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Abstract 
Deaf students face a persistent visual attention split between signer 
and instructional materials. Although virtual reality (VR) is often 
promoted as an educational solution, it typically reinforces hearing 
norms (e.g., caption overlays or interpreter boxes onto hearing 1 Introduction 
classrooms). Our work foregrounds Deaf leadership and reclaims 
VR design authority: in a mixed-hearing team led by Deaf scholars, 
we designed and evaluated a VR classroom prototype featuring 
three signer-placement modes: corner, parallel, and transparent. 
Twelve Deaf participants explored the prototype during a 15-minute 
lecture and participated in qualitative semi-structured interviews. 
Participants reported reduced attention split and improved visibility, 
and suggested VR may support flexibility and comprehension in 
Deaf learning. From these reflections, we introduce a five-dimension 
conceptual framework—proximity, customizability, visual efficiency, 
cultural fit, and task flexibility—that organizes how Deaf signers 
evaluate signer placements. This work moves Deaf Tech theory 
into practice, opening pathways for future Deaf-centered, culturally 
grounded HCI. 
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Access to effective learning environments remains challenging for 
Deaf and Hard of Hearing (DHH) individuals who primarily use sign 
language [92], referred to in this paper as Deaf1 signers. These chal-
lenges are especially visible in online and remote classrooms, where 
learning depends almost entirely on visual communication [66, 110]. 
Unlike hearing students, who can follow spoken lectures without 
sustained eye contact, Deaf students continually must split attention 
between the signing lecturer and instructional materials [87, 92]. 
This constant shifting of gaze leads to cognitive overload, eye fa-
tigue, and information loss, making it difficult to engage with course 
content [108, 109]. 

Virtual Reality (VR) has shown potential in supporting Deaf edu-
cation. Although much instructional content in VR is still presented 
in 2D, VR environments support three-dimensional configurations 
such as adjustable viewing distance and flexible spatial relationships 
between the signer and instructional materials, which offer possibil-
ities not available in traditional 2D video interfaces [103]. Prior VR 
work has explored subtitling [1, 73] and captioning [69, 135], multi-
modal sound visualization [71, 96], and avatar-based sign language 
interaction [27]. While these studies demonstrate promise, most fo-
cus on hearing-centered, interpreter-mediated experiences [7, 104] 
or on sign language learning for hearing users [4]. Such approaches 
treat Deaf participation as an after-the-fact retrofit2 [13, 59, 134], 
which, while helpful, often do not reflect the reality of Deaf life, 
require Deaf people to adapt to hearing defaults, and rarely ad-
dress Deaf users’ full needs [35, 41, 51]. Angelini et al.’s critical 

1Capital “D” Deaf refers to individuals who identify with Deaf culture and use sign 
language, whereas lowercase deaf denotes the physical condition of hearing loss 
without necessarily participating in Deaf culture [15, 102].
2After-the-fact retrofit refers to adding accessibility features to a system after it has 
been designed for hearing users, rather than building accessibility into the design from 
the start. 
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HCI work, Speculating Deaf Tech: Reimagining Technologies Cen-
tering Deaf People (CHI 2025 Best Paper), articulates a speculative 
and visionary agenda for reimagining technology through Deaf 
epistemologies [13]. Building on this precedent, our work extends 
this trajectory by reclaiming VR design authority, defined as the 
authority to make substantive design decisions rather than merely 
influence or use the final output [133]. In our collaboration, Deaf 
educators and researchers defined and articulated the requirements 
of a remote Deaf classroom and led the design and evaluation of 
immersive environments, supported by hearing colleagues and the 
broader community. 

Despite prior work on VR in DHH education, it remains underex-
plored whether VR, when designed by and with Deaf communities, 
can be integrated into Deaf classrooms on their own terms. To 
address this gap, we investigate VR not only as a technical interven-
tion but as a sociocultural technology [86, 114], examining whether 
VR applications featuring signed instruction align with Deaf peda-
gogical practices3 and reduce the barriers associated with visual 
communication as the sole channel. We ask two research questions 
(RQs): 

RQ1: How do Deaf signers perceive VR as a sociocultural 
technology, and does it feel culturally and pedagogically 
aligned with their ways of learning? 
RQ2: How do Deaf signers experience different signer place-
ments in a VR classroom, and what design preferences emerge 
from their feedback? 

Guided by these questions, we present this work as an early-stage 
and exploratory participatory design study that lays the conceptual 
groundwork for future immersive learning tools. We developed 
a VR lecture prototype guided by four design goals: (1) flexible 
positioning of the signing lecturer, (2) minimizing visual attention 
shifts, (3) providing accessible instructional content, and (4) reduc-
ing distractions. Using a pre-recorded signed video to present an 
asynchronous lecture, the prototype supports three signer place-
ment modes: Corner Mode, where the signer appears in one of four 
corners; Parallel Mode, where the signer is placed beside the instruc-
tional content; and Transparent Mode, where the signer is overlaid 
with adjustable transparency on lecture materials. 

We conducted a qualitative study with 12 Deaf participants who 
communicate in American Sign Language (ASL) in their daily lives, 
using an ASL-first4 , Deaf-led approach. Participants reported that 
VR could support Deaf classrooms by reducing attention split, im-
proving sign visibility, minimizing distractions, and allowing flexi-
ble arrangements for both students and instructors. These benefits 
were noted by both students and instructors, suggesting poten-
tial for supporting both teaching and learning. Our analysis also 
identified opportunities and limitations of each mode, which we 
synthesized into a five-dimension conceptual framework (proxim-
ity, customizability, visual efficiency, cultural fit, and task flexibility) 

3Deaf pedagogy is an educational framework that centers Deaf students’ visual and 
multimodal resources, resists deficit models, embraces translanguaging, and inten-
tionally develops critical consciousness by confronting the ethical and power-laden 
dimensions of Deaf education [119, 120, 126]. The goal is to provide an equitable and 
effective learning environment that addresses the unique needs and experiences of 
DHH individuals [126].
4By ASL-first, we mean working from the understanding that American Sign Language 
is our participants’ primary language for daily communication, and thus the medium 
through which cultural knowledge and meaning are best expressed [44]. 

that articulates the recurring evaluative reasoning our participants 
used when assessing signer placement in immersive classrooms. 

