dictionary
quickly (e.g., recording a new variation or documenting a newly emerging and rapidly adopted
sign, like the sign for ‘coronavirus’).

When adding multiple signs with multiple examples, we show that models are generally
robust, albeit at a slightly lower performance than when just a single sign is added. This can
inform the frequency at which we retrain models in response to changing vocabularies. A
comparison of numbers from the small dictionary experiments (100 core signs) to the large
dictionary experiments (1000 core signs) suggest models may need to be retrained at more

frequent intervals initially, but less often once they’ve develop robust representations.
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On the other hand, we find that performance degrades when added new signs that have
only a limited number of samples. As we would expect, this is the most difficult, but
also the most realistic, expansion scenario. This illuminates an important direction for
future research: examining new methods for incorporating signs into a dictionary in data-
constrained scenarios. We focused on classifiers trained using deep learning in this work;
however, alternative training approaches (e.g., meta learning) may result in more robust
feature representations for core and added signs. We encourage researchers to take up this
line of inquiry.

Looking forward, we emphasize the importance of addressing dictionary expansion for sign
languages. Compared to written languages, existing sign language dictionaries represent only
a small fraction of the true language lexicon. While many crowdsourcing and documenting
initiatives are underway, gathering a snapshot of sign languages that is representative of the
many different regional and contextual variations continues to be a challenge. In addition
to variations in everyday vernacular, different fields of study (such as STEM disciplines)
frequently produce new signs to represent new concepts. Dictionary expansion then offers a
crucial pathway to building sustainable and scalable sign language dictionaries.

Our results also offer interesting implications for the maintenance of current crowdsourced
dictionaries. Examples available for each sign are expected to grow over time with contribu-
tions from users. A representation-based approach like ours (that works with any number
of signs and any number of examples per sign) aligns well to the fluctuating vocabulary size
and data availability encountered in these dictionaries. Initially, dictionary administrators
could work to incorporate a sign with any available sample, and then switch to centroid for
these added signs as more examples are collected. While this results in poor added sign
performance initially, it allows the sign to be incorporated into the video-based dictionary
and solicit further interaction and contributions from dictionary users. To maximize initial
performance, dictionary administrators could also work to sustain long-term contributors to
record most, if not all, signs being added to the dictionary (as this shows best added sign

performance with limited data).
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Overall, our work outlines directions for sign language research aligned with community
needs and real world settings and furthers the exploration of sign languages as languages in

their own right.
5.6 Limitations and Future Work

In this work, we reported results on dictionary expansion using only an ST-GCN model.
While this architecture is frequently used in sign language recognition and has the benefit
of being lightweight, it is not the only established approach. Appearance-based approaches
to sign language recognition (like I3D) might fare differently under expansion scenarios.
Exploring dictionary expansion across a variety of architectures as well as robustness of their
learned feature representations could be an interesting direction for future research.

To simulate dictionary expansion, we created core-unseen splits from ASL Citizen. This
meant that many of the contributors in the unseen split had previously been seen by the
model — while this is reflective of a real-world scenario (long-term dictionary contributors),
using a completely new dataset for unseen vocabulary would have also allowed us to simulate
a dictionary setting with a completely new contributor scenario for added signs.

In our results, we note that the centroid approach outperforms the classifier even in
the base dictionary setting — to the best of our knowledge, this has not been discussed
in prior literature. While valuable, a core limitation of this approach is that the centroid
representation requires multiple training examples to become reliable, which may be difficult
leverage with data scarcity.

Our analysis surfaces large variance in dictionary retrieval performance across contribu-
tors (section , we do not investigate these disparities in depth. We hypothesize these
disparities could be explained by variations in video quality for these different signers or
biases in the underlying model (or both). Disentangling these aspects and more systemat-
ically exploring dictionary expansion performance across different contributors is valuable
direction for future work.

We also highlight differences in dictionary expansion trends at smaller vs. larger core
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vocabulary sizes. However, our results are limited to comparing two specific vocabulary
sizes (100 vs. 1000) — a more systematic investigation across different vocabulary sizes may
have better unearthed overarching trends. Additionally, with our smaller vocabularies we
note sensitivity to lexical composition, but our analysis reports aggregates which prevents
us from investigating sign-level nuances and conducting a linguistically-informed analysis.
Lastly, we position our work related to evolution of sign languages, but only focus on
adding signs to dictionaries and not replacing or removing signs. While our method could be
easily adapted to address these, further research is required to investigate impacts on overall

dictionary retrieval performance.



120

Chapter 6

INVESTIGATING TECH-MEDIATED SIGN LANGUAGE
INTERPRETING

In this chapter, I continue in the vein of exploring emerging technologies and focus on
sign language interpreting technologies. The advances in Al technology are driving research
on different applications for sign language AI, one of which is automating sign language
interpreting. Unlike the dictionaries, which focus on individual signs, interpreting considers

continuous signing and is therefore much more challenging to model computationally.

To explore how language and disability perspectives might inform the development of
these automated interpreting technologies, I investigate what makes a good sign language
interpreting experience. In contrast to Chapter 4 (multilingual captioning), where I introduce
a language perspective to something that is typically studied through a disability perspective,
this chapter does the opposite. Sign language interpreting is often understood simply as a
translation problem i.e., moving between two different languages. However, communication
access is much more than translation — interpreters are negotiating different access needs

and refining their translation in accordance.

This chapter maps translation choices to communication access needs. Particularly, it
distills the many facets of the access work done by human interpreters, highlights impact
of technology on these practices, and outlines implications for development of sign language
interpreting technologies. This work is in submission to CHI 2027 "From Translation to
Access: A Study of Technology-Mediated Sign Language Interpreting”, coauthored with

Shuxu Huffman, Amelia Becker, Jennifer Mankoff, Naomi Caselli, and James Waller.
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6.1 DMotivation

Automated sign language translation has long drawn interest from technologists given its
technical complexity and real world utility. As a three dimensional language with no standard
written form, translation approaches have to build on both computer vision techniques and
language modeling methods. While advances are being made on these computational fronts,
open questions remain around how these sign language technologies might be developed and
deployed ethically [41], 65, 86]. Historically, sign languages and the communities that use
them have faced systematic barriers and oppression [224] 25], and many technologies that aim
to bridge communication between Deaf and hearing individuals are embedded with biases

against Deaf cultural norms and visual ways of communicating [72, 231, [16].

In response to these concerns, researchers are increasingly collaborating with Deaf com-
munities and grounding their work in sign language linguistics (e.g., [146} 138]). For example,
more works are incorporating facial expressions and non-manual markers into models (e.g.,
[294]), and investigating metrics more suited to sign languages [124, [198, 148, 288]. How-
ever, not much research explores how well trained models align with proposed downstream

applications, such as automated sign language interpreting.

Human interpreting services are a common tool for signing Deaf and hard-of-hearing
(DHH) individuals navigating a hearing world (in education, healthcare, legal, professional
domains). However, these services are not always available due to a shortage of qualified
interpreters, and economic and legal systems can be barriers to access [68, [47]. Video-
remote interpreters (VRI) have been used to address this shortage by expanding the pool
of interpreters available and allowing on-demand service, but this too has limitations [245].
Like VRI, automated interpreting technologies could be offered on-demand, but there are a

host of questions around whether and how they would provide access.
To develop these technologies successfully, it is critical to have a foundational understand-
ing of what interpreting actually entails. Sign language interpreters are not only tasked with

converting content from one language to another, but also with mediating access [194] — the
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most grammatically correct and faithful translation does not necessarily create access if it
does not meet the needs of the consumer and the context. Yet, most sign language tech-
nology research is evaluated on quality of translation rather than quality of access afforded
by these technologies. This presents a problem because access can take many forms, some
of which are often in conflict with notions of “correct” language or communication norms
[113, [133).

To address this gap, we sought to understand how human sign language interpreting,
beyond translation accuracy, creates access. We conducted a study on American Sign Lan-
guage (ASL) interpreting with 9 DHH signers, 9 hearing interpreters, and 2 Deaf interpreters,
gathering their experiences navigating communication access across a range of interpreted
contexts. Because participants have limited or no experience with automated translation,
we used their experiences with remote video interpreting as a starting place to ground a
conversation around emerging sign Al technologies.

Our work is situated among recent research that highlights the human expertise and care
in creating access [30]. In our interviews, we dive into interpreters’ and DHH signers collab-
oration practices. Our analysis distills different dimensions of communication accessibility
tackled by interpreters (linguistic, cultural, temporal, contextual, relational). Interestingly,
we find that this access work and roles adopted by interpreters cannot be divorced from their
work as translators — rather, these dimensions fundamentally guide their translation choices.
We show how technology reshapes these roles in the remote interpreting environment, and
investigate whether participants think Al technologies would be able to mediate access in a

similar manner. Overall our work contributes:

e Empirical accounts of sign language interpreting, highlighting the different dimensions

of communication accessibility and their impact on translation choices

e Detailed insights into the complex and collaborative practices of interpreters and sign-
ers, highlighting constraints of the remote, virtual environment on co-constructing

access
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e Recommendations for access-centered sign language interpreting technology, offering

directions for design and development
6.2 Background and Related Work

We begin by briefly summarizing the history of sign language interpreting and the infras-
tructure it operates under in the U.S. (where our work is situated), followed by a review of
measures of interpreting quality. We then discuss research at the intersection of technology

and sign language interpreting.

6.2.1 Background on Interpreting Provision

One of the most common access services provided for DHH people is sign language inter-
preting: typically bidirectional interpreting between a signed and spoken language. In the
U.S., the Registry of Interpreters for the Deaf was first established in 1964 and marked the
start of sign language interpreting as a recognized profession. Still, Deaf organizations had
to advocate for DHH individuals’ access to these services to be formalized [237, 214]. The
Americans with Disabilities Act (ADA) (passed in 1990 and still effective today) legally
mandates the provision of interpreting services for DHH individuals.

Sign language interpreters work in a variety of contexts: in healthcare, education, work-
places, court, public events and conferences, and so on. Contexts further vary by number
of interlocutors present and communication norms (e.g., conversations vs. lectures, inter-
preting for one person vs. for many). In contexts where interpreting is mandated by the
ADA, it is arranged by the organization or institution rather than the a separate government
entity or the Deaf individual. In situations where an in-person interpreter is not available
or the meeting is online, video-remote interpreting (VRI) may be used. For phone calls,
the Federal Communications Commission (FCC) has mandated the option of Video Relay
Service (VRS): DHH people are able to sign up for a VRS phone number with one of several
providers [225].

Interpreters often work in teams — for longer assignments, two interpreters work together
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and can support each other and take breaks when needed. Deaf interpreters (DIs) might join
this team in situations where hearing interpreters are unfamiliar with or unable to fully match
Deaf consumer’s language practices. In this configuration, Deaf and hearing interpreters
work sequentially: speech is interpreted into sign language by the hearing interpreter, and
then the message may be re-produced by the Deaf interpreter for the DHH consumer. Deaf
interpreters also work in other contexts: tactile interpreting for DeafBlind, written-to-sign

translation work, interpretation between sign languages at international conferences [24§].

