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For the many people who cannot access audio content, perhaps because they are d/Deaf or hard
of hearing, captions are a crucial accessibility tool. While a significant body of work has developed
and studied captioning technologies, researchers have traditionally only considered d/Deaf and hard
of hearing (DHH) people as captioning users. Yet, communication is inherently interactive, and
Deaf and disabled scholars and activists increasingly emphasize that accessibility ought to be a
group-level, not individual, concern. Treating DHH people as the sole users of captioning places
all of the work of ensuring communication access on the group that faces access barriers. Further,
when captioning tools are not designed to also engage conversation partners, a number of avenues
to make conversation more accessible cannot be considered. In my dissertation I identify the impact
of conversation partners on captioning use and design collective communication access approaches,

reimagining how we conceptualize communication access.

My dissertation research uses a range of qualitative, theoretical, and design methods to under-
stand the context that shapes caption use and to envision collective access technologies. I begin
by outlining a theoretical framework for collective communication access, drawing from disability
studies, Deaf studies, disability justice, and communication studies. I then identify factors that shape
DHH people’s experiences of real-time captioning in small groups and identify the potential for and
interest in group captioning tools. Via a codesign study with mixed hearing ability groups, I identify

promising practical directions for the design of collective access captioning tools. I then explore the



role of contextual factors and collective access in a different form of captioning — user-generated
captions on TikTok. Finally. I review the past decade of captioning literature through a collective
communication access lens, identifying that designing for the group, grounded in communication
context, is a novel but promising approach to creating captioning technologies.

My dissertation makes empirical, theoretical, and design contributions, envisioning and grap-
pling with the complexities of designing communication access technologies anchored in Deaf and
disability scholarship and activism. I propose a future of accessibility practice that uses technology
to guide nondisabled people toward more accessible norms and builds tools that can better match

the ways they are used in practice.
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Chapter 1
INTRODUCTION

The last five years have been a been a period of significant change for captioning technologies.
The potential of automatic captioning had been of interest to researchers (e.g., [45, 93] [144] 27]))
and d/Deaf and hard of hearing (DHH) communities [61] for years. Widespread commercial au-
tomatic captioning tools began to hit the market in spring 2019 with Google’s launch of the Live
Transcribe app [104] and addition of automated live captioning to Google Meet [217]]. The global
shift to videoconferencing in the wake of the COVID 19 pandemic also brought significant shifts in
captioning technologies. Google Meet had 3 million daily users at the start of 2020 and made the
platform free to all Google users (not just enterprise clients) in spring 2020 [34], the first widely-
used free videoconferencing captions. By the start of 2024 Google Meet had 300 million monthly
users [[75]]. Similarly, Live Transcribe, an app developed in collaboration with Gallaudet University
to provide live captioning in mobile contexts, had 100 million downloads at the end of 2021 [[104]
and over one billion downloads by the end of 2023 [[109]]. Google has not been the only player inno-
vating live captioning — Microsoft’s Skype and PowerPoint rolled out live captions and subtitles at
the end of 2018 [[199] and Microsoft Teams launched automatic captioning in summer 2020 [[153]].
Zoom lagged behind, making automatic captioning available to all users in fall 2021 [306] following
critique from disability communities around their prior launch of captioning as a paid feature [80].

Along with an evolution of captioning tools, how people caption and consume caption media
has changed significantly over the last five years. Historically, the low quality of user-generated
captions has made it hard for caption users to access user-generated video. Deaf YouTuber Rikki
Poynter starting the #NoMoreCraptions campaign in late 2016 [76]], and both YouTube and TikTok
have been thoroughly critiqued for the state of captioning on their platform [173]]. However, the
state of user-generated captioning is changing. Amid its rise to dominance in user-generated video

platforms [35]], TikTok released automatic captioning in 2021 [[121] and is now often reported on as



a site where captions are common and innovative [260,57]]. Google Chrome also released universal
in-browser live automatic captioning in 2021 [187]]. Furthermore, young people now use captions
at an unprecedented rate: in summer 2023 18-29 year olds were watching TV with subtitles on 63%

of the time [46], a trend that was just beginning to be reported on in 2019 [66].

Yet, the rise in automatically generated and user-generated captions is not a universal boon
— even in highly controlled, ideal circumstances commercial automatic speech recognition (ASR)
tools still reaches an average of 88-95% accuracy [290]. In contrast, to become a certified CART
writer, individuals must achieve 96% accuracy at 180 words per minute [215]]. There is also signifi-
cant bias in these algorithms — ASR performs particularly poorly when on the voices of Black men
using AAVE [153]] and performance drops precipitously between hearing and Deaf speakers [101]].
Bias and decreased performance are real and pressing concerns as automatic captioning threatens to
replace human services in education [[171] and other crucial services. However, as the NCR only
reported 243 newly certified professionals in 2023, tools and guidance around how to navigate the
increased availability of automatic captioning are necessary [214].

To understand how the changes in captioning technologies over the last five years change the
day-to-day lives of captioning users, let’s imagine what a hypothetical DHH college student might
have experienced in 2019 (when I started my dissertation research), compared to their experiences
in 2024. Take Alicia — she identifies as deaf, was raised by hearing parents, and mainstreamed
throughout her K-12 education. She doesn’t know ASL, but uses her hearing aids, speechreading,
and captioning to communicate. She had real-time, human-generated captions (CART) provided for
classes throughout high school but struggled to engage in extracurriculars — even if her school had
provided a captioner after school, it would be a logistical mess to set up CART during basketball
practice.

Now, imagine it’s 2019 and Alicia is a junior in college. She can watch all the Netflix shows
she and her friends love on her laptop — Netflix captions their content following a lawsuit by the
National Association for the Deaf in 2012 [[74]- but her roommate’s boyfriend sometimes “jokes”
that she watches TV like his grandma. The cooking videos on her Instagram feed are almost never

captioned, and the YouTube clips her friends send her are often unintelligible via YouTube’s auto-

!The certifying association for court reporters and captioners



matic “craptions”. When she goes to class, she has a CART captioner, but last minute meetings with
group mates in her many project-based classes are draining. Alicia can’t schedule a captioner for a
6-9 PM working meeting planned that afternoon, so she gets home exhausted from trying to listen to
and speechread people who don’t do a great job remembering to turn away from the whiteboard and
look at her when they talk. She wants to try an app like LiveTranscribe, but Alicia has an iPhone

and it is only released on Android.

What if, instead, Alicia was a junior in college in 2024. She rarely has to ask her friends to turn
on captions for movie nights — most of them already have them on. Alicia’s TikTok feed is mostly
captioned, and if she really wants to watch an uncaptioned video, Google Chrome’s integrated live
captions do a pretty good job. She still uses CART in class but when she and her peers need to work
on a project late into the night, often they hop on Zoom, Google Meet, or Facetime (all of which
have integrated real-time automatic captioning). They all finished high school online due to COVID
— they’re really used to video calls. When Alicia hangs out with friends at a noisy restaurant, she’ll
sometimes open Otter.Al to have real-time captioning running, but she’s nervous to do so if she’s
with new people. She still runs into access barriers — some of her closest friends are international
students and automatic captions often break down on accented English, and she’s had a hard time
communicating with new Deaf friends in her disability activist group because none of their voices
are well-captioned by automatic tools. Alicia is still drained by trying to figure out if the captions

she’s reading are accurate or not.

The evolution of captioning technologies makes a significant difference for someone like Alicia
in 2019 compared to 2024. However, communication access has never just been about technology
availability or performance. In both cases, social behavior and norms make a significant differ-
ence in her experiences, despite rarely being targeted as a way to improve captioning. Consider
the different experiences of project meetings in 2019 versus 2024 — the switch toward broad use
of videoconferencing tools allows Alicia to work with group mates in an environment that is far
friendlier for captioning. Yet, in person conversations in 2024 remain difficult — while Alicia has
more tools in her arsenal, they perform poorly in noisy environments and the expectation that she
navigates access alone and social anxiety around using assistive technologies limit her options in

practice.



1.1 The Current State of HCI Captioning Literature

Human-computer interaction (HCI) captioning research literature has enabled and responded to
these technical advances. As automatic captioning has developed, researchers investigated how, if at
all, conveying errors to captioning users aids them in interpreting error-laden captions [30, 28] and
what impact those errors have on comprehension [[145, [144]. A key concern when designing cap-
tioning tools is how to place captions in a way that minimizes visual dispersion, often addressed by
developing new display configurations [50,158]] or new form factors, such as head-mounted displays
(HMDs) [136, 228l [192]. Researchers have also explored how caption placement (8} [12} |10} 9} |41]
and formatting [124} 28 [106] impacts how much information caption users can take in. Specific
contexts for captioning use have also received significant attention, including classroom captioning
[450150, 149, 159]] and captioning online, user-generated video [175} 181} 258} 131} 260].

Notably, while caption quality has improved, many of the barriers Alicia faced in our hypothet-
ical example came from the social, relational, and environmental factors that shape her daily life.
There is a small body of captioning research that has identified the impact conversation partners
have on the experience of someone reading captions [254} 256/ 255] or identified the role conversa-
tion partners could play in developing more accessible communication norms [293} 257,149, [183]].
Traditionally, researchers have not conceived of captioning as a tool that groups use to commu-
nicate together — rather it is positioned as a tool DHH individualsﬂ independently use to access a
conversation. This oversimplification of caption use as a solitary endeavor has limited our capacity
to understand the role conversational context has on the use of captioning technologies.

However, Deaf and disabled scholars and activists demonstrate that access ought to be seen as
something people do together. Disability justice, a contemporary activist movement led by disabled
people who are queer, trans, Black, Indigenous, or otherwise people of color, envisions a liberated,
accessible future [205]. Disability justice theorizing centers interdependence, valuing mutual re-
liance over independence, and envisions collective access approaches, where access is done for and
by the entire group, rather than individuals [131]. Disability studies scholars also focus on to target

change towards social structures, rather than individuals [221} [26]]. Disability studies scholar Devva

Zcaptioning is a technology used to increase access for many groups other than DHH people, but that is seldom
acknowledged in the captioning literature, for examples see [260 [194]



Kasnitz calls for a shift toward ‘community based accommodations’, arguing that, for example, hear-
ing non-signers need an interpreter just as much as their Deaf interlocutors do [148]]. Furthermore,
Deaf cultural concepts such as DeafSpace [81]] and Deaf gain [[19] prioritize a world that is built for
and centers Deaf communication norms. The HCI research that has translated critical disability per-
spectives into the design of technology finds that designing for interdependence is a compelling way
to better align access technologies with the worlds they’re used within [235] 163} 164, [62]]. My work
brings Deaf and disability studies and activism to the design of captioning technologies, exploring

the design ramifications of seeing captioning as something groups use together.

1.2 Research Questions and Thesis

My dissertation research investigates how social, relational, environmental, and technical factors
combine to shape people’s experiences of novel captioning tools, identifying the need to design
future captioning technologies to serve groups, not just individuals. I am guided by the following

research questions:
* DRQI1: How do socioenvironmental factors shape the experience and efficacy of caption use?
* DRQ2: How can captioning technologies be designed in a way that fosters collective access?

Over the course of the following chapters, I demonstrate my thesis statement:
Centering social, relational, and environmental factors as key determinants of communication
accessibility while designing captioning technologies better matches captioning’s realistic context

of use and can advance disability and Deaf community politics.

1.3 Dissertation Overview

After situating my research relative to the many fields I draw from, I present the empirical and
theoretical work that demonstrates my thesis statement and conclude with a discussion of the broader
implications of my research.

In [Chapter 2] I introduce and briefly discuss five key bodies of related research that inform my
dissertation as a whole. First, I discuss how captioning technologies have evolved and how captions

are provisioned, then I summarize the large body of work that has focused on how to best display



captions, followed by an overview of factors considered in the design of captions themselves, ending
with an introduction to critical Deaf and disability perspectives.

presents the first half of a theoretical literature review I conducted, forthcoming at
ASSETS 2024 [[195]. In this chapter, I develop and outline a theoretical framework for collective
communication access. This framework crystallizes the years of thinking and discussion that both
informed and were informed by the empirical work I present in this dissertation. I chose to separate
the theoretical framework from the literature review it guided (see to provide greater
theoretical clarity on the approach I demonstrate in subsequent chapters. This chapter provides a
theoretical lens to guide my answer to DRQ2.

In [Chapter 4|1 present the foundational empirical study that anchors my dissertation, published
at CSCW 2021 [[196]. The research in this chapter is informed by the semi-structured interviews
and design probe activities I conducted with 15 DHH participants. The two major findings from
this chapter are that captioning must be understood in the context of the social, environmental, and
technical factors that shape its use and that designing captioning technologies for group use is seen
as promising by DHH participants. This chapter directly investigates DRQ1 and motivates DRQ?2,
contributing to my conclusions that social and environmental factors must be considered in the
design of technology and are necessary for understanding captioning’s realistic context of use.

reports on the three-phase codesign study I conducted with mixed hearing ability
groups, published at CHI 2023 [198]]. After recruiting established small groups with 3-6 members,
at least one DHH and at least one hearing (17 participants across 4 groups), we conducted first, a for-
mative session observing participants’ current communication practices and introducing the idea of
designing technology for group use, second, a design session wherein participants first individually
and then collectively sketched their preferred captioning tools, and finally, had participants review
video prototypes we developed of their ideas. From this study we document the role relationships
play in shaping desired access practices and offer concrete design directions, developed by partic-
ipants, for group captioning technologies. This chapter further investigates RQ1 and directly takes
up RQ?2, highlighting the role of relational factors in access practices and demonstrating how design
practices grounded in contextual factors can enact a politics of collective communication access.

In[Chapter 6]I explore a collective, contextual approach to user-generated captioning, specifically
TikTok captions, published at CHI 2024 [[194]]. While nondisabled conversation participants do not



traditionally engage with real-time captions, content creators on TikTok are directly responsible for
the presence and quality of captions on their videos. We conducted a content analysis of 300 TikTok
videos, complemented by an interview study with 9 caption users, investigating how captions are
created and shared in this specific environment. We found that, while TikTok is largely usable by
caption users, future standards and greater knowledge and accountability among caption creators
would improve experiences of user-generated captions. This chapter further explores both DRQ1
and DRQ2, articulating how the social and environmental context of TikTok shapes captioning
practices and formulating user-generated captioning as a form of collective access.

contains the final content of my dissertation research — the literature review that ac-
companies the theoretical framework presented in published at ASSETS 2024 [193]. In
this work I reviewed human-centered, accessibility-focused captioning research published between
2013 and 2023 using my framework for collective communication access. This chapter investigates
DRQ1 and DRQ?2 in the context of previously published literature, finding that work that engages
contextual factors better matches captioning’s realistic context of use and advances disability and
Deaf politics.

In[Chapter 8] I discuss the implications of my dissertation work, specifically considerations for
an activist accessibility research practice, tensions in designing for collective communication access,
and the future for interdisciplinary disability research. I also identify dissertation-level limitations
and promising areas for future work

I conclude in by revisiting my dissertation level contributions.

1.4 Contributions

At a high level, my dissertation contributes:

* Empirical evidence that social, relational, and environmental context are critical determinants

of how captioning technologies mediate access (see Chapters @] [5 [6] and

* Design guidance identifying 1) practical considerations for captioning technology that shapes
behavioral norms, 2) guidance for matching caption design to specific contexts, and 3) a

design space of low technical complexity, high social impact captioning interventions (see

Chapters [4] [5] and [6])



* A theoretical framework of collective communication access (see Chapters [3|and

1.5 Positionality and Authorship

All of the research I present in this dissertation is work that I led, but none of it is work that I did
alone. Collaborators Steven Goodman, Ping Liu, Soo Hyun Moon, Lucy Jiang, Tessa Eagle, Pitch
Sinlapanuntakul, Kate Ringland, Raja Kushalnagar, and Jon Froehlich, and my advisor, Leah Find-
later, are integral to this research’s existence. Therefore, when writing sections that represent only
my views, such as this introduction and [Chapter 8] I use first-person singular pronouns. Throughout
my collaborative work, however, I acknowledge my collaborators through the use of first-person
plural pronouns.

This work is also deeply shaped by my positionality and politics. I write from a position of great
privilege — I am white, with access to a world-class education at an American university, conducted
in my first language, English. This power shapes how I interpret the world, interact with participants,
and how my scholarship is received and shared.

Throughout my PhD I have lived and conducted my research on the lands of the Coast Sal-
ish peoples, specifically those of the Duwamish, Puyallup, Suquamish, Tulalip, and Muckleshoot
nations, as well as the lands of the Peoria, Potawatomi, Myaamia, Sioux, Kaskaskia, Kickapoo,
Anishinabewaki, and Metis peoples. Please visit https://native-land.ca/ or a similar
website to learn whose land you are on and consider donating to those nations.

My work is also shaped by an evolving disability identity and my perspective as a queer woman.
Though I did not identify as disabled when I began my PhD, the last five years have taught me
intimately what disability studies scholars know — disability is a category anyone can enter at any
time. This experience, coupled with my status as a hearing person working with d/Deaf and hard of
hearing communities, has driven me to think deeply about the limits of a politics based on shared
identity. I see it as my responsibility as a researcher to learn deeply the politics and culture of a
community I work with, advocate for their political goals in and beyond my research, mentor junior
scholars who belong to those communities, and to stay critically reflective.

Specifically, while working on a dissertation primarily focused on access for DHH communi-

ties, I have learned ASL (reaching a conversational proficiency), studied Deaf culture, history, and


https://native-land.ca/

communication practices. I have also had opportunities to be mentored by Deaf experts in this field,
to mentor burgeoning DHH scholars, and to work and learn alongside DHH colleagues and friends.
I present this all from a place of humility, as a sincere effort to not replicate the significant harm
hearing researchers have done to DHH communities.

My disciplinary background also has significant bearing on the work I do. I am graduating from
the University of Washington with a Ph.D. and M.S. in Human Centered Design and Engineering
as well as a graduate certificate in Disability Studies. I also have a B.S. in Computer Science and
undergraduate minor in Gender and Sexuality Studies. I approach the design of technology with
a range of critical, theoretical lenses, as a scholar formally trained in both domains. This unique,

interdisciplinary education is central to the work I do.
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Chapter 2

RELATED WORK

The bodies of work most related to my dissertation focus on how captioning is provisioned, un-
derstanding people’s experiences using captions, how captions themselves are styled and displayed,

critical Deaf and disability perspectives, and disability-studies informed HCI research.

2.1 Captioning Technologies

DHH people use a range of tools and strategies for communication access, including sign language,
speechreading, writing, gesture, hearing aids, cochlear implants, human-generated captioning (e.g.,
CART), and automatic captioning [52]]. Captions are used for real-time spoken conversation, live
television (e.g., news reporting), and prerecorded media, each format bringing their own accessibil-
ity considerations. Here I highlight the two forms of captioning I study in my dissertation work;
real-time captioning, and captioning prerecorded media.

The range of available real-time captioning technologies each come with their own tradeoffs.
CART—human-generated verbatim captioning—is the most popular and accurate. Certification for
CART writers requires they be able to caption speech at 180 words per minute with 96% accuracy
[215]. Yet, CART is expensive ($80-$100 an hour) and must be scheduled in advance [2]. An
alternative, C-Print, summarizes content within sentences and uses a shorthand style, but is also
costly ($60/hour) and must be pre-scheduled [85]].

While human transcription remains the legally protected standard for captioning in the US and
around the world [15]], automatic captioning using automatic speech recognition (ASR) is increas-
ingly used for informal interactions and when accommodations are not otherwise available [7]].
Despite years of development, recent evaluations found that on high quality audio sources, pop-
ular automatic speech recognition (ASR) engines reach 88-95% accuracy [290] and ranges from
81-86% accuracy in less ideal conditions [244]]. Additionally, ASR performance deteriorates in

complex audio environments [282]] and ASR technologies display algorithmic bias, including per-
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forming poorly on Black speakers using African American Vernacular English (AAVE) [153] and
speakers with Deaf accents [101]]. Identifying when ASR-generated captions are unusably inaccu-
rate poses a difficult problem, partly because long-established metrics do not adequately weight the
types of errors that impact DHH viewers [144, [145]]. Berke et al. [30] also caution that while some
caption readers can indeed make sense of inaccurate captions, the ability to identify and make sense
of errors depends on readers’ literacy levels. Unlike human transcription, ASR does not convey
non-speech information such as laughter or consider high-level context, such as a child trying to say
a new word. Furthermore, many within the Deaf community oppose using automatic captioning in
place of human transcription, considering it to be insufficient access [76].

When considering pre-recorded media, whether or not a video is mandated to be captioned
depends on where it is aired. Closed captioning on American television dates back to the 1970s
and became a legal standard [92, 91]] via the 1990 American with Disabilities Act (ADA) and 1996
Telecommunications Act [[138]]. In 2010, the 21st Century Communications and Video Accessibility
Act modernized these provisions to require that content aired on television with captions must re-
main captioned if uploaded online [302]. Legal standards vary internationally [238]], changing style
guidance on captioning aspects like color (e.g., [22]), and using different frameworks (e.g., W3C
consortium guidelines) as the basis of law [84]. Despite some fledgling efforts to mandate captions
for user-generated online video, they have not been widely implemented [[1]]. The rapid development
of automatic speech recognition (ASR) has simplified the process of generating video captions and
subsequently editing them, making captioning a far easier task [260, [175, [177]. However, auto-
matically generated captions frequently remain unedited, which Deaf activists have highlighted as

problematic [76]].

2.2 Captioning Experiences

My work builds on the body of research that has sought to understand DHH people’s experiences
using captioning.

Speaker behavior can impact captioning effectiveness. A foundational study of speech rate and
captioning found that 145 words per minute (wpm) is an optimal, comfortable caption reading speed

and that audience comprehension decreases above 170 wpm [139]]. Further, communication issues
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can arise from overlapping speech [[99} [135]], not seeing other speakers [[135]], ASR not understand-
ing some speakers’ accents [[101}, [153]], and background noise [99, 228]]. Seita et al. [254] studied
automatically captioned small-group conversation between DHH and hearing people, finding that,
in the presence of captions, hearing people altered speech characteristics, such as volume and rate.
In two studies, they also explored the impact of a hearing researcher modulating their speech in
several ways (i.e., speech rate, volume, eye contact), finding that modulations in intonation and
enunciation statistically significantly impacted participants’ satisfaction with the hearing person’s

behavior [256 255]).

Videoconferencing environments present unique considerations for DHH users, particularly af-
ter the software’s surge in use during the COVID-19 pandemic [20]. These platforms pose chal-
lenges for most DHH communicators: Ang and Liu et al. [247] highlight limitations for signed
communication while Vogler et al. [288]] identify significant technical workarounds required for
DHH-accessible hybrid meetings. Studies with remote DHH employees highlight high cognitive
load and difficulty identifying speakers [[183} [278]]. To mitigate platform failings, Kushalnagar and
Vogler [[163]] provide practical recommendations for DHH-accessible videoconferencing, including

strong conversational guidelines and monitoring chat.

When communicating with hearing people, prior work has identified the rich social context
that shapes DHH people’s experiences. Kawas et al.’s [149] analysis of real-time captioning in
the classroom identifies that most hurdles students face are fundamentally sociotechnical, requir-
ing technological, social, environmental, and policy solutions, Wang and Piper [293]], interviewed
and observed existing dyads of Deaf and hearing collaborators, focusing on interactions when ac-
commodations are unavailable (i.e., not focused on captions). They found that, over time, these
Deaf-hearing teams co-create accessible practices, including flexibly switching between spoken
and written language, learning to prioritize shared visuals, and providing ad hoc, informal tran-
scription and sign language interpretation. Seita et al. [257] explored methods for working with
DHH/hearing dyads online, finding that dyads must negotiate how to coordinate visual attention to
effectively collaborate. Additionally, Elliot et al. [87] tested an ASR/typing based app to facilitate

1:1 communication between DHH/hearing dyads and found initial positive reactions.
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2.3 Captioning Styling and Display

While there are standards for captioning styling and placement, many have explored novel ap-
proaches in an effort to make captioning more prosodic and usable.

Prior work has investigated how DHH people prefer captions to be displayed. Despite many
proposed alternatives, DHH viewers consistently prefer familiar captioning styles, such as standards
used for TV and movies [28]. Captioning viewers also appreciate options to customize caption
styles [[105]]. Researchers have explored various techniques, including color, animation, placement,
and styling, to convey information such as volume [[124, [198]], emotion [238 [172, 224]], and the
quality of sound effects [303]. Butler terms these approaches ’aesthetic’ or ’alternative’ captions,
contrasting them with ’integral’ captions that prioritize access [44]. In a series of focus groups, she
found that DHH people opposed highly aesthetic captions, but concluded that creative captions that
“maintain accessible qualities” could be useful [44]. Research has also shown that more humble
interventions, such as using punctuation to indicate pauses in automatic captions [[106, 258|] can
positively impact caption readability.

Research into captioning displays has focused on how to make the visually-demanding task
of reading captions easier. A key concern when designing captioning systems is limiting visual
attention split, and researchers have explored myriad display configurations to enhance DHH peo-
ple’s ability to read captions while attending to other aspects of conversation. These include in-
tegrating captions into the environment, using head-mounted displays, and annotating captions
[50L 1351136} 157, 1201} 228, 232, 145]]. However, Amin et al. [10] highlight that captions displays
must be designed as to not occlude relevant information, such as faces. Differentiating between
speakers while using captioning remains a pervasive problem, and researchers have explored vari-
ous solutions, such as adding animations that point to the current speaker [99, 158]], moving captions
next to the current speaker [124, 228l 126, 1303} [198]], and designing graphical displays that use a

speaker’s image and name for identification [289]].

2.4 Critical Deaf and Disability Perspectives

My work build heavily on critical perspectives from Deaf studies, Deaf cultural politics, disability

studies, and disability justice activist theorizing. I briefly overview the perspectives I draw on here.
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Deaf communities have asserted Deafness as a cultural identity that extends beyond an audi-
ological diagnosis [212] [168], and in doing so develop theoretical approaches to communication
that do not center hearing people. Concepts such as Deafthood [166]] and Deaf Gain [19] assert
that Deaf people’s way of being and knowing in the world is productive and valuable, rather than
an unfortunate loss. Following this reframing, places such as Gallaudet University have developed
architectural practices known as DeafSpace [81]], using the built environment to assert that visual
communication methods, not auditory ones are prioritized. Deaf and disability studies scholars
Robinson and Henner put forth the framework of ’crip linguistics’, calling on scholars to see Deaf
and disabled languaging as not in need of correction and valuing communication in all of its forms
[L17]. Deaf community practices and scholarship demonstrate the value of non-dominant commu-
nication styles and show that a world where hearing communication norms are displaced is possible.

I work to bring this sensibility into my exploration of captioning technologies.

Disability justice activists and disability study scholars also offer new ways to theorize and enact
access. Turning to the basics of disability studies, using a social model (i.e., disability occurs when
societies discriminate based on ability), rather than a medical model (i.e., disability is a fundamental
flaw of some bodies) when approaching accessible technology design better identifies the target for
change: sociotechnical systems, not disabled people [189]. Following this model shift, Kasnitz
[148] proposes working under a model of ’community based accommodations’, recognizing, for
example, that hearing and Deaf people are equally reliant on an interpreter to communicate. I take
up disability justice activists’ call to shift toward collective access, or the idea that “we can share
responsibility for our access needs” [131]. Central to collective access is the idea that Deaf and
disabled people should not be independently responsible for arranging access but that groups should
interdependently make their interactions accessible [206]. Interdependence is the idea that everyone
relies upon each other and that dependence is not a unique facet of disability [208] [220]. It has
begun to be used within HCI accessibility research (e.g., [25} 183} [185]]) and creates opportunities

to envision access as for communities, rather than individual disabled people.
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2.4.1 Critical Perspectives on Disability in Accessibility Research

I am not the first to translate critical perspectives on disability into the design of technology and
draw from foundational work introducing critical disability research to HCI and from research that
puts these ideas into practice.

Disability studies was first introduced into the space of HCI accessibility research by Mankoff
et al. in 2010 [189]. Their paper introduces key disability studies concepts then applies them to
assistive technology case studies, illustrating the potential for disability studies to transform current
practice. Nearly a decade later, Bennett et al. [25] introduced interdependence to HCI, citing pri-
marily disability activist sources to introduce and expand interdependence as an approach and mode
of analysis.

In recent years, accessibility research has seen a significant turn toward disability studies and
activist-informed work. For example, critical disability analysis has driven studies of how mixed-
ability teams collaborate remotely [183]], how blind and sighted teams co-write [63], and novel
approaches to data visualization [125]]. Critical perspectives on disability have also been central
to calls for greater consideration of race in accessibility research [[114]], identifying ways to make
methods more accessible [185]], and frameworks for reckoning with and preventing ableist harm
in research [297]. Autoethnographies by disabled researchers [186} [122]] have also used disability
studies and community perspectives to guide and contextualize their findings. Beyond the rise
in published work that engages critical perspectives on disability, it has also been a central part of
workshop conversations (e.g., [266},272,[197]). I engage in this tradition of exploring new directions

for technology design by beginning with critical disability perspectives.
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Chapter 3
A COLLECTIVE COMMUNICATION ACCESS FRAMEWORK

In this chapter, I detail the framework for collective communication access I developed, part
of “Envisioning Collective Communication Access: A Theoretically-Grounded Literature Review of
Captioning Literature from 2013-2023”, coauthored with Leah Findlater and forthcoming at AS-
SETS ’24. In the conference paper, this theoretical framework is accompanied by a literature review
of the last decade of captioning research. I chose to separate the framework and review (to come
in as this framework provides greater theoretical context on my entire body of work, but
the review discusses several other chapters in this dissertation. Therefore, I bookend my dissertation
chapters with work from this singular conference paper.

This chapter articulates the theoretical approach that I have synthesized over the course of my
dissertation research and doctoral studies. While not the kind of new theory one would derive from
methods such as grounded theory, I argue that by putting disability studies, Deaf studies, disability
justice, and communication studies together against the backdrop of communication access technol-
ogy, I have generated a novel framework. Though I do not directly answer either DRQ1 or DRQ2
in this chapter, it motivates the need to attend to social, relational, and environmental factors and
provides the theoretical background motivating the desire to build technologies that foster collective

access.

3.1 Motivation

Communication accessibility sits at a unique nexus of related fields—fields that are infrequently
used to inform communication technology research. Disability studies provides mechanisms to
identify and realign how disability is conceived of and designed for [174} 221} [142} 202]]. Deaf
studies is deeply engaged in what it means to value and support marginalized communication styles
(e.g., [81, 119, 269, [117]). Disability justice activists provide a new vision of how and with whom

access ought to be arranged (e.g., [131} 207, 231]). Finally, the communication studies concept
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of models of communication provides a more capacious sense of what comprises communication
(e.g., [16]). In this chapter, we combine key concepts from these four fields to create a framework
of collective communication access.

This chapter aims to answer the following question:

1. How can disability studies, Deaf studies, disability justice, and communication studies think-

ing inform a theoretical framework of communication accessibility?

The framework we develop here echoes across the following chapters in this dissertation, ar-
ticulating the approach we brought to the empirical studies in chapters [ 5} and [6] and driving the

reflective theoretical review in
3.2 Theoretical Roots of Collective Communication Access

In this section, we engage key sources of critical thinking around communication and accessibility:
disability studies, Deaf studies, disability justice, and communication studies. We chose to engage
these bodies of work because they provide foundational theorizing about disability and access (dis-
ability studies), specific insight into communication-focused access needs (Deaf studies), cutting
edge thinking on access and community (disability justice), and a framework for understanding com-
munication (communication studies). From this scholarship, we produce a framework—collective
communication access—to guide the design of communication technologies aligned with critical

Deaf and disabled perspectives on communication and access.

3.2.1 Disability Studies

Disability studies is the academic field interested in understanding disability as a social phenomenon.

While disability studies often researches and draws from disability activist movements, we discuss

disability justice theorizing in|subsection 3.2.3|

Foundational Concepts

Disability studies provides several mechanisms for understanding and countering discrimination

against disabled people. Lewis defines ’ableism’, a “a system of assigning value to people’s bodies
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and minds based on societally constructed ideas of normalcy, productivity, desirability, intelligence,
excellence, and fitness”’|174]]. Ableism emphasizes that discrimination on basis of ability is system-
atic and pervasive [3]]. Another key analytical framework is Oliver’s models of disability [221},220].
The medical model describes the view that disability is a problem in individual bodies that ought to
be fixed if possible, hidden otherwise, and eventually eliminated. Disability studies scholars pro-
pose the social model as a way of envisioning a better future [26]. Under the social model, disability
is not a product of faulty bodies but is a social arrangement that fails to anticipate the natural diver-
sity of human ability. Therefore, disability could be solved for by changing policy, attitudes, and
infrastructure to build an accessible world. Recently, scholars have critiqued the idea that disability
would disappear in a fully accessible society [[L102], proposing new models that maintain a focus on
political causes of ableism but have a more embodied understanding of disability (e.g., [142]). Dis-
ability studies has also expanded its understanding of the kinds of access needs people have, moving
beyond a narrow focus on physical and sensory access infrastructure [230]] and developing theories
such as crip time—the idea that disability often manifests in a different pace of life [[142] [249]—
and integrating perspectives from groups with access needs not well-met by current practices (e.g.,

psychiatric survivors [133]], neurodivergent communities [259]], chronically ill people [295]).