Our work makes three contributions: (1) A VR prototype that 
prioritizes visual experience, cultural fit, and flexible spatial arrange-
ments, laying groundwork for integration into live Deaf classrooms. 
(2) A five-dimension conceptual framework that makes visible the 
Deaf-centered evaluative considerations participants used when 
assessing signer placement and visual access. (3) A reframing of 
VR education as Deaf-centered, offering initial insights into how 
Deaf epistemologies can serve as foundations for VR design rather 
than adaptations to defaults. 

As VR usage grows, we argue that it is time for the Deaf com-
munity to reclaim design authority over immersive classrooms. 
Deaf-centered VR classrooms point toward futures in which Deaf 
ways of learning define the design agenda for technologies used by 
Deaf people, rather than requiring them to adapt. 

2 Background and Related Work 

2.1 Deaf Community and American Sign 
Language 

The Deaf community is a cultural and linguistic minority character-
ized by shared use of sign language and collective experiences. Deaf 
cultural practices, as illustrated in Fig. 1, foreground community 
connection and visual communication, relying on sign language, 
eye contact, clear sightlines, and direct engagement [17, 81]. Schol-
ars advocate for frameworks that center Deaf experiences, moving 
beyond the traditional medical model of disability, such as Deafhood, 
which frames Deaf identity as a positive and collective journey [81], 
Deaf gain, which emphasizes the unique contributions of Deaf ways 
of being [17], and DeafSpace, an architectural and cultural frame-
work where visual orientation, sightlines, and spatial arrangements 
are prioritized in daily life [47]. 

Figure 1: Example of a Deaf cultural practice and how it 
differs from hearing environments with retrofit access. In 
Deaf cultural settings (left), applause is expressed visually, 
with the audience raising and waving their hands to create a 
shared, visible signal accessible to everyone in the space. In 
hearing environments (right), applause is expressed through 
sound-based clapping, here represented with a caption to 
indicate the technological retrofit access. 

The Deaf community is situated within the broader DHH cate-
gory and may include individuals who are Deaf, deaf, or hard of 
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hearing, with differing levels of connection to Deaf identity [15]. 
This work focuses on Deaf individuals who use ASL as their primary 
language and actively participate in Deaf cultural contexts. 

Sign languages are the primary mode of communication within 
Deaf communities worldwide [82]. They possess the same structural 
complexity as spoken languages [124]. ASL, the primary language 
of the U.S. Deaf community, is distinct from English and has its 
own grammar and lexicon [128, 132]. ASL also includes specialized 
vocabulary for science, technology, engineering, and mathemat-
ics (STEM), enabling comprehensive communication of technical 
concepts [136]. 

2.2 Deaf Education and Direct Communication 
in Deaf-Led Classrooms 

In Deaf-led classrooms, direct instruction in sign language is the 
norm and enables full participation [8, 76]. Teaching conducted 
in sign language is a standard practice and is often preferred by 
members of Deaf communities [8, 61]. In the United States, there 
are over 80 schools for the deaf [101], and nearly every state has at 
least one such school [43], where instruction is delivered directly 
in ASL. 

Figure 2: Comparison of classroom dynamics in Deaf-led ver-
sus hearing-led and interpreter-mediated classrooms. Aside 
from instructional materials such as the blackboard, in the 
Deaf-led classroom (left), all students focus on the Deaf 
teacher. In the hearing-led and interpreter-mediated class-
room (right), students’ attention is divided between the hear-
ing teacher, typically positioned at the center, and the inter-
preter, usually located to the side of the classroom. 

In hearing-led, interpreter-mediated classrooms, instruction pri-
oritizes speech and translation rather than a shared language and 
culture. As a result, Deaf students are often denied the benefits 

of direct sign language communication, Deaf teachers’ lived ex-
pertise, and teaching grounded in Deaf ways of knowing5 (Fig. 2). 
Historically, Deaf children have often faced exclusion, ineffective 
instruction, and long-term trauma in educational settings [6, 41]. 
These issues are rooted in systems that privilege spoken language 
and auditory-centered pedagogy, while sidelining Deaf-led, sign 
language-based teaching [57]. By contrast, Deaf pedagogy centers 
visual and multimodal resources, incorporating visual–relational 
norms such as arranging classrooms for mutual visibility, using 
visual signals for turn-taking, and pacing lessons to match the 
rhythms of visual attention. It affirms belonging and transmits 
knowledge without translation or adaptation [8, 119, 120]. 

This work builds in that scope: Deaf educators teaching Deaf 
students in ASL, with full access to both the content and the instructor. 
We ground our study in Deaf pedagogical practices, visual-relational 
norms, and everyday Deaf life. 

2.3 Discrimination and Audism 
The Deaf community has experienced a long history of oppression, 
including ableism [116] and audism [16]—“The notion that one is 
superior based on one’s ability to hear or behave in the manner of one 
who hears [68].” As both a disability group and a linguistic-cultural 
minority, Deaf people have faced systemic misunderstanding and 
exclusion [16, 116]. 

Within academic research, the majority of studies involving Deaf 
participants continue to be conducted by hearing, non-signing re-
searchers (with exceptions such as [13, 45, 127]), while Deaf collab-
orators are often included only in limited feedback sessions [11, 93]. 
Without cultural competence or fluency in sign language, hear-
ing researchers may lack the knowledge and sensitivity needed to 
engage ethically and effectively with the community [22, 40, 42, 
45, 100]. This disconnect can lead to harmful outcomes, especially 
when researchers fail to ask, Is this approach welcomed by the Deaf 
community [51]? Community-led research offers a more ethical, 
respectful, and impactful alternative [13, 19, 40, 60]. 