6.2.2 Understandings and Measures of Interpreting Quality

Our understanding of what a “qualified” interpreter means has evolved as the profession
has matured. Early understandings of interpreting used a “conduit” model, where the inter-
preter’s role is simply to recode a message from one language into another. Over time, the
field moved to discourse-based understanding [272] 229], acknowledging that the interpreter
has an active role in making meaning [278]. As a result, approaches to evaluating quality
also shifted from a product-oriented perspective focused on accuracy to a service-centered
perspective exploring listener’s needs and speaker’s intentions [219]. The latter understand-
ing of quality centers interactivity and successful communication among parties during an
interaction [219).

Sign language interpreting differs from spoken language interpreting in that access to
“qualified interpreters who can provide effective communication” is mandated under disabil-
ity and access legislation such as the ADA. Interpreting is therefore situated not only as a
translation practice but also as an access practice. This distinction shapes the work inter-
preters do; as put by Ingram, “[Sign language interpreters| have to interpret every act of
communication—intentional or unintentional, human or non-human—that a receptor would
normally perceive except for his hearing loss.” [125]. Measures of sign language interpreting
quality thus need to encompass components of both translation and access. Interpreters’
certification processes such as the CASLI exam reflect this understanding, covering both

form and function, with many items focused on extralinguistic aspects [54], 260]. A signifi-
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cant portion of this exam is also devoted to ethics and decision-making, including ability to
prepare for assignments and determine if access is sufficient [54] (i.e., if a Deaf interpreter
or interpreting team is needed, or if the interpreter is appropriately certified and capable
for the assignment). How interpreters make real-time decisions and determinations about
access is an active area of research [259] 233], as is work on how DHH signers and institutions
evaluate and select strong interpreters [I81] 202]. Quantitative measures developed for sign
language translation tasks may be inadequate for evaluating sign language interpreting even
if specifically adapted to sign language [148] [124] [199] because of this breadth of practices
involved in interpreting.

Creating widely-applicable and holistic measures of interpreter quality remains challeng-
ing. Many studies have explored users’ satisfaction with interpreting services [202] as well
as desirable characteristics in sign language interpreters [67]. While people are generally
able to determine if they do or do not understand a message, it often requires linguistic
training to describe the source of the miscommunication precisely. In addition, any com-
municative exchange involves multiple people, so identifying communication failures requires
multiple perspectives [202]. Practitioner perspectives highlight a multifaceted understanding
of quality including source fidelity, maximizing understanding, and managing interpersonal
aspects of communication [192]. Converting these perspectives on quality to valid quan-
titative measures is challenging and requires a deeper understanding of the entanglement

between linguistic and extralinguistic components in interpreting practice.

6.2.3 Sign Language Technologies

Research focusing on sign language technology has grown over the past decade [134] and
comprises overlapping bodies of research. One strand focuses on developing computational
methods to process sign languages using machine learning, including methods for sign lan-
guage recognition, generation of sign language videos, and translation between signed and
spoken languages [41]. Another examines how existing technologies support or constrain

the use of sign languages, as videoconferencing and the internet give rise to newly possible
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digital spaces [144] and novel accessibility challenges [231] (157, [I76]. Both strands of work
are foundational for sign language Al research, as built technologies would encompass both

machine learning models as well as user interfaces.

Remote interpreting technologies. While remote interpreting promises easier access to
interpreters, research has found that interpreting through a screen (such as in VRS, VRI,
video-meetings, and hybrid setups) introduces new environmental and structural challenges.
Sign language depends on visual attention and clear lines of sight, requiring ongoing physical
coordination between the signer and viewer. When the interpreter is present via a screen,
coordination of visibility, attention, backchanneling, and other interactional cues becomes
more difficult [231]. Bringing in an interpreter on-demand (such as in VRS and VRI) also
means the interpreter often lacks preparation, and cannot determine fit (in content, regional
sign) for the assignment beforehand [276], 203]. Research on addressing these limitations
has focused primarily on environmental constraints, like improving interpreters’ access to
visual cues (e.g., with conference room cameras [33], or portable fisheye cameras [I84]) and
improving users’ view of the interpreter and other visual information (e.g., with AR VR

glasses [184], videoconferencing design [231]).

Al interpreting technologies. While advances are being made on sign language trans-
lation (e.g., [294]), only a few works have explored implications of Al technologies on sign
language interpreting. De Meulder warns that current evaluation practices for sign language
AT too often benchmark systems against professional interpreters and rely on brief, scripted
lab tasks or self-selected surveys—methods that miss real-world comprehension, equity, and
ethical risk [65]. A survey of 32 U.S. Deaf participants found conditional interest in auto-
matic sign language translation depending on context, with high performance expectations
for sensitive domains (e.g., medical contexts) and major concerns about cultural appropri-
ation and premature deployment [264]. There are a number of advocacy groups that have

focused on regulatory checks for these technologies [284] [58] (8, [285]. These call for metrics for
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organizational and technological readiness — for example, recommending that technologies
offer bidirectional translation, preserve linguistic integrity of sign languages and consider
linguistic diversity and intercultural practices.

Overall, our review reveals three interrelated gaps. First, VRI and VRS offer an inter-
esting proxy for considering Al technologies, but both remain largely underexplored within
HCI. Second, although many machine learning studies develop translation models for sup-
porting communication [72], they seldom specify the downstream task or usage context in
operational terms, which reduces the utility of technical results for applied system design.
Third, calls for the ethical development of automated translation do not always define auto-
mated interpreting in ways that fully allow us to envision their form, which in turn hinders

our ability to concretely guide research and evaluation of emerging technologies.

6.2.4 Team Positionality

The author team includes both Deaf and hearing researchers, bringing a range of lived, cul-
tural, professional, and linguistic perspectives to this work. All authors have prior knowledge
of and engagement with DHH communities, and several have close personal or professional
relationships within Deaf spaces, primarily within the U.S.. All authors have at least some
knowledge of ASL. Our collaboration was structured through an ASL-first process: we held
weekly meetings in ASL, with sign language interpreters supporting authors’ participation
as needed. This working practice shaped our team communication and how we approached

questions of access, language, and representation throughout the research process.
6.3 Methods

Our study aims were two-fold: first, to understand how access is conceptualized and created
in sign language interpreting and second, to explore how existing and emerging technologies
impact these practices of interpreting and access mediation. We wanted to gather perspec-
tives of both users of interpreting (i.e., DHH individuals) as well as providers (i.e., including

both hearing and Deaf interpreters). Particularly, we focused on individuals who had expe-
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riences with remote interpreting (such as VRI, VRS, or Zoom interpreting) to understand

their perspectives on current and future uses of technology in interpreting.

6.3.1 Procedure

We conducted semi-structured interviews to explore participants’ experiences with inter-
preting, their perspectives on what contributes to successful access, and their views on the
potential role of technology and Al in interpreting practice. Interviews lasted approximately
one hour and were conducted via Zoom, in ASL and/or English (see section [6.3.3). The
semi-structured format allowed us to ask a consistent set of guiding questions across groups

while also following participants’ lived experiences, examples, and concerns in greater depth.

6.3.2 Recruitment and Participants

We recruited participants through social media posts, mailing lists, and snowball sam-
pling [201]. Interested participants were invited to complete a short online screening survey
(under 5 minutes) to share their background and verify eligibility to participate. To be el-
igible, our participants needed to 1) identify as a DHH signer, hearing interpreter, or Deaf
interpreter, 2) engage in interpreted contexts somewhat routinely (i.e., at least once a month)
3) have some experience with remote interpreting (e.g., Zoom, VRI, VRS). The last crite-
ria ensured participants had tech-mediated interpreting experiences to reflect on during the
interview. Excluded respondents were individuals who did not use interpreting or work as
interpreters.

This resulted in 20 participants who either regularly work with interpreters or work as
interpreters. Our sample includes 9 hearing interpreters (HI), 2 Deaf interpreters (DI), and
9 DHH people who use interpreters regularly (n=20). We report demographic information
in aggregate. Of our DHH participants, three self-identified as female, four as male; one
interpreter participant self-identified as non-binary, three as male, and six as female; three

participants chose not to disclose gender. Most of our interpreter participants identified as



129

white (n=9), one as mixed race. For our DHH participants, two identified as Black, one as
Asian, one as Afro-Latina and four as white. Two participants chose not to disclose race.
Our participants use ASL and English in their daily lives. Their experiences represent a
range of professional and lived experience contexts, including educational, workplace, legal,
healthcare, and community interpreting. For some participants, their perspectives on sign
language technologies were additionally informed by their experiences training interpreters,

working as technologists, and interactions with (other) DHH people more broadly.

6.3.3 Accessibility Considerations

Our research team comprises of authors with mixed levels of fluency in ASL and with dif-
ferent communication access needs. Interviews were therefore conducted keeping both par-
ticipants’ and researchers’ communication access needs in mind. All signed interviews had
an ASL-fluent author present. Participants could choose between communicating in ASL or
in English, and interpreting and captioning were utilized by participants or research team
members as needed. For signed interviews with interpreting, we used interpreters’ voiced
interpretation for initial transcription, which was then reviewed by ASL-fluent authors for
accuracy. If the signing was not interpreted live, we requested translation and transcription
of the recording through the university’s interpreting service. These considerations were
important not only for facilitating participation, but also for aligning our research process

with the accessibility values central to the topic of this study.

6.3.4 Coding and Analysis

Three authors met and analyzed the interview data using reflexive thematic analysis [43] [44]
over the course of several weeks. We began with an open coding pass through a subset
of the transcripts to familiarize ourselves with the data and identify points of interests re-
lated to interpreting, accessibility, and technology. These formed the basis of our initial
codebook , which we refined through discussion. All interview transcripts were analyzed by

two researchers each; one researcher applied the codes, and another reviewed these codes,
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PNum Type Contexts

DHH-1 DHH Signer workplace, VRS

DHH-2 DHH Signer workplace

DHH-3 DHH Signer workplace, VRS

DHH-4 DHH Signer VRS

DHH-5 DHH Signer workplace (designated), healthcare,
social

DHH-6 DHH Signer healthcare

DHH-7 DHH Signer workplace (designated)

DHH-8 DHH Signer social, workplace, healthcare

DHH-9 DHH Signer education, workplace

HI-1 Hearing Interpreter higher education, workplace, legal

HI-2 Hearing Interpreter legal interpreting

HI-3 Hearing Interpreter conference, medical interpreting

HI-4 Hearing Interpreter K-12 interpreting

HI-5 Hearing Interpreter medical interpreting, government

HI-6 Hearing Interpreter legal interpreting

HI-7 Hearing Interpreter higher education, sports, commu-
nity interpreting

HI-8 Hearing Interpreter legal interpreting

HI-9 Hearing Interpreter workplace, conference, spiritual

DI-1 Deaf Interpreter higher education, test materials

DI-2 Deaf Interpreter community, legal interpreting

Table 6.1: Participant type and main interpreting contexts discussed.

flagging ambiguities for discussion and suggesting additional codes. The first author an-

alyzed all transcripts to ensure consistency, either as coder or reviewer. Throughout this

process, we compared and refined themes to better capture both shared concerns and points
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of divergence.
6.4 Results

We begin our findings by describing how interpreting fits into our participants’ communica-
tion access practices (Section [6.4.1)). We then discuss how interpreters mediate communica-
tion access, outlining the different roles they play beyond translators (Section . The
rest of our results section dives into tensions and considerations in this partnership between
DHH signers and interpreters (Section , the impact of remote interpreting on this part-
nership and these roles (Section , and finally speculations on Al technologies and their

capacity to mediate access in a similar manner (Section [6.4.5]).