Disability Studies and Technology

Disability studies scholars argue that we must challenge the exploitation and eugenics that define
historical disability technology. Medical model ideologies are often embedded in technologies,
ranging from the explicitly eugenic drive to eliminate disability via gene editing and selective abor-
tion [251]] to the more subtle belief that disability is a shameful, private thing, which is translated
into the design of ‘discreet’ assistive technologies [287]]. Mills argues that there is a long history
of technology development under an “assistive pretext”, wherein technologies (e.g., sound record-
ing and visualization technologies) are developed with the stated purpose of improving access for a
given group (e.g., DHH people), but that once developers identify a more lucrative general purpose
for a tool, the disability application is abandoned [202]. Additionally, Hamraie highlights that while
accessibility efforts have historically been central to universal and inclusive design movements, too

often projects that claim to serve all users simply better obscure the many people they exclude
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(1104 [111]].

Yet, activists have also identified ways that technology can advance disabled people’s lives.
The disability rights movement often saw creating accessible technologies as a key strategy for
expanding rights [230]. Hamraie and Fritsch [112] propose ‘crip technoscience’, a framework for
designing, implementing, and critiquing disability technologies that is aligned with disability justice
principles. Crip technoscience elevates the design work disabled people do to survive in an inacces-
sible world and calls for an accessibility practice that sees design as a way to enact a political vision
and uses technology to disrupt the status quo. This paradigm provides a way to think critically
about the differences that exist between technologies that all fall under the umbrella of assistive or
accessible.

From this review of disability studies thought, we identify the following imperatives that can

guide the design of accessible communication technologies:

1. Interventions should work to change built environments and social worlds to encompass the
current practices of disabled people, rather than supporting disabled people in assimilating to

nondisabled habits

2. Accessible technologies ought to embody an actively anti-ableist politic, as doing otherwise

risks reifying existing systems of oppression

3.2.2  Deaf Studies

Deaf studies is the academic field that studies and theorizes about Deaf people’s lives and is highly
intertwined with Deaf history, culture and signed languages [164]]. Deaf studies research tracks how
the Deaf community has come to proudly claim a cultural identity in the face of audism, or systemic

discrimination on basis of hearing ability [18]].

Foundational Concepts

Deaf studies scholars focus on access to language and the harms of language deprivation. Contem-
porary audism has its roots in the oralist movement of the late 19th and early 20th century, which

saw international opposition to teaching Deaf people signed languages [211], causing irreparable
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damage to sign language use and acquisition [242]. Sign languages were not recognized as full
languages until the 1960s [269], and the fight to educate DHH people using signed languages is
ongoing [271]. In the face of this history, Henner and Robinson propose crip linguistics [117]],
emphasizing that no way of communicating is disordered or wrong. Crip linguistics argues that all
forms of communication ought to be respected because efforts to normalize language are steeped in

ableism, audism, racism, and many other forms of prejudice.

Responding to centuries of discrimination, Deaf communities have built a strong culture of self-
determination and valuing Deafness. A key example of the move to replace hearing paternalism with
Deaf self-determination is the 1988 Deaf President Now movement. Gallaudet students protested
until the Deaf-serving university hired its first Deaf president, setting precedent for decades of Deaf
leadership on issues that impact the Deaf community [[79]. Many people identify as culturally Deaf,
seeing membership in the Deaf community as akin to a linguistic minority, rather than a disability
[168,271]]. Scholars increasingly question the impulse to separate Deafness from disability, noting
its ableist and eugenic roots [242], and movements such as disability justice have taken a nuanced
approach to building coalition with Deaf communities [[131} 243]]. Deaf studies scholars counter
deficit approaches to Deafness via theoretical frameworks [19, [166, [168]]. For example, Bauman
and Murray’s concept of Deaf gain [[19], highlights the skills and community that Deaf people gain,

countering narratives of hearing loss.

Deaf Studies and Technology

Deaf studies and Deaf culture have a contested relationship with technology developments ‘for’
the Deaf community. Technology was a core component of the oralist movement, and the modern
inconspicuous, unobtrusive design of assistive listening devices stems from a belief that Deafness
is undesirable and that emulating the behavior of a hearing person is ideal [287]. Cochlear im-
plants, surgically implanted devices that promise better performance than hearing aids, have been
highly controversial within the Deaf community, particularly as they are now approved to be im-
planted in young children who do not have the agency to consent to the procedure [54]. In contrast,
Deaf-led design practices affirm Deaf ways of being in the world. For example, the architectural ap-

proach termed ’DeafSpace’, pioneered at Gallaudet University, has guided the principled redesign



21

of campus spaces to support signed communication (e.g., prioritizing clear sight lines, choosing
high contrast, low eye-strain paint colors, optimizing for natural light) [81].

A Deaf studies informed approach to communication accessibility requires understanding:

1. It is unethical to attempt to correct communication to a hearing and spoken norm

2. Deaf communities ought to be centered as leaders in technology design, as they are already
experienced in designing Deaf worlds and there is a long history of destruction by hearing

technologists

3.2.3 Disability Justice

Disability justice is an activist movement led by disabled people who are queer, trans, Black, indige-
nous, and/or people of color, building from and critiquing the disability rights movement of the 20th
century. Rather than centering legal frameworks and emphasizing the needs of white, physically dis-
abled men, disability justice focuses on intersectional cultural change, believing that the state will,
ultimately, not save disabled people [131]. In organizing for a new world, disability justice activists,
often working through the performance collective Sins Invali have done significant theoretical
work in naming current practices within disability communities and imagining a new paradigm for

disabled futures.

Principles of Disability Justice

Of the ten key principles of disability justice [130], two are particularly relevant to the design of
accessible communication technologies: interdependence and collective access.

Theorists of interdependence emphasize that all people are dependent upon each other and that
viewing dependence as characteristic of disability is a tactic of ableism [207]]. Mingus argues that
valuing and designing for mutual reliance is key to “practic[ing] an accessibility that moves us
closer to justice, not just inclusion or diversity” [207]. Within HCI, Bennett et al. [25] emphasize

that interdependent design challenges the idea that nondisabled people’s approaches are necessarily

"https://www.sinsinvalid.org/
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better and ought to be the default. Valuing interdependence can redirect the focus of design from
independent solutions toward technologies people use together.

Collective access provides a framework for putting interdependence into practice. Sins Invalid
defines what it means to take a collective access approach: “access needs can be articulated and met
privately, through a collective, or in community, depending upon an individual’s needs, desires, and
the capacity of the group” [131]]. In essence, while access needs are sometimes best met privately,
groups should also seek ways to build access into their core practices. Disability justice organizers
highlight how organizing collective access allows for a pragmatic balancing of access capacity and
makes the experience of needing to negotiate accessibility feel communal, rather than isolating
[231, 205)]. The invitation to think about access as something that groups have a shared stake in—
rather than something that is provided for an individual—produces new imagined users of accessible

technologies.

Nuanced Understandings of Access

Disability justice thinking also dwells in the nuances inherent to the process of creating access in
a group. Mingus coined the term ‘access intimacy’, described as “that elusive, hard to describe
feeling when someone else ‘gets’ your access needs”. Mingus reflects that she, and the broader
disability community have “experienced access that has left us feeling like a burden, violated, or
Jjust plain shitty”, but that there is an alternative—a way of negotiating access that feels freeing—
that requires trust and mutual understanding to experience [206]. Access intimacy can be a key lens
for understanding where collective access approaches succeed or fail. Yet, Piepzna Samarasinha
reminds that the impulse to point to interdependence, access intimacy, or other forms of care as a
panacea to address all forms of ableism, while understandable, is a naive view [[167, 231]. It takes
skill and a deliberate unlearning of ingrained social norms to make interdependent, collective access
a viable approach—that nuance must also inform the design of future technologies.

While disability justice goals can never fully be achieved in the hegemonic space of the academy,

the following imperatives can guide more just technology research:

1. Access is something that happens between people, and access solutions can be collective and

interdependent
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2. Collective access approaches rely on a deep attention to a group’s specific context and broader

power dynamics, and cannot be understood or produced in a vacuum

3.2.4 Communication Studies

Finally, though not focused specifically on accessibility, we draw on a foundational concept from
communication studies—models of communication—to add nuance to how we discuss communi-

cation.

Models of Communication

Interpersonal communications scholars have created theoretical models of communication to under-
stand and analyze instances of conversation. The initial model of communication, the linear model
of communication, focused on the actions of a sender, communicating a message to a receiver. While
the linear model conceptualizes asynchronous communication (e.g, email) well, scholars quickly
realized that it was deeply inadequate for understanding synchronous communication [298]. Af-
ter several intermediate iterations, Barnlund proposed the transactional model of communication.
Barnlund begins with the premise that people cocreate meaning through communication and that
communication is dynamic, continuous, circular, unrepeatable, and complex [[16]. Central to the
transactional model is the notion that interpersonal communication is not simply a process of trad-
ing information, but a complex, situated act that is fundamentally shaped by the interlocutors’ social,
relational, and cultural contexts [140]. Therefore, to study how people are communicating, it is in-
adequate to study only one party or assume that communication approaches are independent of com-
munication partner—communication is highly contextual and all parties co-create meaning together.
Bringing the transactional model of communication to the design of communication technologies,
we see that conversational partners are a key stakeholder in determining the kind of communication
that accessible technologies help mediate. Further, communicators’ instinctual attunement to their
interlocutors could be leveraged to improve communication access. Notably, these perspectives fo-
cus on the role of context and shared efforts to understand and be understood between interlocutors.
Within communication studies, Hickman has highlighted the often invisibilized access work that

goes into providing CART transcription [120]. Yet, the formal role of paid access provider differs
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significantly from access efforts done by direct interlocutors, the focus of this framework.

The foundations of communication studies remind that:

1. The context communication occurs within and relationships between interlocutors fundamen-

tally shape how people communicate

2. We should study and build access technologies that engage all communication participants

3.2.5 Collective Communication Access: A Theoretical Framework

Combined, these bodies of theory provide a comprehensive way of thinking about communication
and access that can reshape how researchers approach technology design, which we articulate as a
framework for collective communication access. We present this framework as both a practical set
of considerations and a call to action, inviting future researchers to ground their communication ac-
cess technology research in critical perspectives on disability and communication. This framework
is oriented toward technology and intended to be useful in analyzing and guiding human-centered
accessibility research, but draws entirely from other fields. The imperatives we derive from disabil-
ity studies, Deaf studies, disability justice, and communication studies have significant overlap, and
therefore we synthesize these imperatives into five key tenets of collective communication access,

as follows:

1. Research approaches access as a collective process, where all communicators engage in
crafting access. We combine both imperatives from disability justice and both imperatives
from communication studies to highlight that communication is definitionally collective and,
therefore, collective access approaches are particularly well-suited to communication access.
When we design access technologies only for DHH communicators, we make the task of pro-
viding communication access harder than it needs to be by not considering key stakeholders

— conversation partners.

2. Interventions prioritize and protect Deaf and disabled people’s norms, targeting change
toward dominant social worlds and technical infrastructures. Synthesizing imperative

one from disability studies and both imperatives from Deaf studies, we highlight that the goal
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of interventionist research into communication access ought to be to change social norms
and technical infrastructures to prioritize Deaf and disabled people’s existing communica-
tion styles, given the history of technical interventions that aim to redirect Deaf and disabled

people toward nondisabled norms.

3. Research sets out to counteract historical harms. We combine our second imperatives from
disability studies, Deaf studies, and disability justice—all emphasize that systemic discrim-
ination impacts Deaf and disabled people’s ability to access conversations, and that conver-
sations about accessibility are deeply political. To conduct collective communication access
technology research and not perpetuate the history of technology’s harm toward Deaf and

disabled communities, research should be explicitly oriented toward dismantling harm.

4. Research actively centers the knowledge and expertise of impacted communities. Imper-
ative one from disability studies, impreative one from Deaf studies, and both imperatives from
disability justice stress that the expertise of communities who face communication access bar-
riers must be centered. While this may seem counterintuitive to a focus on collective access,
we stress that an anchoring in Deaf and disabled people’s expertise is crucial to ensuring that

technologies support access practices that are substantive rather than performative.

5. Research considers the role of relational, social, and environmental context in shaping
access practices. We combine imperative one from disability studies, both imperatives from
disability justice, and both imperatives from communication studies to highlight the role that
context plays in determining how accessible communication can be. Researchers need to
study communication as situated and determined by its relational, social, and environmental

context.

3.2.6 Conclusion

In this chapter, I provided brief introductions to four key bodies of theory that guide my work: dis-
ability studies, Deaf studies, disability justice, and communication studies. From each, I identify

two key imperatives relevant to the design of communication access technologies. Given the signifi-
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cant overlap between fields, I synthesize these imperatives into a theoretical framework of collective

communication access with five key tenets.

Within-Dissertation Context

This framework articulates how I think about technology and accessibility throughout my disser-
tation research. At the beginning of my dissertation, I was still searching for the sophistication of
language and theory to be able to articulate the ideas presented in this chapter, but the threads of
this thinking are present throughout the following chapters. In this chapter I also clearly articu-
late the disability and Deaf community politics I aim to advance through the design of collective

communication access technologies.
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Chapter 4

SOCIAL, ENVIRONMENTAL, AND TECHNICAL: FACTORS AT PLAY IN THE
CURRENT USE AND FUTURE DESIGN OF SMALL-GROUP CAPTIONING

This chapter contains work that was published at CSCW 2021, and titled “Social Environmental,
and Technical: Factors at Play in the Current Use and Future Design of Small-Group Captioning.”
I developed and led this work, with collaborators Ping Liu, Steven Goodman, Raja Kushalnagar,
Jon Froehlich, and Leah Findlater. This work was awarded an honorable mention and recognition

for diversity and inclusion.

Within the broader scope of my dissertation, this chapter serves as the foundational empirical
work establishing how DHH captioning users perceive the impact of their conversation partners and
identifying interest in captioning technologies designed to engage hearing people in adopting more
accessible behaviors. It provides a direct answer to DRQ1 and identifies priorities to explore in

answering DRQ2.

4.1 Motivation

Real-time captioning provides vital spoken conversation access for many d/Deaf and hard of hearing
(DHH) people. Both human-generated and automatic captions have received substantial attention
from HCI and CSCW researchers, with a focus on captioning in classrooms or other formal environ-
ments (e.g., [45, 149, [169]). In contrast, captioning for more informal small-group and one-on-one
interactions has received less attention, despite the fact that human captioning’s high cost ($60-$200
an hour in the US) and need for advance scheduling create significant barriers in this context [2].
While automatic captioning is an increasingly viable alternative to human captioning [[165), 241]],
its error rate varies from 9-37% across tools [[165]. Unlike human captioners, automated techniques
cannot convey non-speech context (i.e., visual references, emotion, emphasis) nor can they intervene

to improve communication.

Moreover, small-group conversation’s interactive nature, flexible social dynamics, and high level
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of spontaneity further limit existing captioning services. Ultimately, captioning and other access
tools (e.g., paper and pen, texting, notes apps) all come with limitations and do not fully support
DHH people during small-group conversations [86].

Despite the sociotechnical nature of small-group captioning, most prior work has only examined
technical considerations, such as how to convey uncertainty in automatic captioning through the use
of simulated conversation in controlled experiments [29} 232) [239]. Seita et al. offer exceptions
that explore how social interactions and behaviors impact captioning [254} 256, 255]], providing
quantitative evidence that hearing people’s behaviors impact DHH people’s experiences of one-
on-one captioned and interpreted conversations. These findings motivate the need to more deeply
understand DHH people’s small group captioning experiences through a sociotechnical lens.

In this chapter we address the questions:

1. What social, environmental, and technical factors impact the use and usefulness of captioning

in small groups?

2. What opportunities exist to design captions and caption displays in ways that support more

accessible group communication practices?

To begin addressing these questions and to ground future small group captioning technologies
in the needs and desires of DHH people, we conducted an interview and design probe study with 15
DHH participants.

Our findings highlight the myriad social (e.g., group norms, preferred communication modes),
environmental (e.g., furniture configuration, online availability of a text chat), and technical (e.g.,
caption lag, built-in speaker identification) factors that shape real-time captioning, contributing an
understanding of the context that surrounds captioned conversation. Particularly, we find that: (1)
captioning’s efficacy is highly determined by the group being captioned, (2) current captioning tools
are often insufficient during interactive conversation, and (3) while the lack of visual and spatial in-
formation online create barriers, features of video conferencing also provide new opportunities to
increase access. Participants’ responses to the design probe activity also highlight the potential to
create more captioning-friendly environments, both online and in person, and suggest that provid-

ing conversation feedback and warnings to guide captioning-friendly group norms is a promising
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direction for future development. Based on these findings, we discuss the need to consider the inter-
section of social, environmental, and technical factors in captioning research, propose a reframing
of captioning as a group technology, and put forth future design guidelines that center DHH peoples’
needs.

In this chapter, we contribute (1) an empirical account of DHH participants’ experiences of
small-group captioning which highlights how social, environmental, and technical factors impact
its use and efficacy, (2) an exploration of design opportunities to support small-group captioned
conversations and future design guidelines, (3) an understanding for both (1) and (2) of how online
environments—a historically little-studied captioning context—shape captioning experiences and

preferences, and (4) reflections on reframing captioning as a group technology.

4.2 Method

To understand DHH people’s experiences using captions in small-group scenarios and their pref-
erences for future captioning systems, we conducted individual qualitative study sessions with 15
DHH participants. We intentionally recruited only DHH participants for this research because our
study design is shaped by a commitment to placing the power to shape design recommendations for
future captioning tools in the experiences, desires, and needs of the DHH community. The study
was conducted remotely via videoconferencing and had three components: a pre-session survey, a

semi-structured interview, and a design activity.

4.2.1 Participants

Participants were recruited via email lists at two U.S. universities, social media, and snowball sam-
pling. We required that participants be 18 years or older, able to participate in a Zoom call, self-
identify as d/Deaf or hard of hearing, and frequently use real-time captioning—either automated or
via a human transcriptionist—for conversation access. We recruited 15 DHH participants (4 men,
10 women, 1 non-binary person), a sample size in line with community norms for similar studies
and appropriate for reflexive thematic analysis [39,[37,47]. On average, participants were 44.8 years
old (SD=17.9, range=21-71)—see Participants had a wide range of “preferred commu-

nication methods”: sign language (60.0%), oral (40.0%), and written (46.7%) communication (par-
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Figure 4.1: Participants discussed captioning displayed for only DHH people via personal devices
(a), or for all meeting attendees via a large screen/projector (b) or personal devices (c).

ticipants could select multiple communication preferences). They also had differing experiences
with spoken conversations, with participants communicating orally all the time (26.7%), most of
the time (20.0%), some of the time (26.7%), infrequently (6.7%), and never (20.0%). Frequency of

captioning use ranged from multiple times a day (46.7%) to 2-3 times a month (13.3%).

4.2.2 Procedure

All interviews were conducted remotely due to the COVID-19 pandemic during the summer of 2020.
Prior to meeting with researchers, participants completed a 20-minute online survey providing
demographic information, background on their experience with captioning, context on how they
access captioning services, and their perspectives on the technical, environmental, and social factors
that impact their experiences using captioning. The study session took 90 minutes, beginning with
a semi-structured interview ( 35 minutes) followed by a set of design activities ( 55 minutes). All
study sessions were conducted by the hearing first author and facilitated via participants’ preferred
accommodations: eight participants chose ASL interpreters, five chose CART, one chose automatic
captioning, and one chose neither interpreting nor captioning. The researcher screen-shared a slide
deck with the study instructions, questions, and design probes, both to be able to discuss design
ideas remotely and to allow for multiple ways to access study materials.

The semi-structured interview focused on how participants use captioning in their daily lives and
how social factors shape their experiences. Questions covered experiences with different captioning

services (e.g., CART, automatic captioning), when captioning works well or poorly, when cap-
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Table 4.1: Summary of participant demographics, as reported in the pre-study session survey. P15

chose not to disclose her age

ID Age Gender Identity Preferred Frequency of Frequency of
Method of Captioning Oral Com-
Communica- Use munication
tion
P1 54 M deaf, having Oral, Written A few times a  All the time
hearing loss week
P2 26 F deaf, Hard of Sign, Oral, A few timesa Most of the
Hearing Written week time
P3 44 F Deaf Sign 2-3 times a Never
month
P4 34 F Deaf Sign, Written ~ Multiple Never
times a day
P5 71 F deaf Written Multiple Some of the
times a day time
P6 24 F Deaf Sign Multiple Some of the
times a day time
P7 47 M Deaf Sign Multiple Most of the
times a day time
P8 30 F Deaf Sign Multiple Some of the
times a day time
P9 69 M Deaf Oral About once a Most of the
day time
P10 53 F Deaf Sign, Written, About once a Never
Texting day
P11 70 F Hard of Hear- Oral, Written =~ Multiple All the time
ing times a day
P12 21 NB deaf Oral Multiple All the time
times a day
P13 56 F Deaf Sign About once a Some of the
day time
P14 28 M deaf Sign Multiple Infrequently
times a day
P15 - F Deaf Oral 2-3 times a All the time

month
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tions are unavailable but would be helpful, how hearing people help or hinder captioning, and how
comfortable they are asking hearing people to adopt new communication practices. Throughout, the
researcher asked participants to reflect on captioning use both in person and remotely. Following the
interview, the researcher facilitated a design probe activity with each participant, inspired by the use
of this method in other papers, including accessibility work with DHH participants [96, (103} [133].
Design probe investigations afford light-weight investigation of future technologies and allow re-
searchers to get participant input before committing to a specific design [129]], making this method
well-suited to our research questions.

The activity included three sets of probes, which were designed to act as a starting point for
discussion about future captioning setups, including ideating on potential new features and caption
correction systems to be used during small-group captioned conversation. Specifically, we intro-
duced the design probe activity by asking participants “to try to envision captioning in the future”
and clarifying that “we don’t have to be limited to how technology currently works.” Throughout,
we grounded the discussion in the context of being the sole DHH person “using automatic caption-
ing during an in-person meeting with a small group of hearing people.” We also asked participants
to contrast their in-person responses to online contexts. This activity included probes exploring the

following:

» Caption visibility. The first probe centered on participants’ preferred method for viewing
captions. To introduce this probe, we asked participants to describe their ideal captioning set
up for the scenario, prompted with “for example, you might think about the room setup, where
the captions are displayed, who sees them, and anything else.” We then showed captioning
setups that varied in who could see them: captioning on the personal device of only the
DHH person, captioning on a large screen/projector that all meeting attendees could see,
and captioning on the personal devices of all meeting attendees (see [Figure 4.1). We had
participants consider the advantages and disadvantages of each setup, and how they would

feel about analogous setups for remote meetings.

* Additional features. The second probe focused on adding information to the captioning

display. Following a general introduction to this focus, we described five potential display
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features: speech rate (Figure 4.2a)), speaker identity (Figure 4.2b), volume of a speaker’s
voice and of background noise (Figure 4.2c)), caption lag (Figure 4.2¢)), and a multiple con-

current speaker warning (Figure 4.2¢). We selected each probe based on current captioning
practices as of June 2020, prior work, and knowledge from our team of Deaf and hearing
researchers: human captioners often convey speaker identity and overlap, our team identified
lag as a significant consideration during small-group captioned conversation, and prior work
has identified speech rate [[139, 256] and volume [124, [256] as of interest. For each feature,
the researcher first introduced the idea (e.g., “Speech Rate: Show how fast the speaker (you or
others) is talking’) and asked participants what they thought about showing this information
in some way during in-person meetings. To make the idea more concrete, the researcher then
showed a specific design mockup (Figure 4.2), which we described as a “rough example of
how this feedback could look,” and asked participants: (1) to share any other ideas they had
about how the information could be shown, (2) who (if anyone) they would want to see that
information, and (3) how they would feel about this type of information being included in on-
line vs. in-person meetings. After viewing all five sound qualities, participants ranked them
and had the opportunity to suggest other information. Note that when creating the design
mockups, we opted to display information directly rather than via abstraction (e.g., showing
caption lag in seconds delayed rather than as a warning to wait for captions to catch up), to

act only as a starting point for discussing how the information could ultimately be displayed.

» Caption corrections. The third probe focused on allowing meeting attendees to correct cap-
tioning errors in real time. To elicit conversation around this idea, we first introduced the
concept and discussed it in the abstract before showing a mockup of a system where meeting
attendees could type corrections for errors they notice (Figure 4.2f). We intentionally kept
the specifics of this mockup vague to explore how participants would imagine such a system
could work. We asked participants for feedback on the idea for both in-person and online

meetings.

Finally, participants sketched out their ideal captioning setup for both in-person and online meet-
ings using a pen and paper. Participants shared their sketches by holding them up to the camera,

describing them, and sharing ideas they could not capture in the drawing itself. To close the session,
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Figure 4.2: As a design probe, participants were shown mockups that we described as “a rough
idea of how” each potential feature could be implemented: (a) speech rate, (b) speaker
identification, (c) volume, (d) caption lag, (e) speaker overlap warning, and (f) shared error
correction.

participants were given the opportunity to ask any questions, were compensated with a $50 Amazon

gift card, and were asked to email their sketches to the researcher.

4.2.3  Analysis and Positionality

All interview data was transcribed, either directly using the CART transcripts for sessions where a
human captioner was able to caption both the researcher and participant (N=4/15) or post hoc by
either the first author or a transcription service. We analyzed the transcripts using reflexive thematic

analysis as outlined by Braun and Clarke [37, 138]], in combination with a summary of participants’
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reactions to new designs, which helps identify cross-cutting themes as well as synthesize concrete
design recommendations. Our thematic analysis is semantic and realist, with a mixed inductive
and deductive approach to the data. Thematic analysis emphasizes that findings are not waiting to
be discovered but are actively shaped by the research team and their own biases. The first author,
who ran all interviews and led analysis, is hearing and an ASL beginner. Some authors, who were

involved in study design, analysis, and writing, are Deaf.

4.3 Findings

Guided by our research questions, we (1) highlight themes we identified in participants’ experiences
of small group captioning, emphasizing the influence of technical, environmental, and social factors,
and (2) report on participants’ reaction to our design probes, providing design considerations around
better supporting DHH captioning users and engaging their hearing interlocutors in making small-
group conversation more accessible. As the study took place during the COVID-19 pandemic, we

report on experiences using captioning for online and in-person small-group conversation.

4.3.1 Current Experiences of Captioning

To understand how intersecting social, technical, and environmental factors shape DHH people’s
use of captioning, our analysis highlights: (1) the role of interlocutors in making conversations
(in)accessible, (2) mismatches between the capacity of current technology and the demands of in-

teractive small-group discussion, and (3) specific considerations for captioning online conversation.

Social Impacts on Captioning.

Our participants described their experiences of captioning as highly determined by social dynamics:
some groups develop collective, adaptive norms around captioning, while others may limit conver-
sation access through unwittingly inaccessible behavior or explicit judgement of DHH captioning
users.

Adaptive group practices. Both during informal interactions with automatic captioning and for-
mal meetings with CART, participants described the benefits of hearing collaborators’ willingness to

alter communication styles. Participants who prefer not to voice (8 of 15 participants) explained that
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to use captions during interactive conversation they write out their contributions while the person
they are communicating with is captioned, often using speech-to-text on the DHH person’s phone.
While transitioning between typing and captioning has a different rhythm than most spoken conver-
sation, P10 found that hearing interlocutors ”get more to the point rather than wandering [in their]
speech. I think that’s an advantage.”

Participants who voice also benefited from interlocutors who were willing to change norms
during spoken conversation. P1 found that his manager, who is “extremely sensitive” to the access
gaps that persist while using CART, has made work meetings more accessible by taking advantage of
online environments to correct captions in the meeting chat and intentionally pausing between topics
so that he has a chance to jump in, socially adjusting for the technical limitations of captioning. P2’s
workplace has even more extensive group practices—to avoid interrupting speakers, they use a set
of hand gestures to communicate when to slow down, speak up, or spell out uncommon words. P2
explains that her colleagues do so because having “captioning available [is] not always going to be
enough for someone. Your culture needs to change in order for the captioner to be more effective.”
When all parties in a conversation are willing to adopt new social norms around communication,
they create a distinct, more accessible solution.

Unsupportive communicators. Participants further highlighted the importance of behavior when
describing interlocutors who actively or unwittingly made conversations less accessible. Several
participants mentioned disengaging from conversations when hearing people speak over one another
or speak too quickly to be captioned. For example, during P12’s discussion-based classes, “there
have been a couple times where it’s just been like, I don’t understand this conversation so I'm just
going to go home and wait for the transcript.” Participants also described how moments of acute
judgement from others altered how they felt about using captioning tools thereafter. For instance,
P11 had to verbally communicate with her notetaker during a group meeting and “somebody stood
up once and said, ‘why are they in the corner talking?’ I had to say because I can’t hear. And
it was just like, why was that even necessary? So after that, I just kind of wanted to do my own
thing.” While P11’s colleague may have been oblivious to the ramifications of their comment, P15
described the impact of active judgement and rigidity around conversation norms. She now joins
work meetings via text relay, despite preferring to voice and having tendonitis in her hands, because

“my manager doesn’t like to hear my voice. She told me the coworkers said I talk loud. [...] It
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makes me feel insecure.” Though participants described benefits when hearing people figured out
how to communicate accessibly, others explained that sometimes hearing people’s instincts, such as
slowing down, speaking loudly, or overenunciating, are not effective. For example, P12 commented
that these adaptations can be “done with good intentions but that’s not always helpful [because] it
makes me feel like you're not treating me as an equal sometimes.” P4 explains that in her experience,
hearing people “do care, it’s just that they don’t necessarily think about deaf people,” which means
that the burden, or “constant scourge,” of creating a captioning-friendly environment typically falls

on her.

Technical Considerations While Captioning Interactive Conversation.

Regardless of social support, captioning experiences differ with interactive conversation as com-
pared to one-way communication (e.g., a lecture or seminar). Participants describe how technical
aspects of captioning are ill-suited to the particular social dynamics of interactive conversation and
the ways they use captioning as one of many access strategies.

Technical mismatches in interactive contexts. Our participants outlined aspects of interactive
conversation that are not well-supported by real-time captioning. Participating in small-group in-
teractive conversations requires being able to jump in during brief pauses and P1 explains that the
delay inherent to captioning makes this difficult: “everyone’s still talking according to the screen,
but they have finished. There’s probably like an eight second lag. And sometimes I'm really anxious
to say something or correct somebody and then I find that I'm interrupting somebody.” On top of
temporal mismatches, captioning does not capture the speaker’s tone, which P9 considered invalu-
able to avoid interrupting: “I’m assuming some intonation [but] there is nothing on their face that
indicates that they are going to complete their sentence.” Furthermore, while P2 found she could
engage in captioned conversation with a small number of people, “if the group gets bigger and other
people are talking at the same time it’s really hard to follow a conversation and it’s also just as hard
for the captioner.”

For participants who preferred not to voice, captioning alone does not adequately support in-
teractive conversation. While captions worked when P14 did not need to reply, he explained that

“when I'm trying to say something, captioning doesn’t really function for me in that capacity at
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all.” However, as automatic captioning has become more widespread, participants who would oth-
erwise use interpreters reported experimenting with the technology. When P4’s workplace suddenly
shifted online due to COVID, delays with remote sign language interpreting services caused her to
join meetings using automatic captions and text chat. P4 explained that, while not ideal, she was
“happy [she’d] found more than one solution,” one that was enabled by the online environment, the
technical capacity to turn on automatic captions, and social expectations that her typed contributions

would be integrated into work meetings.

Concurrent access strategies. To manage the limitations of captioning for interactive conver-
sation, participants often used other communication strategies in tandem. Some participants could
mostly follow a conversation using their speechreading skills, residual hearing, and assistive listen-
ing devices, and they described using captions to augment their understanding, rather than as the
primary way of accessing a conversation. For instance, P12 used Google’s Live Transcribe when
conducting interviews for a class project: “if I couldn’t understand what the other person was say-
ing, [...] I would ask them to repeat it first. If I still didn’t understand, I would just look down
[at the app].” Three participants described their use of captioning to augment sign language, such
as P8’s experience in discussion classes where “some students had really lousy signings. So, I was
able to look at CART instead.” The preference for flexible access strategies was shared by P15,
who gets frustrated by CART writers who make her look at their captions, stating “I have a right to

lipread or look at the screen. It’s my choice.”

The Environmental Affordances of Online Captioning.