In technology, Deaf communities have often been underrepre-
sented in design and development processes. Tools intended “for” 
Deaf users are frequently created without substantial Deaf involve-
ment and tend to reflect hearing-centric perspectives [9, 11]. This 
underrepresentation is both technical and epistemic: Deaf individu-
als are frequently positioned as end users rather than collaborators 
or knowledge holders. Consequently, many technologies intended 
to improve access fall short of community needs. In some cases, they 
may even perpetuate misconceptions. For example, sign language 
gloves [51] not only offer limited functional value, but also misrepre-
sent the linguistic richness and embodied nature of sign languages. 
When developed without Deaf involvement, such technologies risk 
becoming forms of cultural appropriation, appropriating language 
and practices without engaging the communities to whom they 
belong [51, 64]. 

These reproduce a broader social pattern: Deaf communities 
rarely hold authority in defining technologies intended for them 
and are often forced to adapt to tools designed by and for the ma-
jority [19, 62, 90]. Scholars have responded by articulating and 

5Deaf ways of knowing refers to epistemologies that privilege visual-spatial modalities, 
embodied interaction, and community knowledge, resisting deficit framings [47, 81, 82] 
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advocating for Deaf Tech: technologies created by, with, and cen-
tering Deaf communities [10, 40, 77], emphasizing participatory 
design and cultural relevance. Our study extends this theoretical 
foundation by grounding Deaf Tech in practice through immersive 
classroom design. 

2.4 VR Accessibility and the Broader DHH 
Community 

While this work centers Deaf signers, we recognize the diversity 
within the broader DHH community. Individuals who identify as 
deaf or hard of hearing often use residual hearing and navigate 
between hearing and Deaf worlds [15], employing varied commu-
nication strategies such as speech, lipreading, amplification tech-
nologies, and captioning [24, 50, 70]. Their accessibility needs in 
digital and immersive environments partly overlap with, yet also 
differ from, those of Deaf signers, particularly regarding auditory 
cues, sound visualization, and multimodal feedback [50, 70, 71]. 
These diverse communication strategies have informed a range of 
accessibility approaches in immersive environments [73, 98]. 

Within HCI, accessibility in immersive technologies has become 
an important focus, with growing attention to DHH users. Re-
search has investigated barriers and inclusive design guidelines for 
mixed reality systems [37, 38, 46, 72], such as captioning [135] and 
subtitling [2, 69], interpreter integration [7, 104], sound modifica-
tions [28], and visual or haptic sound representations that enhance 
environmental awareness [34, 55, 73, 85, 95]. Together, these efforts 
outline key directions for inclusive immersive design that support 
multimodal perception and situational awareness across the DHH 
spectrum. 

While this body of work has significantly advanced VR accessi-
bility for DHH users, it largely conceptualizes accessibility through 
a hearing-centered paradigm. For example, a common approach 
in VR accessibility involves adding captions or inserting an inter-
preter view into an otherwise unchanged lecture environment [104]. 
These approaches broaden access to hearing pedagogies but do not 
interrogate how immersive systems might instead be designed from 
Deaf epistemologies and cultural practices [54]. Critically, these 
systems often treat Deaf, deaf/hard of hearing experiences as in-
terchangeable, overlooking the cultural and linguistic dimensions 
of Deaf life. Our work extends these efforts by focusing on Deaf-
centered approaches that integrate epistemological knowledge into 
technology design. We contribute a complementary lens to VR ac-
cessibility, one that shifts from accommodation of auditory norms 
to the design of environments that align with Deaf ways of knowing 
and learning. 

2.5 Sociotechnical and Sociocultural 
Perspectives on Technology 

HCI has long emphasized that technologies are not neutral artifacts 
but sociotechnical systems, shaped by and shaping the communities 
in which they are used [86, 114, 123]. Recent work highlights how 
accessibility technologies, in particular, carry cultural and political 
assumptions that influence whether they are embraced or resisted 
by the communities they intend to serve [11, 42, 53, 59]. This per-
spective shifts evaluation beyond functional usability or efficiency, 

foregrounding how technologies align with cultural practices, val-
ues, and epistemologies. 

Within disability studies, access is increasingly understood not as 
an add-on but as a cultural and relational practice [134]. Technolo-
gies that overlook these dimensions risk reproducing deficit fram-
ings or enforcing dominant norms [36, 90]. In response, community-
led approaches emphasize that cultural acceptance is as important 
as technical feasibility [36, 39]. For underrepresented and under-
served groups such as the Deaf community, this sociocultural fram-
ing is particularly vital: a technology’s success depends not only on 
its interface design but on whether it resonates with Deaf norms of 
interaction [13]. 

Building on this scholarship, we approach VR not as a neutral 
learning tool but as a sociocultural technology whose value depends 
on whether it resonates with epistemic practices. This perspective 
motivates our inquiry into whether VR is culturally acceptable for 
Deaf signers and capable of supporting teaching, participation, and 
learning in Deaf classrooms. 

2.6 Visual Attention and Digital Learning 
Platforms 

For Deaf students, visual attention split creates persistent barriers 
in both physical and digital settings [87, 92, 111]. In videoconfer-
encing platforms, students must continually toggle between signers 
and instructional materials, leading to cognitive overload, visual fa-
tigue, and missed content [108, 112]. This issue arises across various 
contexts, including interpreter-mediated classrooms and Deaf-led 
settings, and becomes especially pronounced in digital platforms 
with limited spatial control and screen real estate [66, 109]. Re-
searchers have proposed various strategies to reduce attention 
shifts, including gaze cueing [78] and notifications for slide tran-
sitions or speaker changes [29]. Semi-transparent video overlays 
have also been explored to support visual integration [94]. Similar 
goals have been explored in mixed reality environments, as out-
lined in Section 2.4. However, these systems remain grounded in 
audio-default infrastructures [74, 115]. These examples illustrate 
a common limitation: across both physical and digital classrooms, 
Deaf communities have been positioned as peripheral users rather 
than epistemic leaders. Prior work has either patched existing tech-
nologies or “fixed” Deaf people in hearing environments. Our study 
addresses this gap by centering Deaf agency and leadership, show-
ing how immersive learning changes when it begins from Deaf 
epistemologies. 