6.4.1 Why Interpreting?

Our DHH participants had many different tools in their communication repertoires, including
signing, speaking, writing, and captioning. They frequently switched between these in differ-
ent contexts, weighing availability, ease of use, and access offered by each. DHH-4emphasized,
“there are many different ways to be Deaf, and we all have different communication needs
and preferences” (DHH-4).

Our DHH participants frequently used interpreting for work, school, healthcare, social
contexts, and live performances or events. In describing why they picked interpreting, for
some participants it was simply a matter of language access: ASL was their primary language,
and interpreting allowed them to engage with the world in the language that was the most
comfortable for them. Many liked the human connection offered by interpreters and their
ability to capture and communicate “not just the words but also the feeling and what’s being
expressed by what is said” (DHH-1). This emotional context is frequently missing in captions,
the most common alternative option for access.

Yet interpreting is not always readily available, and participants frequently turned to
captioning, writing, and speechreading to fill the gap. For example, DHH-2 and DHH-8
often used live transcription apps to chat with friends, and DHH-7 and DI-1 similarly used
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notes to write and communicate. Captions had the benefit of capturing the specific words
used by conversational partners, allowed for spontaneous conversations, and did not need
to be arranged in advance. However, these methods required them to be comfortable with
English.

Some participants found that a combination of methods aligned best with their language
preferences and communication needs. For example, DHH-2 preferred using ASL to under-
stand what others were saying and speech to express themselves in interpreted contexts,
stating “I just prefer to have control over my words and what I say.” (DHH-2). DHH-7, on
the other hand, said, “I want to see the captions. And then, when it is my turn [...] I want
to be able to use my natural language and sign, and have the interpreter express my signing
that way.” (DHH-7)

For some participants, captions acted as an additional information stream, allowing them
to verify what was interpreted into spoken English. For example, DHH-4 shared, “I will catch
that I signed something wrong if the interpreter voices something incorrectly.” (DHH-4) This
would then prompt them to pause and clarify. DHH-3 used captions as a backup — “some-
times interpreters miss information, I like to have interpreters backed up with captioning so
that way I get the full story.” (DHH-3)

These combination setups worked well with video calls, where automated captioning is
readily available. But for in-person scenarios, participants had to evaluate the environment
(e.g., noise and group size) to pick between the two. Captions can go “awry” (DHH-1) with
multiple speakers, with excessive lag or errors. DHH-8 found that for large groups and noisy
environments like restaurants or games, interpreters were very helpful: “it’s just easier for
me to get information when I'm on the go [...] an interpreter will have all the feedback loop
and I can engage more directly with people” (DHH-8). DHH-7 similarly appreciated the
context interpreters were able to gather: “it’s the human that has the experiential language,
all of the knowledge” (DHH-T7).

Finally, we note that sign language interpretation can be an imperfect substitute for

being able to communicate directly in sign. Several participants (e.g. DHH-1 and DHH-9)
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note for example, that they primarily work in Deaf spaces and with people who know sign

language, and thus do not require interpreters in those spaces.

6.4.2 How do (human) interpreters mediate access?

Here we highlight how interpreters approach the process of mediating access and articulate
the different roles they play beyond translators. Grounded in multiple parties’ perspectives,
our analysis distills five dimensions of communication access: linguistic, cultural, relational,
contextual, and temporal. We showcase how these dimensions guide interpreters’ decisions

and translation practices.

Linguistic Access: Mediating Language

One of the main things all DHH participants valued was the interpreters’ ability to match
their language use. One way to understand this is in terms of speaker variation, and indeed,
even our small sample used a range of labels to describe their signing styles (e.g., PSE,
SEE, ASL, Black ASL). But another key aspect was the demands of the situation and
their comfort with English. Some situations (e.g., a lecture) required DHH signers to be
able to track and reconstruct the exact English terminology used. For other contexts, ‘full’
conceptual translations into ASL may be better. Sometimes signers had their own unique
preferred jargon, and interpreters would have to pick up new vocabulary on the fly. The
interpreters needed to be able to recognize and match this range of linguistic needs. Some
interpreter participants approached this explicitly, asking signers to share their preferences.
But for most it was a much more intuitive process, guided by watching the signer in front of
them and using that to build a schema of their preferences.

Interpreters begin building this schema right from the start of interactions, and further
refine it throughout the interpreting process based on the feedback cues shared by signers
(e.g., gaze, nodding) and any communication breakdowns. Describing their process, HI-7
shared, “/If] I start to realize it’s not working for this person, I might adjust and say, oh,

okay, I was trying to go a little more visual. Maybe I should go a little bit more closer to the
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English concepts.” (HI-7) Thus they modified their signing style to conform more closely
to the consumer’s needs. Similarly, HI-8 described how they would track what “triggers
a better response” (HI-8) and use that to guide their interpretation choices: giving more
context, referring back to a previous interpretation, or using props as visual supports. They
emphasized that there is no single way to interpret something; rather it depends deeply on
the audience and their language background and access needs. H1-1 shared, “sometimes,
when there’s a repair around a certain sign, it’s not necessarily that that sign is incorrect
[...] maybe, the sign that I use could work for one group, but not for another. [...] it’s more
about choices than it is about error, I think.” (HI-1)

This work of “matching” the audience was bidirectional, i.e., necessary for both signed
and spoken utterances. Each environment brought forth different expectations regarding
register and, therefore, vocabulary, tone, grammar. For example, HI-3 discussed how the
expectations for English used are different in formal presentations or small work meetings,
vs. casual conversations; “being clear as possible” (HI-3) requires different approaches and
translation choices for each of these contexts. Some of the clarity comes from using accepted
jargon. For example, HI-9 shared their experience encountering a specific sign during a
conference: “I don’t know what verb to use, stuck to, connected to, attached to, bind to. [...]
in your field, I know you have a word for that.” (HI-9)

In evaluating communication fit, our DHH participants therefore valued interpreters’
experience with the topic at hand because it ensured familiarity with context-specific vocab-
ulary (e.g., technical acronyms in software engineering environments). They would also work
with interpreters to develop new signs to cover lexical gaps. DHH-5 shared the example of
the word “sprint” (DHH-5), which means a very specific thing in software development (as
opposed to its canonical meaning). They worked with their interpreting team to repurpose
existing signs and invent new ones (e.g., name signs for coworkers, acronyms for long terms).

Perhaps the best example of the range of language mediation done by interpreters is Deaf
interpreters’ work. Deaf interpreters often work in contexts where hearing interpreters are

unfamiliar with or unable to fully match Deaf consumer’s language practices. DI-1, for ex-
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ample, worked with international students who were learning in ASL-dominated classrooms.
The teacher signs in ASL, but the students are only familiar with their native sign languages.
“So, I'm kind of teaching ASL, supporting ASL acquisition. [...] It’s a triangle approach.
I'm sitting with the student. And we’re pointing back and forth, making sure that they’re
following along, clarifying as we go. When they look at me, I will give them kind of the key
points.” (DI-1).

Cultural Access: Making the Implicit Explicit

In addition to linguistic mediators, we found that interpreters also acted as cultural facilita-
tors, providing a bridge between Deaf and hearing parties, negotiating different knowledge
bases, and making implicit information explicit in their interpretations.

Implicit information can take many forms. For example, interpreters frequently incor-
porate auditory information from the environment into their translations. This could be
background sounds like the sound of a phone ringing, or a doorbell that might be relevant
to the conversation at hand, filtering out other sounds like traffic noise outside. It can also
be paralinguistic information, like HI-3 shared, “There’s a lot of information in the tone
[...] are they being friendly, or mad, or are they sarcastic? [...] I have to figure out how to
convey the same message with the same attitude in the other language.” (HI-3) Interpreters
paid careful attention to the relationships in the room and the power dynamics at hand,
incorporating emotional subtleties into translations as needed.

Interpreters also made cultural knowledge explicit in their translations, updating their
translations based on the receivers’ “fund of knowledge”. HI-8 offered age as an example —
“Someone who’s 17 has never lived their life without a cell phone. A 70-year-old Deaf person
might not even have a cell phone, right? [...] Their thought worlds are very different.” (HI-8)
This means that in a given situation, effective communication requires bridging knowledge
gaps in addition to offering a translation. For example, in a medical context, a doctor might
discuss words like nutrition or diabetes. Simply fingerspelling these words (or even using

a corresponding sign) does not necessarily offer access if the patient does not know those
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terms. In these scenarios, interpreters might expand their translation to describe this term
conceptually. For example, HI-5 described discussing a ligament tear — “I set up the joint like
this [visually], and we talked about how there are bands that are wrapped around that kind of
stretch with the knee, [these are called] ligaments and things, and how those ligaments were
worn out.” (HI-5) Choosing whether to offer an expansion required careful consideration
from interpreters, so as to not underestimate or otherwise insult the Deaf patient. HI-9
approached it by asking them directly, “I can choose to say: ‘do you want to ask the doctor
about this?’ Because I know that this is missing [context], but I don’t know whether they
know it or not.” (HI-9)

This process of making implicit information explicit worked in both directions (e.g.,
Deaf to hearing, patients to doctors). HI-3 shared an example of adding context about the
Deaf experience when voicing a parent’s concerns about their daughter locking herself into
the bathroom which the doctor might not immediately understand “the doctor might not
automatically think, oh, you also can’t hear, and you can’t see through the door, so you don’t
even know what’s going. .. like, is she jumping out the window? You don’t know that, but a

person who could hear might know that.” (HI-3)

Contextual Access: Advocating and Sharing Domain Expertise

Many interpreters in our study specialized in a specific domain such as legal, medical, or
educational interpreting. Routine exposure to interactions in these contexts meant that in-
terpreters became carefully attuned to translation choices and procedural constraints unique
to these domains.