The environmental shift from in-person communication to online video conferencing introduces new
social norms, a unique set of possible interactions (e.g., text chat), and different design and technical
needs, all of which shape the experience of DHH captioning users. As this study was conducted in
summer 2020, participants reflected on the sudden shift to online communication driven by the
COVID-19 pandemic.

Spatial and environmental considerations. Many DHH people rely heavily on visual and spatial
cues to follow and participate in conversation, and participants described challenges and gains that

came with moving to online, two-dimensional space. P3 missed being able to spatially connect
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captions to a speaker like she would in person, while P13 lost out on being able to follow the gaze
of “the captioner [who] is going to probably look towards the person that’s speaking.” However,
P9 explained that while he struggled to match captions to the speaker on most platforms, Google
Meet’s speaker identification was “fingers and eyes above everybody else that’s doing captions.”
Other participants echoed P2’s experience, that online “it’s actually a lot easier to identify the
speaker and easier to capture whoever is speaking at a time,” and P4 and P11 mentioned the benefit

of features that highlight the active speaker in online meetings.

Toward inclusive conversation access. Overall, participants found that moving life online brought
with it features (including speaker identification) that have provided greater access. P1 stated that
“now that we can’t go into the office it’s been much more of an equalizing factor” because his hear-
ing colleagues are more motivated to limit overlapping speech and are also juggling lagging and
malfunctioning technology. New online interaction paradigms also served to equalize conversation;
for example, P8 discovered that automatic captions and an active text chat made it so that “lots of
people in the audience don’t realize that I'm Deaf because we’re all running on the same system
at that point.” Several participants said automatic captions allowed them to access online meetings
or social gatherings that would have otherwise been difficult to join in person. Furthermore, having
text chat available at all times has created new opportunities: many participants’ hearing conversa-
tion partners used the chat to correct mis-captioned jargon, P3 was able to use Microsoft Teams’
messaging features to clarify confusing captions mid-meeting, and P2’s friends used private chat to
provide a transcript for her during uncaptioned Bible studies. These emergent social practices are

enabled by the unique affordances of online environments.

Summary and Implications.

Our findings show that DHH participants’ experiences of captioned conversations are deeply shaped
by social, environmental, and technical context. Participants’ accounts of the impact of their hear-
ing interlocutors demonstrate that captioning is a highly social technology and that the people being
captioned are key stakeholders in determining conversational accessibility. These findings affirm
Seita et al.’s focus on the interplay between DHH and hearing people [254, 256, 255]] but suggest

that relational contexts, which may not be captured in controlled lab settings, are crucial to negotiat-
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ing accessibility when using captions. Wang and Piper [293]] outlined how Deaf and hearing dyads
adapt when communicating without accommodations and we find that collective adaptation remains
critical even after captions are turned on. Additionally, the challenges participants described during
interactive conversation show that captioning alone does not guarantee access, particularly for DHH
people who do not voice. While some of these hurdles could be lessened with better technology,
they are also fundamentally social. There is a growing body of work on one-on-one automatically
captioned interactions in which DHH people type their contributions [[87, [86l 188, 254] and future
work could further explore emergent social norms during these interactions. Further, understanding
that captioning is used in parallel with other access strategies for interactive conversation prompts
consideration of how future captioning displays could better match their contexts of use. Finally,
our participants’ experiences suggest that online captioned conversations are occurring in an en-
vironment with fundamentally different affordances than in-person conversation. Some of these
affordances, such as missing spatial information, pose new access barriers which designers have
begun to address [163]]. Yet many other aspects of online communication may be well-suited to cap-
tioned conversation and features, such as text chat, have been little explored but hold great potential

for future accessibility.

4.3.2  Design Probe Findings

While the previous section reported on participants’ experiences using captioning in small groups,
here we turn to ideas and responses that arose during the design probe activity. As described in
the Method section, these probes were meant to prompt participants to envision a range of possi-
ble future captioning designs. The probes were described simply as “a rough example” of how a
particular idea could be instantiated in a captioning setup and were shown only after an initial con-
versation about each feature. We quantify positive/negative reactions as well as provide qualitative

summaries.

Caption Visibility.

We asked participants to reflect on their ideal captioning setup and to consider the advantages and

disadvantages of the following three in-person captioning setups and their digital analogs
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lure 4.T): captions available (1) only on the DHH person’s device, (2) projected on a shared screen,
and (3) available on the personal devices of all conversation participants. We posed these specific
probes to gain a deeper understanding of how the type of display shapes captioning environments,
to assess participants’ feelings around making captions visible to their interlocutors, and to better
understand how physical environments impact social dynamics.

Personal device only. Participants had mixed reactions toward having captions available to only
themselves: some valued the autonomy and privacy of this setup, while others disliked it, describing
feeling ostracized. For example, when considering how the display would impact conversation, three
participants felt a personal display would be minimally disruptive because “one person is usually
pretty good at flicking between looking down and looking up,” (P12) but four others disagreed,
arguing “the hearing people would be able to see each other [...] but the deaf person is glued
to the screen” (P9). Four participants took issue with the assumptions built into personal displays,
arguing these assumptions suggest that “the deaf or hard of hearing person is the problem that needs
to be fixed” (P10).

Shared caption display. Participants largely saw value in a prominent, shared caption display
but some worried that it would reshape the conversation environment in a way that negatively im-
pacts social dynamics. Several participants (N=6) explained that setting up a shared display felt like
an effort to equalize the conversation: “Rather than remaining in that dominant space where they
normally do, everyone is a little bit more aware of what life can look like for us” (P8). Participants
further identified benefits of shared captions: four referenced past experiences having their hearing
interlocutors notice and correct caption inaccuracies and three considered that their hearing con-
versation partners may also want captions, especially those who are learning English or have audio
processing disabilities. Others, however, had concerns, including difficulty managing captions and
presentation slides (P1) and a loss of eye contact with the speaker (N=3): P13 explained that needing
to look up at the screen means she misses “the human connection part, that’s important.”

Captions on all personal devices. Many of the advantages of a shared group display also applied
to the third setup, displaying captions on everyone’s personal devices. Almost half (N=7) of the par-
ticipants saw distributed captioning as an equalizing force, with P3 favoring it because everyone has
the “same thing going on and it helps hearing people feel like they’re part of the deaf individual’s

team.” Participants also saw technical benefits of this setup, such as allowing customization (P2)
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Figure 4.3: Captioning sketches from of (a) an online captioning setup with captions shown under
each speaker and on a separate display (P14), (b) an in-person setup with a shared display and
automated feedback for hearing speakers (e.g., “please speak up”) (P2), and (c) a customizable

captioning interface with speech rate, volume, and lag (P3).

and potentially leveraging device microphones to improve audio quality for captioners (P7). Oth-
ers (N=5) worried that setting up captions for all would not be socially feasible: “I don’t see my
friends using captioning devices.” (P1) Concern over sightlines persisted for four participants and
P9 raised that “seeing facial expression, seeing if they are angry, upset, happy—you can’t get that

from captions.”

Online contexts. While participants had varied reactions to each in-person setup, they over-
whelmingly preferred making captions available to all during online conversations. Fourteen par-
ticipants echoed P14’s statement, “if there’s five percent of the captioning that is beneficial to other
people, then why not?” Only one participant (P11) was more hesitant. She explained that if no one
else needed captions, she would prefer they were only available to her, “simply because it’s just
sort of a personal thing.” Nine participants were excited by the fact that, with online interfaces, all

participants could configure captions to meet their personal preferences and access needs.

Farticipants’ preferred setups. In addition to the captioning visibility probes we showed, we
invited participants to sketch out and reflect on their ideal captioning setups. Certain aspects of
space were repeatedly mentioned—four participants stressed the importance of proper lighting and
six wanted to be seated at a round table because with “square, lateral type edges it’s harder to look
severely to my right or severely to my left. But if it’s a more oval shape people are seated in a way

that I can see them” (P13). The form factors of captioning displays were also important to building
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connection with interlocutors, and participants proposed various novel approaches. P2 considered
how to make captioning environments feel cozy (Figure 4.3b), P7 wished for drone-based captions
that hovered over speakers’ heads, and three participants imagined the value of captioning glasses,
including P9 who pictured hanging out in his living room with friends, “able to lean back, lean
Jorward, not have to have implements in front of them that makes them focus on one thing instead
of looking at everybody.” P11 provided a counterpoint, explaining that her ideal experience is the
one she is used to, seated next to a CART writer with the screen “just between us,” which she
values because “it’s like you are connecting with a person and [...] there is something very hu-
man about it.” Participants highlighted how captioning environments and technologies dictate what

social interactions will occur and how accessible they can be.

Adding Features to Captioning Displays.

We discussed six potential features to add to captioning displays: speech rate, speaker identification,
volume, caption lag, overlapping speech, and error correction. For each feature, we introduced and
had participants respond to the idea in general before showing a design probe and encouraging the
participant to consider a variety of design possibilities. While speaker identification and overlapping
speech were somewhat familiar to participants, the other features, as well as considerations as to how
participants might like their hearing interlocutors to interact with them, are not captioning standards.
We used the probes to explore what additional features participants perceived as potentially useful,
to gauge reactions to having hearing interlocutors engage with captions, and to synthesize concrete

design takeaways.

Speech rate ([Figure 4.2d)). Roughly half of the participants (N=8) thought speech rate feed-
back would be valuable for their hearing interlocutors to see, and three participants felt it would
also be useful for themselves. P12 suggested that speech rate monitoring “could be helpful if [a
speaker] know[s] that [they] tend to talk really fast and that makes it hard for people to understand
[them]” and P15 saw value in shifting the social burden of telling people to slow down to technol-
ogy. However, P9 was not optimistic, believing that inflexible social norms lead hearing people to
pay attention to “the content of what they are going to say, not whether they are talking slow or fast.”

A key concern raised by six participants was that displaying speech rate could be distracting (our



44

probe included animation) and thus impact comprehension: “The whole goal is to have things as
least distracting as possible in order to maximize the ability to read” (P14). Future designs could, as
three participants suggested, only warn viewers when people speak too quickly or, as P10 proposed,
display more caption lines when people speak rapidly so that the reader can catch up.

Speaker identification({Figure 4.2b)). Reflecting earlier findings (section 4.3.1)), participants unan-
imously wanted speaker identification in both automatic and human-generated captions, with seven
participants underscoring that speaker identification in their current captioning tools is inadequate.
Participants perceived speaker identification as more relevant for themselves than their hearing col-
laborators, though no one took issue with universal access and five saw it as actively beneficial: “it
would help them be more aware of what it is like when a person cannot hear” (P5). When im-
plementing speaker identification, ten participants emphasized that color-coding speakers (a feature
included in our design probe) is a useful visual shortcut.

Volume ([Figure 4.2¢). Displaying the current speaker’s volume and background noise levels was
relatively popular; ten participants were interested, three uninterested and two had mixed feelings.
While some participants (N=3) wanted to know how loudly they were speaking so that they could
self-regulate, more (N=7) were interested in providing volume feedback to the group, though four
worried the display would be distracting. Three participants hoped that displaying background
noise levels might lessen hearing people’s tendency to ignore it, lead to a quieter, better setup for
captioning—an example of wanting to use the captioning technology to shape social norms and
alter the environment. P14 also remarked “I think hearing people would benefit too because then
they would know where the noise is coming from too.” Ten participants independently suggested that
they would get more value out of sound identity than volume levels, and desired sound classification
integrated with captioning.

Caption lag ([Figure 4.2d). DHH participants were interested in conveying how delayed captions
are to their hearing interlocutors, though largely did not consider lag to be personally useful. While
six participants suggested that seeing the lag would help them make sense of confusing captions,
the other nine expressed that they always assumed captions were delayed and therefore did not want
feedback. However, eight participants believed that highlighting caption lag for hearing people
could support a shared attention to how captions function in practice. P1 stated, “it’s great because

they might understand like why I might be jumping in later than I was supposed to,” and P8 hoped
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“this might actually help people put a little bit more buffer time into their speaking.” While our
probe conveyed lag in terms of seconds delayed, participants brainstormed other ideas: P4 proposed
a “number of sentences delayed” metric and P12 imagined a more visual representation: “It could
be like dots indicating every vowel or important recognizable-as-speech sound, [...] something
that transforms into the word as the captioning service catches up.”

Speaker overlap warning ([Figure 4.2¢). Reflecting the fact that captions are not able to capture
multiple speakers at once, participants were overwhelmingly interested in an overlapping speaker
warning, both for personal (N=14) and group (N=10) use. P12 was the sole participant uninterested
in a built-in speaker overlap warning, explaining, “this feels like more of a social norm thing rather
than something that the programming should account for.” Ten participants wanted this informa-
tion shared with their conversation partners because people “just get really really excited and start
speaking up over each other” (P2). The other five participants, however, had reservations about
the social impact of this technical intervention, with P9 believing “hearing people want power, so
they say, ‘Ah, well everybody else can stop talking, I am going to continue”’ and P8 worrying the
warnings could have the side effect of shutting down the casual conversations she loves participating
in. When considering implementing overlap warnings, participants imagined different roles for this
technology: for instance, P15 appreciated that an automated warning could be perceived as less so-
cially disruptive, but P4 proposed adding a blaring siren so that her interlocutors “all go, ‘Oh crap,
I need to stop.”’

Shared error correction (Figure 4.2f). Managing captioning errors has received significant at-
tention in prior work (e.g., [27,101]]), but we sought to explore how participants felt about engaging
their direct interlocutors to address errors in real time. Due to time constraints, we only discussed
a feature to allow conversation partners to correct inaccurate captions with thirteen participants.
Ten participants were interested, and they imagined many benefits of crowd-sourced corrections,
such as addressing domain-specific acronyms (P1) or captioning a multilingual workplace: “[If]
someone comes from a similar culture as the speaker, they might be able to input those vocabulary
words” (P2). However, three participants did not think that a group could provide error corrections
quickly, and P4 postulated, “I don’t know if you can listen to people speaking, and then also listen
to yourself, and also make corrections to captions. I think you need to have someone there dedi-

cated to doing the corrections.” Beginning with our basic mockup, participants brainstormed ways
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to make error correction useful and readable in real-time, with six people independently suggesting
that color could link corrections with their place in the transcript. This process made clear that while

participants are interested in shared error correction, it is a complex social and technical problem.

Ideal interfaces.

Alongside environmental configuration preferences, the sketching exercise we completed with par-
ticipants highlighted their ideal captioning interface designs. The majority of participants focused
on interfaces for online communication, though some considered in-person interface design. Sev-
eral participants wanted to have access to features we had discussed, such as P1, whose ideal setup
(Figure 4.3c) included speech rate, volume, and lag monitoring, which could be “individually cus-
tomizable to display or not, depending on the end user’s preferences.” The desire for customization
was shared by P8, who posed that it would also be useful to “choose which features I want and
are relevant to me depending on the situation.” Other participants proposed new feature designs:
five people independently suggested displaying captions next to each speaker’s online video feed
because it “eliminate[s] the need to identify the person speaking, if each of them ha[s]
their own individual caption” (PS). P2 wanted to engage her hearing conversation partners in mak-
ing captioning more effective by using online meeting software outfitted with “different buttons to
say slow down, speak softly, speak up, speak loudly, talk faster, please spell the word.” Participants
imagined technical setups that leveraged the unique environment to build new social interactions

and feedback for themselves and their interlocutors.

Summary and Implications.

Participants’ responses to our design probes provide considerations for captioning designers and
highlight the interrelated factors that shape the utility of captioning tools. When considering how to
display captions, participants focused on the tension between shared displays’ potential to negatively
alter in person conversation dynamics and the isolation and information loss that can come with
being the only person accessing captioning. However, this tension largely disappeared when par-
ticipants considered captioning online conversation, suggesting that videoconferencing is a unique

environment which could support socially acceptable, lightweight technical group captioning inter-
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ventions. Participants were not uniformly excited about all of our design probes. When considering
how to best improve DHH peoples’ captioning experiences, providing speaker identification and
overlap warnings are clear priorities. However, while the majority of participants were not inter-
ested in personally using speech rate, volume, or lag feedback, most imagined that they could be
useful in guiding hearing people toward more accessible behavior. This, along with interest in shared
error correction suggests that technology that shapes group social norms around captioning is worth
pursuing. Additionally, participants’ responses highlight that preference for caption configuration or
new features are dependent on the interactions between social, environmental, and technical factors.
Fully accounting for the context that shapes participants’ experiences and preferences surrounding
captioning can open new avenues for design. For instance, while prior work on visual dispersion
has attended to the importance of captioning form factors, [S0, 136} (157, 170} 200, 228]], future
captioning designers could integrate tenets of DeafSpace [81]] to consider how to create in a way
that matches Deaf environmental and sociocultural norms. Finally, our participants highlight the
complex social dynamics these tools could impact, and while many were excited by and interested
in trying feedback tools, others remind that not all hearing interlocutors are equally amenable to

changing their behavior.

4.4 Discussion

The findings and implications presented above emphasize the social, technical, and environmental
factors impacting small group captioning. We have provided an empirical account of DHH par-
ticipants’ experiences and their perspectives on future captioning design. In the discussion below,
we synthesize the sociotechnical nature of small group interactive captioning. Further, we reflect
on captioning as a group responsibility, the design of future captioning systems, and our study’s

limitations.

4.4.1 Social, Environmental, and Technical Influences on Small Group Captioning

Throughout our data, participants consistently explained their experiences with small group caption-
ing as shaped by the interaction between social (e.g., DHH people’s communication styles, hearing

people’s mal/adaptive behaviors), environmental (e.g., furniture configurations, features of video-
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conferencing software), and technical (e.g., delay and accuracy of captions, captioning interface
design) factors. Considering all of these factors together provides a more complete understanding
of the use and efficacy of captioning technology. For example, our findings show that participants’
preferences for captioning form factors are irreducibly determined by the social interactions they
permit or prevent and how they shape environments (e.g., needing to have a room with a projector
set up as opposed to using a personal laptop to view captions). When considering our participants’
experiences of videoconferencing, we found that phenomena such as hearing people correcting cap-
tions in the chat can be more completely understood when considering the affordances of online
environments that allow for real-time corrections, the social relationships that lead some hearing
people to take on caption correction, and the technical failings of captioning that necessitate correc-

tions.

Recognizing that these factors must be considered together to fully contextualize the use of
captioning technology has implications for how we as HCI and CSCW researchers work. When for-
mulating research questions, designing studies, analyzing data, and reviewing papers, researchers
should consider and seek to account for social, environmental, and technical influences on cap-
tioning technology. Many proposed captioning designs have been evaluated out of context (e.g.,
[29,106]) or in terms of a narrowly defined outcome (e.g., improved comprehension [170] or per-
formance [50]), and future work could complement these analyses with a focus on their social,
environmental, and technical contexts. As researchers move to consider the role that hearing people
play in conversational accessibility, findings from controlled experiments, such as work done by
Seita et al. [254, 255, 1256], could be contextualized by qualitative work focused on social relation-

ships (e.g., [293]]) and the environments in which technology is used (e.g., [[149]]).

4.4.2 Toward Shared Responsibility for Small Group Captioning Success

Traditionally, researchers have identified DHH people as the primary users of captioning (e.g.
[29, 150, [136]). However, building from our participants’ accounts of the impact their hearing in-
terlocutors have on captioning’s efficacy, we propose treating captioning as a technology used by all
members of a group, including hearing people and not solely DHH individuals. Hearing and DHH

people both rely on captioning to understand and be understood, but, as participants explained, hear-



49

ing people often do not recognize their stake in captioning’s success. While we believe captioning
research should continue to center DHH people—because if captioning does not work, it is DHH
people who will lose access—we also seek to reframe captioning as a community-based accommo-
dation [[147]. This reframing opens up possibilities for captioning technology designed to support
group interdependence [25]] by acknowledging that captions cannot work unless people are willing
to work with them.

This shift provides opportunities to de-center the hearing world norms that are often present in
assistive technology design. Many of our participants saw promise for more equitable interactions
by introducing hearing collaborators to their world rather than staying in the “dominant space”
(P8). Participants’ proposals to make this shift included simple changes, such as displaying captions
for the entire group, and more extreme interventions, including playing loud sirens when hearing
people break captioning-friendly norms. Furthermore, participants described the benefits of hearing
people learning more accessible communication styles, such as combining typing and ASR captions
for casual interactions but aired frustrations around consistently needing to teach these approaches.
These sentiments extend Wang and Piper’s [293]] findings around Deaf/hearing collaboration without
accommodations. If rooted in Deaf epistemologies [243]], future captioning systems could both
teach and reinforce captioning-friendly behaviors to shift labor away from DHH people.

However, we resist embracing captioning for the group without considering potential challenges
and opposition. As many of our participants illustrated, there can be high costs to using caption-
ing in an audist world, ranging from social discomfort to workplace barriers, and some remained
skeptical that hearing people would ever change inaccessible behaviors. Future work will need to
explore the social factors that led some participants to work extensively with hearing interlocutors
to collaboratively improve access while others desired captioning solutions that minimized hearing
people’s involvement. Additionally, some participants were uninterested in changing how they com-
municate and, as designers of accessible technology, we must respect that technological intervention
is not always appropriate or desired. Furthermore, captioning inherently centers spoken conversa-
tion. While many of our participants were oral, worked in predominantly hearing workplaces, and
socialized with hearing people, some chose to orient their lives around the Deaf community. Lane
[168] argues that trying to redirect Deaf people from this Deaf-World is unethical. Regardless of

communication mode, however, there are unavoidable interactions in hearing spaces (such as stores
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and restaurants) where captioning could be a useful tool. Therefore, we must balance building tools
to support these interactions without implicitly or explicitly situating oral conversation with hearing

people as superior to Deaf-World norms.

4.4.3 Reflections on Future Captioning Design

Building from our call to integrate social, environmental, and technical factors into captioning re-
search and our reframing of captioning as a group technology, we provide concrete design consider-
ations. Specifically, (1) approaches to providing real-time feedback during captioned conversation,
(2) opportunities for online communication to advance captioning technology, and (3) discussion of

how to design captioning technology for all DHH users.

Our findings suggest that adding real-time feedback and error correction to shared captioning
displays are promising areas for future exploration. Participants identified several features that could
be especially useful in guiding hearing people’s understanding of captioning-friendly behavior (e.g.,
speech rate, lag), while other features may be more useful in providing DHH people with context
on the captioned conversation (e.g., speaker identification, overlapping speaker warnings). How to
specifically design and implement each of these features, however, is an open question. A range of
options exists such as displaying information directly (e.g., raw decibel levels), integrating informa-
tion into caption design (e.g., visualizing words that have been spoken but not captioned), or only
providing warnings when captioning-friendly norms are breached (e.g., a warning when speakers
talk too quickly). Further, there are likely pros and cons to conveying any additional feedback via
a shared interface to all conversation participants versus providing individual displays with differ-
entiated feedback—perhaps based on hearing status. Group-generated error correction also merits
further study, but many social and technical considerations remain, such as who does the correc-
tions, how can it happen efficiently, and how are corrections integrated into captions. Implementing
and testing these features with DHH and hearing users is an important next step to explore ques-
tions such as how effective the feedback is at driving behavior change, how to appropriately bring
attention to captioning without overwhelming participants, and how receiving feedback impacts all

conversation participants’ experiences of captioned conversation.

Our study highlights opportunities to evolve captioning tools for online conversations, with a
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unique capacity to build group-oriented tools. For example, participants perceived that their hearing
interlocutors face new constraints online, such as a single audio channel and technical delays, which
align with more caption-friendly communication. Online systems could be designed to strengthen
these social gains, leveraging the technology-mediated nature of online environments to more easily
implement interventions. Other unique online affordances, such as the omnipresence of text chat,
the social and technical ease of turning on captions, easily automated speaker identification, and
less-settled social norms, could be leveraged to address the distinct disadvantage DHH people face
without visual and spatial cues online. Currently many of these features are difficult to implement
in person, even with customized hardware such as microphone arrays, and exploring their impact
online could help drive priorities in software and hardware development to support captioning users
as in-person conversation becomes feasible again.

Finally, future captioning systems should explore ways to allow full participation for all DHH
people, regardless of their communication preferences, during captioned conversation. Our study
participants who prefer not to voice (8 out of 15), stressed that captions do not support their con-
tributions to a conversation, a concern relevant to the estimated 100,000-500,000 Americans who
primarily communicate in ASL [209]. As our findings demonstrate, there are many captioning use
cases for people who prefer to sign, particularly as automatic captions become widespread, and it
is critical to consider people who do not voice when designing for interactive captioned conversa-
tions. This extends beyond simply making it possible to type, as designers must consider how to
socially integrate typed contributions into the flow of conversation and account for differences in
typing speed as compared to speaking or signing ( 50 vs. 160 wpm typing on a touchscreen vs.
speaking and signing [23} [245])). Future work could explore, for example, allowing people to hold
their conversational turn while they type, ways to stream typed contributions as they are generated,

and how to help change social expectations around the pace of conversation.

4.5 Limitations

Our study has four primary limitations. First, while online recruiting allowed us to expand our geo-
graphic reach, we conducted this study during global health, political, and economic unrest, which

limited recruitment to those who could spend 90 minutes participating in an online research study.
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Our 15 participants were all U.S.-based professionals with high-speed internet access. Second, as
we explain in we chose to conduct this research with DHH participants only, and we do
not claim to advance knowledge about hearing people’s experiences during captioned conversation.
Instead, we explore how DHH people’s captioning experiences are impacted by their hearing inter-
locutors and their preferences for future engagement from hearing people, intentionally giving the
power to dictate future design directions to DHH participants only. Future work exploring group
captioning tools should involve both DHH and hearing participants. Third, we focused our design
probes on contexts where a single DHH person communicates with a group of hearing people, and
we do not claim that our findings extend past this scenario. As some participants explained, the
conversational dynamic can change when multiple DHH people are in conversation with hearing
people. Finally, while DHH people are a large portion of real-time captioning users, they are not the
only group that uses captioning as an access tool. We outline findings specific to DHH people, but

future work could investigate to what extent these findings are relevant to other captioning users.

4.6 Conclusion

In reporting on a formative study with 15 DHH participants, we present an empirical account of
DHH people’s experiences of captioning during small-group conversation, highlighting the social,
environmental, and technical factors that shape the use and usefulness of real-time captioning. Ad-
ditionally, we outline participant’s preferences for the design of future captioning systems, pro-
viding design implications regarding captioning as a group technology. Throughout, we discuss
participants’ experiences of and design preferences for online communication, recognizing it as an
environment with unique affordances and considerations for captioning. Our discussion highlights
the need to consider social, environmental, and technical context when undertaking captioning re-
search, proposes a shift toward treating captioning as a technology used by groups, and outlines
future design considerations. Guided by Deaf and disability studies, we look to a future where DHH
and hearing groups use captioning as one of many tools to negotiate conversation accessibility that

questions the hearing world’s norms.
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4.6.1 Within-Dissertation Context

Beginning my dissertation with this empirical work set the direction to continue exploring inter-
actions between DHH and hearing people, anchored in the types of experiences and preferences
participants expressed in this study. The preceeding and following chapters are in converation with
this work, identifying the importance of first paying attention to contextual factors in order to de-
sign for collective access work (what I term in this chapter ’group captioning’). Though this chapter
largely echoes the tenets of the collective communication access framework I develop in[Chapter 3]
my theoretical background was not as developed at this point in my PhD, and therefore this work
draws entirely from disability and Deaf studies, not including disability justice frameworks. I have
been excited to see the social/environmental/technical framing I established in this chapter taken up

by other captioning researchers in the years since it has been published (e.g., [69, 257]).



54

Chapter 5

CODESIGNING VIDEOCONFERENCING TOOLS FOR SMALL GROUPS
WITH MIXED HEARING STATUS

This chapter contains work that was published at CHI 2023, titled “‘Easier or Harder, Depend-
ing on Who the Hearing Person Is’: Codesigning Videoconferencing Tools for Small Groups with
Mixed Hearing Status”. 1 led this work with collaborators Soo Hyun Moon, Lucy Jiang, Steven
Goodman, Raja Kushalnagar, Jon Froehlich, and Leah Findater.

Within the broader scope of my dissertation, this chapter takes up the notion of collective com-
munication access and conducts codesign activities with participants to identify what kinds of tech-
nology designs could foster collective approaches to commmunication while remaining practical
and desired. It is most concerned with answering DRQ2, but is anchored by DRQ1 and adds con-
versation partners’ relationhips (e.g., relational context) to the set of factors that I have demonstrated

impact captioning experiences.

5.1 Motivation

For many d/Deaf and hard of hearing (DHH) people, real-time captioning is an essential com-
munication access tool. With advances in automatic speech recognition (ASR) [290] and the rise
of videoconferencing following COVID-19 [20]], platforms such as Zoom, Google Meet, and Mi-
crosoft Teams [[180}[155] now provide on-demand but imperfect captions. However, ASR inaccuracy
[290]] makes the impact of group dynamics on conversation accessibility particularly relevant (e.g.,
(196} 254 255|256, [183]]). Furthermore, following the Deaf community’s long-standing argument
for access approaches that decenter hearing norms [[19} [81} [166] and disability justice activism’s
framing of collective access [131]], wherein accessibility is a group rather than individual respon-
sibility, we look to opportunities for captioning technology design that engages DHH and hearing
people alike. For videoconferencing specifically, prior work shows these platforms are not designed

with DHH communicators in mind [247}288]], and adapting group social norms can be an effective
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but difficult-to-maintain approach to improve accessibility [163} [183l 257]. However, prior work
has not learned from small groups about how they currently address these challenges nor how they
could be better supported. Working with established mixed hearing groups can provide insight into
emergent social accessibility practices co-developed together over time, and draw upon their lived
experiences and collective communication strategies to inform future caption tool design. Therefore,

this work seeks to answer the following questions:

1. How do established mixed DHH and hearing groups think about, interact with, and react to

captions during online conversations?

2. When engaging in the codesign of future online captioning systems, what features do mixed

hearing ability groups desire, how would they design them, and why?

To examine these questions, we conducted a three-phase codesign study with four established
small groups: a total of 17 participants (10 DHH, 7 hearing). Our findings focus on groups’ experi-
ences communicating together and their proposed designs for future online captioning supports. Ex-
tending prior work that engaged only individual DHH people or dyads [196} 257, [293]], we highlight
the complex factors that shape individuals’ current use of captioning (e.g., variable use depending
on DHH people’s reliance on audio), how participants’ established relationships dictate their com-
munication practices (e.g., relying on familial history versus setting explicit norms at work) and
considerations that go into group access norms (e.g., a hearing person leading norm enforcement to
set an example for others). We then report on the codesigned features our participants developed
throughout our study process, finding a continued, under-addressed need for captioning basics in
videoconferencing platforms (e.g., speaker identification and customization), interest in features to
give meeting participants feedback on factors that impact access (e.g., slow down warning, flagging
confusing captions), opportunities to build sound recognition into captioning tools, and the desire to
build access norms into videoconferencing infrastructure. Participants envisioned these features in
the context of their social use, highlighting the need to center conversational dynamics when assess-
ing the impact of captioning tools, which prior work has often assessed in controlled experiments or

in terms of specific metrics (e.g., [28. (106} [157]]).
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In summary, this work contributes: (1) an empirical account of how mixed hearing status groups
approach captioned conversations, (2) a participant-determined set of priority features for future
accessible group communication supports, and (3) guiding principles for designing for behavior

change in groups with mixed hearing abilities.

5.2 Methods

This research employs a codesign methodology to explore the experiences of established mixed
hearing ability groups during captioned conversations and to design features to support more acces-
sible online group conversations. We recruited groups of participants with at least one person who
identifies as d/Deaf or hard of hearing and at least one who identifies as hearing and sought groups
who had prior experience using captions when meeting together online. Each group participated
in three codesign sessions between Fall 2021 and Winter 2022. We piloted each of the three study

sessions with a mixed hearing group to refine the study protocols prior to meeting with participants.

5.2.1 Study Procedure

Over three sessions, we explored groups’ current use of real-time captioning, their ideas for future
captioning technology to support accessible group communication, and their reactions to video pro-
totypes of these ideas. Sessions were loosely structured and tailored to individual groups’ needs,
in line with codesign best practices [250]. Each study session was conducted by two members of
the research team: the hearing lead researcher and, with one exception, a hard of hearing research
assistant. Sessions included either CART captioning or ASL interpreting and automatic captioning,

depending on the group’s preferences. We conducted all study sessions over Zoom.

Session 1: Questioning Current Practices

The first session explored how each group uses captions and ideas for technology that could support
accessible group communication practices. After introductions, we played the game Twenty Ques-
tions using automatic captioning to get groups immediately using and thinking about captions in an
engaged conversation and to observe their communication practices to inform questions later in the

session. The game’s frequent turn-taking and niche vocabulary increased the odds that participants
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would have to address captioning breakdowns. Participants played for an average of 17:24 minutes
(range: 13:08-25:14), and each group played at least two rounds. Researchers took notes on no-
table interactions and generated questions about how the group approached conversation during the

games.