3 Methods 
3.1 Ethics Considerations 
3.1.1 Positionality. Our research team comprised six members: 
three Deaf and three hearing. The first author is a Deaf doctoral 
student with prior experience as a lecturer. The other two Deaf 
coauthors include a senior professor with extensive experience 
teaching and mentoring Deaf students, and a junior faculty member 
who also teaches in Deaf educational settings and serves as the 
last author of the paper. All three Deaf authors have taught in 
Deaf institutions where ASL and written English are primary, and 
the project emerged directly from needs we observed in our own 
classrooms. 
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Together, the Deaf authors conceptualized the research questions, 
guided the study design, and led data interpretation grounded in 
their lived experiences as Deaf signers and educators. Their per-
spectives shaped how accessibility, cultural alignment, and visual 
attention were understood within the context of immersive learn-
ing. 

The three hearing coauthors contributed complementary ex-
pertise. One hearing coauthor supported the qualitative analytic 
process through ongoing discussions and peer debriefing. The re-
maining two hearing coauthors are VR specialists: one led prototype 
development and the other provided VR equipment and technical 
consultation related to usability, visual comfort, and affordability. 

3.1.2 Community Approach and Procedural Ethics. Our study de-
sign was guided by trauma-aware [6] and culturally grounded re-
search practices [21, 62]. In line with recommendations for ethical 
engagement with the Deaf community [39, 100, 118], we prioritized 
participant autonomy, agency, and comfort throughout the sessions. 
All study sessions were conducted in ASL by Deaf researchers. To 
avoid reproducing test anxiety or hearing-normed evaluation pres-
sures, we did not include performance-based tasks or standardized 
usability tests [30, 56]. Instead, our approach centered participants’ 
embodied experiences and reflections in their primary language to 
ensure full linguistic and cultural alignment [105]. 

This study was approved by the institution’s IRB. All participants 
provided informed consent in ASL or written English and received 
$25 as compensation for their time. 

3.2 Participants 
We recruited 12 participants using a combination of relevant email 
lists (e.g., DHH students in STEM programs) and snowball sam-
pling [113]. Eligibility criteria included identifying as DHH6 , flu-
ency in both ASL and English, familiarity with sign language in-
struction, U.S. residency, and age 18 or older. Nine participants had 
prior experience with VR. Eight were college students, three were 
teachers in related fields, and one was a staff member. All reported 
a basic understanding of computer technology. All participants 
indicated experience with remote classrooms, especially during the 
COVID-19 pandemic. Participant demographics are summarized in 
Table 1. 

All participants viewed a 15-minute ASL-based VR lecture on bi-
nary search (see Section 3.5 for details and rationale). Three teacher 
participants were already familiar with the topic, while the remain-
ing nine student and staff participants were not. 

3.3 Instruments 
Data were collected using three instruments: orientation materials, 
a semi-structured interview protocol, and researcher field notes. 
These instruments were administered by three Deaf researchers. 

Orientation Materials: At the start of each session, the re-
search team provided a standardized orientation explain-
ing the study goals and demonstrating how to use the VR 

6Participants variously identified as Deaf, deaf, or hard of hearing. All were signers 
and participated in classrooms conducted through ASL. For clarity and consistency, 
we use the term “Deaf” to emphasize culture, language, and pedagogy rather than 
audiological status. 

prototype, ensuring that all participants received the same 
information before interacting with the system. 

Semi-structured Interview Protocol: The semi-structured 
interview was the primary data collection instrument. This 
format allowed participants to reflect freely on visual com-
fort, fatigue, and personal preferences [21]. Interviews were 
video recorded upon consent. Each interview began with 
a brief set of demographic questions (age group, role, Deaf 
or hard of hearing identity, first and primary language(s), 
prior VR experience, and familiarity with the topic of binary 
search). The protocol then guided discussion across six ar-
eas: overall experience, evaluation of each signer placement 
mode, comparisons to Deaf-led remote classrooms, moments 
of visual comfort or strain, challenges during the session, 
and suggestions for improvement or broader applications. 
The full interview guide is provided in the appendix. 

Researcher Field Notes: Throughout the session, the team 
took field notes documenting observations such as partici-
pant questions or visible reactions to specific signer modes. 
These informal notes served as a lightweight supplement to 
the interview data. 

3.4 Study Design 
The user study sessions comprised three components: orientation, 
prototype interaction, and a semi-structured interview, described 
in Section 3.3. Before recruitment began, we conducted an internal 
pilot to identify potential obstacles and ensure a smooth study 
process. The pilot helped us refine the session flow, prepare the 
study environment, set up equipment, and organize materials such 
as consent and video release forms. 

At the start of each session, the research team obtained informed 
consent by providing the written English form or translating it into 
ASL upon request. The team then assisted participants with head-
set calibration and introduced the prototype’s interactive features, 
including switching between signer placement modes and adjust-
ing signer distance and opacity. Participants were encouraged to 
explore these features and personalize their settings. 

Following the orientation, participants viewed the full 15-minute 
VR lecture. As part of the study procedure, they were asked to try 
all three signer placement modes during the lecture. The research 
team remained available for support while ensuring participants 
could engage with the system comfortably. 

After the lecture, the team conducted the semi-structured inter-
view. The overall study process centered cultural comfort, reduced 
evaluation pressure, and supported visually oriented, ASL-native 
meaning making [39, 62]. 