For example, HI-4 has spent years interpreting in primary education, frequently working
with young children who are just beginning to acquire sign language. In this context, sup-
porting students’ understanding and engagement requires “signing and gesturing and being
very big with your facial expressions and big with your body. [...] expanding as much as
possible.” (HI-4) In contrast, working in legal interpreting limited how much HI-6 could

expand and make explicit. “In community interpreting, I could ask lots of different examples
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and say, which one is it? Or I can ask more of a leading question, I could set something up
and negate it. But in interpreting in court, you have to be very, very careful. Like, if they
haven’t mentioned a body part, you can’t say, did he touch your breasts?” (HI-6) This need
for abstraction is prompted by rules of evidence, and requires expertise to navigate while
still ensuring communication access.

Additionally, in-depth knowledge of a topic can shape the smallest of translation choices.
For example, in ASL many verbs require the signer to specify the direction of the action
while English does not. HI-9 shared an instance where familiarity with underlying spiritual
philosophy impacted verb directionality in their interpretation in a theology context: “/in
Lutheran theology] it’s always God coming to us. It’s never us having to go to God.” (HI-9).

Beyond these translation choices, interpreters also mediated access more indirectly by
sharing domain expertise and access knowledge with DHH and hearing parties. For exam-
ple, heading to court is a stressful experience for everyone, but this stress is compounded
by communication barriers DHH individuals face. HI-2 shared how they worked to meet
these clients where they are in terms of experience with the legal domain. Similarly, DI-2
frequently begins by educating judges about interpreting and their role as a certified Deaf
interpreter during legal proceedings, finding that establishing this understanding paves the
way for communication access. These practices of sharing accessibility knowledge applies
to educational contexts. Working with international students, DI-1 often “introduce/s] them
into interpreter practices, you know, because a lot of countries don’t have Deaf interpreters,
so the process itself is new to them.” (DI-1)

Finally, interpreters also ensured that the communicative context was accessible and con-
ducive to the interpreting process. HI-1 shared they might pause legal proceedings if effective
communication cannot be established, saying, “I’'m not able to understand this [Deaf] person,
I'm not able to confirm that they’re understanding me, and because this is a legal situation,
you know, this is high stakes, and so we’ll need to postpone these proceedings.” (HI-1) Often
interpreters anticipate accessibility issues before they arise, checking in when visibility might

be obscured or the physical space may need to be rearranged. HI-2 explained that they take
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initiative warn courts that about issues that may arise — for example, multiple DHH people
in a trial could require separate interpreting teams: “The court doesn’t necessarily know
to research that... so I try to be proactive.” (HI-2) In another example in an educational
context, HI-4 (HI) discusses working with young children who are still learning their own

access needs and how to advocate for them.

Relational Access: Engaging Hearing Participants

All interpreters in our study emphasized the importance of preparation in ensuring quality
interpretation. While domain knowledge and prior experience helped, having some context
about specific content and participants significantly eased their cognitive load. To acquire
this context, interpreters actively sought information, relying on their networks and relation-
ships to acquire prep materials ahead of time. The contact person and material varied across
contexts: it could be a meeting agenda shared by the Deaf party, slides shared by a teacher,
case information shared by a court clerk, or a setlist shared by a musician. However, these
requests were not always honored and the degree of detail provided varied significantly.

Beyond meeting materials, interpreters also sought out information about the parties that
would be present and the relationships between them. This helped them develop schemas
and an understanding of the relational and power dynamics in the room. Connecting with
their team in advance let them work through logistics and pool contextual knowledge. One
noted, “sometimes the team’s been there longer than I have, sometimes I have more contexts
than I can share [...] what do you know about the topic, the person, this place? What can
you bring to this table that we can leverage together? 7 (HI-7)

Information seeking continued beyond acquiring materials; interpreters also sought out
advice on how to best construe an interpretation. For example, if unsure about the right
sign for a technical context, they might ask Deaf friends and DIs or use online dictionaries.
In performance contexts like concerts and plays, interpreters discussed working with Deaf
consultants on translations that convey the meaning while still capturing the artistic quality.

Recognizing that access is co-created, interpreters often engaged hearing participants



139

in the interpreting process, encouraging them to meaningfully think about how to make
things more accessible. Participants described collaborating with hearing participants on
their materials ahead of time: working with comedians on their jokes (HI-5), musicians on
their songs (HI-6), or pastors on their sermons (HI-9). This process often deepened hearing
participants’ understanding of the interpreting process, “that it’s not just a word-for-word
substitution project” (HI-9). Over time, they got better at meeting interpreters halfway,
such as preparing to share key themes in their performance ahead of time. Beyond prep,
interpreters also drew out knowledge from hearing participants in the moment. HI-5 shared,
“Let’s say, like, it’s an orthopedic doctor. I'll say, hey, could you maybe Google some pictures
so that we can visually see this, and then we can expand on it to get a better understanding?”

(HI-5) thus ensuring they have more context for their translation.

Temporal Access: Maintaining and Disrupting Pace

Most of the interpreting contexts involved simultaneous translation, requiring a significant
amount of temporal gymnastics while interpreting, as concepts take a different amount of
time to express in different languages. For many of our DHH participants, an interpreter’s
ability to maintain pace with a conversation (both for signing and speaking) was an important
aspect of good communication fit.

Good pacing depended on practice and training, but also often also required foresight.
Interpreters working in education (HI-4, DI-1) discussed practices of front-loading informa-
tion to bypass the overwhelm of being introduced to many new concepts and vocabulary
during a lesson. Typical practices like elaborating an idea can be challenging to accomplish
in real time without falling too far behind. DI-1 shared, “I find it very helpful to have some
prep time and discussion before class. You know, all the possible signs that teachers might
use. And then when we get to class, I find myself working a lot less hard.” (DI-1) Similarly,
HI-5 discussed the importance of timing for comedy context: “we want the Deaf folks to
laugh at the same time. We don’t want them to see the hearing audience and be like, what. . .

what was that said? Why is that funny?” (HI-5)
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Timing was further complicated in DIs” work, where multiple degrees of interpretation are
happening. DI-1 described their process of working with international students in an ASL
classroom: “If an interpreter tries to translate at the same time, the student can’t watch
them. Instead we try to pause the interpretation and take in all the information, and when
the student gets a break to look at us we translate the whole idea at once.” (DI-1)

In addition to maintaining pace, another component of access was being willing to dis-
rupt pace. Most communication follows hearing norms that prioritize speed and flow, but
communication access often requires interlocutors to pause, repeat, or clarify. Interpreters
played an important role in this, calling hearing people to change their behavior. DHH-8
shared, “it’s really nice and helpful if the interpreter can maybe speak up and ask people
to slow down or let people know that the interpreter is catching up to what is being said.”
(DHH-8) Judging when to conduct repair (i.e., calling for a pause, clarifying at the end of
a conversation, and/or taking accountability for errors) demanded a great deal of reflexivity
from interpreters and the ability to recognize when a misunderstanding was an artifact of

interpretation or stemmed from the source.

6.4.3 Interpreting as a Partnership: Tensions and Considerations

Many of our DHH participants approached interpreting as a collaborative process: “it takes
two to tango, right? [...] we’re communication partners.” (DHH-5) They actively con-
tributed to creating access by sharing materials and context ahead of time, feeding the
interpreters vocabulary, matching interpreters’ communication styles, or slowing down their
signing and clarifying as needed.

DHH participants emphasized a strong partnership built on trust and transparency was
key for success; they needed to feel confident in interpreters’ skills and willingness to receive
feedback: “finterpreters]/ having the right attitude and the right heart is very important to
me.” (DHH-2). As most parties in the interaction cannot follow both languages and verify
output, transparency when navigating breakdowns was critical. Our interpreter participants

valued the same: “I'm very supportive of an open process, so if there’s something that I'm
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saying incorrectly, [...] I'd rather that the Deaf person can see my team is saying, oh, no,
no, no, they said this instead.” (HI-7)

Having a third-party involved in conversation to mediate access also raises new consid-
erations around privacy. DHH-1, for example, preferred to use other access practices for
situations involving sensitive information (e.g., bank details). DHH-2 felt that interpreters’
role as facilitator reduces intimacy in personal conversation, sharing, “If I have a friend who
I want to have a deep personal conversation with [...] I think that I would prefer to have it be
not perfect, but to have it be direct and to communicate one-on-one.” (DHH-2) Sometimes,
interpreters had to step back as they were well-acquainted with people in the conversation.
HI-9 shared an example of a spiritual counseling conversation where they felt their presence
would break privacy, saying “I’'m a member of this community, [...] I can’t interpret this
conversation between the two of you.” (HI-9)

Interpreting as a collaboration also raises questions around representation. DHH signers
often do not share the same identity characteristics (e.g., race, gender, age) as their inter-
preters, and these differences impact how their words are received by the audience. This
mismatch could also impact the degree to which the interpreter could follow cultural refer-
ences and nuances. However, representative fit was not always the DHH participants’ main
priority. DHH-8 shared, “I prefer a white interpreter who has worked with Asian clients
before [...] who knows Asian culture versus an Asian person who doesn’t know anything, you
know?” (DHH-8)

Finally, preserving autonomy and negotiating power dynamics were critical to a successful
partnership. Interpreters needed to recognize the privilege they hold as hearing people, and
constantly reflect whether their actions centered the Deaf person and their agency. HI-9
reflected, “it varies from person to person, and so it’s gauging, like, how much autonomy the
person has and wants to have in that situation, so that I'm not stepping on anybody’s toes.”
(HI-9) However, interpreters could use their privilege to subvert larger dynamics at play
between other parties. For example, DHH-6 shared an instance where a white interpreter

was able to increase the sense of safety she felt during a police encounter.
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6.4.4 Remote Interpreting: Constraints and Affordances

Technology-mediated interpreting has risen in recent years. In this section we explore the
constraints and affordances of the remote interpreting environment, as well as the impact on

the access roles played by interpreters.

Constraints and Affordances

Availability of interpreters varies widely across locations, and the biggest advantage of tech-
mediated interpreting is that it expands the pool of interpreters. For interpreters, this
modality allowed them to “dial in from anywhere” (HI-1), minimizing commute and maxi-
mizing interpreting time (HI-6). Additionally, VRI and VRS are services that can be accessed
“on-demand”, thus offering some degree of spontaneity.

When all parties are remotely connected through the same video conferencing platform,
DHH individuals had better access to the rest of their communication repertoire: close
up video for speechreading, reduced background noise for listening, addition of automated
captioning and transcription, and chat features for occasional written English communication
between all parties.

However, our participants echoed many of the constraints of remote interpreting de-
scribed in prior research [231) 270], such as flattening of sign language, lack of shared spatial
information, or difficulty getting attention and using gaze. Video quality varies widely de-
pending on lighting and background, and improving layout and visibility is not always an
option (e.g., availability of custom grid size, spotlighting and pinning videos varies across
platforms). Unfortunately choice of platform was not always up to DHH signers and inter-
preters. Many businesses and other institutions (e.g. courts) required specific platforms for
privacy and security, standard policy, or unspecified reasons.