After Twenty Questions, researchers led a group interview, beginning with reflections on the
game and tailored questions about specific aspects of in-game communication. This was followed
by questions on the group’s background communicating together and practices they use to commu-
nicate effectively. Next, we introduced participants to the broader focus of the study: improving
the design of captioning tools to support groups in developing accessible communication practices.
Researchers inquired about the impact of hearing people’s behavior on communication access, and
their reactions to the idea of using technology to give feedback about accessible communication
practices. Finally, we used the five features proposed by McDonnell et al. [196]—speech rate, vol-
ume, caption lag monitoring, speaker identification, speaker overlap warning—to discuss potential

captioning tool features and as a basis for collective brainstorming.

Session 2: Feature Sketches

The second session developed participants’ proposed feature ideas via individual sketching and
group discussion. Sessions began with groups reviewing, discussing, and expanding ideas they gen-
erated from Session 1. Next, participants spent five to seven minutes sketching out the ideas they felt
were most compelling. When finished, participants sent pictures of their sketch(es) via text or email
to the research team. We screen-shared these pictures and each participant presented the context
and motivation for their ideas. Participants had the opportunity to respond and ask questions about
others’ ideas. After all group members had presented, the group reflected on the ideas and identified
their top three shared design priorities. After the session, the research team created video prototypes
[308] of each group’s top three ideas (12 features total) to provide a more tangible representation of
each idea for critique and discussion. We elected to make video prototypes rather than functional
prototypes as they allow participants to assess high-fidelity, dynamic implementations of their ideas
before they are built, enabling low-cost iteration or abandonment of designs. The prototypes in-

tegrated participants’ specific designs whenever possible. For each group, researchers made three



58

unique videos that showed a feature’s design elements and its usage in a simulated conversation. A
final, fourth video showed all the features in use during a short round of Twenty Questions played

by the research team.

Session 3: Design Review

Finally, in the last session, each group reviewed both their own and other groups’ design ideas. To
begin, we explained that video prototypes “take new design ideas and animate them to demonstrate
how these new ideas might look and function.” We stressed that video prototyping “gives us a
chance to view how designs work before they've been built, making them easy to iterate on” and
encouraged participants to share their “honest opinions.” Each group watched their three video pro-
totypes and shared reactions. We then played the final video showing all features used in the context
of a conversation and invited final reflections. Afterwards, we reviewed other groups’ video proto-
types and feature sets, with discussion after each set. Finally, we concluded by asking participants

to reflect on the study as a whole and to share any additional thoughts.

5.2.2 PFarticipants

We recruited participants via mailing lists, social media posting, and snowball sampling. Our study
goals focused on how mixed hearing ability groups with experience using captioning together lever-
age their relational history to approach accessible communication. We thus sought groups of three
to five people who knew each other; we required at least one hearing member and one d/Deaf or
hard of hearing member, and experience using captioning while meeting each other online. These
recruitment criteria were flexibly designed as we looked to learn from small groups as they are,
rather than overdetermining the perspectives included in the study. We defined rough guidelines
for group size and proportion of DHH and hearing participants rather standardizing those factors,
anticipating between-group variation. Codesign methods gain strength from focusing on the par-
ticulars of participants’ lives and do not emphasize finding a uniform sample, but rather revealing
in-depth insights [113} [250], the goal of our study. We invited three groups, 13 people total (six
hearing, seven DHH), who fully met our inclusion criteria (Groups A-C). Because they could offer

a complementary perspective, we also invited a group of four participants who preferred signing to-
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Pseudonym Hearing Status Preferred Communi- Frequency of Cap-
cation Style tioning Use

Amelia Hard of Hearing Signing Multiple times a day

Audrey Hearing Speaking About once a month

Anna Hearing Speaking A few times a year

Allison Hearing Speaking A few times a year

gether and thus did not fully meet our inclusion criteria (Group D). In total, 17 people participated:
ten DHH and seven hearing. We compensated each participant $200 for their time and contribu-
tions. The following sections describe each group; names of participants have been replaced with
pseudonyms matching with the letter of their group (e.g., Amelia is in Group A, Barbara in Group

B, Colin in Group C).

Group A

Group A (see are cousins who live across the country from each other and communicate
frequently using the video messaging app Marco Polo. They communicate orally when meeting
synchronously (both in person and online) and use automatic captions for occasional online meet-
ings with their entire family. All four group members identify as white and female, and their average

age is 27.8 (range 25-30).

Group B

Group B (see meets weekly as colleagues; their work focuses on technology to support
DHH people. They communicate orally with Zoom’s automatic captions. While our recruitment
materials sought groups with up to five members, we opted to include this group of six since they
regularly meet. Five group members identify as female, one identifies as male, all are white, and the

average age of the group is 53.7 (range 26-67).



Table 5.2: Group B Demographics

Pseudonym Hearing Status Preferred Communi- Frequency of Cap-
cation Style tioning Use
Barbara Having hearing loss ~ Speaking Multiple times a day
Brian Hard of Hearing, Speaking, Writing Multiple times a day
Having hearing loss
Blake Hard of hearing, Speaking, Writing A few times a week
having hearing loss
Bea Hard of Hearing Speaking, Writing About once a month
Brenda Hearing Speaking Frequently attends
captioned meetings
but doesn’t use them
personally
Bridget Hearing Speaking About once a week
Table 5.3: Group C Demographics
Pseudonym Hearing Status Preferred Communi- Frequency of Cap-
cation Style tioning Use
Camille Deaf Signing About once a day
Cad Deaf Signing About once a month
Colin Hearing Speaking About once a month
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Pseudonym Hearing Status Preferred Communi- Frequency of Cap-
cation Style tioning Use

Daisy Deaf Writing, Signing A few times a month
Deanna Deaf Signing Rarely

David Deaf Writing, Signing Multiple times a day
Dot Hearing/acquired Speaking No prior experience

hearing loss
Group C

Group C (see are friends who know each other through the Deaf community. Camille
and Cad are Deaf; Colin is a child of Deaf adults (CODA) and knows American Sign Language.
However, all three have experience using captions while video conferencing. Colin could not at-
tend Study Session 2 at the last minute, so some group discussion of design ideas occurred asyn-
chronously via email. One group member identifies as female, two identify as male, all are white,

and the average age of the group is 53.67 (range 42-61).

Group D

Group D (see formed around three friends (Daisy, Deanna, David) who know each other
through the Deaf community; Dot joined as Daisy’s mom, but she does not regularly chat with the
others. Daisy, Deanna, and David primarily communicate via ASL; Dot knows some signed English
but is not fluent in ASL. Dot at times identified herself as hearing and as having acquired hearing
loss. In contrast to our recruitment criteria, not all members use captions when communicating
with each other, and Dot had not previously experienced captioned video calls. While Group D did
not meet our recruitment guidelines, we accepted Mack et al.’s [185]] invitation to adapt our study
design to work with participants with valuable experience who may not fit all study criteria. Group D
provides a useful perspective on how captioning might be used by people who prefer sign language
and how to facilitate group communication across language barriers. However, we note areas where
they may have different needs and requirements for technology than groups who frequently opt to

use captioning. Due to technical issues in Study Session 2, design feature sketching and discussion
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was conducted asynchronously via email. Three group members identify as female, one identifies
as male. Three members are white and one is AfroLatina/x and South Asian. Their average age is

48.5 (range 36-65).

5.2.3  Analysis and Positionality

We analyzed our data using reflexive thematic analysis, as outlined by Braun and Clark [37/, 39].
We took a semantic and critical realist orientation to the data, with an inductive approach to groups’
captioning practices and experiences and a deductive approach to their designs for future captioning
systems. The first author led analysis, beginning by reading transcripts, taking notes of recurring
patterns, then synthesizing notes into an initial codebook which they applied to data from groups
A-C. Because researchers analyzed and integrated questions about communication during Twenty
Questions in the moment, and because the game transcript consists of yes/no questions, we did not
directly analyze that data. Other authors reviewed a subset of coded transcripts, providing feedback
and comments on the first author’s coding. The final codebook contained three versions for each
session of the study procedure; codes for the second and third sessions included all codes from
the previous sessions as well as new, tailored codes. Through discussion with coauthors, the lead
researcher combined codes and data into the themes that now serve as findings subsections. After
doing so, data from Group D was coded and integrated into these themes, with an additional code
to note when their experiences differed from the other groups’. Members of the research team
identify as hearing, hard of hearing, and Deaf. The first author, who facilitated study sessions and

spearheaded analysis, is hearing and an ASL student.

5.3 Findings

Below, we describe our findings: we first highlight existing socio-technical practices with video
captioning and emergent access strategies before discussing design ideas and video prototype reac-

tions.
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5.3.1 Current Practices

Drawing on our participants’ established communication practices, we detail individuals’ use of
captioning online, examine how groups communicate, and explore the development of accessible

communication norms.

Individual Captioning Practices.

Individual participants’ approaches to caption use online varied based on their hearing ability and
communication practices. DHH participants balanced using captions alongside their residual hear-
ing and speechreading skills. Some only used captions “if the audio got spotty or something”
(Amelia) and used them “part of the time” (Brian), depending on the group’s familiarity and if
speakers’ camera feeds were available. Barbara described needing to “stare at the captions” to fol-
low a conversation, but that she compensated for captioning errors by using context and her residual
hearing, such that her “brain is constantly correcting and not paying attention to those corrections”
(Barbara). However, for Bea, motion from automatic captions “would grab my attention and dis-
tract me,” making them something she would only use as a backup. For others, captions operate as
“the primary feed of information” (Camille). Cad explained that relying entirely on visual informa-
tion sources (e.g., captioning, facial expressions, chat), makes video calls “twice as hard for us as it
is for hearing people.” Notably, participants approached captioning differently depending on their
ability to participate in the conversation without it.

For participants in Group D who primarily communicate via sign language, captions were often
a secondary source of information during interpreted conversations. Daisy leverages captions as a
backup to ensure that, if interpreters encounter difficulties, she “dofesn’t] miss too much informa-
tion” and so that she can “make sure that the interpreter is voicing what I say correctly.” David finds
that captions alone are not sufficient for expressive communication, as he “would use sign, I would
not type, I would not chat.” However, he runs a third-party automatic captioning app during all
video calls so that he does not miss key information if he looks away from a conversation. Despite
these limitations, Deanna emphasized that they did provide value, as when she’s “one Deaf person
in a group of hearing people . ... captioning gives us a way to be involved.” Hearing participants

largely did not report using captions during video calls. Some participants noted that while they may
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check captions out of curiosity, they usually would not have them running on their screen (Anna,
Audrey, Allison). Though Brenda serves as the moderator who works to ensure access during her
group’s conversations, she noted that she “did not use the captions much—I mean certainly not for
communication access.” Colin demonstrated a mode of being more attentive to captions: while he
stated he was only “paying attention a little bit” he also described actively waiting to participate
until captions had caught up and monitoring them for errors. Even in groups with active attention
to accessible norms, it was not assumed that hearing people would be paying attention to or even

viewing captions.

Group Communication Practices

Groups developed specific practices and norms to fit their conversational context and interpersonal
relationships. We highlight examples of how each group’s context shaped their communication, then
identify key takeaways. Group A highlights a form that access can take within families. Group mem-
bers have been close since childhood but had not established explicit access norms. They explained,
“we never really talked about accessibility for a hard of hearing person because when you grow up
with it, it’s just — you already have your system down” (Allison). Amelia affirmed that, while access
needs to be actively considered with many others in her life, “I’m very comfortable with these ladies
and I’m able to understand them very well.” Further, they usually communicated via the app Marco
Polo, where users send recorded videos back and forth, which Audrey described as “super nice
because you can’t speak over each other.” Despite not having in-app captions, Amelia could access
Marco Polo via the Live Transcribe functionality on her phone. Group A did not intentionally create
accessible norms, but their established relationships left Amelia feeling well-supported. Group B is
comprised of colleagues who work in DHH spaces, and, in contrast to Group A, they actively enact
accessibility practices. They have developed explicit conversation rules, including clear turn-taking
and monitoring for caption errors, which they share and teach when outsiders join their group. They
developed their rules and habits through time and close collaboration. For instance, Brenda reflected
on her communication with Barbara: “I too watch faces ... I've sort of learned when [Barbara’s]
looking at the captions and it looks like she’s not understanding something, then I'm immediately

reading the captions myself to see ‘oh did it not get it right?”’ This team climate, where hearing
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and DHH members alike attend to access, was special for Blake: “I was pretty emotional after the
first meeting because it was just so inclusive. ... It was a really dramatic difference having those
set norms ... that gives you time to catch up and it gives the captions time too.” Group B created an
environment where all members can effectively collaborate through an active commitment to acces-
sibility norms. Group C reflected on how the expectations of conversation partners shaped access.
For instance, when Cad spends time with his wife’s non-signing family via Google Meet, “they also
have their issues with the captioning and we laugh about it.” Camille pointed out that this becomes
possible in “an environment that’s more accepting of flaws.” Participants also speculated about how
the study game of Twenty Questions would have differed with “10 hearing people who knew noth-
ing about Deaf people in the room ... they would be all talking over each other” (Colin). Camille
emphasized that, if playing a game with those group dynamics, “I’m sure I would just fade away
and not even be a part of it.” However, in Group C, the hearing member, Colin, is a CODA, so he
knows how to differentiate “hearing norms, Deaf norms, hearing values in a meeting, Deaf values
in a meeting” (Camille). In Group C they “didn’t have to say the rules” (Colin), and implicitly
understood that Colin would adjust to Deaf norms, rather than Camille and Cad adjusting to hearing
standards. Group D focused on how their access provisions were shaped by their communication
partners. For Daisy, captioning is a “less commensurate method” of communication access, but
when without an interpreter, she communicated using “a combination of gesturing, and signing,
and captioning, and typing.” Deanna explained that her goal in communication was “fo be very
accommodating and flexible to deal with whoever is there—the point is accessibility.” Yet, group
members noted that, in their experience, “hearing people ... don’t always have a lot of empathy or
understanding” (Dot). This led to frustrating interactions, such as a conversation between Deanna
and a new family member who refused to write back and forth and insisted on inaccessibly voicing.
Group D stressed that accessible communication, especially for signers who are not fully supported
by captioning, requires mutual flexibility. While all four groups found that access becomes pos-
sible when conversation partners work to meet each other’s needs, the form of those approaches
varied significantly. Participants also described conversations with others outside their group that
took different approaches, to varied degrees of success. Ultimately, this demonstrates that there is
no one-size-fits-all approach to accessible conversation between DHH and hearing people. Rather

tailored, contextual access evolves and is informed by conversation partners’ relationships with each
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other.

Developing Group Access Norms

Groups reflected on the positive impacts and the challenges of developing access norms in mixed
groups. Participants, DHH and hearing alike, had experiences where collective effort resulted in
more comprehensible communication. Barbara found that most of the hearing people she com-
municates with “understand how to make themselves understood to people and understand what
captions are about.” Still, when outsiders join groups that have set rules there is a learning curve,
as “it was hard for [them] to slow down and led to “a stop/start environment” (Bridget). Brenda
explained that she actively moderated those conversations, hoping that “when a hearing person also
makes those requests and reminders, that it just helps reinforce the need for making sure things are
accessible.” Camille reflected on similar dynamics, concluding that conversations could be “easier
or harder, depending on who the hearing person is... Are they aware? Are they unaware?” For
her, successful, accessible communication requires “sometimes not following the hearing pattern of
turn-taking or communication” (Camille). Desired behavior changes can also depend on the con-
text. For example, if Amelia was the only DHH person in a conversation, she was less likely to
ask others to adjust, because “if I understand it, then it’s fine.” On the other hand, in conversations
that include other DHH people, she would “try to make people aware” of communication rules to
“support each other.” However, participants noted that behavior change was not always a smooth
process. Barbara reflected that it “takes people time and experience to adopt those norms” and
that regular practice and reinforcement were critical. Attending to access often requires significant
effort from hearing interlocutors. Colin described his experience monitoring captions for errors as
he and others spoke: “if it wasn’t right, I wanted to fix it, but I also didn’t want to jump in and fix
it, I wanted to let you try to repair it for yourself if you wanted to. ... There’s a lot of cognitive
load there, and I’'m not even the Deaf person.” Likewise, Allison explained that she “can’t do two
things at once” and monitoring multiple sources of information while speaking was not feasible
for her—despite her commitment to communicating accessibly. Therefore, when considering Cad’s
observation that “there are hearing people who are experienced, who are cognizant and mindful,

and there are those who are not,” we must also recognize the complexity involved in learning and
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applying this expertise.

5.3.2  Future Designs

After understanding groups’ current practices, we codesigned features to support them in having
more accessible captioned conversations online. In this section, we first present the 12 ideas partici-
pants proposed (three per group), which our research team developed into video prototypes between
Sessions 2 and 3 (Figure 5.1). Then we discuss all groups’ reactions to these feature prototypes,
which fell into four major categories: 1) identifying speakers and overlap, 2) feedback systems to
address conversation breakdown, 3) videoconferencing infrastructure, and 4) non-speech sound in-
formation. While many of these ideas have been previously explored (e.g., [196} 257]]), as part of a
commitment to codesign, we prioritized participants’ enthusiasm for features over novelty. We also
highlight new facets of these features by exploring how they may impact group dynamics—an area
that has been overlooked in previous research. While participants were not asked to focus on Zoom
during their design process, many features were designed with Zoom as the starting point as it was

the platform used throughout the study.

Codesign Artifacts

IFigure 5.1|shows key frames from each of the video prototypes that researchers developed based on
participants’ ideas. These prototypes reflected participants’ discussions across their proposed ideas,
searching for convergence in ideas and priorities. For example, Cad drove discussion with his group,
saying “I think we are all looking to make it easier to ID the speaker quickly and easily.” Groups

assessed their video prototypes in depth and also reviewed other groups’ designs.

Speaker Identity and Overlap

Quickly identifying speakers and automatically flagging when they overlap were clear priorities for

participants, with Groups A, B, and C designing features (Figure 5.1c| [Figure 5.1e} [Figure 5.11)

to address these information gaps. While speaker identity and overlap have both been explored in
prior literature (e.g., [105, 124} (1351631 172,183,228, 278]], participants’ experiences demonstrate

that crosstalk and ambiguous speakers have yet to be resolved, with key design nuances and social
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Figure 5.1: Each group’s top three ideas for captioning tools, including the feature’s name, a key
frame from the video prototype, and a description of the feature in a participant’s own words.
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impacts for each feature in group videoconferences. Though some human-generated (e.g., CART)
and automated (e.g., Google Meet) services integrate speaker identity into captions, participants
wanted it to be a universal feature. Many groups (A, B, C) favored conveying speaker identity in
captioning by splitting captions up by speaker and using a visual indicator connected to their name
(Figure 5.1c). Groups initially proposed color-coding speakers, provided it met colorblindness and
other visual accessibility standards, and later also considered using profile images. Group C envi-
sioned other ways they might like to see speaker identity (by displaying captions under the active
speaker’s video, and with threads between the speaker and the captions), and therefore proposed
providing multiple options that each user could select as desired. Separating captions by speaker
and identifying the speaker’s name was universally liked and showing threads between speakers
and captions (as designed in our video prototype) was comprehensively disliked. Placing captions
below the active speaker’s video garnered mixed reactions. Amelia liked that it would
help consolidate information and limit instances where people textit“don’t even look at the captions
because [they’re] too busy looking at the person talking” (Amelia). However, others felt that “would
be a lot to follow” (Anna) and “take more cognitive effort” (Camille), particularly in meetings of
five or more people. Participants who frequently joined conversations with interpreters considered
how speaker identity should work when an interpreter voices for multiple signers. They stressed that
“when there are a lot of Deaf people it’s not really entirely clear who’s doing the actual uttering”
(David) and that “there needs to be some way of the computer knowing to connect that interpreter to
me so that [speaker identification] comes to me when I'm the one speaking” (Daisy). A suggested
solution was enabling interpreters to click a button that would then “show who exactly they’re voic-
ing for” (Deanna). Building on speaker identification, participants highlighted the importance of
identifying overlapping speech for both DHH and hearing conversants. Overlapping speech poses a
significant access barrier that is not well-addressed by current captioning solutions, leaving caption-
ing users out of conversation. Barbara explained; “[with] automatic captions, or even CART, there’s
no way to capture [overlap]... I'll just pull away emotionally or walk away physically.” Therefore,
participants proposed both indicating overlap within speaker identification and sending conversation
participants a pop-up when it occurs. When reacting to video prototypes of speaker overlap notifi-
cations(Figure 5.1¢), participants liked the baseline feature but had suggestions for nuances to build

into future implementations. Participants stressed the importance of language choice in notifica-
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tions, as having the pop up read ‘multiple speaker warning’ made participants feel like “something
bad’s gonna come out of the screen and grab you or something” (Barbara). Both displaying over-
lapping speakers’ names in the captioning and sending an alert was valuable to some—one hearing
participant noted: “I would not have my captions on, so I do like that it pops up and makes it very,
like, front and center” (Anna). When considering the impact of getting an alert, Blake remarked “//
liked] how annoying that is gonna [be] for teams that talk over each other a lot ... because I think
that creates an incentive ... to create more accessible, inclusive conditions.” However, participants
also envisioned possible negative impacts of penalizing overlapping speech: “people that are more
shy, more self-conscious ... may start to feel afraid to say anything” (Brian). Participants also
worried that alerts could limit equitable turn-taking, as they could cause “the dilemma of ‘do I inter-
rupt, or do I let this person take all the time?”’ (Blake). Groups A and B liked that speaker overlap
alerts could guide behavior change, since “it’s something that happens over time with reminders”
(Brenda), but others worried that that “most hearing people are used to being interrupted or talking

over each other ... so they don’t want this visual alert” (Colin).

Support for Behavioral Feedback

The next category of features involved a set of feedback mechanisms to alert the group to ways

to make conversation more accessible. Participants proposed a variety of possible behaviors to

alert conversation partners, often using a similar pop-up implementation (Figure 5.1b} [Figure 5.11]

[Figure 5.1g| [Figure 5.1j} [Figure 5.11). Specifically, participants’ designs focused on providing cap-

tioning error feedback, asking others to adjust their camera, a communication breakdown alert,
asking for a pause in conversation, and asking for other speakers to slow down. While these access
barriers have been discussed in prior work (e.g., [36, 150, 1136} 139} [157. 1196, 254, [255]]), we focus
on how technical tools could help to mitigate them by driving behavior change. While Group A’s
design included the opportunity to either flag or correct captioning errors in real time,
participants only saw promise in flagging errors. While DHH participants recounted many nonsen-

EER]

sical errors in captions, such as “calling ‘site administrator’ ‘satan administrator”’ (Bea), hearing
conversation partners rarely noticed or tried to address errors. Despite “lov[ing] the idea of being

able to correct [captions] as we go” (Daisy), participants concluded that doing so was “a little
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too far-fetched” (Anna) because it would be cognitively overwhelming and likely too delayed to be
useful. However, participants saw social benefit in being able to flag caption errors anonymously,
imagining that it would help “that shy person who doesn’t want to interrupt” (Blake) and allow
users to ask for repeated clarification without feeling like there’s “a target on you” (Amelia). How-
ever, others worried that it could make “the flow of the conversation stop” (Dot). While the video
prototype simply alerted that an error occurred, participants proposed that the alert should point out
the confusing caption in context, since it was likely said “/0 seconds ago, and then you're like, ‘Oh,

)

well, what word was it?”’ (Colin). In summary, real-time error correction may not be feasible, but
participants were enthusiastic about being able to call their conversation partners’ attention to errors
that impacted comprehension.

For participants who relied on seeing conversation partners clearly, being able to discreetly
ask someone to adjust their camera view was exciting, but discussion revealed social complexity
in doing so. Many participants shared Amelia’s video conferencing experience of feeling “like,

”

I don’t know who’s talking ... can you please turn on your camera.” Participants saw the use

case for being able to alert someone to adjust their camera — in fact, while discussing this video
prototype (Figure 5.Tf)), Daisy took the opportunity to tell David “you’re kind of cut off at the neck
. you gotta move.” However, participants noted that just telling someone to adjust their camera
without a reason or specific directions was too ambiguous, proposing that the alert could specifically
mention “someone can’t read your lips right now” (Blake). However, participants also pointed out
reasons why camera use was not always desired, as for some “the exhaustion of being on camera
all the time” (Bridget) was significant, and others found that only having active speakers or signers
on camera could help minimize visual overload (Barbara). Participants also considered innocuous
reasons why someone might not be visible on camera, such as when “someone could be holding
their puppy and it’s in front of their face and you can’t see their face or lips” (Blake). Participants
stressed the importance of thinking about the need for clear camera feeds within broader social
context and cautioned that norms around using such an alert needed to account for nuance.
Participants also spoke to the need for a mechanism to tell conversation partners to slow down
and were positive about Group D’s design (Figure 5.11). Speech rate alerts were considered in con-
text of participants’ current strategies to get speakers to slow down. For example, Brian shared his

approach when new vendors at work would “just talk too fast.” He begins conversations by saying
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“’I would really appreciate it if you just slow down your voice, just a bit, so I can follow what you're
saying.” ... They will at some point speed up again; [1] just kindly remind them.” When assessing
the speech rate video prototype, Amelia imagined that it would be “a good way to teach people how
to have good speaking skills” by providing a mechanism to unobtrusively remind speakers when
they speed up. Blake saw additional benefit in being able to get feedback on her speaking rate, say-
ing, “having hearing loss ... we don’t really have to hear ourselves, I'm always someone who ...
tries to work on slowing down”. While the prototype showed manual speech rate alerts, participants
also proposed automated speech rate monitoring, either in the form of auto-generated alerts (Brian)
or adding a speedometer visualization for speakers (Daisy, Dot). The final two behavioral feedback
ideas, a pause and attention button, had similar motivations — identifying
and encouraging groups to address conversational breakdown—and participants had mixed reactions
to both. Participants from Groups C and D, who frequently communicate via interpreters, proposed
a way to address the fact that delays in communication often mean that “once I finally get to that
point where I can actually add something [to the discussion] ... now it’s the wrong time” (Daisy).
However, despite agreeing that this was a common problem that needs addressing, participants re-
actions to attention or pause pop up alerts focused on the need for stronger guidance and mixed
feelings around halting conversations. Anna suggested that alerts provide more specific guidance
than simply calling for ‘attention’ as she felt that notification would cause her to “panic and ...
not know what to do from there.” Most participants worried that a pause or attention button would
be too disruptive to a conversation or become “something that gets abused” (Amelia). However,
Blake “got really excited” about building tools into a system that could “empower the person who’s
maybe too timid to speak.” Participants brainstormed ways to address the need to identifying break-
down while minimizing disruption, proposing that it could be “up to the person who’s pressing the
alert button whether or not they want to send that alert just to the host, or to everyone” (Colin).
Participants were united on the importance of calling attention to conversation breakdowns but after
watching their simulated use, concluded that disruptive alerts were not the right tool to address this

need.
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Videoconferencing Infrastructure for Accessibility

Another target for technology that could support groups in more accessible conversation was video-
conferencing platform infrastructure itself. Participants focused on adding a new set of access norms
in software settings that could build group norms into the platform and desired greater
customizability over current captioning interfaces (Figure 5.Th). Customizability has been high-
lighted throughout prior work [50, [72} [105} [196]], but the role of platform infrastructure on accessi-
bility for DHH people has so far only been explored in the context of sign language use [247]]. Group
B’s access profile allowed groups to enable desired features (such as the behavioral
feedback tools discussed in[section 5.3.2)) and share social norms. Across groups, participants were
excited about the idea of an access profile and brainstormed ways to address the many complexities
it introduces. Camille reflected that “we want technology to solve things, but we realize that people
have to modify, they have to change” and imagined that building access norms into a system was a
way to leverage technology to help.” Participants highlighted the benefit of having preset but highly
configurable options, as there are common issues that “d/Deaf people agree are the pain points
when attending an online meeting,” but for individual groups, settings “should be able to be cus-
tomizable” (Colin). Additionally, Blake considered how, often when joining a meeting, “I’m going
really fast and I'm not setting things up ahead of time” and Barbara suggested that settings “should
be real easy for the consumer to turn on or off, even if you're in the middle of a Zoom meeting.” Bea
proposed that users should be able to save context-specific presets, for “big meetings, classes, small
meetings.” While participants valued having an anonymous way to request their needed access sup-
ports and norms, concerns arose around misuse (e.g., malicious users). Broadly, participants were
excited about the possibility to build accessible conversation norms into videoconferencing systems

and continued to think through the nuanced factors that would make such a tool effective.

Highly customizable captioning displays were an additional area of videoconferencing infras-
tructure with unified support. Customization is not a new concept — in fact Amelia responded to this
prototype by “check[ing] the subtitle settings. I was, like, ‘do they not have settings
for captions?’ And they don’t. I was really surprised.” In light of the lack of control in current tools,
participants highlighted the specific dimensions that were important to them. Customizable colors

were critical, as Cad explained that for “DeafBlind people who have some vision but need some
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accommodation” there can be some “contrast of colors [or] particular colors that are better than
others.” Other features included resizing the “short little box” (Camille) used to display captions
and supporting users’ preferred setups by letting “captions show up in a separate browser tab”
(Colin). While not necessarily a novel technological innovation, the control that platforms do or
don’t allow their users significantly shapes who can use captions well, and participants highlighted

the need for greater control and customizability.

Sound Information

In the final category of designs, participants proposed providing more information about sound in
addition to transcription. Designs included visualizing speaker’s volume and identi-
fying non-speech sounds (Figure 5.1k). Though Google has integrated sound recognition into the
Live Transcribe app [[109], it is not available within commercial videoconferencing tools. Volume

visualization has only been explored in the context of pre-recorded captions [[124].

Group A’s proposal to visualize speaker volume in captions seemed promising

during their brainstorming but, in viewing it, participants identified more problems than benefits.
Amelia initially was motivated to display volume as a proxy for tone, which is “very easily misun-
derstood just reading the captions” (Amelia). However, many questioned if simply showing volume
could lead to misunderstandings. For instance, knowing that a person is speaking quietly could pose
the question: are they “unsure or meek? Or is it just that they [a] quiet talker?” (Colin). Addition-
ally, participants considered that volume may not always vary significantly, such as with Audrey’s
family “who have one volume, and it’s yelling ... it would just be bold the whole time.” While par-
ticipants liked the idea of volume displays that were “dynamic without being disruptive” (Daisy),
they concluded that this implementation would not be useful.

In addition to captions, participants were interested in identifying and displaying background
noise during a conversation. Daisy described why this is important: “I can’t tell you how many times
I'll be talking to someone ... and the hearing person suddenly looks off into the horizon ... I'm like
‘hey, what’s going on? Why, you know, why is the conversation being disrupted? I can’t hear that’.”
DHH participants valued the idea of displaying background noise within a videoconferencing tool

with both an emoji and text description of the sound (Figure 5.1k)), though hearing people questioned
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its necessity. Participants favored using emojis paired with background noise descriptions to “just
get a quick bit of information” (Daisy), and the colorful nature of emojis makes alerts “really bright
and easy to capture” (Deanna). However, rather than placing background noise alerts in video feeds,
participants suggested they would be “better in a bottom corner” (Dot) or “between sentences in
the captioning” (Deanna) to avoid splitting users’ visual attention. When considering the social
implications of this design, some hearing participants considered that background noise happening
around them is “not necessary for other people to know this, it’s really more for the speaker”
(Bridget). However, DHH participants stressed that knowing a noise is happening “just gives us
clarification of why you’re pausing” (Amelia), and that it would be useful for people with some
residual hearing to know “is [a noise] me or is it someone else?” (Barbara). Participants also
wondered how to determine “what the threshold is” (Brenda) for identifying sounds—as Colin put
it, “some hearing people hear background noise and either intentionally or unintentionally ignore
it ... and other times it’s like ‘whoa I heard that fire alarm’.” Being aware of background noise
is critical for DHH conversants, and participants brainstormed how to best communicate that over

videoconferencing platforms.

Summary

Overall, our participants identified a number of features that they would be excited to use and, by en-
gaging with video prototypes, surfaced aspects of their designs that would need to be carefully con-
sidered to fit the social norms of mixed hearing ability group conversations. Participants identified
features that have already been implemented in captioning in the past, namely speaker identification
and caption customization, as high-priority and high-impact to universally build into videoconfer-
encing tools. Guiding groups to be more aware of speaker overlap, speech rate, comprehension-
critical caption errors, and the need to adjust their camera via pop-up notifications are promising
features for future development and innovation. Participants also wanted to be able to set, share, and
customize access practices within videoconferencing platforms, and this is a exciting new paradigm.
Finally, products like Live Transcribe [[13] have integrated sound recognition into their ASR apps,
and our results indicate that this would be valuable during videoconferences as well. Participants

also identified features they did not want. While increasing group awareness of conversation break-
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downs was important, pop-up alerts did not prove to be an appropriate approach. Additionally,
displaying raw volume information by styling the captions themselves was seen as distracting and

unclear.