3.5 Apparatus 
3.5.1 Design Goals. The prototype was designed to support a 
visual-centered learning experience grounded in Deaf cultural norms 
around access and visual attention. Building on prior research (Sec-
tion 2) and our lived experience as Deaf signers and educators, we 
identified the following design goals: 

(1) Providing accessible and appropriate instructional con-
tent. To ensure the lecture was both comprehensible and 
concise, we limited it to 15 minutes to balance depth with 
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Table 1: Participant demographics. Note: SL indicates sign language (e.g., Nigeria SL). HH indicates hard of hearing. 

ID Age Role Identity Gender First lang. Primary lang. VR experience 

P1 18–24 Student deaf M English ASL Owns VR device 
P2 25–34 Student Deaf F ASL ASL First time 
P3 25–34 Student deaf M English mixed VR gaming 
P4 18–24 Student Deaf F ASL ASL VR gaming 
P5 55–64 Professor Deaf M Nigeria SL ASL General VR use 
P6 35–44 Professor deaf M English mixed VR gaming 
P7 35–44 Student Deaf F Spanish SL ASL Not stated 
P8 45–54 Student Deaf M Spanish ASL General VR use 
P9 25–34 Student HH Not stated ASL ASL Not stated 
P10 35–44 Staff Deaf M English ASL General VR use 
P11 25–34 Professor Deaf M English ASL General VR use 
P12 25–34 Student Deaf M ASL ASL VR gaming 

Figure 3: Early sketches we used to think through possible VR classroom designs. We explored how to reduce visual attention 
split, test different signer placements, and identify what parameters should be customizable. These sketches shaped the 
prototype that followed. 

attention and minimize fatigue [30, 39, 65, 108]. We chose 
binary search as the topic of the prototype because our team 
includes computer science educators, and the topic is both 
widely taught and visually demanding, making it well suited 
for exploring how VR can support visual attention. Addi-
tionally, binary search is a standard topic in introductory 
programming courses, requires little prior experience, and 
remains intellectually engaging [58]. 

(2) Flexible positioning of the signing lecture. Previous re-
search has shown that individuals may have varying recog-
nition abilities depending on different areas of their visual 
field [63, 125]. This led us to consider whether Deaf individ-
uals might have distinct preferences for signer placement 
around the screen. Inspired by this possibility, we designed 

our system to allow users to adjust the signer’s position 
according to their preferences. 

(3) Minimizing visual attention shifts. A major challenge for 
Deaf individuals is the need to divide their visual attention 
between multiple resources simultaneously [92]. Reducing 
the distance between key visual elements may help mitigate 
this issue. Prior research has explored semi-transparent video 
interfaces as a potential solution [94]. Inspired by this, we 
designed an overlay mode, where the signer appears semi-
transparent over instructional materials such as slides and 
an IDE for live coding demonstrations. 

(4) Reduce visual distractions. Previous research has shown 
that DHH individuals may be more susceptible to visual 
distractions in the learning environment compared to their 
hearing peers [18, 109]. Instead of replicating a traditional 
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classroom environment, we designed the lecture space with a 
solid blue background, intentionally free of visual details, to 
minimize distractions and support sustained visual attention. 

Building on these goals, we sketched ideas to think through the 
problem of visual attention split and our possible classroom design 
(Fig. 3). Three directions emerged: (1) show only one signer and 
one screen at a time, limited to either slides or code; (2) explore 
different signer positions on or around the screen; and (3) allow 
customization of distance, size, and opacity. These sketches guided 
the prototype design and development described next. 

3.5.2 Prototype Development. Inspired by these goals, we devel-
oped a VR-based lecture application with three signer placement 
modes. Users could switch between these modes at any point dur-
ing the lecture. All instructional content was presented against a 
solid blue background to reduce distractions and support visual 
focus (Goal 4). 

Corner Mode supports flexible signer positioning within the 
four corners of the screen: top-left, top-right, bottom-left, 
and bottom-right (Fig. 4 (A)). In this mode, the signer is 
placed directly on the virtual screen (Goal 3). Users can 
toggle between the different positions by pressing the “C” 
key on the board at any time during the lecture (Goal 2). 

Parallel Mode places the signer adjacent to the left side of the 
virtual screen rather than on the virtual screen itself (Fig. 4 
(B)). Instead of being embedded within the instructional 
content, the signer is positioned against the blue background 
on the left side of the screen, providing a separate and clear 
visual reference (Goal 2). 

Transparent Mode overlays the signer semi-transparently in 
the center of the virtual screen (Fig. 4 (C)). Users can adjust 
the opacity of the signer throughout the lecture by pressing 
the “[” and “]” keys, allowing them to fine-tune visibility 
based on their preferences (Goal 2 and Goal 3). 

Additionally, users can pause and play the video by pressing the 
space bar. The left and right arrow keys are configured to allow 
them to skip forward or rewind by five seconds. Users can exit 
the video by pressing Escape. In all three modes, users can adjust 
the distance of both the screen and the signer by pressing the up 
and down arrow keys on the keyboard, allowing them to move the 
content closer or further from their eyes. 

We recorded a binary search lecture delivered by a Deaf instruc-
tor. The instructor was familiar to many participants, having taught 
or interacted with them in previous educational contexts. The video 
incorporates multiple forms of instruction, including sign language, 
slides, and live coding (Goal 1). We processed the footage using 
DaVinci Resolve. To integrate the signer into the VR environment, 
we separated the original recording into two video files: one for 
the webcam feed and one for the screen recording. We then ap-
plied a chroma key to remove the webcam background, creating 
a clean and adaptable overlay. Finally, we used Shutter Encoder to 
convert the videos into a Unity-compatible format that supports 
transparency. Although the instructional materials were presented 
in 2D, the VR environment allowed the signer and content to be 
positioned within a three-dimensional space. This spatial configu-
ration enabled learners to adjust distance and placement in ways 

that 2D video interfaces cannot support, helping reduce visual at-
tention switching, providing flexible screen size and arrangement, 
and minimizing background distractions. 