Hybrid contexts (where some participants are co-located) were often the hardest, espe-
cially when considering situations “out in the world” (DHH-6). Some contexts like office

meetings may be set up for hybrid, and meeting norms match. But for school field trips
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(HI-4), concerts (DHH-8), or restaurants (DHH-2), the environment is far too mobile, noisy,
dark and dynamic. Even semi-structured scenarios like doctors’ offices present challenges
setting up visuals to maintain communication access during common procedures (e.g., lying
down, changing into a gown, or having eye drops put in).

As such, most of our DHH participants preferred in-person interpreting, with its access to
“facial expressions, depending on the context, emotions, affective language” (DHH-T); that
is, sign language in all three dimensions. Interestingly, there were also more subtle shifts in
communication norms. DHH-1 remarked, “/When the interpreter is in person, it] requires
the other hearing people to maybe act a little different, and the dynamics are different, and
the turn-taking, the timing” (DHH-1). Below we consider how interpreter roles change in

these tech-mediated contexts.

Impact on Interpreter (Access) Roles

The constraints and affordances of the remote interpreting environment changed how and
whether different interpreting roles could be realized. Some roles saw minimal changes. For
temporal access, participants found that turn-taking during a conversation was harder, but
the other aspects of keeping pace with translation and conducting repair were largely the
same. Similarly, for relational access, as most of the preparation occurs ahead of time, there
is not much change for online and hybrid calls. However, VRI and VRS are exceptions: the
on-demand nature of this work meant that most of the time interpreters were given minimal
context. HI-7 shared, “I don’t know where they’re from, I don’t know who they’re calling [...]
you have to be more willing to kind of go with whatever goes” (HI-7).

On the other hand, the roles of language mediation and cultural facilitation were notably
more challenging in remote interpreting. Both roles rely heavily on access to feedback and
implicit environmental cues, and with poor audiovisual quality and cameras often turned
off, these cues are less accessible. This makes it difficult to build the language schema
of conversants for successful language mediation, or read body language, tone, or other

contextual information for cultural facilitation. For example, DHH-2 discussed a time when
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they were talking to someone in a healthcare situation who was suicidal: “the interpreter
wasn’t understanding, because they were on Zoom, and it was very frustrating. [...] If the
interpreter is there in the same environment, and is able to see everything that’s going on |[...]
that really helps with facilitating communication better, because there’s that awareness of the
environment.” (DHH-2) Moreover, most participants show up right when the online meeting
begins, reducing opportunities for the small talk that allow DHH signers and interpreters to
become familiar with each other. “you just kind of start really cold, and that doesn’t feel as
good. And then also, when it’s over, everything just, like, closes. [...it’s hard to discuss] what
you would do differently next time, and stuff like that.” (HI-3) For DIs, this significantly
impacted their approach. DI-1 insisted strong relationships had to be established first in-
person before they could successfully work with DHH clients online: “I don’t recommend
Zoom for the beginning of the semester. Luckily, we’ve developed a relationship over time,
so we could, if we needed to, move it to Zoom occasionally.” (DI-1)

Finally, we find that the role of context and access experts transforms into providing
technology support and expertise to both Deaf and hearing parties in these environments.
Interpreters are frequently tasked with explaining how spotlighting, pinning, and cohost
privileges work — all features that need to be set up correctly to ensure communication
accessibility. In hybrid contexts, interpreters had to frequently troubleshoot video and audio
feeds, and advocate for onsite persons to help adjust the set up. HI-6 frequently encountered
this with courtrooms when the location of the camera and the screen are not always aligned:
“the client is looking at the screen, watching me, but all I can see is the side of his face.”
(HI-6) HI-2 found herself ‘directing’ the court clerk in these situations: “they’ll work with
me, but it’s awkward, and sometimes the Deaf person has to sit in the witness stand, because

that’s [the only] place they can make the camera focus on them.” (HI-2)

The Changing Partnership

Overall, despite the promise of increased access, remote interpreting brought forth new chal-

lenges. Particularly for VRI and VRS, the maintenance and deployment of hardware was
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subpar and was a source of frequent frustration for DHH users. DHH-6 shared, “Oftentimes
the connection is lousy, sometimes the battery will die, sometimes the interpreter will be
there, and then all of a sudden it will just shut off and then it’s like, oh, man, okay, well, I
guess now we have to turn it back on, we have to call another interpreter” (DHH-6). DHH-2
similarly found that microphones and speakers were frequently broken, with interpreters and
hearing parties struggling to hear. Shifting roles bring increased responsibility on DHH users
to figure out access hacks with these technical breakdowns, which could be dangerous in high
stakes, time sensitive contexts.

Additionally, the choice of VRI for a situation (e.g., doctor’s appointments) was not
entirely in the hands of DHH users. Requesting in-person interpreters required additional
self-advocacy but was sometimes necessary. DHH-5 described advocating against VRI during
an eye checkup: “I can’t do that, because when you’re putting, you know, drops in my eyes.
I'm not going to be able to see the interpreter on a screen.” (DHH-5) However, the shortage of
in-person interpreters meant that DHH participants often did not have much choice, pointing
to diminishing agency/autonomy.

For interpreter participants, working in VRI and VRS was incredibly stressful and lacked
the human connection they hoped to foster. They shared that policies at the centers offering
these services are increasingly strict, with interpreters having no breaks between calls, no
support from other interpreters during calls, and no opportunities for growth. Switching
contexts between calls was taxing. HI-5 described interpreting on a call where someone was
in distress. “That was really stressful and heartbreaking, and then I'm on to the next call,
and I have to pretend like nothing happened [...] it’s just not healthy mentally, emotionally,
or physically for interpreters.” (HI-5)

However, outside of VRI and VRS, we found that interpreters and DHH signers worked
to maintain the collaborative nature of interpreting (i.e., “the partnership”) in the remote
environment. To navigate platform constraints, participants often set up another meeting
in parallel (e.g, zoom meeting, or FaceTime) for backchanneling. Participants also used

chat, text, Whatsapp, etc. to communicate non-urgent information with their team (e.g.,
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who goes next). Similarly, DHH-4 also frequently used built-in chat to offer feedback to the
interpreter they were working with, typing in preferred vocabulary and clarifying questions.
Shared synchronous documents (e.g., Google Docs) served a similar purpose. “They’ll do
that during my interpreting, like, ‘I like your shirt! Oh, that word choice was great!” And I'm
interpreting, and I'm seeing the Google Doc populate with that information. It’s nice. It’s
a very collaborative process, which is cool.” (HI-1) However, these practices required them
to invest in multiple devices and larger screens, frequently causing overwhelm and divided

attention.

6.4.5 Al Interpreting: Speculations

The previous section highlighted some of the shifts in interpreting practices as technology is
incorporated, drawing on participants’ current experiences with remote interpreting. In this
section, we turn to the future, and the possibility of automated interpreting.

When we asked our participants about this possibility of automated interpreting, many
mentioned that it was a “hot topic” in the community. However, when probed further,
our participants were mostly skeptical about these technologies’ viability. Notably, our dis-
cussions stayed fairly abstract, given that most participants hadn’t encountered any sign
language Al technologies. The few participants who had seen demos remained unimpressed.

A primary concern was performance of these technologies, and their capacity to master
both receptive and expressive aspects of sign language. DHH-7 said, “it might be easier for
Al to understand signs. But for Al to start signing, I think I don’t think it’s ever going to
be possible.” (DHH-7) They were concerned about its ability to render realistic humans with
facial expressions and fluid movements. Even with the receptive side, they were unsure how
models would learn contextual nuances of different signs.

Going beyond language understanding and production, participants still had concerns
about Al’s capacity to interpret. HI1-1 shared, “I don’t want to assume that technology’s
going to replace people. [...] Maybe to support and offer some assistance, for sure, but

for full access, I'm doubtful.” (HI-1) Some of this stemmed from being skeptical about
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technology’s capacity to act as a language mediator, and adapt to the diversity of signing
styles (reflecting background, race, age etc.). Instead of Al code-switching to different users’
needs, participants worried that they would have to change their own signing instead: “Kids
will grow up with Al interpreting, and with their signing their intention is to fit the Al
interpreter, signing for Al instead of signing for Deaf people.” (DHH-1) They worried that
this would flatten and homogenize sign languages over time.

Participants similarly worried about technologies capacity to detect emotional and rela-
tional nuances. DHH-3 asked, “Could AI understand how seriously I am sick? Or could Al
-- translate and convey how upset I really am?” (DHH-3) They were also skeptical about
AD’s ability to express emotions, and deliver their messages as they intended and facilitate
across cultures. DHH-4 summarized, “A robot is not good enough |[...] the point is the hu-
man connection. Humans help read the room. They pick up vocal tone, they pick up facial
expression. They help with conversations in a way that avatars absolutely cannot.” (DHH-4)

With our participants’ speculations also came concerns about early deployment of these
technologies. As seen with VRI and VRS, the choice of modality is not always in the hands
of Deaf consumers. Participants worried that those with power would not be informed about
the limitations of these technologies. DHH-5 said, “you have to think of ways to get that
information to people, those caveats.” (DHH-5) Others, like DHH-9, were also concerned
about the impact on the interpreting community. DHH-6 said, “my concerns are how Al can
steal our interpreters. Steal! They’re stealing their hands.” (DHH-6) DHH-4 was frustrated
by the burden this would place on the Deaf community, to advocate against underperforming
and unequivalent technologies. “It is a tax on us to educate repeatedly, and still run into
the same wall with different people. [...] the interpretation of how [AI] should service Deaf
people, it should not be influenced by lack of understanding by hearing people.” (DHH-4)

We found that participants often pivoted away from interpreting, suggesting more low-
stakes contexts where these Al technologies could be deployed. Some participants were open
to sign-to-text technology that functions as a virtual Alexa [263], or could augment or speed

up text-based communication with hearing people (DHH-7). For some, Al interpreting put
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sign language technology on the wrong track: “At the core, we want more people to sign.
And not have robots sign for them.” (DHH-4) DHH participants want to live in world with
more opportunities to sign with people: other participants also suggested they were more
interested in technology that got more people to sign - rather than try to eliminate the need

for hearing people to learn sign language or the interpreting profession.
6.5 Discussion

Our results offer an in-depth study of sign language interpretation as an access practice:
exploring how it affords access to DHH individuals (Section , the work interpreters do
in matching communication access needs (Section , and the partnership between these
parties in co-creating meaning (Section . We see how it acts as a specialized tool in the
communication repertoire, offering human connection and culturally-nuanced, well-paced,
and contextualized access. However, in examining experiences across different modalities
(in-person, online, hybrid, VRI/VRS), we note that technology constrains interpreting prac-
tices (Section , demanding users reevaluate the partnership while often receiving less
access. These experiences with technologies shape participants’ concerns with automated
interpreting (Section : that DHH users would have a greater responsibility in manag-
ing hearing participants and navigating communication breakdowns, while simultaneously
having reduced agency and autonomy to guide the interpreting process to match their needs,
thus losing much of what makes interpreting special.