5.4 Discussion

In this chapter we report on our codesign practice with established groups of DHH and hearing peo-
ple, finding that people actively negotiate and build accessible group practices on top of captioning
use and identifying participant-driven priorities for future videoconferencing features to support ac-
cessible group communication strategies. We now situate our findings in related work, identify key
priorities for future videoconferencing design, and reflect on approaching captioning design with a

collective access lens.

5.4.1 Designing with Established Groups

Our findings offer new insights on communication practices between DHH and hearing people and
the design of captioning and videoconferencing tools. First, we document the accessibility practices
of established groups, including hearing people and groups with multiple DHH people that have
varied access needs. Prior work focused on the captioning experiences of individuals [[149,|196] and
communication practices of established DHH/hearing pairs [293]], whereas we highlight varied ways
that existing groups with mixed hearing abilities engage with captions (e.g., work colleagues estab-
lish formal rules while cousins rely on shared history). Additionally, the variation between groups’
practices highlights the extent to which communication practices and preferences are shaped by the
specific people present for a conversation. While prior work has broadly explored the impact of
hearing people’s behavior on a conversation [254, 256, 255]], we suggest that this behavior must
be contextualized by the relationships between hearing and DHH conversants because its impact is
not consistent across conversations (e.g., norms between strangers, family, and disability activists
will likely differ). While understanding how to support DHH and hearing people communicating
together is critical, we argue that there is not one universal solution waiting to be built. However,
we see great promise in building a tool that can be customized to support cousins who have been

communicating together since childhood and colleagues working on communication technology
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for DHH people alike in negotiating and sustaining a group commitment to conversation accessi-
bility. Though recruiting existing groups is nontrivially difficult, it was through codesigning with
these groups that we were able to observe and ask about their established practices, gain insight
from the questions participants had for each other throughout the process, and learn from multiple
perspectives on the same experiences. Further, learning from established groups reveals the commu-
nication access problems and social interventions that persist after people move past surface-level
interactions or learning the basics of communicating with DHH people. Beginning with this deeper
understanding of possible approaches to communication access could lead to richer tools for new
groups (e.g., students working on a class project, new colleagues) or people interacting briefly (e.g.,
interactions with a telehealth nurse). We argue that paying attention to the rich relational context of
established groups allows HCI researchers to identify pressing problems and promising avenues to

address them in future captioning tools.

5.4.2 Implications for the Design of Future Videoconferencing

While prior work has identified the value of conversation norms (e.g., [99,1149,/196,[293]]) and Seita
et al. [257] briefly discussed new features to guide conversation, our work proposes participant
selected and designed features and assesses ideas in context of their social impact. Specifically,
participants desired videoconferencing platforms to support established captioning features (e.g.,
speaker identification and customization), wanted new ways to make conversants aware of speaker
overlap, speech rate, comprehension critical errors, and camera feed quality, saw opportunities to
build tools for mixed hearing ability groups into platform infrastructure, and wanted to also be aware
of background sounds. Underlying the specific feature designs participants developed throughout
our codesign sessions are broader considerations for the design of videoconferencing tools that can
support mixed hearing ability groups. Participants emphasized that, while it is tempting to imagine
solving for conversation access with technology only (e.g., ASR that can perfectly caption over-
lapping speech), access is a fundamentally social problem. However, they consistently highlighted
the potential value of technology that helps set and enforce group norms and guidelines. With this

paradigm shift in mind, we identify guiding principles for future videoconferencing technology.

* Low technical complexity, high social impact. Many of the features our participants identi-
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fied are not technically complex to implement and leverage the existing functionality of video
conferencing systems (e.g., participants’ design of a ‘slow down’ button). However, these
tools could be critical in helping shape accessible conversation dynamics. We encourage de-
signers and researchers to explore these avenues that may be less obviously novel but desired

and socially impactful.

Automatic or manual notifications. While automatic notification systems may lessen cogni-
tive load and outperform human reaction time (e.g., overlapping speaker alerts), participants
highlighted the nuanced social context that informs even seemingly obvious cases for inter-
vention (e.g., pointing the camera at a new puppy). The decision of which features to automate

must be done with careful consideration of behavioral nuances.

Configurability in all facets. Current videoconferencing platforms do not allow users to
control many aspects of the appearance and placement of captioning, despite customization
being clearly preferred in prior work (e.g. [50, [72} 105} [196]]) and by our participants. DHH
captioning users’ myriad contexts of use (e.g., with interpreters, at work) and varied abilities
(e.g., hard of hearing, DeafBlind) make it so that the ideal captioning style and display is one

with high configurability.

Design to minimize cognitive load. Prior work has established that following a conversation
with captions is cognitively taxing [157] and our findings affirmed that this is a key factor in
assessing the viability of captioning supports. Despite many attempts to convey information
through caption styles (e.g., [28] 29, [105} 106} (124} 143}, 232, 254| 258]]), our participants’
perspectives agreed that reading captions requires too much cognitive load to make on-caption
visualizations useful [29, 258]]. Designers should consider ways to augment captions without
overloading users, such as placing critical information in consolidated regions of the screen

and avoiding distracting edits to the captions themselves.

Anonymity in feedback. Considerations of power dynamics, personality, and frequency of
reminders led participants to conclude that they would be more likely to ask for a change they

need if they can ask anonymously. Platform designers should consider when an anonymous
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feature could minimize embarrassment or social judgment to both the requester and recipient

of feedback, but also must weigh its potential for misuse or harassment.

* Maximize contextual information. Notification systems that identified a problem but not a
solution (e.g., ‘Attention!’), did not adequately describe the steps to resolve a problem (e.g.,
‘Adjust your camera’), or did not provide full context on the problem (e.g., not identifying
which caption was unclear) were not satisfactory interventions. If designing technology to
guide behavior change, it must succinctly and specifically identify what breakdown has oc-
curred and point to the resolution of that behavior, without assuming that users will be viewing

the captioning.

5.4.3 Captioning for Collective Access

We situate our findings in the context of disability studies, Deaf studies, and the disability justice
principle of collective access. Disability studies and activism focuses on how accessibility is to be
addressed in community, rather than on an individual basis [220]. Disability Justice activists have
furthered this thinking and operationalized it in their principle of collective access, and we found
that participants’ conversation practices and design priorities for captioning tools frequently demon-
strated collective access. Norms were co-created by groups, and all group members were responsible
for upholding them. Groups tailored best practices to match interpersonal relationships—trusting
that members could and would resolve issues as needed. While these dynamics have been character-
ized in prior work [[196}293]], we argue that the lens of collective access is necessary for a complete
understanding of the factors that drive the use of communication technology. Additionally, many
Deaf community ideals and practices reject hearing norms, including the architectural practice of
DeafSpace [81], which aligns aspects of the physical built environment with Deaf communication
norms (e.g., avoiding pillars to maintain clear sight lines). In envisioning the future of videoconfer-
encing tools, we propose building toward a form of digital DeafSpace, where DHH communication
norms get prioritized and embedded into the platform, rather than designing these tools in ways that

are frequently hostile to DHH communicators [247]].
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5.4.4 Limitations

As a qualitative, codesign study we recruited a relatively small number of participants, and those
participants had a wide range of experiences. While this allowed us to explore their experiences in
depth, we do not claim that these findings are generalizable. Additionally, our study was conducted
using Zoom, biasing designs and reflections. While we believe that findings are applicable beyond
this single platform, future work may want to explicitly explore the role different platforms impact
conversation. Next, our participants were overwhelmingly white (16/17) and all based in the US,
which limits our perspective. Finally, while video prototyping allowed us to understand what would
or world not support mixed hearing ability groups in more depth than paper prototyping and without
the costs of software development, implementing tools to support mixed hearing ability groups is a

crucial next step. We see this as an exciting area for future work that builds on our design guidelines.

5.5 Conclusion

As expanded use of videoconferencing and ASR reshapes groups’ communication practices, we
sought to understand how mixed groups of DHH and hearing people negotiate online captioned
conversation. By conducting a three-phase codesign study with 4 groups (17 participants total, 10
DHH, 7 hearing), we found that groups develop specific social practices to increase accessibility
and identify exciting features for future videoconferencing design that engage DHH and hearing

conversation partners alike.

5.5.1 Within-Dissertation Context

By codesigning collective communication access technologies with mixed hearing ability groups, I
further demonstrate the ways that social, environmental, and relational factors impact groups’ use of
and preferences for technologies. This chapter also practically demonstrates ways that a collective
communication access approach can be built into captioning technologies, providing both specific
designs that merit further development and design principles to navigate building tools to be used by
all members of mixed hearing ability teams. Though researchers’ perspectives and interpretations
are never eliminated from the research process, by utilizing codesign methodologies we anchor

these designs in groups’ ideas and priorities, rather than a top-down authorial view of what collective
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communication access technologies ought to be. Throughout this process, groups’ primary reactions
to proposed technologies focused on how they would shape the kinds of conversations they held and
the social impact tools would have on their specific groups and other imagined groups. This further
suggests that technologies’ realistic context of use is a primary driver of participants’ preferences

for captioning tools.
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Chapter 6

CHARACTERIZING USER-DRIVEN CAPTIONING PRACTICES ON TIKTOK

This section contains research published at CHI 2024 titled “’Caption It In An Accessible Way
That Is Also Enjoyable’: Characterizing User-Driven Captioning Practices on TikTok”. 1 led this
project, coordinating a student research team consisting of Tessa Eagle, Pitch Sinlapanuntakul, and
Soo Hyun Moon, and working with faculty advisors Kate Ringland, Jon Froehlich, and Leah Find-

later.

While previous chapters explored real-time captioning use in synchronous, small-group conver-
sation, for this chapter I explore a different captioning context: user-generated captioning on TikTok
videos. I chose to switch contexts for three key reasons: first, to demonstrate that even during asyn-
chronous, indirect communication choices communicators (i.e., video creators) make significantly
impact caption use, second, to explore a different set of social, relational, and environmental fac-
tors, and, finally, because user-generated captioning is a context where hearing communicators are
already assumed to be responsible for captioning. In synchronous conversation, hearing people do
not traditionally interact with captions, but for user-generated content to be captioned, its creator
must make choices to enable this. While platforms such as YouTube provide automatically gener-
ated captions by default if videos’ language is specified [290], to caption TikToks requires active
engagement on the part of the video creator (even after TikTok added automatic captioning support

in 2021 [121])).

Therefore, in this chapter we explore what happens when platform users (rather than solely al-
gorithms, trained professionals, or television or movie studios) are in charge of captions, identifying
the captions that emerge in the specific social and environmental constraint of the TikTok platform,
aligned with DRQ1. We end by reflecting on how future user-generated captions could be better de-
signed to match captioning users’ access needs and preferences, and how to engage video creators

in making that change, engaging with DRQ2.
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6.1 Motivation

There has been a significant shift in how people consume entertainment media; moving from tra-
ditional media (e.g., TV, movies) to online, user-generated content [296]. In 2020, for example,
TikTok was the most downloaded app [216] and, in 2023, was viewed 4.4 billion minutes per day
by US adult users alone [35)]. This paradigm shift has important accessibility implications. Glob-
ally, there are well-established, legally enforced captioning standards and requirements for media
that appears on television [302, 184, 92] as well as emerging legislation for professionally produced
content uploaded to the internet [1]. However, the accessibility of user-generated videos remains
unregulated. This leaves caption users with no legally protected access to platforms like YouTube
and TikTok [[173] — a notable gap.

Unlike other video sharing platforms, TikTok became popular at a time when caption use has
become mainstream, including among their young user base [246l. Despite no formal requirement
and significant initial obstacles, TikTok creators have developed a culture of captioning content
[57, 137, 46]]. Though TikTok rolled out automatic captioning and a built-in closed captioning in-
terface in April 2021 [121]], many TikTok creators have adopted a highly stylized, open captioning
approach that embeds captions into their Videos Prior HCI research on captioning design has
identified strong preferences for online captioning styles that align with television standards (e.g.,
[28L 159, {158, 258]]), but studying TikTok offers an opportunity to explore both how creative cap-
tioning practices organically emerge on a social media platform as well as how they compare to
traditional captioning practices. Despite media coverage and emerging academic interest in Tik-
Tok captioning [260], there has not yet been a comprehensive study of captioning practices on the
platform. As media consumption continues to shift toward unregulated, user-generated content,
studying captioning practices on TikTok provides an opportunity to understand how online videos
are captioned and how those approaches serve or fail caption users.

Therefore, we set out to answer the following research questions:

1. How is user-generated captioning implemented on TikTok?

!Closed captions can be toggled on and off, using a TV remote or video player settings, whereas open captions are
burned into a video and will always be on screen.
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2. How do choices made in generating and placing captions impact TikTok users who need

captions to meet a Deafness or disability-related access need?

To address these questions, we ran a two-phase study: a large-scale content analysis and a com-
plementary interview study. We identified three major dimensions of user-generated open captions:
how videos represent audio and language in text, how captions are styled and placed, and how well
the content of captions matches a video’s audio. By integrating participant perspectives with our
content analysis, we found that 1) the current state of audio and language coverage in captions aligns
with participant preferences—speech is nearly completely captioned while music and sound effects
are rarely captioned, 2) some captions’ color, size, placement, and timings varied from standard ex-
pectations, often decreasing readability, and 3) non-verbatim captioning and errors, while present in
captions, were often minimally disruptive, and additional content (e.g., emoji) could provide richer
paralinguistic information. Notably, we found that, despite the lack of regulation, the current state
of user-generated captioning on TikTok does allow caption users to meaningfully engage with the
platform. However, participants still identified significant room for growth, highlighting the need
for user-generated video-specific standards, along with tools that encourage more creators to not
only caption their videos, but to caption them well, could further extend access.

In summary, our research contributes 1) a large-scale analysis of TikTok open captioning, con-
textualized by its impact on caption users, and 2) steps toward future standards for user-generated

captioning.
6.2 Related Work

This chapter draws on the prior work discussed in and we also provide background on the

specific landscape of TikTok research in order to contextualize our findings.

6.2.1 TikTok and Research

The social internet has shifted in recent years toward short-form video content. TikTok, developed in
2016, is an algorithmically-driven social media platform primarily focused on video sharing. Since

2023, the platform has reached over 1 billion active users worldwid and was the most downloaded

“https://www.demandsage.com/tiktok-user-statistics/
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app in 2020 [216]]. Given this rise in popularity, other platforms introduced similar features for
publishing brief video content (e.g., Instagram Reels — released in August 202(f] and YouTube
Shorts — released in September 202. Content on TikTok is primarily short-form video-based,
with videos initially limited to 60 seconds in length, and more recently extended to ten minutes
[280]. TikTok is not only notable in its bias toward short content, which may be easier to caption,
but recent work highlights ways that TikTok’s platform incentivizes specific kinds of content (e.g.,
a strong bias toward repetitive trends, a desire to optimize content for the algorithm) [307, 32],
which can encourage a culture of open captioning. While initially adopted by younger populations
for dance-related challenges, TikTok’s user base has since diversified, and the app is now primarily
used by 19 to 29—year—oldﬂ

TikTok has recently gained considerable attention in HCI research. Much of this work has cen-
tered on sensemaking around the proprietary and elusive TikTok algorithm [[146, 151} 204} 261} /1]
and specific sub-communities that vary widely from grieving individuals [89]], to those with expe-
riences of psychiatric hospitalization [252] and eating disorders [[119], to users discussing acne and
skincare [304,197]]. Marginalized groups have also found community and belonging on TikTok. For
example, research has highlighted LQBTQ+ communities [[71} 262]], neurodivergent-related content
L6, [78]], inclusive technology for disabled individuals [77]], and discussions of shadowbanning in
queer, trans, and disabled TikTok communities [240]. Research on the credibility of information
disseminated on TikTok has also proliferated, especially with regards to the COVID-19 pandemic
[263, 17, [176]. Notably, these studies often analyze the 100 most liked or viewed TikToks within
certain topics or hashtags [300, 248l (154, 304].

However, little work has focused on the accessibility of the platform. TikTok did not introduce
automatic captioning until April 2021 [[121]]. Given the primarily video-and-audio-based nature of
the platform, captions are an integral part of participation for d/Deaf, hard of hearing, neurodi-
verse, and disabled communities. Simpson et al. found that much of TikTok’s accessibility has
stemmed from grassroots community efforts, largely by disabled communities who have developed

workarounds to address app inaccessibility [260]].

3https://about.instagram.com/blog/announcements/introducing-instagram-reels-announcement
“https://blog.youtube/news-and-events/one-year-of-youtube-shorts-what-weve-learned-so-far/

Shttps://www.demandsage.com/tiktok-user-statistics


https://5https://www.demandsage.com/tiktok-user-statistics
https://3https://about.instagram.com/blog/announcements/introducing-instagram-reels-announcement
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6.3 Methods

We employed a two part mixed-methods study. We first collected and analyzed a dataset of TikToks
to characterize how user-generated TikTok videos are captioned. Then, we performed complemen-
tary interviews with TikTok users who need captions to access the platform to identify the impact

of these current captioning approaches.

6.3.1 Content Analysis

We began by collecting a dataset of TikTok videos and developing an initial codebook. We describe
our method for collecting and analyzing videos, which led to the overview of TikTok captioning

approaches we present in Section

Data Collection and Analysis

We created a dataset comprised of (1) TikToks likely to be shown to a general audience and (2)
TikToks related to Deafness and disability. We took this two-pronged approac}ﬁ to understand how
content is captioned both when it reaches a broad audience and when it is made by communities
invested in access. We chose to collect both general audience and Deafness and disability-related
videos to analyze a breadth and variety of captioning practices on TikTok. Further, our analysis
was targeted at understanding current practices on the platform, independent of captioning users’
viewing patterns. For this research, we define captioning as a textual representation of audio or
language, including spoken language, signed languages, and other sounds.

Captions can be either open or closed [[73]]. Open captions are burned into video content, whereas
closed captions can be toggled on and off. See Figure[6.1|for an illustration of the difference. While
TikTok supports both open and closed captioning we observed inconsistency in the availability of
closed captions during preliminary analysis, with variation over time (e.g., videos appeared closed
captioned one day and not another) and across devices and browsers (e.g., at the same time on the
same device, videos appeared with closed captions in a mobile browser and without closed captions

in the TikTok app). Due to this inconsistency, we scoped content analysis to open captions.

SOther accessibility research has also used multiple data sources to gain a more complete picture of the area of study
(e.g., [184])
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Figure 6.1: Simulated screenshot of a TikTok illustrating the difference between open captions (top
text of the video) and closed captions (bottom of video). Closed captions appear at the bottom of a
TikTok video as white text on a translucent black background and can be toggled on and off. Open
captions can be any color, size, font, and in any location on the screen and are permanently part of

a video.

Because TikTok’s terms of service prohibit “us/ing] automated scripts to collect information

from or otherwise interact with the Services” [281]], we collected data manually. To collect data,

researchers created new accounts and liked or favoritedmvideos that met each data collection phase’s

inclusion criteria. After liking and favoriting the quota of videos for each data collection round,

researchers requested their account’s data from TikTok. This resulted in a JSON file containing the

links to all videos that a user had liked and favorited. We parsed and combined these files, using the

resultant list of video links to form our dataset.

"These functions serve equivalent purposes, but we observed occasional malfunctions with the “Like” feature and

used “Favorite” as a backup



88

General Audience Data Collection

To characterize broader trends in TikTok captioning, we sought videos that were likely to be shown
to a broad audience. However, TikTok’s emphasis on personalized, automatically generated video
feeds (a ‘For You Page’ or FYP), means there is not a core set of videos all TikTok users see.
Therefore, we targeted videos that TikTok serves a user it has very little information about, as a
proxy for general audience data. To collect this data, four members of the research team generated
new TikTok accounts, and, over five days in early February 2023, each researcher liked or favorited
100 captioned videos a day. We scrolled through the research account’s FYP, liking a video if it
was captioned and scrolling as soon as we determined it was uncaptioned. We excluded ads, live
videos, and sponsored posts from consideration but had not yet discovered inconsistencies with
closed captions, so we collected both open and closed captioned videos.

We initially collected 2000 general audience videos. Among these, 1654 were unique URLs,
signifying unique videos. At the time of submission, 65.3% (1050) of the 1654 unique videos
featured open captions, 28.1% (464) had no open captions, and 8.5% (140) had been taken down
since initial collection. Having intentionally over-sampled, researchers then randomly selected 150
videos from the set of 1050 open-captioned videos for coding and analysis, informed by sample

sizes in prior work (see [6.2.1).

Deafness and Disability Data Collection

We also collected data from communities we hypothesized to be at the cutting edge of video
accessibility—Deafness and disability-related content creators. We identified Deafness and disability-
related videos via the following five hashtags: #Deaf, #HardOfHearing, #Disability, #Accessibility,
and #Neurodiversity. We selected these hashtags to balance gathering videos with a broad focus
(e.g., #Disability, #Accessibility) with videos targeting communities likely to use captions to access
videos (e.g., #Deaf, #HardOfHearing, #Neurodiversity) [260, [175]. We sought this balance to en-
sure we had representation from communities that value captioning while not excluding groups we
did not consider in advance. To collect this data, we generated five new TikTok accounts, which
were used to collect data by the same four researchers who collected the general audience data (the

lead author collected data on two accounts during this data collection cycle). Each account was
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Table 6.1: Frequency of Deafness and disability data collection hashtags in the final dataset

Hashtag Count
#Disability 49
#Deaf 44

#Accessibility 30
#Neurodiversity 29
#HardOfHearing 22

assigned a different hashtag to collect data from daily, assigned over a five-day period. We used a
Latin Square design to ensure that 1) each research account was used to collect data exactly once
from each hashtag and 2) we collected data from every hashtag for each of the five days of data
collection.

Over five days in April 2023, researchers searched their designated hashtag on the TikTok *hash-
tags’ results tab and scrolled until they had liked or favorited 100 open-captioned videos daily.
These hashtags often had a high concentration of videos from a small set of creators and some-
times contained irrelevant or offensive content. Therefore, while collecting data researchers strate-
gically avoided liking videos from the same creator to diversify our dataset and excluded content
they deemed irrelevant. Researchers were instructed to skip a video if it was ’clearly non-topical’,
“ableist mockery’, or an ad, and borderline videos were included to be discussed later. The data
collection process was designed to collect 2500 videos, 500 per hashtag. However, one researcher’s
device did not consistently register ‘liked’” videos and was only able to record 237 out of 500 ’liked’
videos. We, therefore, collected 2,237 videos, 1,208 of which were duplicates, resulting in a final
dataset of 1,029 videos. To match our general audience data, we coded and analyzed a random set

of 150 of these videos. The distribution of hashtags in our final dataset is shown in Table

Video Content Analysis

We iteratively developed a coding scheme to analyze how videos are captioned. Over three cycles,
four researchers drafted a set of codes, applied them to 25-30 videos, and discussed gaps, redun-
dancies, and disagreements before settling on a coding scheme. After the final round of coding,

researchers achieved an average Krippendorf’s Alpha inter-rater reliability score of .71 on all quan-
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titatively analyzed codes. The final coding scheme tracked three key components of captioning:
audio and text coverage, style and placement, and caption content.

We then applied our coding scheme to 150 general audience and 150 Deafness and disability
TikToks. To diversify our examination of captioning practices, we analyzed only one video per
creator. The same four researchers who collected data and generated the coding scheme coded
the videos, with two researchers coding each video over the course of two rounds. In the first
coding round, each researcher coded 75 open captioned videos (one half General Audience, one half
Deafness and Disability Related). Each coder’s set of videos was then randomly sorted into thirds
and distributed to other members of the coding team. During the second round, each researcher
again coded 75 videos. Upon completing both rounds of coding, each pair of researchers discussed
and resolved the differences between their coding of the 50 videos they both analyzed. This process
produced a single, authoritative coding for each of the 300 videos we analyzed.

We then performed a mixed-methods analysis of our coded data. For quantitative data, we
calculated summary statistics and for qualitative data, we open coded responses. To conduct this
analysis, we split our coding scheme into thirds and had two researchers analyze each third, with
the lead researcher taking part in all analyses.

We also conducted a word error rate (WER) analysis on the videos we identified as containing at
least one error. Though we identified errors in 59 videos, only 55 were still posted on TikTok at the
time of calculation. For those videos, we transcribed the open captions directly and then manually
generated a verbatim transcript of the video. We used the Amberscript implementation of the NIST
Scoring Toolkitﬂ to calculate the WER for each video and computed the overall average WER. We

also calculated the WER for the three videos shown during the interviews.

6.3.2 Interview Study

To complement our TikTok video content analysis, we performed semi-structured interviews with
TikTok users who need captions to access the platform, seeking to understand the impact of common
TikTok captioning approaches. Following Mack and McDonnell et al. [[186], we defined eligibility

by captioning use, rather than specific disability, recruiting participants who use captions “due to

8https://www.amberscript.com/en/wer-tool/


https://8https://www.amberscript.com/en/wer-tool
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Deafness, disability, neurodiversity, or related condition.” We relied on established connections
within Deaf and disability communities to recruit participants, reaching out to relevant mailing lists

and using snowball sampling.

The semi-structured interviews, conducted over video conference, lasted one hour and had three
parts. First, we asked participants to reflect on their current experiences with TikTok and how
(in)accessible videos are to them. We then selected three videos, all with more than 500,000 likeﬂ
from our dataset, which exemplified key aspects of captioning identified in our content analysis.
The first Videom (WER = 6.1%) captioned speech but not background music and used varied caption
color, placement, and size. The second Videﬂ captioned one of the two speakers but did not caption
the dog — a salient audio source — or the yelling by the two speakers. Participants were shown the
original video (WER =37.5%) as well as an edited version made by the first author, which captioned
all audio (WER = 0.0%). The final Video’@ captions (WER = 0.0%) were formatted standardly but
represented a voice-over track not connected to on-screen actions. After participants viewed the
videos, we probed for their reaction to certain aspects of the captioning. Finally, the study session
concluded with a discussion of what participants would like to see in the future and a comparison
of current TikTok norms to other video content. Participants were compensated $40, automatic
captions were always enabled, and we arranged ASL interpretation and CART transcription upon

request.

We had nine participants in this study. Their average age was 39.1 years old (range 19-73),
and five identified as Deaf, three as dea two as hard of hearing, one as neurodiverse, and two
as having some other disability (some participants held multiple identities). With regard to gender,
seven participants identified as women and two identified as men. Participants self-reported their
race: 66% were white, 11% Black, 22% Asian or Pacific Islander and 11% Native American. We

required that participants frequently use TikTok, and 44% reported using the platform multiple times

We intentionally selected videos with a large viewership to mitigate privacy concerns
"“https://www.tiktok.com/@austinandlexi/video/7188243037972106539
Ynttps://www.tiktok.com/@bananna_k/video/7198305835943185710
Phttps://www.tiktok.com/@ripleysaquariums/video/7167494942204497157

BCapital “D” Deaf often signals identity with Deaf community, whereas lower-case “d” deaf more frequently refers to
the audiological experience of deafness [212]


https://www.tiktok.com/@austinandlexi/video/7188243037972106539
https://www.tiktok.com/@bananna_k/video/7198305835943185710
https://www.tiktok.com/@ripleysaquariums/video/7167494942204497157
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Table 6.2: An outline of the key facets of user-generated open captions that we discuss in Section

AT

Category Facets to Consider

- Types of sounds in videos

Audio, Language, and Text | - Amount of audio covered by captions
- Approaches to captioning signed languages
- Caption timing and animation

- Caption placement and alignment

- Use of color

- Text formatting

- Deliberate non-verbatim transcription
Content - Additional content

- Captioning accuracy

Style and Placement

daily, 22% reported daily use, 22% reported using TikTok 3-5 times a week, and 11% reported
weekly use. We required participants have experience reading captions in English and five also
reported communicating using ASL.

We used a mix of top-down coding and reflexive thematic analysis [37, 38] to analyze interview
data. Upon completing interviews, researchers reviewed transcripts, flagging data aligned with con-
tent analysis findings and taking notes to form a codebook. Data that aligned with content analysis
findings was open coded and integrated accordingly. Researchers coded the remaining data in two
stages - one researcher completed the initial coding pass and a second reviewed their work. Across
this process, the lead researcher reviewed all transcripts. Coded data was then developed into themes
using an inductive, semantic, and critical realist approach. Thematic analysis emphasizes the role
of authors’ positionality. We are a mixed-ability research team, with some members identifying as
DHH, neurodivergent, and/or disabled. The lead researcher is a hearing person with conversational

ASL skills. Authors identify as white and Asian.

6.4 Findings

We present a content analysis of TikTok captions, highlighting key considerations that go into cap-
tioning and integrating participant perspectives on the impact of different captioning choices. We

then identify broader themes around the state of TikTok accessibility for captioning users.
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Figure 6.2: Bar chart displaying the number of videos where each audio type was present and
videos that captioned each respective audio type. Videos with only human utterances accounted for
the majority of captioned videos (94.7%, 284/300)

6.4.1 The Current State of TikTok Captioning

To characterize TikTok captioning, we examine how audio and language are represented in cap-
tion text, style and design choices, and caption content. As relevant, we contextualize these video
analysis findings with interview participants’ perspectives and preferences. Table provides an

overview of the facets of captioning we analyze in this section.

Audio, Language, and Text

We required videos in our dataset have captions, but creators did not caption all audio equally.
Understanding what audio is present in videos and how comprehensively it is captioned reveals
what creators prioritize when making a video accessible. Therefore, we focus on how much audio
is captioned in TikTok videos and how that aligns with participant preferences. We provide an
overview of audio types then discuss how human speech, music, non-speech sound, and signed
languages were captioned.

We categorized video soundscapes as containing 1) human utterances only (e.g., speech, singing,

laughter), 2) sounds not uttered by a human (e.g., dog barking, instrumental music, clapping, ap-
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pliance beeping), or 3) a mix of both. Figure shows how often each audio type occurred in our
dataset and how frequently each type was captioned. Most, but not all, videos (72.7%, 218/300)
consistently captioned each audio type. Videos were considered to be captioned consistently in
two situations — when all of one audio type was captioned in videos that audio type, or if an audio
type was present and never captioned. For example, if a video contained spoken and sung human

utterances and did not caption singing, we considered its captioning inconsistent.

Human Utterances. Human utterances were part of nearly every video in our datasets (99%,
297/300), and were largely captioned (96.7%, 290/300). Most commonly, these captioned human
utterances were speech — 85.7% of videos (257/300) contained people talking, and only five did not
caption all speakers. This prioritization matched participant preferences: they unequivocally agreed

that uncaptioned speech was inaccessible. As P1 put it, “no captions, and I just scroll past”.

Music. Though many videos in our dataset contained lyrical or instrumental music, it was of-
ten uncaptioned—interestingly, a decision participants supported. Though we could not reliably
quantify the presence of music in videos, we observed that it was rare for the presence of music
(instrumental or lyrical) to be indicated in captions. When captioned at all, lyrics were often selec-
tively captioned rather than fully transcribed. Largely, participants did not find captioning music to
be necessary on TikTok. Many participants agreed that it was “honestly easier not to know” (P9)
about most music because, on a small screen, “it just gives more things that I need to read and then
it gets frustrating” (P6). Some participants linked this to their Deaf identity: “music does nothing
for me, I don’t understand it—I am profoundly Deaf and have always been Deaf” (P4). If music is
captioned, participants preferred that creators use a music note emoji (P2) or briefly note the tone

indicated by the music (e.g., [upbeat music] P8) rather than transcribing lyrics.

Signed Languages. We observed several videos that captioned sign language (13.3%, 40/300),
all from our Deafness and disability data collection, though our interview participants reported
infrequently coming across videos that captioned signed languages. Signed videos took a wide range
of approaches to audio: 22.5% (9/40) captioned no audio and only captioned signing. However,
often people signed and spoke content simultaneously{r_‘fl interpreted music and TikTok sounds, or

used text-to-speech to voice an English interpretation of their signing. However, because our data

“Known as simultaneous communication or sim-comming
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collection processes sought captioned videos, they likely do not reflect all signed content on Tik Tok.
P6 and P8 both reflected on encountering uncaptioned signed videos as DHH people who know some
ASL but do not primarily sign, noting it is “kind of weird for me, because I'm like, you want me to
understand you, but you’re going to make me work for it” (P6). P9 pointed out that captioning signed
videos poses a challenge, as there is not a “standard way to have captions for our language.’ﬁ]
Non-Human Utterances. Only 2.3% of videos (7/300) in our dataset captioned non-human ut-
terances, a stark contrast to how spoken and signed languages were captioned but somewhat aligned
with participant preferences. Interview participants were mostly interested in captioning ‘important’
sounds and sounds that were not obviously visually indicated. Participants stressed the importance
of considering the purpose and impact of sound in a video: if "someone’s just making a like, kind of
annoying, stupid noise, I don’t really need context for the noise they’re making” but captioning rel-
evant sounds “added flavor to the video” (P6). Additionally, P9 noted that the TikTok format made
environmental audio less relevant than in other media: ”if you miss sound on a [TikTok] video, you

can still enjoy it, but for movies you are left wondering.*

Style and Placement

TikTok captions are notable in their use of a wide range of approaches to style and placement. As
P3 put it: “I think that the captions on TikTok are way way way more creative and people seem
to be having more fun with captioning compared to [traditional video platforms].” We sought to
understand how videos in our dataset approached caption timing and animation, placement, color,
and formatting. Overall, while there was nonstandard style and placement throughout our dataset,
participants preferred captions that prioritized practical access over novel designs.