The VR application was developed using Unity Game Engine 
(version 2022.3.47𝑓 1). We ran the system on a Razer Blade 16 laptop 
equipped with an Intel Core 𝑖9-14900𝐻𝑋 processor, Nvidia GeForce 
RTX 4080 GPU, 32 GB RAM, and a 1 TB SSD, using Oculus Link 
to connect to a Meta Quest 3 headset. We implemented interactive 
features such as video playback controls and signer opacity ad-
justment using Unity’s video tools and C# scripting. We selected 
Meta Quest 3 for its technical capabilities, ergonomic design, and af-
fordability. While research prototypes are often tested on high-end 
devices, we prioritized hardware that could realistically be deployed 
in near-term classroom settings to support Deaf learners. 

3.6 Data Analysis 
Our qualitative analysis was informed by principles of Constructivist 
Grounded Theory [31–33], which emphasizes the co-construction of 
meaning between participants and researchers. Figure 5 illustrates 
our iterative five-stage analytic process; we describe each stage in 
detail below. 

(1) Data collection and translation. The interviews were 
conducted and recorded by the first author and two Deaf re-
search assistants. The first author translated each ASL record-
ing into English for analysis, with the research assistants 
proofreading the translations. The translation intentionally 
prioritized preserving the signing voice, tone, and discourse 
features of ASL rather than producing standardized written 
English, recognizing translation as an interpretive analytic 
act. 

(2) Initial coding. The first author (Deaf) and second author 
(hearing) independently conducted line-by-line initial coding 
of the translated transcripts using an inductive approach 
grounded in thematic analysis [25, 26]. This stage generated 
a wide range of descriptive codes reflecting visual comfort, 
spatial awareness, cultural alignment, and interactions with 
the prototype. 

(3) Axial coding. The same two authors met weekly via video 
chat, with ASL interpreters present, to compare interpreta-
tions and merge their codebooks. When the hearing coauthor 
was unsure about participants’ intended meaning, the Deaf 
coauthor provided clarification based on linguistic and cul-
tural knowledge. Any disagreements were discussed collab-
oratively, with the Deaf coauthor making the final analytic 
decisions. This iterative process continued until data satura-
tion was reached [5], resulting in a combined set of 111 codes. 
Similar codes were clustered into preliminary themes that 
captured salient patterns across participants. These themes 
were collaboratively reviewed with the senior Deaf senior 
faculty member to refine and validate their boundaries. 

(4) Selective coding. The same two authors then examined 
how the emerging themes addressed the research questions. 
As they compared themes across participants, they also an-
alyzed why participants evaluated the modes in particular 
ways, identifying higher-level concepts that captured par-
ticipants’ underlying reasoning. These concepts extended 
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Figure 4: Screenshots of the three signer placement modes in the VR prototype. (A) Corner Mode, showing all four possible 
corner positions for the signer. (B) Parallel Mode, with the signer placed adjacent to the virtual screen. (C) Transparent Mode, 
with the signer overlaid on top of the instructional content. Note that these images are 2D representations and do not fully 
capture the immersive experience of wearing a VR headset. 

Figure 5: Overview of our qualitative analysis process. Because our interviews were conducted in ASL, we began by (1) translating 
ASL video recordings into English transcripts for analysis. We then conducted (2) initial line-by-line coding of the translated 
transcripts, (3) axial coding to relate codes and group them into thematic clusters, (4) selective coding to synthesize cross-cutting 
categories across themes, and (5) theory integration, where these categories informed the development of our five-dimension 
conceptual framework. 

beyond answering the research questions and formed the 
foundation for subsequent theory-building. All analytic de-
cisions were made through discussion and consensus, sup-
ported by ongoing review from the senior Deaf senior faculty 
member. 

(5) Theoretical integration. Finally, all three Deaf coauthors 
met to interpret and integrate these higher-level concepts. 
Through collaborative discussion grounded in Deaf experi-
ence, they synthesized these concepts into five interrelated 
dimensions—proximity, customizability, visual efficiency, cul-
tural fit, and task flexibility—which form our five-dimension 
conceptual framework. These dimensions represent theo-
retical constructs that emerged from sustained engagement 
with the data instead of pre-defined categories. In the Results 
section (Section 4), we explicitly annotate each participant 

quote with its corresponding dimension to make transparent 
how raw data, themes, and theory connect. 

4 Results 
In this section, we present the results of our study, organized around 
the two research questions. For RQ1, we describe how participants 
perceived VR as a sociocultural technology, summarizing themes 
related to reduced visual attention split, improved coherence of the 
visual experience, and alignment with Deaf pedagogical practices, 
alongside additional observations about accessibility, comfort, and 
usability. For RQ2, we compare the three signer placement modes 
and examine their respective strengths and challenges in supporting 
visual comfort and attention management. 

Although RQ1 and RQ2 address different aspects of the VR class-
room experience, participants drew on a shared set of evaluative 
considerations when reflecting on both the overall value of VR and 
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the tradeoffs of each signer placement mode. These considerations 
cut across and extended the RQ1 themes and RQ2 comparisons. Dur-
ing analysis, we identified these recurring considerations across 
interviews and used them as the analytic basis for inductively syn-
thesizing five interrelated dimensions (Fig. 6). These dimensions 
appear inline throughout the Results as analytic markers that make 
visible the reasoning participants used to evaluate spatial and cul-
tural aspects of the VR classroom. We return to these dimensions 
in Section 5.1, where we elaborate how they form an emerging 
conceptual framework that organizes Deaf-centered evaluation 
considerations. 

Figure 6: Five interrelated dimensions synthesized from par-
ticipants’ evaluations of signer placement in VR classrooms. 