Our findings showcase that automated interpreting is often implicitly understood to fol-
low a ‘conduit model’ of interpreting — where an interpreter is neutral and invisible and
simply translates content from one language to another. In reality, a good interpreter does
not passively interpret without consideration of what is needed for communication to be
successful. Our participants were constantly engaged in meta-reflection of the interpretation
process: monitoring needs and breakdowns, engaging hearing participants, and explicating
cultural nuances. They were skeptical that a conduit approach to automation would succeed

in provisioning access. Interestingly, this parallels trends we see in automated captioning
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technologies: they frequently fail in noisy and hybrid environments, fail to incorporate non-
speech information (e.g., emotions, background sounds) [64] [186], and need to be redesigned
to engage hearing participants actively [191]. Whether captions or sign language technologies,
these socio-technical challenges will occur with increased automation and must be designed
for.

In this discussion, we reflect on the future of sign language technology, offering three
tiers of recommendations: improving delivery of remote interpreting, exploring technologies

to support interpreters, and considerations for automated interpreting technologies.

6.5.1 Improving delivery of remote interpreting

We find that even with highly skilled human interpreters, remote interpreting often falls
short of meeting users’ needs (Section . This suggests that one of the most pressing
problems in this space continues to be the form factor of technology, i.e., whether signers
and interpreters are visible to each other and have access to the environmental information
critical to the conversation. These concerns are relevant not only for remote interpreting but
also automated interpreting technologies, as this would shape the inputs available to any
algorithm and how the outputs are rendered.

While video quality and intelligibility have improved significantly in the last few decades
[52,262], our participants still report frequently experiencing frozen screens, audio issues, and
other technical breakdowns. These issues point to the need for hardware to be more robust.
Often, these technologies are being selected and operated by hearing participants (e.g., a
court clerk or a doctor) who are unaware of the demands of interpreting. Additionally, video
optimization and processing techniques could improve signing intelligibility in poor lighting
and mobile contexts.

Negative evaluations of remote interpreting focused on several interrelated issues: the
contextual and feedback cues interpreters rely heavily on are missing; and it can feel very cold
— it is difficult to build rapport or prepare. Research could consider how videoconferencing

features could be improved to address these issues — offering customizable layouts or options
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for multiple calls in parallel. Fatigue and non-verbal overload in remote meetings is a common
phenomenon [22] 83], and remote sign language interpreting could be informed by strategies
to improve remote work and communication broadly (e.g. virtual and augmented reality,
representations of space, gaze, and extralinguistic information) [193]. Exploring built-in
mechanisms to guide camera, microphone, and screen placement in hybrid contexts could
be valuable in improving the virtual signing space. We emphasize the need for continued
research on improving video-conferencing accessibility for signers (e.g., [231]) and exploring

different output modalities (such as AR/VR [33]).

6.5.2  FExploring technologies to support interpreters

Our results highlight the many ways interpreting is a cognitively demanding task. Our
participants had to navigate multiple languages, process a rapid stream of information, and
make a multitude of adjustments on the fly. While working in teams eases some of the
cognitive load, there were many situations where interpreters were required to work alone,
including in VRI/VRS, rural areas, and emergencies. This workload frequently results in
burnout and injuries, and motivates interpreters to leave the profession after a few years
[69]. This suggests that a valuable direction of inquiry would be to explore how technologies
might support interpreters in their work, improving retention of qualified professionals.
The field of computer-assisted interpreting is devoted to this very question [103] [80], but
sign language interpreting has been under explored in this field. Interpreting between sign
and spoken language has unique affordances and demands (e.g., multimodality) which differ
from interpreting between spoken languages and could point to new and interesting ways
to leverage speech and sign recognition technologies. For example, interpreters in our study
already use automated captions for support — captions act as a backup they can turn to if
they miss anything or need spelling of specialized vocabulary and speaker names. Isolated
sign recognition technology might be similarly valuable in enabling interpreters to quickly
look up unfamiliar or regional signs. Yin et al. [290] proposes an interesting application

of fingerspelling recognition relevant to this context in which a model could be trained to
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detect fingerspelled words and suggest alternative signs (e.g., for STEM vocabulary). Such
technologies could support interpreters in their role as language mediators, and refine their
contextual knowledge. Another direction could be to support interpreters’ prepping pro-
cesses. Interpreters can only remember so much about each client, and Al technologies could
potentially be better suited to tracking client preferences (e.g., for vocabulary) systemat-
ically. Other (verifiable) technologies to summarize prep materials, research translations,
and connect with other interpreters could also be valuable in supporting relational aspects

of interpreter work.

6.5.3 Considerations for Al interpreting technologies

Our participants were lukewarm, at best, about the use of Al in interpreting, and raised
many concerns. However, we recognize that the design space for Al is wide, and that
built technologies could operate in imaginative ways and unexpectedly address participants’
concerns. Below we offer some provocations and recommendations for thoughtful design,

development, and deployment of these technologies.

On Design: Interpreting as a Partnership

We find that interpreting is a deeply collaborative practice, with DHH parties guiding the
interpretation to best match their needs (Section . DHH individuals continuously shape
the interpreting process to offer clarification or context, suggest preferred signs, request a
change of pace, and more. However, as automated interpreting follows a conduit model,
listener feedback is rarely considered as a critical input required to guide the translation.
Approaching automated interpreting through a different model — one that values DHH in-
sights and contributions to access and recognizes successful interpreters as active agents of
access — requires creative thinking about how such listener feedback is gathered and incorpo-
rated. In human interpreting, much of this feedback is conveyed through facial expressions,
gaze, and discreet signing. For automated contexts, user feedback could perhaps be more ex-

plicitly stated. One novel direction for future inquiry could be exploring different interaction
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techniques and mechanisms for users to share real-time feedback. Additionally, exploring
tensions in this partnership — around trust, privacy, representation and autonomy — is a crit-
ical aspect of designing these technologies (e.g., how might automated interpreting systems
imbue transparency?). These questions overlap with larger body of AlxAccessibility research,
which explores explainable and verifiable outputs [281], obfuscation tools to maintain pri-
vacy [4], and identity and representation concerns [179], and thus are good opportunities for

cross-disciplinary collaboration.

On Development: Interpreting as a Series of Choices

Developing automated interpreting technologies through an access lens requires a way to
evaluate the degree to which they consider the different accessibility facets highlighted by
our participants (Section . Most existing datasets for sign language offer a one-to-
one mapping between a spoken and signed utterance, and trained models are evaluated on
whether the produced translation matches the data labels (e.g., through WER or BLEU
scores). However, we see that our human interpreters take a different approach in evaluating
success, not just checking if the signs are generally correct, but whether they are appropri-
ate for the audience and context. Recall, “it’s more about choices than it is about error”
(HI-1). Interpreters’ choices go beyond just picking the right sign. Participants described
deciding whether to expand a concept, summarize an utterance, refer back to a previous
interpretation, depict or describe a concept, pause for clarification, and so on. The field
of interpreting studies has frameworks for analyzing many of these translation choices for
human interpreters (e.g., [I80]). It could be valuable to approach evaluation of automated
systems in a similar manner, where rather than just accuracy, we examine the multitude of
different choices a system can make in a given scenario. This would reframe the task from
just rendering an acceptable translation to rendering an accessible translation that matches
the audience and context needs: models would be trained to optimize choices made. This has
vast implications for the design of automated tools. Data sets would need to reflect a range of

audiences and contexts, capture multiple interpreters’ choices, and include meta-data about
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rationale. Algorithms would need to include DHH and interpreter context in their training
data. Evaluation metrics would need to reflect not just on correctness, but on factors that
influence interpreter choices, such as relevance, conciseness, and continuity in the mapping

of signs to concepts.

On Deployment: Interpreting as a Reflexive Practice

Human interpreters serve as guardrails in their own deployment: we see that they can in-
tervene when they recognize a lack of resources to provide appropriate access. However,
automated technologies do not embody this same level of reflexivity. If the human in-
terpreter is removed from the context, who determines access? We suggest that hearing
participants are not equipped to make these decisions, nor should Al systems be entrusted
with this task. Rather, the deployment of automated interpreting would have to be under
the purview of the DHH individuals themselves. This would be a different paradigm for
interpreter provision: rather than automated interpreting being provided in lieu of human
interpreting by institutions, it could instead be something DHH individuals could opt-in to,
affording additional access in scenarios underserved by existing infrastructures (e.g., small,
everyday interactions). People with disabilities have long been early adopters of technology,
re-purposing imperfect tools to meet their access needs (e.g., [114], 130, 108]). While this is
not a reason to not aim to develop high-quality technologies, it points to a way we might
mitigate risks of early deployment and shift power back to DHH consumers — allowing them

to pick the access practice that best fits their needs.

6.5.4 Limitations and Future Work

This study has several limitations. First, most participants, DHH and hearing, were comfort-
able using English. This is not true of all DHH individuals, and as we see in our interviews,
English language proficiency and comfort is a recurring theme in participants’ choices related
to interpreting and access. As a result, the findings may not fully reflect the experiences of

DHH people with lower English proficiency, particularly those affected by language depriva-
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tion. Future work should include participants with a wider range of language backgrounds
to better capture how language access shapes engagement with these systems. Second, our
research is primarily situated in the U.S and influenced by American Deaf culture and U.S.-
centered assumptions about communication, access, and technology. These perspectives may
not generalize to other Deaf communities, where norms around sign language and interpret-
ing may differ. Future research should examine how these findings extend to other contexts.
Third, our work focused primarily on live communication contexts and did not examine en-
gagement with pre-recorded media, text or other non-live communication settings. These
contexts may involve different accessibility challenges and should be explored in future work.
Finally, this work focuses only on perspectives of DHH signers and interpreters — hearing

interlocutors may offer additional insights.
6.6 Conclusion

In this work, we reframe sign language interpreting from a problem of translation to a practice
of access. Through a study of DHH individuals, hearing interpreters, and Deaf interpreters,
we show that interpretation is not just a recoding of language but a situated process that
involves linguistic, cultural, contextual, relational, and temporal work. Our findings highlight
the limitations of current technology-mediated approaches to interpreting, and surface the
risks of deploying automated systems that overlook this complexity of access. Rather than
replacing interpreters, we suggest that future systems should support the work of access
by augmenting human expertise, enabling collaboration, and preserving user agency. By
centering the lived experiences of DHH individuals and interpreters, this work calls for a
shift in how interpreting is conceptualized, moving us toward technologies that approach

access as a dynamic, human-centered practice.
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Chapter 7
DISCUSSION

In this chapter, I revisit the research questions that guide my dissertation:

e How do language and language-related factors shape experiences of communication

access and effectiveness of different access practices in DHH communication repertoire?

e How can communication access technologies be designed and built to meet both lan-

guage needs and access needs of the DHH community?