Timing and animation. When choosing how to time and animate captions, the majority of
videos aligned with participants’ preferences for captions to be “static, right there, simple, clean”
(P1). Most videos (83.3%, 250/300) timed their captions similarly to movies and TV: a few lines
appear on screen at a time and refresh once all content is spoken. Other timings included cap-
tioning speech one or a few words at a time (5.0%, 15/300 videos) and emulating live captions

(3.3%, 10/300), with words appearing as they are spoken, building into captioned lines (see Fig-

'SEnglish language captions can never directly represent signing and only provide a written interpretation [24]
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Figure 6.3: Simulated stills representing aspects of caption style and placement we observed
throughout our dataset

ure [6.4). Most participants stressed the need for captions to not disappear “so quickly that I don’t
have time to read it” (P2). P9 provided a differing perspective, noting that while rapid-fire captions
are “not 100% accessible”, she “really like[s] it, cause it shows me the way [a TikTok creator is]
talking.” Caption rate has long been considered an obstacle to caption readability [139]], and user-
driven choices around caption timing add another dimension to this discussion. 10.0% of videos
(30/300) animated captions in some way, occurring more frequently in general audience videos
(15.3%, 23/150) than in Deafness and disability videos (4.7%, 7/150). Common animation styles
include fading, bouncing, and erratic motion (e.g., strobing, shaking) (see[Figure 6.3). Participants

noted that this amount of motion on screen “can be really jarring” (P3).

Placement. Despite interview participants’ strong preference for captions that stay in one loca-
tion, over a third of videos (34.3%, 103/300) moved captions around the screen over the course of
the video. Variable caption placement was more prevalent in Deafness and disability videos (43.3%,
65/150) than in general audience videos (25.3%, 38/150). Commonly, caption placement was used
to differentiate information—for example, separating types of audio (e.g., TTS, laughter, human

speech) or contributions from multiple people (see [Figure 6.3). Caption movement could also serve
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as a meta-structure to organize the video’s content (e.g., separating questions and answers, moving
from topic introduction to content). However, many videos included seemingly random placement
or placement motivated solely by a high-contrast background. Captions were placed in all regions
of the screen, with a slight bias toward the top of the video, a departure from established practice
[41.

Participants consistently reported problems with poorly placed captions. Often, TikTok’s dense
UI elements on the bottom and right sides of the screen overlap with captions and make it so “/
can’t see those captions” (P9). In contrast to many captioning standards, P7 suggested that creators
should default to placing captions along the top of the video as “more things are happening on that
floor 80% of the screen instead of like the top 20%.” Additionally, participants did not like when the
“captions felt far from the action as their ’eyes were doing double work, popping up and down”
(P4), a common captioning consideration known as visual dispersion [157]. However, the value
of placing captions near relevant visuals comes into conflict with the desire to not move captions
around the screen. If captions move throughout a video, P2 noted "I had to look all around to figure
itout ... Ifit was all in one place each time, then I know where to look for placement.”

Color. Color choice had a strong impact on caption comprehension, including both the text out-
line and fill colors. Over 87% (262/300) of videos used black-and-white captions (see Table ,
which were preferred by our interview participants. However, 29.3% (88/300) used other color com-
binations, most commonly white text on a colorful background (15.7%, 47/300 videos) or colorful
text outlined in white (7.7%, 23/300). Videos used multiple captioning colors 22.3% (68/300) of
the time, which most frequently served to differentiate speakers and sounds or to emphasize specific
phrases within the video (see [Figure 6.3)). Participants’ priority for color schemes was that they
produce “simple captions that I can read” (P5), allowing for more colorful captions to differenti-
ate speakers or sound sources only if readability was the guiding principle. Suggestions included
using bright color in the caption background and keeping the text black (P6) or, as P3 suggested,
using different combinations of black and white: “maybe black text with white background for the
first speaker and black background and white text for the second speaker, so that way it feels more
consistent”.

Formatting. Videos also leveraged formatting elements such as typeface, size, and capitaliza-

tion to style their captions, but most deviations from a perceived norm were not well-received by
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Table 6.3: Frequency of open caption color scheme in our dataset

Caption Style Example Frequency
White with Black Outline 54.7% (164/300)
White with No Outline 15.3% (46/300)
Black with White Outline 3.7% (11/300)
Black with No Outline SETE 2.7% (8/300)

White on Gray/Black Background W 9.3% (28/300)

Black on White Background L] 10.3% (31/300)
White with Colorful Background | ES | 15.79% (47/300)

Colorful with White Outline 7.7% (23/300)

participants. A vast majority (94.7%, 284/300) of videos used the same typeface throughout their
video, but variation was used to differentiate video titles from captions, to emphasize the final lines
of videos, and to indicate a speaker change (see[Figure 6.3). We also observed that videos frequently
departed from standard rules of capitalization, using all-caps to emphasize certain words, captioning
some videos entirely in all-caps, and sometimes not capitalizing any words in captions. Participants
did not find this to be helpful variation: “I just don’t want them changing the style and the font and
the letters—that is really hard”(P5). Though we were unable to consistently quantify trends in font
size, we observed a high degree of variation. Size changes could be meaningful, differentiating an
important phrase from the rest of captions, or somewhat randomly scaled with regard to the amount
of text on screen. Participants suggested that having the font “large enough to be able to read” (P2)
is critical to readability and noted that if they come across “captions that are like, tiny ... I can’t

read that ... I"d swipe through [and skip the video]” (P8).

Considerations Around Caption Content

While the above two subsections focused on how audio was translated into captions and how cap-
tions were styled and placed, here we consider the content of captions themselves. Going beyond

the presence of captions and considering their content, we analyzed instances when language was
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Figure 6.4: Bar charts visualizing caption timing and patterns of notable content changes among
general audience and Deafness and disability-related videos.

not captioned verbatim, when additional content was added, and when the captions had errors (see
Figure[6.4).

Deliberate Non-Verbatim Captioning. Though the Deaf community has long advocated for
verbatim captions [138]—as opposed to summarized or censored captions—our interview partic-
ipants had nuanced, context-dependent perspectives on non-verbatim, user-generated captions. In
our video analysis, we found that 18.3% (55/300) videos deliberately used non-verbatim captions,
most often to caption a curse word or other vulgarity (e.g., “shit” captioned as “sh*t”’) though some-
times to replace content that was not obviously a censorship target (e.g., “autism” captioned as “the
‘tism”). Popular strategies for altering words included using asterisks or other punctuation in place
of vowels, removing letters from words, replacing the spoken word with an alternative (e.g., “fuck-
ing” captioned as “friggin”), and using acronyms, abbreviations, and emoji in the place of fully
voiced words. Notably, these instances of non-verbatim transcription were limited in scope, often

impacting single words in videos. Participants largely echoed P6’s reaction that they “haven’t come
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across censored captions too much”, but that “it’s kind of just like something you have to deal with.”
Breaking with a long tradition of strong opposition to censored captions [303]], many participants
shared P9’s sentiment that, while “I don’t like it when they [censor content] ... I understand the
creator’s reasoning.” Participants still disliked the ways that censorship feels like “you’re treating
me as if I'm less than or as if I'm fragile because I can’t hear” (P6). However, they considered that
audiences contain “young people too” (P8) and that creators may need to protect their content on a
platform prone to censoring videos [240]]. In fact, P3’s initial reaction to much of the non-verbatim
content she saw on TikTok was that it “feels like I'm getting older” as she noticed patterns of cap-
tioning that “kind of became a language and a culture to get around the censors.” Overall, while
non-verbatim captions provide lower-quality access, participants took a nuanced view, understand-

ing them as part of platform culture in the face of censorship and shadowbanning.

Adding Content to Captions. In our dataset, 23.7% (71/300) of videos added content to cap-
tions beyond direct transcription, often communicating paralinguistic aspects of speech (e.g., tone).
This occurred more frequently in Deafness and disability videos (34.7%, 52/150) than in general
audience videos (12.7%, 19/150). Most commonly, videos included emojis, frequently used to indi-
cate the tone of the spoken content (e.g. @, &, &) or to match the topic of the video (e.g. &, &, & for
a video using the song “Under the Sea”). Participants largely liked emoji additions but emphasized
that while sparing emojis can “help me understand mood and the perspective,” excessive use is ’a
little bit cringey” (P6). P4 likened emojis that matched the tone of a caption to non-manual markers,
a key component of ASL grammar that often serve as a tone modifier. While many videos entirely
omitted punctuation, when used, punctuation helped to differentiate types of content (e.g., indicat-
ing that *whispers* was a tonal description, not a captioned word), to convey volume or emphasis
(e.g., using !!! and !?), and to convey the pace of speech in captions (e.g., a caption that reads “It’s

just... I'm”).

Captioning accuracy. In our analysis of TikTok captioning accuracy, we found that captions
were largely accurate—which also reflected our participants’ experiences. We identified at least
one error in 19.7% of videos (59/300), with errors in 24.0% (36/150) of Deafness and disability-

related videos and in 15.3% (23/150) of general audience videos. The average word error rate
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(WER) among videos with at least one error was 7.9%, ranging from 0.5% to 35.7%{@ Error types
included word substitutions (e.g., “old on” instead of “hold on”, “rep saint of” instead of “Represen-
tative”), deletions (e.g., captioning “what’s great” as “great”), and insertions (captioning “got her
dressed” as “got it her dressed”). Overall, participants reported noticing errors in TikTok captions
but largely agreed with P2’s assessment that “there’s always going to be some words that are missed
or incorrect, but you basically get the overall content, and you’re able to follow.” Errors did still
impact participants’ experience, as participants skipped videos with highly inaccurate captions and
stressed that when captioning “doesn’t have as many spelling errors and word choice errors, I'll

have fewer misunderstandings” (P5).

6.4.2  Participant Experiences with and Desires for User-Captioned Content

While specific facets of captioning, as we explored in Section[6.4.1] are crucial to video accessibility,
participants also reflected broader factors shaping their use of TikTok. Here, we highlight findings
on the impact of changing caption norms, perspectives on accessibility on TikTok, and desires for

the future. These findings draw entirely from participant interviews.

Changing Captioning Norms

Participants reflected on the impact of two changing norms in captioning: the use of automatic
captioning and a shift toward open captioning.

Participants felt that automatic captioning tools produced passable TikTok captions, though they
did not match the gold standard of human captioning. Since TikTok rolled out automatic captioning
in spring 2021 [219], participants reported significant increases in access: "I do feel like now with
the automatic captions, almost all videos are accessible” (P9). There was, however, still a perceived
drop in quality. P5 expressed his desire for “not the automated, not the kind of robotic one, but the
person, the live person doing the captioning.” Many shared P6’s experience that, when viewing
automatic captions, “you don’t get the full context of what they’re saying, but you kind of have, like,
a broad spectrum of what they’re saying.” Participants stressed that not all automatic captioning

errors have the same impact. Despite usually being able to guess at errors, P8 recounted once

15This analysis was conducted over 55 videos, as four were unavailable at the time of calculation
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spending “half the video” trying to make sense of a single error—the name of the subject of the
video—and concluded that "how disruptive [an error] is is not absolute.”

Closed captioning is usually considered the best practice for captioning a video, but many par-
ticipants preferred the shift toward open captioning because embedding captions in a video makes
it durably accessible. Some participants primarily watched TikToks off the app and, therefore, only
had access to open captioned TikToks, as closed captions are an app-specific feature [121]. While
some had a hard time adjusting away from closed captions, “what I've used most of my life” (P6),
others valued that open captions were “non-turnable-offable” (P4). P9 highlighted the cultural shift
that open captions represented: “[closed captioning] feels like an assistive tool instead of a complete

experience, which the embedded captions do feel like.”

Nuances of Platform Accessibility

The kind of content that participants consumed significantly shaped their access needs for that video.
If videos primarily contained speech, participants needed captions: “if people are just standing there
talking to each other or to the camera ... then I need to know what the words are”(P5). However,
participants still reported enjoying a substantial body of uncaptioned content. P4 explained that “if
it is more action, and show rather than tell” then uncaptioned videos were still worth watching (e.g.,
gymnastics (P1), cooking (P3), animals (P2, P4, P7)). Notably, participants had varied interests and
watched a diverse range of TikTok content, emphasizing that it is important that all kinds of content
are made accessible. As P3 put it, “if the video is not captioned, I'll just be like ‘hmmmm I guess
this person doesn’t care about us.”’

When participants perused TikTok individually, uncaptioned videos proved to be less of an ac-
cess barrier than when engaging with TikTok socially. Participants attributed the relatively high
amount of captioned content they were shown to TikTok’s algorithmically mediated nature, which
they understood to “keep your preferences ... so you can use that algorithm to watch things you
like” (P9). This curated view led P8 to reflect: “I think it is quite accessible ... but I think I could
argue that it is inaccessible if there are videos that don’t have captions on them, I just don’t see
many of them.” TikTok’s endless scroll design made it so that it was usually easy for participants to

just “skip any videos without a [captioning | option” (P3), but this became complicated when view-
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ing specific videos sent by family and friends. In P4’s experience, sharing and discussing videos
is “part of the social engagement nowadays” and this interaction breaks down if the videos being
shared are not captioned. P2 shared that when her siblings send her uncaptioned TikToks she’ll
respond “Hello! — I'm Deaf”, to which they reply “oh, right, sorry” and then explain the content

of the video.

Participants did not all feel similarly about the volume of inaccessible content on TikTok. Some
felt that ”TikTok videos are not like a ‘need’ thing ... it’s free entertainment” and therefore did not
take issue with the fact that not everything is accessible since “you will find something eventually”
(P7). However, others recounted that their reaction to inaccessible content was “a sense of resigna-
tion” because “it’s frustrating, honestly. It means that Deaf people are falling further and further

behind” (P5).

Desires for the Future

When considering what they’d like to see on TikTok in the future, participants had one overarching
desire: “I would love it if every video was captioned” (P8). P1 envisioned this world: “I would
love to wake up in the morning and just go, ‘oh, I can tell what’s going on’.” Toward that goal,
participants considered how creators could better prioritize access, ways to integrate captioning

standards and guidelines into the platform, and opportunities for customization.

Participants highlighted the ways that individual creators’ choices shape video accessibility and
proposed ways to improve norms on the platform. P3 reflected that, while TikTok creators often
start with some knowledge of captioning, there is room for improvement: “I think people are so
much better at captioning their videos, but they’re still learning to caption it in an accessible way
that is also enjoyable.” Many saw creators’ investment in captioning as a way to win their view-
ership: “my time, time is valuable right? And, basically, I'm going to give the reward to watch
something to someone who's invested time to make it accessible” (P2). When considering how to
move toward more captioned content, PS5 reflected that, rather than a technical approach, creators
should “maybe just listen to us, I guess” and prioritize including Deaf and disabled viewers. Recog-
nizing that creators are key stakeholders and that captioning is effortful, participants proposed ways

that TikTok’s design could encourage and support creators in adding captions. P6 imagined adding
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a way to contact creators about their video accessibility, hoping that direct feedback would help
creators realize "this would really help. And then it doesn’t get lost.” P7 also envisioned that TikTok
could help teach creators how and why to caption videos: “whenever they are posting something,
they can have like a prompt ... ‘do you wanna caption the video’ or... benefits of captioning.”
Multiple participants also noted that TikTok, as a platform, could build in automatic captioning by
default, making it so that if higher-quality creator-generated captions were not available, the video

would retain a modicum of accessibility.

Across the board, participants noted the lack of guidelines for TikTok captions. P2 contrasted
the state of most captioned media to TikTok: “when it comes to the captioning industry, there are
rules, there are standards, and they know what they are. But TikTok, it’s wide open, anything goes.
It’s an open source.” Participants suggested that there should be a way “fo clarify some rules” (P5)
for captioning in a way that would still “allow for a little creativity” (P2). For P3, this looked like
building guidance into the tools creators use to make videos: “it would be really fun if everyone had
a selection of captioning styles to choose from that they know would be really accessible ... [and]
some technology to tell them ‘hey, your captions are overlapping this and that, let’s move them to a

different place’.”

Participants also imagined that the platform would become more accessible if captions were
customizable. P1 reflected that, when watching streaming television, “you can actually pick your
own background and color of the [captions]—that’s really awesome.” Others noted their experience
with platforms like Zoom, where they can “drag [captions ] and move them anywhere on the screen”
(P3). P6 stressed that TikTok has the opportunity to not have to make captioning a “one size fits
all” experience, and that customization would lead to a more accessible experience. P7 believed
that being able to change the color, resize, move, or turn off captions was also key to improving
the user experience of TikTok. This customizability could extend to being able to configure settings
that instructed TikTok: “don’t even bother to send me things that are not, you know, captioned or

whatever” (P1).
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6.5 Discussion

Our findings highlight relevant factors to consider when assessing how a user-generated video is
captioned and point to a need for greater standardization of user-generated captions. We, therefore,
discuss steps toward a captioning standard for user-generated social video, consider the future of
user-driven captioning, and envision how disability justice concepts can help guide future user-

generated captioning efforts.

6.5.1 Steps Toward a Captioning Standard for User-Generated Content

Having analyzed the current user-generated captioning practices in our TikTok dataset, we com-
pare these unregulated, user-generated approaches to formal captioning standards. Participants fre-
quently made sense of TikTok captions in relation to their understanding of standard practices,
indicating that participants’ preferences for captions were strongly influenced by such standards.
We therefore compare our findings on the current state of TikTok captioning with an established
standard-the Described and Captioned Media Program (DCMP)-, as an exploration of what a fu-
ture user-generated captioning standard could consider. Because standards vary internationally and
have been shown to shape geographically-specific captioning preferences [238]], we compare our
findings from English-language videos and interviews with US-based participants to an American
standard. While the Federal Communications Commission (FCC) is the US regulatory group that
controls captioning, their guidelines are broad, focusing primarily on “accuracy, synchronicity, pro-
gram completeness, and placement” [56]. However, incorporating FCC rulings and a wide body
of research, the Described and Captioned Media Program (DCMP), a project by the National Asso-
ciation of the Deaf, has developed a comprehensive set of standards known as the Captioning Key
[70]. The DCMP’s level of detail allows us to identify specific areas where the user-generated prac-
tices we observed align with or diverge from a respected standard. Their guidance is also applicable
to both open and closed captions, in line with current practices on TikTok. In the following list,
we compare our findings, as relevant to the DCMP’s major sections—text, language mechanics,

presentation rate, sound effects and music, speaker identification, and special considerations.

The Captioning Key is targeted toward captioning creators, so not all recommendations are relevant or information
we tracked in our analysis
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* Capitalization. DCMP standards recommend mixed-case capitalization (e.g., “My dog and I

played fetch.”) except to indicate shouting. While not the norm, we observed videos that used
no capitalization, mixed case within words (e.g., WoOo00Qo), and all-caps regardless of sound

volume.

Typeface and Color. The DCMP narrowly recommends captions use the same typeface and
use white text over a translucent box. We found limited typeface variation, but a wide variety

of combinations of black and white, as well as multicolored captions.

Caption Rate. Per the DCMP, captions should be a minimum duration of 40 frames (slightly
over one second) and a maximum of six seconds. Caption rates should also stay between 130
and 160 WPM. While we did not quantify caption duration or speed, participants reported that
TikTok captions felt too fast, and we observed captions that updated with each word. Prior
work finds that captions are maximally readable at 145 words per minute, but that this varies

with a person’s experience using captions [139]].

Caption Placement. Standards recommend placing captions at the bottom or, as a backup, at
the top of the screen, moving captions left to right to identify speakers during dialogue. We
observed captions moving across the entire screen with no clear norms for how placement can

differentiate information.

Punctuation. The DCMP stresses adhering to formal punctuation rules, but we observed both

a lack of punctuation and creative use of punctuation.

Censorship. The DCMP explicitly instructs creators to caption profanity and slang verbatim.
We observed some non-verbatim captioning, and findings suggest that, on social video sharing
platforms that censor videos, captioning guidelines must account for the fact that creators’
choice to generate non-verbatim captions can come not from paternalism toward captioning

users, but from material consequences due to platform censorship practices [240].

Sound Effects. Standard captioning of sound effects does not caption all non-speech sounds

but prioritizes those necessary to understand or enjoy a video. This aligned with partici-
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pant expectations but not with trends in our TikTok data—very few videos captioned non-
human utterances. The DCMP provides a format for captioning sound effects or describing
the quality of sounds (e.g., [whispering]), but we observed a greater variety of approaches

(e.g., *whispering*).

* Music. The DCMP requires that instrumental music be described only when it is essential
to understanding the video but suggests that music lyrics should always be captioned. We
observed that music, instrumental and lyrical alike, was rarely captioned in our datasets, but
participants did not identify this as a problem. They did not want the additional cognitive load
of descriptions or transcription of music that was not vital to their understanding of a video. If

music was captioned, participants prioritized mood descriptions over transcription of lyrics.

* Speaker Identification. The DCMP suggests captions identify speakers by being placed
underneath the current speaker and to identifying each speaker by name, but, in our datasets,
captions were more likely to use different colors than names to differentiate speakers and

varied placement both vertically and horizontally.

Ultimately, we find that any future guidelines for user-generated captioning should build from
traditional standards, with key points of departure. While current standards stress formal mechanics
of grammar, language, and punctuation, the looser standard we observed seemed to be appropriate
for the tone of videos and was not a notable accessibility barrier. Regarding font and color, the
current state of color use on TikTok often resulted in less readable captions, but participants agreed
that a greater range of caption color than the DCMP’s recommendation could be useful, if readabil-
ity is prioritized. Although current standards recommend captioning all music, smaller screens and
a different artistic role of music in user-generated social videos suggest that music should be cap-
tioned sparingly to lessen cognitive load. Our small set of participants’ initial reaction highlighted
that captions on TikTok are displayed too rapidly, and future work should explore both an optimal
captioning rate and presentation style, taking into account the impact of varied literacy, hearing sta-
tus, and experience using captions. Finally, the algorithmic censorship of videos on platforms like
TikTok raises questions about verbatim captioning, and future standards may consider what kinds of

non-verbatim captioning methods preserve information access without risking content removal and
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shadow-banning [240,152]]. Recent work by Klug et al. [[152]] found that TikTok creators largely use
non-verbatim "algospeak’ to evade algorithmic consequences, suggesting that future user-generated
captioning standards must account for the content moderation behaviors of video-hosting platforms.
Our findings demonstrate a need for guidance to ensure that user-generated captions successfully
extend video accessibility, and we present this comparison as a first step toward shaping future

standards.

6.5.2 Toward The Future of User-Generated Captioning

The videos in our dataset are representative of a new era of considerations for captioning: they are
open-captioned by users engaged in internet culture. This poses new considerations for captioning
design and research, namely how to engage video creators, who to study as captioning users, and

how to systematically study open captions.

Traditional captioning tool design either assumes captions will be generated by professional
CART captioners (e.g., [149, (157, [135]]), or by automatic speech recognition-based tools (e.g.,
[198} 45]), and therefore does not consider the needs of non-expert captioners. Video creators are
fundamental to the existence of user-generated captioning, and our findings reveal many avenues
for future change that require significant effort from video creators. Future platform design should
consider ways to both incentivize and enforce high-quality captioning, and future work needs to

engage video creators in the design of those systems.

Captions have traditionally been studied as a tool used by DHH people (e.g., [[157, 159, [31]]),
but recent research has emphasized that other disability communities, particularly neurodivergent
people, also use captions to access audio/video content [260]. Correlating assistive technology use
with a single disability group thus misses the perspectives of these other potential users [[186]]. Fur-
ther, even within Deaf and hard of hearing captioning users, preferences and experiences can differ
[158l 276]. To account for these varied users and experiences, we explicitly recruited “captioning
users” broadly rather than focusing on a specific group such as DHH participants. However, all but
one of our participants identified as DHH, which means that we were unable to explore tensions
among the needs of different groups of captioning users—an important direction for future work.

Analogously, past work has found that users of alt text, another user-created digital access tool, have
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a variety of preferences [[182, [268]]. Researchers and designers have begun to propose approaches
to alt text provision that meet varied needs, namely customization. In a similar vein, understanding
and including the needs of all people who use captions to meet an access need is crucial to ensuring

an inclusive future of captioning design.

Finally, the shift toward open captioning produces a new set of considerations when assessing
captioning quality. Recently, HCI captioning researchers have emphasized the importance of metrics
to understand and improve caption accuracy [144] and placement [10]. The set of features we
analyzed (see Table could serve as a step toward a structured analytical tool for understanding
the quality of open captions. Such a tool could support future researchers in assessing factors beyond
accuracy, holistically encompassing elements of audio coverage, design, and captioning content,
which are necessary to consider when engaging with open-captioned videos. These features could
also be useful in creating future tools to guide non-expert caption creators in making considered

decisions when generating new captions or understanding the state of their past content.

6.5.3 Disability Justice and TikTok Access

Accessibility legislation and research overwhelmingly focus on access to critical or educational
information, often to the exclusion of entertainment or content deemed less important. Within HCI
captioning literature, research overwhelmingly focuses on access to education (e.g., [157, [149l),
work (e.g., [L88l [29]]), or informative media (e.g., news [39], education [31]]). However, while a
few participants used TikTok for informative purposes, most recounted enjoying watching silly pet,
cooking, and trending dance videos. In fact, some participants wrestled with the idea that something
that is “not like a ‘need’ thing” (P7) ought to be accessible. We argue that ensuring accessibility
to content, even when it does not fulfill a specific need, is essential—all people deserve access to
idle entertainment and the ability to participate in the “social engagement” (P4) of sharing and
discussing silly videos.

For user-generated content to become accessible content, we argue that creators must embrace
principles of disability justice, particularly collective access and interdependence. The disability
justice principles of collective access - accessibility is a group, not individual responsibility - and

interdependence - that we all rely upon each other to navigate the world - articulate a world where
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everyone is responsible for considering how to extend access to others [[131]. Prior work has often
been motivated by the idea that not all online videos will be well-captioned (e.g., [258, [31]]). We
argue that by adopting a lens of collective access and interdependence, we can imagine a world
where high-quality captioning is seen as inherent to user-generated video content and focus future

efforts on building tools that help realize that world.

6.6 Limitations

Our study has a few key limitations. First, although we reached saturation while analyzing 300
videos, this represents a fraction of the videos uploaded to TikTok every minute. The type of mixed
methods analysis we conducted does not scale indefinitely, and future quantitative analyses of Tik-
Tok captioning at scale could complement this work. Second, we scoped our dataset to English
language videos because of our research team’s fluency in English. All participants were also based
in the US. Future work should examine how captions and caption users’ perspectives vary in non-
English language and international contexts. Next, we focused on interviewing individuals who al-
ready use TikTok and therefore cannot address whether viewers who need captions to access videos
find TikTok to be accessible overall. Our participants considered TikTok to be accessible enough to
be enjoyable, but we cannot speculate whether this perspective holds universally. Further, we inten-
tionally defined our recruitment criteria based on use of captions to meet an access need, rather than
a specific d/Deaf or disability identity. However, all but one participant identified as DHH. Future
research should seek to have greater participant diversity. Finally, nine participants is a small sam-
ple. Future research, particularly work exploring a standard for user-generated captioning, should

seek to validate our findings with a much larger participant pool.

6.7 Conclusion

As the world’s most downloaded app in 2020, [216] and a massive repository of user-generated
video content, TikTok provides an exciting opportunity to understand current trends in user-generated
captioning and explore how those captions impact the many caption users viewing TikTok daily. We
conducted a content analysis of 300 TikTok videos, evenly distributed between general audience

and Deafness and disability datasets, and interviewed nine frequent TikTok viewers who rely on
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captions. Our findings reveal that current TikTok captioning practices facilitate access but could be
improved, perhaps with the aid of a user-generated content-specific captioning standard. This work
contributes the first empirical understanding of the state of captioning on TikTok, and provides

approaches to advancing toward a world with universal captioning for user-generated content.

6.7.1 Within-Dissertation Contextualization

In this chapter I identified trends within captions on TikTok, representing norms specific to the en-
vironment of the TikTok platform and social practices of TikTok creators. By studying a different
context of caption use, I demonstrate that it is not only during real-time conversation that commu-
nicators’ choices impact how intelligible they are to caption users. Arguably, TikTok is already
a platform that sees collective access approaches to captioning, though future work is needed to
identify creators’ motivations and investigate how they can be guided to adapt more accessible stan-
dards, such as the steps we outline in our discussion of a future user-generated captioning standard.
Envisioning TikTok creators as conversation partners of their viewers who rely on captions to access
content is also an exciting step for me in broadening our understanding of collective communication

access to include many digital accessibility efforts, not only synchronous, spoken conversation.
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Chapter 7

THEORETICAL LITERATURE REVIEW

In this chapter I present the other half of the work submitted as the paper “Envisioning Collec-
tive Communication Access: A Theoretically-Grounded Literature Review of Captioning Literature
from 2013-2023”, coauthored with Leah Findlater and forthcoming at ASSETS ’24. This chapter
contains a review of the last decade of captioning literature through the lens of my collective com-

munication access framework (see [Chapter 3). Note that this review includes analysis of two of

the previous chapters (Chapter 4| and [Chapter J)), as they fit the parameters of our literature review.

While the work presented in meets all other criteria, it was not officially published until

2024, making it out of scope of this review.

In this chapter we analyze published captioning research with regards to how it, among other
things, engages communication context and takes a collective access approach. By doing so, we
identify that papers engaged with communication context and using a collective communication
approach do indeed better match captioning’s realistic context of use and are more engaged in dis-
ability and Deaf community politics. This chapter contributes to answering DRQ1 and DRQ2 by

exploring socioenvironmental factors and collective access approaches in other published research.

7.1 Motivation

Rapidly changing communication technologies and digitally mediated communication bring both
new accessibility barriers and new opportunities to make communication accessible (e.g., [S3,183]]).
Human-computer interaction (HCI) researchers have done significant work in this area, with 16% of
accessibility research papers between 2010 and 2019 focusing on communication access [184]. Yet,
as accessibility research matures as a field and begins to integrate more interdisciplinary critique
(e.g., [189, 25, 297]]) we identify an opportunity to reflect on how we study communication and
what perspectives are or are not included in current practice.

In this chapter, we draw upon a framework of collective communication access (see |Chapter 3),
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derived from thinking in disability studies, Deaf studies, disability justice, and communication stud-
ies. We identify how, if at all, a collective communication access approach manifests in one specific
body of HCI communication access work: captioning research. Captioning, or representing lan-
guage or audio in written text, is a technology that has undergone significant change in recent years.
Automatic speech recognition (ASR) is newly viable [290], videoconferencing platforms now make
automatic captioning omnipresent [273| 274} [275]], and user-generated videos are increasingly cap-
tioned by their creators [57, 146, [260]. Furthermore, captioning is designed for d/Deaf and hard of
hearing (DHH) people but, as a tool primed to support spoken communication, is less tightly con-
nected to Deaf culture than signed languages such as American Sign Language (ASL) [164]. Given
the rapid evolution of captioning technologies and less-determined connection to political under-
standings of accessibility, we chose to analyze captioning literature published between 2013 and
2023 to identify how it aligned with or differed from our collective communication access frame-
work.

In this chapter, we answer the following question:

1. What is the state of last decade of human-centered, accessibility focused captioning research

and how, if at all, does it align with that framework?

We applied our framework for collective communication access to the 73 human-centered accessibility-
focused captioning papers published at ACM-, SIGCHI-, and SIGACCESS- sponsored venues be-
tween 2013 and 2023. We find that most captioning research published in this timeframe does not
take a collective communication access approach, though the field has quietly enacted some activist
demands. Most published papers demonstrate a focus on improving access by improving technolo-
gies, aiming to change neither DHH nor hearing people’s current practices, and implicitly situate
DHH people as experts on captioning technologies. Yet, the small body of research aligned with
collective communication access demonstrates that engaging conversation partners in developing
more accessible norms better matches captioning’s realistic context of use, enacts a more political
understanding of accessibility, and identifies novel directions for technology development.

In this chapter we contribute 1) a framework and rubric for collective communication access, 2)
critical reflections on the past decade of captioning research, and 3) directions for future collective

communication access research.
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7.2 Related Work

Much of the related work that guides this chapter has been discussed in|Chapter 2|and|Chapter 3| but

we highlight one body of work uniquely relevant to this chapter: work focused on literature reivews

in HCI accessibility.