4.1 RQ1: VR as a Sociocultural Technology 
Our findings indicate that participants viewed the VR learning ex-
perience positively and evaluated it through both usability and 
cultural lenses. Rather than focusing solely on ease of use, they 
considered whether the VR classroom aligned with Deaf pedagog-
ical norms and communication practices. Participants identified 
several benefits of VR for remote learning, including reduced visual 
attention split, increased flexibility and physical comfort, and fewer 
visual distractions. In the sections that follow, we examine these 
themes in detail, showing how VR’s immersive and visually oriented 
design can support Deaf signers’ engagement and comprehension 
while also highlighting limitations and potential barriers. Impor-
tantly, participants compared the VR classroom not to interpreted 
or captioned instruction, but to their own experiences in Deaf-led 
remote classrooms. Taken together, these reflections suggest that 
participants saw VR as a promising sociocultural technology, one 
that could extend and strengthen direct signed instruction. 

4.1.1 VR helps reduce visual attention split. Participants reported 
that VR reduced visual attention split and lessened eye fatigue, 
making it easier to follow the lecture. Unlike traditional remote 
learning, where students must frequently shift their gaze between 
the signer and instructional materials, VR places all key visual ele-
ments within a single immersive space, naturally guiding the user’s 
focus. In a 2D video-based class, students often divide their atten-
tion between multiple, separate visual sources, such as a signer in a 
small video window and instructional materials in another window. 

In contrast, VR centralizes these elements, enabling students to 
view everything within their field of vision without excessive head 
or eye movement. This centralization was experienced as more 
than a usability improvement, and it may also be interpreted as 
supporting classroom practices where visual access is expected to 
be integrated rather than fragmented. In this way, students could 
more intuitively determine where to look during a lecture, as P3 
noted: “Remote lectures were so hard. Often, I didn’t know where to 
look [...] but VR is so nice! Things are close to me [...] it feels natural 
to know where to look. When the lecturer signs, I look at the teacher, 
and the slides are right there (visual efficiency).” 

Participants likened this integrated viewing experience to shadow 
interpreting in accessible theater, where interpreters perform along-
side the actors rather than off to the side of the stage [14]. P9 
explained that this method minimizes the need for constant eye 
movement, making the experience feel more natural: “That was 
always a good experience. Much better than having interpreters on 
the side of the stage, where you have to move your eyes a lot the entire 
time. Instead, I could watch the performance itself, and access was 
built into it (proximity).” 

The integrated VR classroom reduced the need for frequent paus-
ing, a common strategy employed by DHH individuals in video-
based classes. P2 highlighted this benefit, stating, “It feels so much 
better. Usually, in video classes, I had to pause a lot to see the inter-
preter/signer and read slides or code, but with this, everything can go 
in parallel.” They further emphasized the improved experience with 
VR, explaining, “I feel like I didn’t miss anything (visual efficiency).” 

4.1.2 VR enhances visual accessibility for Deaf learners. Beyond 
reducing visual attention split, VR also improves visual accessibility 
by removing the physical screen limitations commonly found in 
traditional remote learning environments. In standard video-based 
platforms, the size of the teacher is constrained by the display 
screen, often making it difficult to perceive facial expressions and 
the fine details of sign language. Many participants noted that hav-
ing the screen closer to their eyes in VR significantly improved 
visibility, expanded their field of view, and enhanced their abil-
ity to read the lecturer’s signs. As P5 shared, “I really like it. I 
can see more widely in VR, see better, and feel less tired (visual ef-
ficiency).” P11 echoed this sentiment, stating, “At first I was like, 
why do you need VR? [...] But when I started using the device, I got 
the point. The screen is so near my eyes. It indeed is a different ex-
perience. I do like it better than a regular computer screen.” P4 then 
further emphasized the cultural value of VR: “VR is better, more 
visual, fits Deaf better (visual efficiency and cultural fit).” 

Participants also emphasized the limitations of traditional screen 
setups for remote learning. P9 pointed out, “Your laptop only has one 
small screen.” Similarly, P11 described their experience with Zoom 
lectures: “(With Zoom) The screen is so small. Everything is so small. 
Hard to read.” By removing this constraint, VR provides greater 
control over screen size and placement, enabling a more adaptable 
and personalized learning experience. As P9 concluded, “You can 
decide how many screens you have. Not limited by the number of hard-
ware screens [...] I feel VR fits us well (visual efficiency and cultural 
fit).” By allowing students to customize their visual environment, 
VR creates a more immersive and accessible learning experience, 
reducing eye strain while improving engagement. 
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4.1.3 VR supports visual and physical flexibility. All participants 
appreciated the prototype for its flexibility, both in signer position-
ing and in supporting physical comfort. In traditional classroom 
settings, students are expected to maintain a fixed gaze on the in-
structor or screen, which can lead to discomfort over time. Signing 
instructors also face unique constraints compared to their hearing 
counterparts, as they are less able to move around freely while 
teaching. One participant who is a professor (P5) explained, “Some-
times, hearing teachers walk around the classroom when they teach. 
But we cannot do that. We are limited by our language style. We 
cannot wander around when we teach in sign language. But our 
eyes can get really tired.” In contrast, VR offers greater flexibility 
in positioning visual content, which may help alleviate this issue. 
Beyond adjusting the signer’s placement, students can also modify 
the distance between their eyes and the signer based on personal 
preference, further enhancing comfort and reducing visual strain. 
As P6 noted, “Definitely more flexible, more options—I can move the 
teacher around myself. I like it (customizability).” 

Additionally, participants emphasized the physical flexibility and 
comfort provided by VR, particularly in reducing reliance on tradi-
tional computer setups. Unlike hearing individuals, who can listen 
to lectures through headphones while sitting in relaxed positions, 
DHH students must remain upright at a desk or hold a laptop, keep-
ing their eyes focused on the screen for the entire duration of the 
lecture. Over time, this rigid posture can lead to physical fatigue. In 
contrast, VR serves as a visual equivalent to headphones for DHH 
students, enabling them to engage in learning from more comfort-
able positions without being confined to a desk or needing to hold 
a device (task flexibility). As P5 expressed, “My body is comfortable, 
but my mind can still learn. Right now, we are mostly stuck in our 
chairs while learning. Our bodies get tired. It feels so limited.” 