Chapters 3, 4, and 6 examine three different access practices — speechreading, captioning,
and interpreting — across a variety of technological contexts (such as online communication
in video calls and in-person communication with remote interpreting and transcription tech-
nologies). These chapters not only demonstrate empirically that DHH individuals have
multilingual lives, but that language is a critical component shaping access in monolingual
contexts as well. I additionally explore how we might design and build technologies to meet
both language needs and access needs of the DHH community. Chapters 3, 4, and 6 feature
implications for the design and development of speechreading, captioning, and interpreting
technologies respectively. Chapter 5 explores the development of sign language dictionar-
ies, studying how we might train models for dictionary retrieval that match disability needs
(video-based search) and language needs (dictionary expansion). In this discussion, I take
a step back and put these different findings in conversation with each other. Particularly,
I begin by discussing dual goals of language access and communication access construed

through these works.
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7.1 Reflecting on Language Access and Communication Access

7.1.1 On access to language

Through these different chapters, we see that each access practice varies in how it af-
fords access to a language. For example, Chapter 3 explores speechreading — the visemes
(mouthshapes) do not have a 1-1 mapping to phonemes (sounds), and therefore do not al-
low a speechreader to fully track the words spoken in a language. Also recall participant
examples of tone in Mandarin and aspiration in Hindi — these phonological components
distinguish words from each other, but have no visual counterpart. The degree to which
speechreading can afford access to these languages is then constrained by these phonological
factors. Similarly, consider Chapter 6 on sign language interpreting — the signing style of
the interpretation can influence how much of the original utterance can be reconstructed
by a user. Fingerspelling and more “English-like” signing helped participants in contexts
where they wanted to track the specific vocabulary used (e.g., science lectures), while other
contexts called for more conceptual translations. This degree of reconstruction variance also
impacted expressive communication, for example with some participants choosing to voice
for themselves. Chapter 4 offers similar insights on captioning — participants remarked that
captions did not always capture the pronunciations used by speakers. The degree of mis-
match between speech and orthography varied across languages — for example, Traditional
Chinese (or simplified Chinese) captions are used for both speech in Mandarin and Can-
tonese. While this allows for a larger audience, a caption user has to work harder to match
the incoming speech to the captions.

Through these examples, we see that access to language is a goal that guides DHH
individuals’ use of access technologies and practices. While research on Deaf education and
language acquisition emphasizes the importance of access to language through developmental
years, here I am talking about the desire for access to a specific language articulated by
DHH participants (e.g., see section 4.4.4). Each language has a flavor, a history, a culture, a

connection — DHH individuals want access to that without things being ‘lost in translation’.
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But this desire is complicated by their familiarity and fluency in each language as well as
lack of access practices that mediate access to language in its entirety. Language access then
impacts how DHH individuals choose between practices and navigate their communication
repertoires (i.e., picking between captioning and speechreading and signing). While many
of these examples focus on spoken languages, I argue this applies to sign languages as well
— particularly to the experiences of DeafBlind and DeafDisabled individuals in the DHH
community. My research shows that technologies can be designed for this goal of language
access — consider the variations of multilingual captioning presented in Chapter 4 or the sign
language dictionary presented in Chapter 5. In affording access to languages and supporting
learning, DHH technology has the potential to connect people to their cultures and act as a

site of linguistic and cultural preservation — thus enacting language justice.

7.1.2 On access to communication

While language access is an important goal, we see that it is not the only goal motivating
and guiding DHH individuals use of their repertoires. Communication is about more than
language — in fact, communication is not even bounded by language. Throughout these
chapters, we see that DHH individuals creatively switch between languages as needed and
combine multiple access practices to build pathways for communication and connection.
Access to communication can happen in the absence of access to a specific language — for
example, consider the examples of translation and translanguaging in Chapter 4. Recall how
a participant moved between signing in ASL and speechreading spoken Chinese and English
to communicate with a group of friends — access to communication is about bridging a
multitude of communication repertoires. Access to communication also pushes the bounds of
languages themselves — consider how DHH individuals develop new signs and backchanneling
practices to meet contextual and temporal needs (Chapter 6).

In attending to the communication repertoire holistically, my research unearths what
makes each practice uniquely specialized. Speechreading offers visuals and emotional con-

nection (Chapter 3), captioning provides communication ease and synchrony (Chapter 3 and
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4), human interpreting works well in contexts with groups and movement (Chapter 6). Ac-
cess to communication for DHH individuals then is about being able to leverage this full

repertoire without constraints, switching between languages and access practices as desired.

7.1.3  On these dual goals

I argue that both of these are distinct, but equally important goals to guide the design
and development of DHH technology. Technologies for language access could address lim-
itations of each access practice, and work to improve phonetic and linguistic information
encoded. Technologies guided by communication access could lean into the specialization
of each access practice, and support the use of multiple practices in tandem thus allowing
DHH individuals to leverage their repertoires holistically. For example, prioritizing language
access with captioning technologies might point us to exploring phonetic transcriptions and
other methods to better represent the cadence of this language when spoken. In contrast,
prioritizing communication access with captioning technologies might encourage us to ex-
plore incorporating emotion and tone (e.g., [63]) or better optimize them for simultaneous
use with speechreading. Importantly, DHH individuals’ goals are fluid — the same individual
at different periods of time or in different contexts might choose to prioritize different goals.
Designing technologies that can be customized to address these different goals on the fly
would be a valuable way to maintain DHH users’ agency.

Lastly, identifying unmet needs and recognizing the ways technology can scaffold exist-
ing access practices requires we study DHH communication holistically. Echoing Blommaert
and Backus, “A repertoire is composed of a myriad of different communication tools with
different degrees of functional specialization. No single resource is a communicative panacea;
none is useless.” [38]. No single communication access technology can be designed to be a
“communicative panacea’, but it can be designed to meet previously unmet needs, and to
be used in conjunction with existing access practices. Through all my research studies with
DHH participants, I consistently began each interview by asking about all of the commu-

nication practices they use in day to day life, and sought to understand use across multiple
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modalities and contexts. I argue that even for works that focus on a specific technology or
access practice, this approach is valuable in situating this access practice for the person and
understanding their repertoire holistically. Informed by this, we can ensure that designed
technologies do not erase the specialization of the access practice and we can evaluate these

technologies in ways that better match their real-world use.
7.2 Limitations and Future work

While I have sought to engage with a variety of access practices through my dissertation,
there are notable gaps in my exploration of the DHH communication repertoire. I have
not explored tactile communication practices (such as Protactile and tactile ASL) or the
perspectives of DeafBlind individuals through my work. Similarly, while multiply disabled
individuals were not excluded from my studies, my research does not fully engage with how
multiple disabilities impact the communication repertoire and its use. Additionally, my
work predominantly focuses on receptive communication access needs of the DHH commu-
nity (with the exception of Chapter 6) — expressive communication needs and practices (such
as writing and text-to-speech technologies) are a meaningful component of DHH communica-
tion. Examining these all further through the lens of language and language-related factors
is a valuable direction for future research.

Most of my research presents qualitative accounts of DHH individuals’ experiences of
switching between access practices and languages. Quantitative explorations of the same
phenomena would deepen our understanding of how to design and build for use of multiple
access practices in tandem. For example, behavioral measures (e.g., gaze analysis) of DHH
users experiences of video calls where interpreting, captioning, and speechreading are readily
available could help us understand the degree of mixed use and create metrics to measure
ease of the same.

Building on the concept of language access, another interesting direction for future work
could be accessible language learning technologies. Supporting the language learning goals

of DHH individuals — for example, learning a sign language or acquiring literacy could mean-
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ingfully change the kinds of access practices someone has in their toolbox (e.g., reading
captions). Existing technologies focus on non-disabled users, rendering traditional peda-
gogical approaches like listening exercises or immersion through media inaccessible. One
direction could be to incorporate multimodal representations of language into learning tools
and spaces (e.g., mouth movements, phonetic transcriptions) and investigate how they sup-
port DHH language learners. Emerging Al and language technologies could further allow us
to generate customized course content and offer dynamic feedback— personalizing learning
to each users’ unique goals and access needs. Overall, this direction of research could exam-
ine how technology might help people to grow their communicative repertoires (instead of
constraining them).

Similarly, Al technologies have the potential to support the goal of communication access.
Emerging multimodal language models allow users to combine multiple inputs (images, text,
speech), and thus allow users to move between different communication practices in their
repertoire. Sign language processing research is advancing as well, promising the addition of
sign-based inputs to these models. While these advances have the potential to allow users
to leverage their full communication repertoire, critical consideration is still required so that
the work of languaging is not fully outsourced to technology. Throughout my disseration
research, DHH participants have described the thought and care that goes into switching
between access practices and languages such that it meets the demands of the context and
conversation partners. An important direction of research for these multimodal Al technolo-
gies is ensuring users remain active agents in decision making around languaging, i.e., how

different modalities and languages are combined.

Finally, while my research has focused on DHH communities, I believe that language
and language-related factors deeply influence accessibility experiences of many others with
communication access needs— such as neurodivergent, chronically ill, and otherwise disabled
individuals. For example, consider multilingual captioning from Chapter 4 — many partic-
ipants in that study identified with different disabilities. Notably, these differences shaped

how captioning offered access. Similarly, while not represented in Chapter 5, many with
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expressive communication access needs also use sign languages to communicate. For these
groups, captioning or interpreting services are not easy to request or mandate, impacting
availability and how it fits into their communication repertoires. These differences in ac-
cess provision combined with language-related factors points to an exciting area for future
research: exploring these communities’” communication repertoires through a language lens
and redesigning access technologies (such as alternative and augmentative communication

devices) to account for a range of language experiences.
7.3 Concluding Remarks

Through my dissertation, I have highlighted how language and disability collide in communi-
cation accessibility. While many technologies are built to support communication and foster
connection, they often constrain multilingual and multimodal communication practices. I
am excited for a future where technologies reflect the full diversity of communication — where
technology is no longer a site of erasure or oppression, but a space where communities and
languages can flourish. I look forward to designing and building technologies that enact

access and embody both language justice and disability justice.
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Appendix A

SUPPLEMENTARY FIGURES AND TABLES

A.1 Design Dimension Representations and Design Probe Ratings
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(a) Consonant (left) and Vowel (right) Rep-

resentations using Color Design Dimensions

AB

(c) Consonant Representations using

Shape Design Dimensions

ng,

ch

(b) Consonant (left) and Vowel (right) Rep-
resentations using Position Design Dimen-

sions

ot ,
et 510

(d) Vowel Representations using Shape De-

sign Dimensions

Figure A.1: Consonant and Vowel Representation Using Design Dimensions



Table A.1: Participants’ Usefulness Rating and Task Accuracy

Participant Average Usefulness Rating Standard Dev Accuracy

P1

P2

P3

P4

P5

P6

pP7

P8

P9
P10
P11
P12

2.3
1
2.5
3
2.6
3.5
4.8
3
1.6
3.8
3.8
2.4

0.51
0
0.83

1.03
0.83
0.4
0.63
1.03
0.44
0.98
1.67

7027
100
100

95.4
100
100
100
100
95.4
95.4
90.9
100

A.2 Core Dictionary Performance
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Table corresponds to section [5.4.1] where we establish a baseline of the classifier perfor-

mance and our feature-representation approach using the test split of our core vocabulary.
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Setup DCG Rec@1 Rec@10

Classifier
All Features

0.7787 £ 0.0051 0.6221 £ 0.0101  0.8860 =+ 0.0020
0.7719 £ 0.0016 0.6111 £ 0.0052 0.8815 £ 0.0021

Centroid  0.8050 £ 0.0013 0.6604 =+ 0.0040 0.9048 + 0.0010

Table A.2: Establishing baseline performance using classifier and our feature-based approach.