7.2.1 Literature Reviews in HCI Accessibility

The key contributions of this chapter is a structured literature review of the last decade of captioning

research, a method that is increasingly popular within HCT accessibility research.

Structured reviews of HCI accessibility literature can either take a broad focus on the field or
track a specific disability group or kind of technology. Mack et al. [[184] published the first compre-
hensive review of accessibility research, identifying that the field is growing rapidly and unevenly.
For instance, 43.5% of papers from 2010 to 2019 focused on blind and low vision people and all
other groups were significantly less studied. Other reviews have aimed to understand how specific
populations have been studied within accessibility research, including children with ‘special needs’,
[21], blind and low vision people [43]], autistic people [179,[229,265], older adults [286], and people
with ADHD [267]]. Notably, prior systematic reviews have not focused specifically on technologies

designed primarily for DHH people, the focus of this chapter.

Structured reviews tend have two goals: to summarize and/or critically reflect upon a trend
within the field. For example, Brule et al. [43]] focus on the kinds of technologies studied and re-
search methods employed with people with visual impairments, aiming to identify best practices for
quantitative, empirical evaluations with this group. Vines et al. [286], on the other hand, perform a
discourse analysis on literature around ageing, identifying the often-stereotypical discourses around
older adults and age that are embedded in HCI research and drawing on critical gerontology to set
directives for future work. We opt to use this method in a manner similar to Vines et al. [286],
reading the last decade of captioning research through a lens of critical perspectives on disability

and communication.
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7.3 Methods

Through our theoretical synthesis we developed five tenets of a collective communication access
approach. To assess how these tenets appear in HCI communication accessibility research, we
developed a rubric with to apply to research papers. We used this rubric to analyze one specific
body of communication accessibility technology research: captioning research. We identified a
dataset of all captioning research published between 2013 and 2023 that took a human-centered,
accessibility lens on the captioning of audio into text. We then used our theoretical rubric to code
all 73 papers in this dataset. We do not report quantitatively on scores generated by our rubric, but

rather used it to structure a qualitative analysis of captioning literature.

7.3.1 Identifying Relevant HCI Captioning Papers

To systematically assess the current HCI accessibility approach to communication and how it aligns
or diverges from a collective communication access approach, we defined a dataset of relevant
recent research. We scoped our analysis to a specific communication technology frequently studied
by HCI researchers: captioning. We chose to focus on captioning because it is a common form of
communication access that is necessarily technologically mediated and has been studied extensively
within HCI literature and in myriad contexts, including synchronous communication. We reviewed
recent research, scoping to the most recent decade of published research, a practice that has been
used in other reviews of accessibility literature to study recent trends in depth [[184].

While captioning has many forms, we opted for a permissive definition that still maintained
focus on using captions as an assistive tool. There are several terms, often used interchangeably,
to refer to the practice of representing audio in text, notably: “captions”, “open captions”, “closed
captions”, and “subtitles”. By studying captions generally, we include both open (i.e., captions
burned into a video) and closed (i.e., captions displayed in an overlay that can be toggled on and off)
captions [70l]. While subtitles are often seen as synonymous to captions, they are relevantly different.
Within a North American context, captions are intended to serve DHH audiences who cannot access
underlying audio, and therefore contain speech transcription and audio information (e.g., ‘music’,
‘wind blowing’, [softly]). Subtitles, in contrast, are intended to provide linguistic access to those

who are not fluent in English and provide only speech transcription [291]. We therefore did not
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include subtitles within the scope of our study. Captions can also serve different roles: access to
synchronous conversation or to rerecorded media. While these contexts of use are different, there
are many shared considerations. For instance, research on how to best style and place captions
for real-time videoconferencing can draw heavily from research into television captions, and vice
versa. Further, while it may be less obvious how collective communication access would apply to
research into prerecorded media, prior work finds that choices made by people generating captions
for prerecorded media can impact caption utility [181}1260,175]]. Therefore, we included captioning
research for both synchronous conversation and prerecorded media in our literature review, noting
differences and similarities between the two contexts when relevant.

We first searched the Association of Computing Machinery’s Digital Library[] for all entries in
the ACM Full-Text Collection that contain the stem “caption*’ﬂ in the title, abstract, or keywords
published between 2013 and 2023. Note that, while this spans 11 years, we refer to it as the past
decade of captioning research. Our initial query returned 765 results, many of which focused on
developing a text summary of video content (known in computer vision as a caption), or on image
captioning techniques to facilitate access to images for blind and low vision people. Therefore,
the first author manually reviewed all initial results, deeming them relevant, irrelevant, or question-
able. Relevant papers were defined as original research that 1) study captioning in the context of
representing audio in text, 2) study captions as an accessibility tool, and take a 3) human-centered
approach. We defined a human-centered approach to captioning research as one that studied caption
use or user-facing design, and excluded papers that solely focused on generating captions (including
both algorithmic and crowd-computation methods). We also scoped our literature review to publi-
cations written in English, as it is the only language all authors read fluently. Publications that did
not present original, peer-reviewed research were also excluded, including workshop abstracts, doc-
toral consortia, newsletter or magazine articles, and student design competition entries. We included
conference papers, posters, extended abstracts, journal papers, and other reviewed formats.

After a first pass, we discussed and further narrowed down the dataset. Throughout this process,

we applied a high threshold to deeming a paper irrelevant and a relatively low threshold to deeming

"https://dl.acm.org

’this ensured that the search would return results that contain ‘caption’, ’closed caption’, ‘captioning’, ‘captioned’,
‘captioner’, etc.
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papers relevant, as they would be re-reviewed during coding. Initially, the first author identified 122
papers as relevant, 31 papers questionable, 26 of an excluded format and 586 papers irrelevant. We
lightly discussed the initial relevant and questionable set, updating inclusion and exclusion criteria
to be more specific about what constituted ‘human-centered’ and filtering for papers whose full text
was written in a language other than English. After the second pass over relevant and questionable
papers, the first author identified 97 relevant, 14 questionable, and 42 irrelevant papers. We then
met to discuss the remaining 14 questionable papers, settling on a dataset of 101 relevant captioning
papers. We then reviewed the venues these papers came from, including only papers that were
published at ACMP| SIGCHT] or SIGACCESS|sponsored conferences. This resulted in a candidate

dataset of 93 publications, which we further narrowed in the process of applying the theoretical

framework to a final dataset of 73 papers (see|subsection 7.3.2|for a full description of this process).

7.3.2  Applying the Theoretical Framework

To analyze relevant captioning papers, we developed our framework for collective communication
access (see[section 3.2)) into a rubric. Inspired by Williams et al.’s [297]] rubrics for counterventional
criteria, we translated our theoretical framework into a tool for our own analysis and to enable
others to more easily take up a collective communication access approach in the future. In this
rubric we identified what it would mean to strongly meet, strongly fail, or land in the middle for
each tenet of collective communication access. When appropriate, we also identified what would
make a criteria non-applicable (e.g., criteria A is not applicable to research that does not study
interactive communication). Taken together, these constitute a rubric for collective communication
access, shown in

The first author coded 15 papers using a rubric draft and then the second author reviewed a
random subset of five of those papers. Authors met and discussed differences to further refine and
finalize the rubric, at which point the first author analyzed the rest of the dataset by coding each

paper using the final rubric. While this coding step may resemble more quantitative coding meth-

3https://dl.acm.org/conferences, https://dl.acm.org/jouranls
“https://sigchi.org/conferences/

Shttps://www.sigaccess.org/assets/related-conferences/
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and Expertise

tise stand in for
the perspective
of the impacted
community

pacted communi-
ties, but does not
frame this as a way
to center marginal-
ized expertise

tory/member re-
searcher meth-
ods to center
and empower
the impacted
community

Criteria Fails to Meet Neither strongly Strongly Meets | Not applicable
meets nor fails to
meet
A. Approach Research Research recog- Research Research does
to Collective treats the nizes the impact engages all not study inter-
Access Deaf/disabled of nondisabled communicators, | active commu-
person as the communication Deaf/disabledand| nication (e.g.,
only party that partners on com- nondisabled perspectives
needs to con- munication access, | alike, as having | on algorithmic
sider communi- | but does not en- an impact on confidence mea-
cation access gage or design for communication | sures)
them access
B. Target of Intervention Intervention tries Intervention The paper does
Change places the to support access puts the burden | not describe
burden of into unchanged of change on an intervention
change on social worlds by nondisabled (e.g. founda-
Deaf/disabled putting the burden people to adapt | tional empirical
people to of change on tech- | to Deaf/disabled | research)
change towards | nologies people’s current
nondisabled practices
norms
C. Historical Research is ac- | Research does not | Research sets
Harms tively engaged perpetuate histori- out to challenge
in perpetuating | cal harms, but does | historical harms
historical harms | not actively chal-
(e.g., has ex- lenge or acknowl-
plicitly oralist, edge them
eugenicist aims)
D. Whose Proxies or re- Paper includes per- | Paper uses Not user re-
Knowledge searcher exper- | spectives from im- | participa- search

E. Considering
Context

Research does
not account for
the role context
plays on com-
munication in
either study de-
sign or results

Research considers
the role of con-
text, but does not
account for it in ei-
ther study design or
results

Research cen-
ters the role
context plays in
communication
access, in both
study design
and results

Research does
not study inter-
active commu-
nication (e.g.,
perspectives

on algorithmic
confidence mea-
sures)

Table 7.1: Our rubric, derived from the theoretical framework presented in [Chapter 3| used to ana-
lyze captioning papers in our dataset
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ods common to literature reviews (e.g., [184, 267]]), we conceptualized it as similar to a deductive
codebook used in qualitative analyses of interview data. Acknowledging the subjectivity and nu-
ance inherent in our rubric, we do not use this coding process to produce data we can summarize
quantitatively (i.e., reporting the distribution of scores for each rubric criteria). Instead, we used this
coding pass as a data familiarization and sorting process, to enable our qualitative analysis of how
the last decade of captioning literature does or does not engage criteria of collective communication
access. After coding, the first author then went through the dataset, integrating each paper into the
findings guided by its scores on our rubric (e.g., a paper that strongly met the “considering context”
criteria was discussed in that section).

During this analysis, the first author identified more papers that did not meet the inclusion criteria
for our dataset. Of the 93 papers included in this coding step, the first author identified 20 more
irrelevant papers, which the second author reviewed before the papers were excluded from final

analysis. Ultimately, 73 papers constitute the final dataset and informed the paper’s findings.

7.3.3 Coding for Trends in the Dataset

We also conducted a secondary analysis to systematically identify high-level themes in research
scoping and design decisions. The first author coded for an initial set of trends, and then the second
author coded a random subset of ten papers using that codebook. At that point, authors had 80% raw
agreement and discussed and arrived at consensus over the 20% of codes they applied differently.
This drove the refactoring of some codes, which the first author then reapplied to the entire dataset.
The second author then coded another random subset of 10 papers. After the second pass, authors
achieved an average Krippendorf’s Alpha inter-rater reliability reliability score of 0.88 (range .45-
1), indicating satisfactory agreement [191]. Our lowest agreement came in identifying participant
groups engaged in research.

Final codes for trends fell into two categories: binary and categorical. For some trends, we
developed binary codes to capture whether or not papers contained a user study, if they had an ex-
plicitly educational focus, and if they studied head-mounted displays (HMDs), videoconferencing,
or television captioning. Other data was better-captured by categorical codes, selecting all options

that applied for participant type, caption source and communication style. For participant type, we
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tracked if papers’ participants were DHH, hearing experts, hearing generally, or other. We coded for
the following caption sources: CART, C-Print, automatic speech recognition (ASR), crowd sourced
captions, pre-generated captions, unspecified source, and other. Finally, we tracked if papers stud-
ied the following communication styles: live interactive conversations, live lectures, prerecorded
media, unspecified style, and other. We calculated basic summary statistics for this data, reported in

[subsection 7.4.11

7.3.4  Positionality

This work is profoundly shaped by authors’ positionality and research experience. As a hearing
disabled person, the first author has been working in the space of collective communication access
for over five years, motivated to explore how technology can support an empowered party in an
interaction to see access as something they too are responsible for. In working with d/Deaf and
hard of hearing communities as a hearing person, they have been learning ASL, advocating for
communication access across personal and professional contexts, and anchoring their work in Deaf
critique. They have received graduate education in both HCI and disability studies. The second
author, also a hearing person, has conducted and advised research into communication accessibility

technologies for approximately a decade.

7.4 Findings

In this section we analyze the body of captioning research defined in through the lens

of our theoretical rubric. We begin by summarizing the dataset, providing a high-level overview

of the last decade of captioning research. Then in [subsection 7.4.2] we combined findings around

papers’ collective access approach and targets of change to highlight how captioning researchers

conceptualize and aim to increase communication access. Next, in [subsection 7.4.3| we identify

the extent to which captioning research situates its goals and findings in the context of historical

harms and exclusions, combining analysis around how papers engage historical harms and whose

knowledge and expertise is centered. Finally, in[subsection 7.4.4|we identify how papers do or do

not engage broader relational, social and environmental context in captioning research.
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7.4.1  Summary Of Dataset

The decade of captioning research we analyzed (2013-2023) spanned varied venues, research foci,
and types of captioning studied.

Overall, there was a consistent increase in number of papers published on captioning over time,
ranging from three papers published in 2013 to 12 in 2023 (see [Figure 7.1)), aligned with the overall
growth of accessibility publishing over this time period [184} 227, 51]]. Papers in our dataset came
from 16 different ACM, SIGCHI, and SIGACCESS sponsored conferences. Three venues domi-
nated the dataset, with 34.2% (25/73) of papers published at ASSETSﬂ 23.3% (17/73) of papers
published at CH and 15.1% (11/73) of papers published at W4Aﬂ The remaining 27.4% (20/74)
of papers were published across 13 other venues.

Most research in our dataset engaged participants, with 84.9% (62/37) of papers containing a
user study. Of the papers that conducted user studies, 85.5% (53/62) involved DHH participants,
24.1% (15/62) engaged hearing people generally, 4.8% (3/62) recruited hearing experts, and 4.8%
(3/62) recruited frequent subtitle users, independent of hearing status. Outliers included studying
caption use by people with ADHD [260], recruiting people who speak English as a second language
[127], and not reporting on specific demographics of the group engaged in the user study [123|
128, 114, 41, 226/ [105]. Note that only one paper explicitly identified captioning as an access tool
for people who are not DHH [260]. Throughout our findings we discuss how captioning research
regards DHH people, because that is the focus of the last decade of research, but it is important to
note that DHH people are not the only people who use captioning as an access tool.

Research studied a range of captioning styles and contexts. 35.6% (26/73) of papers studied
caption users’ experiences with captioned videos, often not specifying how those videos came to be
captioned. 54.8% (40/73) of papers studied ways of providing real-time captioning: 41.6% (30/73)
used automatic speech recognition (ASR), 13.7% (10/73) used CARTﬂ and 6.8% (5/73) used crowd-

sourced captions. Some papers did not specify caption source or employed multiple caption sources.

®https://dl.acm.org/conference/assets
"https://d].acm.org/conference/chi
8https://dl.acm.org/conference/w4a

°CART, or Communication Access Real-time Transcription refers captions provided by expert human transcription-
ists, using specialty equipment and software to transcribe in near real-time [2]
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Captioning Papers Published Per Year

2014 2016 2018 2020 2022

Figure 7.1: The number of captioning papers published per year steadily increased, going from 3
papers in 2013 to 12 in 2023

Researchers also studied a range of communication contexts, researching caption use during live,
interactive conversation (42.5%, 31/73), live lectures (10.9%, 8/73), while viewing prerecorded
media (42.5%, 31/73), and while watching live television (5.5%, 4/73). There was, sometimes, a
difference between the intended type of communication studied and research instruments — 17.8%
(13/73) of papers aimed to study live forms of communication but showed participants prerecorded
videos. There were also specific communication environments that received notable attention by
researchers who tailored their captioning interventions to these contexts: educational captioning
(19.1%, 14/73), head mounted displays for captioning (15.1%, 11/73), television captioning (13.7%,
10/73), and use of captions while videoconferencing (8.2%, 6/73).

7.4.2  How Captioning Research Aims to Make Communication Accessible

We identify two key approaches for improving communication access used throughout the last
decade of captioning research. Most commonly, researchers aim to improve communication access
by iterating on and improving the design of captions and caption form factors, without disrupting
the social status quo. Yet, there is a smaller body of research that aims to alter the behavior of
nondisabled communication partners, finding that a captioning tool’s efficacy depends on the social

context it is used within. We draw on our framework’s sections on a paper’s approach to collective
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access (Criteria A) and research’s target of change (Criteria B) to analyze how our dataset envisions

communication can be made accessible.

Improving Technology To Improve Access

The majority of captioning research we analyzed focused solely on improving captioning tools
themselves to attain the larger goal of extending access. It is, of course, necessary and important to
iterate on captioning technologies, but we identify limitations to approaches that only try to change
technologies, not inaccessible communication norms.

One of the key targets for improvement is captioning interfaces—researchers aim to make them
more readable or include more information. A significant body of research is dedicated to explor-
ing what makes captions more readable and intelligible (e.g., (292} 58, [106, 28, (145} [301}, 4. [105,
225 143 160, (170, 128, 98] 226, 41}, 142]]). These interventions aim to lower the cognitive load
needed to use captions through approaches such as highlighting [145]], formatting [[106], and cap-
tion placement [41]. For example, Kushalnagar et al. developed a tool to allow Deaf, low vision
students to better access lecture recordings while splitting their attention between magnified visu-
als and captions [162]]. Other techniques include visualizing non-speech information dynamically
alongside transcription (e.g., [193} 4, (150, 167, [116])), formatting captions to better identify speakers

(e.g., [12,41]]), and making captioning tools customizable (e.g., [128. [198])).

Research on the most popular novel interface for captioning over the last decade, head-mounted
displays (HMDs), often aimed to sidestep social factors that impact communication accessibility
by introducing a new form factor. Research on HMDs aims to make captioning-mediated social
interactions more naturalistic, citing two primary motivations: the difficulty of gaze management
on the go (e.g., [192, 134} [223]]) and a desire for more socially acceptable, discreet solutions (e.g.,
[136, 1108, 134} 40, 194, 223[]). HMD form factors tend to place all of the burden of change on DHH
people, the only ones who don a new technology to communicate, one that is frequently reported to
be burdensome (e.g., [192, 134, 94]). HMD captioning ultimately makes it easier for DHH people
to meet hearing norms for spoken conversation rather than adapting communication settings to be
more ideal for caption use. As new technologies become viable and promise a better form factor

for viewing real-time captions, researchers should also consider who must do more of the work of
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access in this envisioned future.

The tendency of captioning research to focus on technology over social context can also be seen
in the tendency to study and develop new tools only with and for caption users. Many tools designed
for interactive communication are neither studied nor evaluated in interactive contexts. For example,
Berke et al. [29, 28] aimed to study how different algorithmic confidence visualizations could
impact DHH people’s experiences of one-on-one automatically captioned conversations. Rather
than observing an interactive conversation between a DHH participant and a hearing person, they
asked participants to view prerecorded videos and imagine they are part of a live conversation.
This is a relatively common approach to studying new captioning technologies but abstracts away
conversation partners’ agency and capacity to mutually determine an accessible communication

style.

Changing Social Norms to Improve Access

Though less common, we did observe another approach to increasing communication accessibility:
engaging caption providers, third-party supports, and direct interlocutors. These approaches more

closely align with our collective communication access framework.

When studying caption-generation ecosystems, research often translates insights from DHH
caption users into guidance for professional or amateur caption creators. For example, Alonzo et al.
[4] proposed novel sound visualizations and, after determining DHH captioning users’ needs and
preferences, tested their system with its intended users: hearing video creators. Other work provides
guidance to professional caption providers, such as how to place captions during live television
broadcasts (e.g., [9, (10} (11}, [12]]) and how networks could design their caption systems for online
sharing of broadcast content (e.g., [128}, 59, (105} 158}, 41]]). Several papers studying user-generated
video content provided guidance for both platforms and creators [[181} (175} 260, [31]]. For instance,
Mack et al. [181]] found that social platforms could “gracefully teach” Deaf norms to hearing
users, relieving some of the burden of explaining communication etiquette. Other work begins with
the assumption that online videos will not be well-captioned, and seeks to identify what should be
prioritized to be captioned by outside providers [31, 258]]. While there is truth to the notion that not

all videos will be well-captioned, whether or not researchers see content creators as key participants
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in making communication accessible shapes the future possibilities they imagine.

Some research considered third-party stakeholders such as captioners, instructors, and university
disability services in the design of captioning technologies. Particularly when researching captions
in the classroom, lecturers and university access service providers are often implicitly situated as
stakeholders and users of captioning technologies, though their perspectives are rarely represented in
findings (e.g., [45,1145,[156]. However, when Kawas et al. [149] studied DHH students’ experiences
of captioning, they also engaged disability services professionals, captioners, and professors, finding
that instructors need more support to best teach students using captions. There is an interesting
tension at play — ultimately these captioning tools only succeed if they provide students access.
Yet, by not engaging other parties, researchers miss the opportunity to explore how more accessible
communication styles (e.g., lecturers’ teaching styles) could coordinate with and be supported by

technical systems to improve access.

While the last decade of captioning research infrequently engaged with direct conversation part-
ners, the research that did so finds they have significant impact on conversation access. Seita et
al. focused on understanding hearing people’s behavior changes while captioned [254]] and DHH
people’s priorities for ideally accessible behaviors [256, 255)]. They motivate this work in a vi-
sion of collective access: “technology could more equitably distribute [conversational feedback]
responsibility among all parties in conversation” [255]]. Other work has identified how DHH peo-
ple’s experiences of captioned conversations generally, [[196} 178|299, speechreading while using
captions [69]], and using HMDs [[135] can be improved or made more difficult by their hearing
conversation partners. While codesigning for mixed-hearing-ability groups, both McDonnell et al.
[198]] and Seita et al. [257]] found that, even when communication access services are available,
communication accessibility depends on all parties, DHH and hearing alike, adapting their norms

and collaboratively developing a bespoke, situated communication style.

7.4.3  Reckoning with Historical Harms and Centering Community Perspectives

Disability studies, Deaf studies and disability justice all stress that the current state of discrimination
that Deaf and disabled people face is a direct result of political, social, and cultural choices. There-

fore, working to make the world more accessible ought to mean taking a political stance to counter
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ableist, audist, and eugenic forces. However, captioning research infrequently names or aims to
counter the historical harms and biases that make communication access an ongoing concern. Yet,
the current body of captioning research largely avoids significant harm. While not frequently linking
to broader discourses on accessibility or disability activism, research does increase communication
access. Furthermore, for decades, engaging disabled people in decision making about disability
issues has been one of the key demands of disability activism [[131}, 230]. Human-centered acces-
sibility focused captioning research overwhelmingly centers DHH people as experts on captioning
technology, but does not link this practice to its activist history. The small body of politically-
engaged captioning research, however, more powerfully names and addresses specific harms and
does epistemic work to empower DHH technology users and researchers. In this section we synthe-
size our coding around historical harms (Criteria C) and whose knowledge and expertise (Criteria

D) is considered in captioning research.

Ungrounded Captioning Research

Often, captioning research does not explicitly reckon with the historical discrimination and disen-
franchisement that makes communication access a pressing issue for DHH people. Traditionally,
activists and theorists emphasize the importance of developing a critical consciousness that can
precisely address the root causes of historical harms [88]]. While often not articulating a critical
consciousness, the current body of captioning research does not reproduce the extreme ableist and
audist harms discussed in suggesting that there is an unnamed politics undergirding the
current practice of human-centered accessibility research. Here, we highlight that how researchers
frame their broader mandate and engage with DHH communities is impacted by a lack of consider-
ation of historical harm and bias.

Often, captioning research does not discuss the harms of inaccessibility and role of technology
in increasing access. Papers instead introduce captioning as a tool DHH people use and immediately
dive into the problems with current caption provision that their work addresses (e.g., [115,1292} 144,
150]). The frequent lack of grounding in an accessibility or justice-based framework can leave

research on captioning devoid of a connection to access as a political project.

While many papers implicitly identify DHH people as experts by testing captioning technologies
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with exclusively DHH users, most do not explicitly describe this as a way to place the direction of
technical development in the hands of the DHH community. The majority of papers contained user
studies, though some short form publications did not include them, often presenting preliminary
technical work or summarizing an ongoing research project (e.g., [L15} 1162} 253] 225, [305. 142]).
Yet, overwhelmingly, while most papers did engage caption users to shape the design of caption-
ing, they did not frame this as an intentional or value-laden choice. Bringing disabled people into
decision-making that impacts disabled people’s lives, however, is the most famous demand of the
disability rights movement [230]. It is notable that the current state of human-centered accessibility
focused captioning research has naturalized this activist demand into a practice that does not require
justification. In fact, there were two short-form publications [284, 283] within our dataset that had
hearing people simulate being DHH. Yet, Tu et al. [284, 283|] engaged with critiques of disabil-
ity simulation (see [213} 222} [279]), emphasizing that not engaging DHH communities limits the

applicability of their research.

Connecting Captioning Technologies to Historical Harms

There is also research that connects technology design to a broader historical and political context,

sometimes driven by specific research areas and sometimes as part of a broader research ethos.

There are some areas of captioning research that are more likely to engage with historical lega-
cies. When research is motivated to support DHH people with lower literacy, it sometimes situates
lower literacy rates in the context of oralism and educational discrimination (e.g., [30} [181]), but
other times simply states low literacy as a fact without context (e.g., [106[]). Discussion of social
acceptability of technology is also historically situated. Some research notes that the desire for
technology to be socially acceptable is rooted in discrimination and builds to protect people from
that discrimination, rather than challenging it. For instance, Olwal et al. [223] justify their focus
on HMDs as follows: “many people do not wish to call attention to their disability for fear of ex-
ploitation or discrimination ... for example, eyeglasses may be more desirable than hearing aids
due to the perception that hearing aids are for older adults.” Others actively engage this tension,
such as Findlater et al.’s [95] discussion of how to balance well-documented desires for socially

acceptable assistive technologies with the Deaf community’s commitment to distinctly Deaf visual
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communication styles. Educational captioning tools were more often studied in a context of histor-
ical discrimination [143} 303} [156]], exemplified by Kushalnagar’s [156] motivation: “nearly fifty
years after the first educational mandate for accessible services in the early 1970s, only 16% of
DHH individuals complete a bachelor’s degree or higher, far less than the graduation rate of 30%
for hearing individuals.”

There is a final, smaller body of work that engages with Deaf and disabled history, activism,
and culture as an intrinsic motivation. Seita et al [254, 256] motivate their work by noting that
“communication barriers may lead to isolation, miscommunication, or reduced productivity or pro-
fessional outcomes”. Citations to Deaf community knowledge include citing Christine Sun Kinm
as an authority for creatively conveying non-speech information in captioning [[193]] and citing the
“#NoMoreCraptions” campaign [76] to motivate research into automatic captioning approaches
(e.g., [193 (196, [175)]). Desai et al. [69] grapple with the history of oralism in their research on
speechreading and Simpson et al. [260] focus on captioning as an access tool for people with
ADHD, noting a historical lack of research that engages adults with ADHD outside of a corrective
focus [267]]. McDonnell et al.’s work [198] 196 is framed by disability justice and Deaf studies,
explicitly exploring collective access captioning approaches. This body of work provides its audi-
ence the opportunity to understand captioning technologies as connected to a broader politic and

decenters technologists as the sole authority on captioning technologies.

Nothing About Captioning Without Captioning Users

From the disability rights rallying cry of “nothing about us without us”, to Deaf studies’ emphasis
on self determination, to the disability justice principle of leadership of the most impacted, disabled
and Deaf scholars and activists are clear: work that impacts Deaf and disabled people should not
just include but cede leadership to impacted communities. A small body of work aims to do so,
either by engaging participatory methods or by having Deaf-led research teams.

Though far from the dominant methods in the field, there is a body of research that puts the
direction of captioning technology development in the hands of the DHH community using par-

ticipatory methods, such as codesign [[149, 228, 257, [198]]. For example, Kawas et al. [149] first

19Kim is a famous Deaf visual artist: https://christinesunkim.com/
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used a range of methods to understand DHH students’ current experiences of using captioning and
then conducted codesign workshops to set directions for future improvement. Peng et al. [228]],
on the other hand, began with codesign workshops to guide the implementation and testing of their
augmented reality (AR) captioning tool. More so than traditional user research, codesign methods
move toward collective communication access by transferring power toward impacted communities.

Another form of community-engaged research is work done by DHH scholars who articulate the
ways their lived experience shapes their technical expertise. When research is conducted by DHH
researchers, even work that is not explicitly autoethnographic is often described as informed by the
DHH author’s lived experiences (e.g., [136} 108}, 301,299,169, [116]). For example, Jain et al. [[136]
describe determining specifications for a HMD from the hard of hearing first author’s experiences
using and fine-tuning the system, using his preferences as defaults that could be customized for later
participants. Jain et al [134] have also published explicitly autoethnographic work describing the
experience of using HMD captioning. ASSETS experience reportﬂ provide a unique format for
publishing the experiences of disabled technology users. In one, Loizides et al. [[178] highlight
the variety of use cases that both hearing and DHH authors had for on-demand access to automatic
captioning via Google’s LiveTranscribe app. Additionally, Mathew et al. [[192] describe the experi-
ences of two DHH authors using AR-captioning and AR-interpreting. Having member-researchers
conduct captioning research provides opportunities to enrich findings and better align technology

design with the lived experience of long-term captioning use.

7.4.4  Considering Communication Context

Finally, we explore whether research considers the role of relational, social, or environmental con-
text in shaping access practices. We highlight that in captioning research, there are two major
dimensions in which to consider context: in the design of the study method and in the design of
implemented or proposed interventions. We observed both research that abstracted away context
in their experimental design and research that deeply considered context when designing for and
understanding caption use. This section draws solely from the context criteria of our framework

(Criteria E).

https://assets23.sigaccess.org/experience-reports.html
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Researching Without Communication Context

While research on captioning is often framed around matching the specific nature of different kinds

of communication, some research abstracted away key contextual features in their study design.

While controlled experiments provide a very valuable form of knowledge around the efficacy of
interventions, their necessary control of contextual factors limits the method’s viability for collec-
tive communication access research. We observed researchers frequently using prerecorded stimuli
(e.g., [29, 130, 67, 1161}, [100, 40]) while aiming to study interactive communication, losing out on
relational context or ability of conversation partners to mutually build accessible communication
practices. Controlled experiments run during interactive conversations were often highly manufac-
tured. For instance, Seita et al. [256, [255] had an actor repeat the same response multiple times
in a row, with varied levels of a communication behavior, to measure hearing people’s impact on
DHH caption users. While this allows for specific forms of measurement, it does not reflect how
people would experience those behaviors in context, and could miss critical nuance (e.g., familiarity
with a conversation partner). We did observe some controlled experiments in our dataset that more-
closely replicate the conditions in which those captions would be used, such as Al Amin et al.’s
research into optimal placement of TV captioning ([9, (10} [11]]). The types of knowledge controlled
experiments produce can be invaluable in advancing certain arguments — for instance, Berke et al.
[30] demonstrated a statistically significant difference in DHH people’s ability to identify caption
errors depending on literacy, providing impetus for future research to better design for DHH cap-
tioning users with less access to literacy. Yet, often the nature of controlled experiments can limit

the strength of claims they can make about real-world communication contexts.

We also observed instances where, to try to isolate any varied understanding to an intervention
in a controlled experiment, researchers either played videos with no audio (e.g., [67]) or would have
their participants listen to white noise to fully equalize their hearing ability (e.g., [294]). While
this may yield a more rigorous controlled experiment, it does not reflect how many DHH people
communicate, combining their hearing abilities with assistive tools. Further, this impulse to remove
participants’ residual sensory ability has been criticized as a form of disability simulation [279,222|
213]] in the context of work with people with low vision [83} [237]], while this choice often goes

unremarked upon in research with people who are hard of hearing.
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The Benefits of Considering Communication Context

When researchers investigate captioning technologies in ways that deeply consider the social, re-
lational, and environmental contexts they are used within, it is clear that this context is integral to

shaping how effective captioning tools can be.

Some research does not explicitly set out to understand the role context plays on caption use,
but demonstrates the importance of context by designing for hyper-specific use cases (e.g., [82,
105 1305)]). Some research demonstrated the need to pay close attention to the type of media being
captioned. For instance, Al Amin and Hassan et al.’s [10, [11} (9, [12]] work on automatically placing
captions during live television broadcasts found that, for instance, there are different on screen
information demands for a sports game than a daily news broadcast. Other work was driven to
match the cultural and linguistic context captioning tools are used within [49, [277]. For example,
Takagi et al. [277] explored a combination of ASR and crowd captioning to caption Japanese, as
complexities of written Japanese make fully human-generated captions very difficult to produce.
Designing captioning tools for narrowly scoped use cases allowed researchers to engage with and

leverage the context tools will be used within.

Some work has found that the places captioning tools are used within greatly shape the experi-
ence of using those tools. Research on HMDs has revealed that simultaneously reading captions and
maintaining situational awareness is highly cognitively demanding [[136] and that granular environ-
mental considerations must be taken into account in AR interface design (e.g., how captions should
appear if the speaker is not in the user’s field of view [228]]). The specific environment of the class-
room was often central to educational captioning research. For instance, Kushalnagar highlights
that classrooms must be well-configured to allow captions to facilitate access [156]. Kawas et al.
[149]] surfaced the extent to which students’ experiences of captioning are impacted by seemingly

minor constraints, such as the availability of outlets in a classroom.

Broader sociocultural factors also impact captioning tools. Findlater et al. [95]] emphasize that
DHH people’s sound awareness preferences vary across social contexts, finding statistically signifi-
cant differences in, for instance, people’s concerns around social acceptability of technologies used
with close others versus with strangers. People’s communication backgrounds play a significant

role in what kind of technology is the appropriate solution—Mathew et al. [[192] emphasize that
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real-time captioning is a much more usable tool for a DHH person who prefers to voice for them-
selves. Captions only provide access for receptive, not expressive communication, and therefore do
not provide access to all DHH people equally [192] 198}, [196]]. Loizides et al. [[178]] highlight how
communication access is also shaped by broader global context, finding that masking and social
distancing in the wake of the COVID-19 pandemic made automatic captioning a more important

part of many DHH people’s access practices.

Taking a more specific focus on context as a key determinant of communication accessibility,
McDonnell et al. [[196] propose that caption use must be understood in the context of interrelated
social, environmental, and technical factors. This framework has been taken up in their follow-up
work [[198] and by other researchers. Seita et al. [257] discuss their findings in the context of the
social and environmental factors that shape both the communication that happened during the study
and the designs participants developed and Desai et al. [69] emphasize social, environmental and

technical impacts on people’s decisions to either speechread or use captions.

7.5 Discussion

In this chapter we assess the last decade of human-centered accessibility research on captioning tech-

nologies through a framework of collective communication access (see [Chapter 3| and [Table 7.1)).

We find that HCI captioning research does not perpetuate many of the harms technologists have
historically caused, which prior literature reviews indicate is not true across all accessibility subdo-
mains [267, 265]]. Most captioning research engages DHH communities as the relevant authority
on caption design and targets change toward technical infrastructure. However, the small body of
work that is strongly aligned with our collective communication access framework shows that tech-
nology alone cannot create fully accessible communication. Work that treats access as a political
project that hearing interlocutors should be a part of demonstrates the rich potential for future work
in this burgeoning space. We now discuss two key considerations for future collective access cap-
tioning technologies: conducting future collective communication access research and balancing

social acceptability and social change.
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7.5.1 Conducting Future Collective Communication Access Research

We envision exploring additional domains of communication access through the lens of collective

communication access and other applications of our framework and rubric.

Captioning research provides an interesting domain within which to study collective communi-
cation access since it is necessarily technical and used to facilitate oral communication, potentially
making it less likely that research will be engaged in Deaf culture and community than work that
studies the use of signed languages. However, our framework is not specific to captioning tech-
nologies. A comparative analysis of the last decade of ASL research within ACM, SIGCHI, and
SIGACCESS sponsored conferences could be illuminating (e.g., exploring whether ASL research
is more grounded in historical context and harms) and is a promising direction for future work.
Augmented alternative communication (AAC) devices frequently facilitate access for people with
intellectual, developmental, or speech-related disabilities. Work in communication studies [5] and
HCI [2835]] has identified that AAC technologies can be designed and deployed in ways that limit
their users’ agency and are primarily designed to support AAC users to engage in normative, spo-
ken conversation. Bringing a collective communication access lens to AAC research could reveal
ways to redesign AAC-mediated communication as a negotiation between communication partners.
Furthermore, digital accessibility is, at its core, a question of communication access — can users
communicate their inputs to a technical system and can they access the outputs of that technology.
Considering research areas such as making websites screenreader-navigable, providing high quality
alt-text on social media, or ensuring documents are formatted accessibly through a lens of collective
communication access could reveal new angles and approaches to address these long-intractable

access barriers.

Our analysis of captioning research through this framework identifies practical considerations
for future work. Currently captioning is overwhelmingly studied with DHH people, but there are
other groups who use captioning for accessibility [260] and narrowly associating an access tech-
nology with a user group risks marginalizing many people who could benefit from that technology
[186]. Further, research often does not engage with the fact that captioning technologies serve only
a particular subset of DHH people well during interactive conversation — those who are comfort-

able voicing their contributions. Future work should explore how captions could better support
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DHH people who prefer not to voice. We also recommend that future research more often study all
people communicating using captions, rather than only studying DHH captioning users. Finally, we
identify that experimental methods are often conducted in a way that does not match real-world cap-
tion use. We recommend that future work complement lab-based findings with situated, qualitative
analyses of novel tools in the contexts they will actually be used within.

While we used our theoretical mbric@ to assess published work, we envision it as a tool that
could be used during research definition and study design to support researchers in reflecting on
their approach and guiding them towards collective communication access framings. This could
be particularly useful to researchers who are new to fields such as disability studies, Deaf studies,
disability justice, or communication studies. We emphasize that interdisciplinarity is crucial to
our analysis — the lead author of this work is both a disability studies scholar and HCI researcher.
We hope that work such as this could provide a foothold into the long journey of learning and
substantively engaging with other fields that hold crucial knowledge on disability, Deafness, and

accessibility.

7.5.2  Balancing Social Acceptability and Social Accessibility

We identify collective communication access as an approach that both aligns research with Deaf and
disability scholarship and produces cutting-edge technology designs. However, we must not ignore a
main justification of research that designs technologies that preserve communication’s status quo—
socially acceptable technologies within this status quo can be necessary for and desired by DHH
people navigating an inaccessible world.

This tension between the promise of collective access and the complexities of social acceptabil-
ity is built into disability justice activism’s conception of this principle. Sins Invalid stresses that
collective access approaches should be arranged “depending upon an individual’s needs, desires,
and the capacity of the group” [131l]. We do not create a more just future if access is only pro-
visioned in spaces where caption users feel safe enough and have the time and capacity to guide
their communication partners toward more accessible communication styles. Caption users may be

more likely to communicate orally and or not be at a place in their lives to want to change how

12See Supplementary Materials
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they communicate with those around them. Yet, practices such as DeafSpace [81]] show us that, by
default, current design does not support DHH modes of communication that diverge from a hearing
norm. The strong skew towards designing technologies that do not challenge inaccessible social
norms fails to support many people’s current or desired access practices. Furthermore, prioritizing
designs that align with the social status quo limits our capacity as a field to change the ableism and

audism inherent to current communication environments.

Captioning research and design could make collective access approaches to accessibility more
socially acceptable. The technologies we use to communicate shape what we think normal com-
munication is. Recent years have seen a substantial change in how hearing people interact with
captioning, with the majority of young people preferring to watch captioned media [46], the rise of
captioning practices on user-generated video content platforms [260]], and a normalization of real-
time automatic captioning on videoconferencing platforms [275| 273 274]. Captioning researchers
should not stop supporting people who would prefer technologies to be discreet and socially accept-
able. However, there is an opportunity to commit to designing communication tools and platforms
that make not only the availability of captioning socially acceptable, but make collective access

approaches unremarkable and expected.

7.5.3 Limitations

Our work does have limitations, namely a scoped context and subjective analysis. While our anal-
ysis of a decade of research is aligned with methodological norms, we only queried the ACM
Digital Library, and there are many other repositories of research that may hold human-centered,
accessibility-focused captioning research. Furthermore, we take an American perspective on dis-
ability studies and Deaf studies and analyze HCI research published in English. Global disability
studies scholars emphasize that local context matters, and our framework should not be assumed to
be global. Our North American focus also translates into our language choices, as the difference we
highlight between captions and subtitles is grounded in our cultural context. Finally, our research
presents a taste of several vast disciplines, filtered through our perspectives as hearing technolo-
gists. Other researchers may have selected different bodies of work or takeaways and interpreted

them differently.
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7.6 Conclusion

In this research we articulate a framework for collective communication access, drawing from dis-
ability studies, Deaf studies, disability justice, and communication studies. We then translate that
framework into a rubric to assess how prior captioning research has considered communication as a
collective process, who or what is targeted for change, how research grapples with historical harms,
whose knowledge and expertise is centered, and how communication context is integrated into re-
search and technology design. From our analysis of captioning research from 2013 to 2023, we
find that the current state of captioning research is not dire — research largely aims to improve tech-
nology to improve access and treats DHH people as experts on captioning. Yet, work that attends
to the social context of communication and envisions access as a collective responsibility—that is,
work that better aligns with a collective communication access approach—identifies access barriers
and opportunities for technological development not seen in other research. We end by envisioning
a future where technology makes collective access more socially acceptable and where collective

communication access is extended to other technical contexts.

7.6.1 Within-Dissertation Contextualization

In this chapter, I track the collective communication access framework introduced in
through the last decade of human-centered accessibility-focused captioning literature. A key take-

away from this chapter is that designing for collective communication access is a novel innovation

in the field — it is primarily research presented in my previous chapters (see[Chapter 4 and|Chapter 3)

and work led by Dr. Matthew Seita that has engaged hearing people as key determinants of com-
munication accessibility, and my research uniquely engages communication context (rather than
controlling for communication context to enable experimental findings). Work that engages with
aspects of collective communication access identifies considerations that do not emerge in research

less-grounded in context, community politics, or collective access.
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Chapter 8
DISCUSSION

Over the course of my dissertation, I have demonstrated the thesis:

“Centering social, relational, and environmental factors as key determinants of communication
accessibility while designing captioning technologies better matches captioning’s realistic context
of use and can advance disability and Deaf community values.”

I began by outlining a framework for collective communication access in and then

empirically demonstrated the role that intertwined social, environmental and technical factors play

in shaping the use and usefulness of real-time captioning tools in|[Chapter 4] In[Chapter 5|1 detailed

the codesign process I conducted to design collective communication access tools to support mixed
hearing ability groups, demonstrating how this framework can produce novel technical approaches
and identifying the role that relational context plays on captioning experiences. In[Chapter 6|1 ex-
plored the role of context and collective access in a different type of captioning—user-generated
captions on TikTok—identifying the social and environmental factors that shape captioning on plat-
form and considering how collective access approaches could apply in a context where hearing cre-
ators are already participating in captioning content. I ended with[Chapter 7] tracking my collective
communication access framework through the last decade of captioning research and identifying
how considering context and designing for collective access does better match captioning’s realistic
context of use.

I now end my dissertation with this chapter by reflecting on and discussing the major provoca-

tions of my research and conclude with limitations and future directions for my dissertation research.

8.1 Considering An Activist Accessibility Research Practice

A tension I have engaged throughout my work is how to balance competing calls within HCI ac-
cessibility to do disability studies or activist-informed research and user-centered research. Within

diverse communities like the DHH community, not all participants’ perspectives align with activist
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communities. Further, as my work targets change toward a party not often engaged in accessibility
work, in some ways my research intentionally counters hearing people’s preferences and default
desires. Here I reflect on the competing asks of these two philosophies of responsible accessibility
research and discuss a path forward.

As we push toward an activist accessibility practice, it is important to remember those who may
not be well-served by this approach to technology design. Since Mankoff et al.’s 2010 Disability
Studies as a Source of Critical Inquiry for the Field of Assistive Technology [189], some within HCI
accessibility have aimed to align our work with disability studies and activist perspectives. This is
a core commitment of my work and one that I argue for strongly — turning to scholars of disability
and disability activists provides a theoretical source that can guide more responsible accessible
technology research. However, disabled activists are not representative of all disabled people. The
technology someone who proudly identifies as a disabled activist might prefer could be a terrible
option for someone with acquired hearing loss who does not want to change how they communicate
with their family and friends. Disability studies scholars and activists identify that person with
acquired hearing loss as possibly struggling with internalized ableism [[141]. While those scholars
and activists may illuminate a path toward disability pride for that person in years to come, the
question remains of what technologists ought to do for them now. Deaf cultural perspectives that
place moral value on communicating only in ASL and eschewing connection to the hearing world
have been critiqued [242] for being essentialist and dismissive of those without privileged access
to a signing community. Yet, it is through communities that affirm disability as an “ingenious way
to live” [90] and develop disabled and Deaf pride that we can “begin to anticipate presents and to
imagine futures that include all of us” [142]]. Balancing the imaginative power of disability studies
and activism with the myriad realities that might make challenging an ableist status quo undesirable
to many disabled people is a real challenge for activist accessibility research.

Yet, conducting user-centered research without an activist perspective risks designing technolo-
gies that reify the status quo and do not enable a less-ableist future. The last few decades of HCI
research have emphasized that research ought to be user-centered. Coming from more traditional
design legacies [218] and newer practices of design thinking [48] is the idea that design recom-
mendations and assessment must come from the current or imagined users of that design. Within

HCI accessibility, critique of disability simulation [279] 213l [222]] has largely succeeded in ensuring
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that accessibility technologies are designed with the input of disabled people (see for an
discussion of this with regard to captioning technologies). Yet, perhaps particularly in spaces where
technologies can advance or further specific forms of marginalization, treating all participants as
equally qualified to advise on the design of accessibility technologies is epistemically dangerous.
We see from the history of disability activist movements that not being intentional about leadership
of the most impacted results in leadership of and legislation and design for the most privileged [207]].
This is not to say that accessibility researchers ought to only consult activists or any other specific
subset of disability communities, but that we must contextualize our participants’ politics and ex-
periences. The research I present in this dissertation was done with people who held ableist beliefs
and with people who are politically committed to Deaf-centric communication styles. The range
of experiences participants shared with me all had understandable causes — DHH people routinely
encounter ableism and audism and some internalize those beliefs while others develop a proud Deaf
identity. To the best of my ability and evolving perspective, I hope that I did justice to the range
of perspectives participants shared with me while still maintaining an anchor in disability justice
politics.

I argue that neither activist-grounded nor user-centered research practices are a panacea and that
we should seek a middle path forward. Specifically, I call for a design practice that serves commu-
nities with diverse preferences right now while also working to achieve a future where mainstream
communication technologies embed activist values around interdependence and collective access.
In the United States, most DHH people are older adults who spent a lifetime communicating orally
— only 16% of people 20-69 use hearing aids, while 30% of those over 70 do [118]. I argue that
accessibility researchers do not fulfill our mandate to DHH communities without providing tech-
nologies that support someone who would prefer to communicate orally and with minimal change
to their prior communication strategies. However, I also firmly believe that without an activist com-
mitment, accessibility research cannot advance us along a path to a future that is not only more
accessible but also less ableist. We do not have to assume that, just because a collective access
approach to communication that decenters hearing norms is intimidating to many DHH and hearing
people today, that this will always be true. As I demonstrated in the last five years of
captioning technologies alone have seen significant changes in what people consider to be normal

uses of captioning. We can take inspiration from the largely-bottom up changes of the last five years
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to engineer collective access technologies for the next five years and beyond.

8.2 Tensions in Designing for Collective Communication Access

Throughout my dissertation, I demonstrate the promise and potential of designing captioning tech-
nologies for groups, rather than individuals. Specifically, I propose a theory of collective communi-
cation access that is tightly linked to the disability justice concept of collective access. To reiterate,
Sins Invalid describes collective access: "Access needs can be articulated and met privately, through
a collective, or in community, depending upon an individual’s needs, desires, and the capacity of the
group” [131]]. This redirection towards treating access needs as a group responsibility animates my
research. While I strongly believe in this potential, it is not without complications. Here I identify
tensions around designing for unequal use across groups, designing for group use of biased tools,

and designing collective access with multiply disabled groups.

Designing for Different Uses of Group Tools

While my dissertation work envisions access as something that people do together and proposes
captioning technologies for group use, we must grapple with the different ways different users would
interact with such systems and the power dynamics involved. As I demonstrate in chapters 4] [5 and
[6] the choices communication partners make and the attitudes they hold make a material difference
in the extent to which captioning users can access communication. Nondidsabled people do not face
the same consequence for engaging in inaccessible communication behaviors. Therefore, designing
captioning technologies for group use must not mean designing for equivalent use. Literature on the
design of groupware explores how to build systems that have different user roles [107, 168247 (e.g.,
videoconference meeting host, participant), a crucial body of work to engage in future research.
Adding to the different roles people may have while using captioning tools (e.g., DHH users
notifying when things become accessible, hearing users learning accessible behavioral norms), we
must also consider power dynamics. Unlike the dynamics of meeting host and meeting participant,
where the person with greater control over the technology has implicitly been identified as the
person with more control over that interaction, collective communication access tools may often

place control in the hands of less-empowered members of a group. As discussed in
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these tools must be designed carefully to enable captioning users to ask for access anonymously in
some situations and aim to keep hearing people from becoming embarrassed or hostile. Because
captioning tools must afford more control to caption users than their interlocutors, these tools must
also be carefully designed to allow a less empowered member of a group (e.g., a student in class, a

junior colleague) to get the access they need without facing social consequences.

Yet, there are limits to this differential consideration. Often caption users face workplace [87,
861, educational [[156} |305], and social [254, 255]] discrimination in mixed ability settings, but this
is not a durable assumption. Consider a scenario where a white Deaf supervisor does a poor job
of considering the input of junior, Black, hearing women on his team. If group captioning tools
are designed to prioritize captioning users’ access needs, in ways that make it harder for the junior,
hearing members of this team to interrupt, they may inadvertently further workplace discrimination
in the name of accessibility. To design for groups requires not just an analysis of ableism, but an

intersectional analysis [60} 55].

Furthermore, a central assumption of collective access is that groups will be willing to work
together to communicate more accessibly, but this is not without its challenges. Asking all conver-
sation partners to consider access means that people must work at changing their default communi-
cation styles, which is no small feat. While adopting accessible norms does have tangible benefits
for all communication partners—as I contend in communication is not effective if it is
not understood by its audience—nondisabled people face far fewer obvious consequences for fail-
ing to communicate accessibly. At its core, my dissertation research is anchored in activist thinking
and is focused on how technologies can support people in enacting a world that is more in line with
values of disability justice. Yet, it would be naive and counterproductive to ignore the fact that not
only are people resistant to change, but that, even when strongly motivated, changing behaviors is

fundamentally difficult. Designs for collective communication access must acknowledge and aim to

address this difficulty and resistance. As highlighted in [Chapter 4] and [Chapter 5| these tools must

also respect the fact that DHH people do not want or always feel safe to renegotiate communication
norms with all conversation partners. Yet, the pool of loved ones, friends, classmates, and colleagues
of caption users is non-trivial and designing for use with close others may be a promising first use

case for collective communication access tools.
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Collective Use of Biased Access Technologies

Next, collective communication access approaches risk reifying bias and discriminatory group dy-
namics given the bias inherent to both human and machine-centered captions. Here I want to high-
light some of the work that I intentionally did not do over the course of my dissertation research. I
had initially imagined systems that encouraged conversation partners to monitor captions for errors
and to take responsibility for their being captioned accurately. While this is a practice some par-
ticipants described in their conversations (see [Chapter 3)), I pulled back from designing for caption
monitoring. First, when floated as a design probe (see or raised by participants (see
(Chapter J)), reflection revealed that correcting errors in real time would be infeasibly cognitively
demanding and did not match the way caption readers made sense of errors (see also [[145]). But,
more importantly, literature on bias in ASR (e.g., [153} [101]]) and online discussion of the failure
of white interpreters and captioners to adequately provide access to non-white speakers and signers
[233] demonstrates that who is captioned easily is not a neutral matter.

When both the humans and algorithms who may generate captions demonstrate bias, a system
that makes speakers responsible for the errors made while captioning their voice encodes racism,
audism, and other forms of discrimination. Conversations with DHH colleagues about caption error
correction also highlighted that, given ASR’s poor performance on Deaf accents [101]], encourag-
ing hearing conversation partners to correct captions could further situate DHH people’s speech as
unintelligible, an assumption already made of Deaf accents [101} [33]]. It is a significant harm that
algorithmic and human captions do not equally provide access for all, and an area that deserves
significant future work centering the perspectives of Deaf people of color. While the uneven perfor-
mance of captions often makes collective access solutions even more necessary, we must take care

to not build tools that amplify the impact of algorithmic discrimination.

Cross-Disability Collective Access

A further consideration for collective communication access tools is how to design for scenarios
where multiple disabled people interact. Historically, HCI has studied disability as a set of siloed
identities that rarely interact, not looking at cross-disability spaces or the experiences of multiply

disabled people [184]]. While I studied groups with multiple DHH people (see and
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intentionally recruited on basis of caption use, rather than identity, for the work recounted in|[Chap-|
my dissertation work largely does not challenge this trend. Yet, disability community activists
[231, 205} [131]] and a small body of HCI research [183| [185] [122]] demonstrate that when disabled
people collaborate, access needs emerge that are often not anticipated by even existing accessible

technologies.

Consider the video prototypes I put forward in While participants stressed that it
was important to them that colors be color blindness friendly and one participant grappled with the
access needs that might make being on camera full-time difficult, many of these proposed ideas
rely on visual cues and do not assume that hearing conversation partners may have their own access
needs. Groups with multiple DHH members did discuss strategies (e.g., switching to text) when
captions did not support mutual understanding, a small taste of how disabled people work to meet
each others’ access needs. While accurate to the groups codesigning ideas for their own use in
this particular study, the small range of access needs considered is a limitation of this work and a

provocation for the future.

As we see the power of people coming together to create access, making it an active conversa-
tion rather than shamefully private, it is exciting to think about how to both bring in nondisabled
people and people with different disabilities. The provocation to make access together, to me, has
a different valence when speaking to nondisdabled people — it is asking nondisabled people to cede
some of the power they hold and to see themselves as able to change and engage in making their
interactions more accessible. Engaging nondisabled people, then, is often an educational process
and a call toward justice. This is what made this area of research so compelling to me when I began
it, identifying at the time as nondisabled. Now, finishing this work, identifying as a disabled person
myself, I am also excited by the potential of technology to support disabled people in making spaces
we can be in together. Disability communities already use technology as a key tactic for address-
ing conflicting access needs [231} [167]], appropriating technologies that are not purpose-built for
collective access. I look forward to future work (be it mine or others [183]]) that can build technol-
ogy to support disabled people engaging in collective access together, highlighting the capacity that

disabled people have to lend support to each other [25] 186} [122].
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8.3 A Future For Interdisciplinary Disability Research

My dissertation research, and my success in publishing my dissertation research, is beholden to
the work of those before me who have pushed the field to understand disability studies as a needed
source of theory and analysis within HCI accessibility, many of whom I am lucky to count as friends
and mentors. As I also join a cohort of junior scholars increasingly taking up disability studies and

activist perspectives, I want to reflect on the future for interdisciplinary disability research.

Over the last 5-15 yearﬂ HCI practitioners have developed practices of engaging disability
studies scholarship and activism, but we have done less to engage disability studies scholars and
activists. Some of us identify as disability studies scholars in our own right (with varied degrees of
formal education) and more as disability activists, but HCI venues see few publications by authors
whose primary affiliation is in disability studies or activism (for some notable exceptions, see [[186,
23412350 1236 190, 122} [132]). We also see publications on topics such as interdependence that
reference primarily HCI sources on the topic, rather than the rich activist sources used by Bennett
et al. [25] to introduce the concept to HCI. Further, we do not have sufficient infrastructure to
train interested HCI students in academic disability studies. I had the privilege to receive a formal
graduate education in disability studies, an option that did not even exist when I began at The
University of Washington. UW is one of relatively few universities with an official disability studies
program [270] and there are only two official PhD programs in disability studies in the United
State The analytical capacity I now have as someone engaged in disability studies as a field in its
own right is significantly stronger than what I possessed when hunting for disability studies articles
or perspectives to back up specific arguments. Building infrastructure to support the many HCI PhD
students interested in learning disability studies is a crucial piece of building a future for thriving
interdisciplinary disability research.

A connected problem to the lack of engagement with disability studies scholars and activists
is that HCI accessibility perspectives do not get engaged with in these areas. I do not intend to

presume that disability studies and disability activism need HCI accessibility. However, academic

'While Mankoff et al.’s [I90] first invocation to engage disability studies was published in 2010, there was little
research in this vein between then and Bennett et al.’s work on interdependence [25]], published late 2018

2 At the University of Illinois Chicago and Syracuse University
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disability studies particularly is preoccupied with the ways that medical technologies construct and
shape disability. I have spent the last five years searching for an analysis of how many 21st cen-
tury mainstream disability technologies have become the domain of not medical professionals but
computer scientists with limited background in disability and an unstated (but present) idea of what
disability and accessibility are and what ought to be done about it. The closest I have come is
Elizabeth Petrick’s 2015 book [230] Making Computers Accessible: Disability Rights and Digital
Technologies, which ends its analysis in the late 90s. There is rich scholarship to be done, of a kind
that does not get published at ACM venues but in Disability Studies Quarterly, to interrogate cur-
rent HCI accessibility practice and identify opportunities to build a more robust understanding and
orientation toward disability in future practice. I think there must be HCI scholars involved in that
work, but that it would be strengthened by collaboration with disability studies scholars. How to
bridge these fields remains an open question, but one that I argue would be well-worth both fields’

effort.

8.4 Limitations and Future Work

While I have achieved both breadth and depth in my dissertation work, many limitations and oppor-

tunities for future work remain.

A primary limitation of my work is that it does not implement, deploy, and study the long term
use of group captioning tools. I believe this is critical future work, however, it was beyond my
capacity and educational priorities during my PhD. When it comes to what tools to build, I argue
the ideas my work and others (e.g., [247, 257, 210]]) propose for videoconferencing are the most
logical place to begin, as the technically mediated nature of online communication easily enables
interventions for all interlocutors. I think it will be very important to build and qualitatively study
captioning tools for group use, as many open questions around how technology would disrupt group
dynamics and when it would be acceptable to disrupt group dynamics remain. I remain curious about
the learning effect these types of tools would have, and envision a longitudinal field deployment with
mixed hearing ability groups, with one research question focusing on use over time. Such research
could determine whether a tool can help teach accessible communication norms that groups then

internalize and use to self-regulate or whether ongoing technical support is needed.
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I have approached my dissertation as a case study of what emerges when studying one specific
communication accessibility technology—captioning—through the lens of collective access. I have
not even begun to exhaust the wide range of captioning uses, let alone explored broader communi-
cation access contexts. While I studied small-group live captioning and user-generated pre-recorded
captioning, one could study collective access in the context of one on one interactions, classroom
environments, broadcast television, and many more. Additionally, captioning is far from the only
communication access technology. ASL technologies, augmented and alternative communication
devices, and many nonvisual access approaches mediate communication access and would be fasci-
nating to study with the lens of collective access.

Given that the start of my dissertation research happened to coincide with the beginning of
widely-available, viable automatic speech recognition systems, there is data throughout my find-
ings about how communities adapt to algorithmically generated access tools. As I finish my PhD
at a moment when large language models (LLMs) and generative Al (GAI) are proposed as the
solutions to many access barriers, I argue that future work specifically studying the role of ASR in
DHH communities could illuminate a broader path forward for Al-mediated access. In my work
participants have articulated benefits (e.g., on-demand access) and drawbacks (e.g., unreliability)
of automatic captions and over the last five years ASR has become a mainstay of captioning work-
flows. Designers of LLM and GAI-based access tools could turn toward automatic captioning users
to better understand how providing an error-laden and bias-prone but free and on-demand access
tool impacts disabled communities and what approaches could mitigate potential harms.

While I broadened the population I engaged with my research in my TikTok study, my disserta-
tion work overwhelmingly focuses on the experiences of d/Deaf and hard of hearing people. This
is an important population to study, but it is not the only group that benefits from captioning (e.g.,
neurodiverse people [260, 65]]). Following the findings of work that I co-led [186], I reimagined my
recruiting criteria to include anyone who needs captions to meet an access need, and I would like to
do more research that recruits accordingly. I have studied captioning technology with some hearing
people, exploring their perceptions of accessibility when communicating with DHH people. How-
ever, as my dissertation argues, hearing people are systematically under-considered as stakeholders
in conversational accessibility and more work is needed. Furthermore, the majority of participants

I interviewed were white and all were living in the United States at the time we met to conduct
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research. This is a limited perspective. Disability studies emphasizes that disability must be consid-
ered within its national context [203]] — there is not one global opinion on disability issues, and my
work is informed by Western-focused literatures and conducted within an American context.
Additionally, despite HCI’s prominent focus on DHH people when we study communication ac-
cessibility [[184], many other communities experience access barriers when communicating. I would
like to study many of the arguments I have explored in my dissertation with people with intellec-
tual and developmental disabilities that impact communication, as that is a group whose agency
and autonomy is often not prioritized in accessibility research (e.g., [297, 267, 264]). Additionally,
many digital access needs are fundamentally communication access needs - information is not com-
municated accessibly (e.g., screenreader access) or users can’t communicate with digital systems
accessibly (e.g., lack of keyboard navigability). I look forward to exploring how to approach many

classic digital accessibility problems with a collective communication access lens.
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Chapter 9
CONCLUSION

I conclude by revisiting my dissertation-level contributions:

* Empirical evidence that social, relational, and environmental context are critical determinants

of how captioning technologies mediate access

* Design guidance identifying 1) practical considerations for captioning technology that shapes
behavioral norms, 2) guidance for matching caption design to specific contexts, and 3) a

design space of low technical complexity, high social impact captioning interventions

* A theoretical framework of collective communication access
9.1 Empirical Contribution

Throughout my dissertation, I argue that to design for collective communication access we must
identify and understand the role of contextual features. While considering the ways that social, rela-
tional, environmental, and technical factors interact may seem self-evident, I demonstrate in
fter 7| that, often, captioning research is done without active attention to this context. Throughout my
dissertation work I demonstrate a practice of attending to contextual factors and their interplay (par-
ticularly in Chapters[@] [5] and[6), resulting in a deeper understanding of how captioning technologies
are used in the world and novel directions for captioning design. Synthesizing my dissertation work,
rather than reading each chapter in isolation, makes clear the different demands for captioning tech-
nologies in different contexts (e.g., during online videoconferencing vs. on TikTok). I envision a
future captioning research practice that can build on my work to 1) design studies in a way that
makes context visible, 2) tailor interventions to specific contexts, and 3) build greater customization
capacity into captioning tools, motivated by tools’ varied contexts of use. The work I present in

has already been used to motivate other researchers’ study design [257] and as a lens
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for analysis [69], which is gratifying and makes me excited for a future of contextual captioning

research.

9.2 Design Guidance

My dissertation also contributes guidance that has implications for how we design technologies to
encourage accessible behavior change, how to match the styling of captions themselves to broader
context, and what kind of technical infrastructure is needed to make communication more accessi-
ble.

In Chaptersd]and[5]I provide specific design guidance around features that could be built to guide
more accessible communication, assessed by DHH individuals and mixed hearing ability groups. I
have been excited to see others take up this work (alongside other research I advised [247]) to guide
the design of research prototypes [210], and look forward to future research assessing how these
tools are (or are not) taken up by groups over time (either conducted by myself or others).

From I identify another way contextual, collective research can impact captioning
design — by identifying captioning guidelines for user-generated captioning. Though so far devel-
oped with a small number of participants, I am excited by to further develop these standards and
experiment with disseminating them as another approach to designing collective communication
access.

Finally, many of the technology design recommendations I make across my dissertation work
do not require a new generation of technical development to be feasibly implemented. While this
requires challenging predominant assumptions of what makes for technical innovation, I am excited
by a future of accessible technology design that can make tangible improvements to the quality of

communication access by identifying the social norms could easily be supported once known.

9.3 Theoretical Framework

Finally, the collective communication access framework I present in combines five do-
mains infrequently put in conversation with each other (disability studies, Deaf studies, disability
justice, communication studies, and HCI), into an approachable and practical guide for future re-

search. As I have demonstrated in[Chapter 7] this framework is useful for analyzing and identifying
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the often under-stated and unattended to politics embodied in prior work. I also am excited by this
framework as a guide for future research. The work I present in Chapters ] [5 and [6] was informally
guided by this framework, as I developed it over the course of years of study and experience con-
ducting this empirical research. I look forward to having a framework and rubric to reach for when
planning my future studies, teaching future students, and, hopefully, one that will have a life outside

of my research.
9.4 Final Remarks

Throughout my dissertation, I have blended critical disability and Deaf perspectives with accessibil-
ity research practice, illuminating but-one area where beginning with a theoretical and activist sense
of disability reveals novel opportunities for technology design. My dissertation is just the beginning
of collective communication access research, and I am also excited for all the other forms of acces-
sibility research practice that can emerge from this approach (such as my work on chronic illness
and accessibility [184]). I have learned so much from disability communities, personally and pro-
fessionally, over the last five years and am motivated to continue to drive innovations in accessible

technologies in a field that is open to critical disability epistemologies.
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