The ‘all features’ setting corresponds to naive use of learned feature representations, and centroid

corresponds to calculating centroid for each sign first.

A.3 Adding a Single Sign

Table summarized results of our experiments using different contributors when simulating

our ‘long-term contributor’ scenario in section [5.4.3]

Setup

DCG

Rec@1l

Rec@10

P52 (seed signer)
P33
P11
P50
P27

0.6881 £ 0.0025
0.5556 + 0.0017
0.4715 £+ 0.0031
0.6163 £ 0.0035
0.6346 + 0.0037

0.4955 £+ 0.0006
0.3275 £+ 0.0035
0.2482 £ 0.0024
0.4004 £ 0.0031
0.4215 £+ 0.0038

0.8121 £ 0.0070
0.6781 £+ 0.0014
0.5615 £ 0.0043
0.7445 £ 0.0056
0.7678 + 0.0038

Table A.3: Dictionary expansion performance when adding a single sign to the dictionary with a
single example and using a specific contributor’s videos to represent all signs. We see performance

varies significantly across chosen contributor.
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A.4 Adding Many Signs with Many Examples

Table corresponds to section |[5.4.4] where we experiment with adding many signs to
the dictionary using all available samples — it summarizes performance of both added signs
and core signs with each stage of expansion (adding 100, 500, 750, 1000 signs). We report

averages across each the three randomly sampled sets for each stage of expansion.

Setup DCG Rec@1 Rec@10
Adding 1 0.8042 4+ 0.0037 0.6538 + 0.0047 0.9105 + 0.0040
Adding 100  0.7984 + 0.0090 0.6433 4+ 0.0107 0.9078 + 0.0084
Adding 500 0.7644 + 0.0031 0.5949 4+ 0.0030 0.8815 + 0.0040
Adding 750  0.7494 + 0.0080 0.5730 4+ 0.0100 0.8689 + 0.0093

Adding 1000

0.7397 £ 0.0076

0.5603 £ 0.0101

0.8600 £ 0.0072

Setup DCG Rec@1 Rec@10

Original 0.8050 + 0.0013 0.6604 £+ 0.0040 0.9048 + 0.0010
Adding 100  0.7968 £ 0.0015 0.6484 + 0.0038 0.8989 £ 0.0018
Adding 500 0.7694 + 0.0025 0.6090 + 0.0052 0.8774 + 0.0022
Adding 750  0.7548 £+ 0.0034 0.5882 4+ 0.0067 0.8657 £+ 0.0030

Adding 1000

0.7436 + 0.0033

0.5727 £ 0.0057

0.8567 + 0.0037

Table A.4: Dictionary Expansion performance when adding multiple signs with multiple examples.
Top table is performance of added signs and bottom table is corresponding performance of core

signs after dictionary expansion. Top rows in each table are baselines from previous settings.
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A.5 Adding a Many Signs with Single Example

Tables and corresponds to section [5.4.5], where we experiment with adding many
signs to the dictionary using a single only one expansion sample. They summarize results
with two different setups: using a random contributor’s video for each sign vs. using the
seed signer’s video across the board. We report performance of both added signs and core

signs with each stage of expansion (adding 100, 500, 750, 1000 signs). We report averages

across each the three randomly sampled sets for each stage of expansion.

Setup

DCG

Rec@l

Rec@10

Adding 100
Adding 500
Adding 750
Adding 1000

0.4527 £ 0.0062
0.4332 £+ 0.0043
0.4263 £+ 0.0066
0.4192 £ 0.0024

0.2203 4+ 0.0016
0.2016 £+ 0.0023
0.1971 + 0.0040
0.1910 £+ 0.0013

0.5457 £ 0.0163
0.5200 + 0.0094
0.5091 £+ 0.0114
0.4990 + 0.0051

Setup

DCG

Rec@1

Rec@10

Adding 100
Adding 500
Adding 750
Adding 1000

0.8009 + 0.0021
0.7909 £ 0.0037
0.7852 £ 0.0035
0.7792 £+ 0.0048

0.6543 + 0.0059
0.6402 + 0.0078
0.6327 £ 0.0078
0.6251 + 0.0085

0.9027 £+ 0.0009
0.8946 + 0.0006
0.8895 £+ 0.0010
0.8845 + 0.0008

Table A.5: Dictionary Expansion performance when adding multiple signs with a single example,
and using a random contributor’s video as a sample. Top table is performance of added signs and
bottom table is corresponding performance of core signs after dictionary expansion. We see large

disparities between added and core sign performance at each expansion stage.



Setup

DCG

Rec@l

Rec@10

Adding 100
Adding 500
Adding 750
Adding 1000

0.6813 £+ 0.0062
0.6504 £ 0.0035
0.6308 £+ 0.0074
0.6164 + 0.0034

0.4877 £ 0.0118
0.4477 £ 0.0037
0.4231 £+ 0.0091
0.4047 + 0.0055

0.8038 + 0.0057
0.7743 £+ 0.0086
0.7561 + 0.0088
0.7401 £+ 0.0075

Setup

DCG

Rec@l1

Rec@10

Adding 100
Adding 500
Adding 750
Adding 1000

0.7070 £+ 0.0049
0.6764 £+ 0.0056
0.6613 £+ 0.0052
0.6477 = 0.0056

0.5205 + 0.0043
0.4808 + 0.0069
0.4614 + 0.0065
0.4443 + 0.0077

0.8284 £+ 0.0064
0.8005 + 0.0092
0.7855 + 0.0091
0.7728 £ 0.0087
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Table A.6: Dictionary Expansion performance when adding multiple signs with a single example
and using the seed signer’s videos to represent all signs. Top table is performance of added signs
and bottom table is corresponding performance of core signs after dictionary expansion. We see
improvement in added sign performance compared to the random contributor setup, but core sign

performance lags behind.

A.6 Small Dictionaries

Tables [A-§] and [A.7 and [A.9] corresponds to section [5.4.6] where we experiment with sim-

ulating dictionary expansion for small dictionaries. We report results on three different
core-unseen splits: randomly generated (Table , semantically distributed (Table ,
and specialized (language learning lexicon) (Table . To sample the semantically dis-
tributed glosses, we extracted GloVE embeddings [216] for all glosses in ASL Citizen dataset
(2731) and used geometric sketching [115] to sample 100 representative glosses. In the fol-

lowing tables, we report performance of both added signs and core signs with each stage

of expansion (adding 100, 500, 750, 1000 signs). We report averages across each the three
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randomly sampled sets for each stage of expansion.

Setup DCG Rec@l Rec@l0

Adding 1 0.8314 0.6722 0.9580
Adding 10  0.7877  0.5821 0.9522
Adding 50  0.7654  0.5735 0.9180
Adding 75 0.7572  0.5714 0.8987
Adding 100 0.7328  0.5285 0.8937

Setup DCG Rec@l Rec@l10

Original 0.8302  0.6953 0.9290
Adding 10  0.8311  0.6967 0.9396
Adding 50 0.7925  0.6430 0.9071
Adding 75 0.7783  0.6244 0.8915
Adding 100 0.7625 0.6054 0.8754

Table A.7: Performance with small randomly sampled dictionary, adding multiple signs with
multiple examples. Top table is performance of added signs and bottom table is corresponding
performance of core signs after dictionary expansion. Top rows in each table correspond to estab-

lishing a baseline and adding single signs.



Setup DCG

Rec@l Rec@l0

Adding 1 0.8230
Adding 10 0.8300
Adding 50  0.7544
Adding 75 0.7481
Adding 100 0.7511

0.6549
0.6695
0.5383
0.5511
0.5555

0.9551
0.9491
0.9236
0.8959
0.9015

Setup DCG

Rec@l Rec@l0

Original 0.8427
Adding 10  0.8304
Adding 50  0.7962
Adding 75  0.7818
Adding 100 0.7658

0.7073
0.6965
0.6530
0.6305
0.6056

0.9498
0.9409
0.9086
0.8980
0.8841
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Table A.8: Performance with small semantically diverse dictionary, adding multiple signs with

multiple examples. Top table is performance of added signs and bottom table is corresponding

performance of core signs after dictionary expansion. Top rows in each table correspond to estab-

lishing a baseline and adding single signs.

A.7 Visual Similarity of Common Confusions

We present some common confusions that occurred for an experimental split under the Base

Setup scenario (Section [5.4.2)). We present ground truth and predicted glosses alongside

phonological labels to describe visual similarity. These phonological labels were derived

from ASL-Lex [238] (a database of phonological properties of signs which all ASL Citizen

glosses are cross-referenced against).
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Setup DCG Rec@l Rec@l0

Adding 1 0.8528 0.7083 0.9689
Adding 10  0.8261  0.6601 0.9568
Adding 50  0.8112  0.6446 0.9468
Adding 75 0.7835  0.6016 0.9307
Adding 100 0.7692  0.5818 0.9150

Setup DCG Rec@l Rec@l10

Original 0.8255 0.6694 0.9507
Adding 10  0.8291  0.6801 0.9481
Adding 50  0.8007  0.6423 0.9233
Adding 75 0.7863  0.6184 0.9139
Adding 100 0.7749  0.6053 0.8964

Table A.9: Performance with small specialized lexicon dictionary (for language learners), adding
multiple signs with multiple examples. Top table is performance of added signs and bottom table
is corresponding performance of core signs after dictionary expansion. Top rows in each table

correspond to establishing a baseline and adding single signs.
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Type Gloss Handshape Movement Location
Truth SHOVEL1 S Curved Neutral
Predicted DIGUP a Curved Neutral
Truth ASSEMBLY a Straight Body
Predicted ATLANTA a Curved Body
Truth RING g Straight Hand
Predicted FILTER 5 Straight Neutral
Truth VISUALIZE S Straight Head
Predicted IMAGINE2 S Straight Head
Truth CALM closed-b Curved Neutral
Predicted QUIET closed-b Curved Head

Table A.10: Common Confusions from Base Setup Scenario (Adding One Sign With Many
Examples)
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