4.1.4 VR minimizes visual distractions. The simplified background 
and immersive nature of VR helps students minimize visual noise 
by eliminating external distractions that might otherwise draw 
their attention away from the signer or lecture content. One par-
ticipant (P7) noted, “In the classroom (in-person classes), wow, it’s 
hard! Too much information all at once! Eyes busy! But in VR, I am 
more attentive, understand better, my eyes cannot go around.” Unlike 
hearing students, who can absorb spoken information while look-
ing elsewhere, Deaf students must maintain visual attention on the 
lecture at all times. This makes them more susceptible to missing 
information when their gaze shifts. VR mitigates this challenge by 
creating an immersive environment that reduces visual noise and 
sustains students’ focus. P1 described how VR reduced distractions 
compared to traditional remote learning, explaining that in Zoom, it 
was easy to be distracted by other screens or background elements, 
but in VR, “I can only see the sign, the lecture, and a blue background. 
That’s all I can see. So much less distracting (visual efficiency)!” This 
simplified visual environment helped them remain focused, absorb 
information more effectively, and stay engaged throughout the 
lecture. 

The reduced visual noise in VR also benefits instructors. DHH 
students are generally more susceptible to visual distractions in 
learning environments than their hearing peers [106]. As a result, 
instructors often worry about whether students are able to maintain 
attention throughout the lecture. Since watching a signed lecture 

requires continuous visual effort, it can be cognitively and physi-
cally demanding. When students look away, teachers may question 
whether the content is being fully understood, making it difficult 
to identify gaps in comprehension. In physical classrooms, instruc-
tors often rely on eye contact to gauge student engagement, but 
this becomes more challenging in large or remote settings. One 
teacher (P5) suggested that VR could help Deaf instructors feel 
more confident that students are paying attention: “It helps the 
professor keep moving with the lecture without having to worry about 
whether students are looking at me or not.” VR provides a structured 
visual environment that minimizes external distractions, allowing 
instructors to feel more assured that students are engaged with the 
lecture (cultural fit). This, in turn, enables instructors to focus more 
on delivering content effectively. This reflects Deaf cultural norms 
that value visual clarity as a precondition for equitable learning, 
not just as a usability feature [12, 81]. 

4.1.5 Potential limitations of VR and barriers to access. Participants 
also noted several limitations of VR that may affect accessibility for 
DHH users. Some reported that the headset did not fit comfortably, 
especially for those who use cochlear implants or hearing aids. 
For example, one participant (P3) shared, “I have cochlear implants, 
and they are near where the straps are. So I feel uncomfortable with 
my cochlear implants.” Others described the headset as heavy and 
physically uncomfortable to wear for longer periods. 

4.2 RQ2: Signer Placement Preferences and 
Design Implications 

We explored different placements for the signer in a VR-based Deaf 
classroom by presenting three modes in our prototype system: 
corner mode, parallel mode, and transparent mode. Participants 
expressed diverse preferences, with no single mode emerging as 
universally superior. Instead, participants valued having the ability 
to choose between modes based on different learning scenarios. As 
P6 explained, “I like the 3 modes because they gave me options. [...] I 
like that flexibility.” 

In the following sections, we evaluate each mode by examining 
its advantages, limitations, and the contexts in which it may be most 
effective. We also highlight how participant reflections connect to 
the five dimensions introduced earlier, which provides a foundation 
for the framework we return to in Section 5.1. 

4.2.1 Corner mode. Corner mode (Fig. 4 (A)) was the most widely 
accepted option, with all participants either liking or tolerating it. 
One reason for its familiarity may be that it aligns with existing 
conventions (cutural fit). P9 noted, “Disney has movies with ASL 
translation, and the interpreter is on the bottom right. So maybe I’m al-
ready used to that.” Another participant preferred the lower corners 
because they allowed for simultaneous viewing of captions and the 
signer. Since captions are typically displayed near the bottom of the 
screen, placing the signer in a lower corner reduced eye movement 
and visual attention split, making it easier to follow both sources 
of information (proximity). 

Because corner mode offers four different positioning options 
(upper left, upper right, bottom left, bottom right), participants’ 
location preferences varied based on several factors. Some preferred 
the signer to be positioned as close as possible to the instructional 
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content without obstructing it (proximity). Others felt a stronger 
connection to a specific area within their visual field (customiz-
ability and visual efficiency), such as P3, who mentioned, “I am a 
right person. I like people on the right when talking to me.” Some 
participants adjusted their preferences depending on the signer’s 
actions, such as typing code, running code, or presenting slides (task 
flexibility). A few participants actively switched between corner 
positions to avoid occlusion with slide content or the code editor. 

Overall, participants appreciated corner mode for its balance of 
visibility and flexibility, particularly in reducing visual attention 
split. Its familiarity, adaptability, and unobtrusive design made it 
a strong candidate for default implementation. Participants also 
expressed a preference for having more control over the signer’s 
position and frame size. 

4.2.2 Parallel mode. Compared to corner mode, parallel mode 
(Fig. 4 (B)) was more polarizing. Some participants felt that this 
mode introduced greater visual split, making it harder to follow 
both the signer and the instructional materials (lack of proximity). 
P8 described the challenge by saying “My eyes work too hard. The 
signer is too far from the content. If I have to use parallel mode, I have 
to watch the sign first, then pause, then read the slides, then continue 
to watch the sign, then pause to see the slides [...].” 

Most participants agreed that parallel mode required greater 
cognitive effort because the signer and the instructional content 
were farther apart. However, a few participants found it benefi-
cial for attentional focus, as the signer appeared larger and more 
prominent (visual efficiency). P5 noted, “I can see the sign easily 
because the signer is big and clear. And I can adjust the frame size 
to my comfort level (customizability). The slides are there, far, but I 
can still read them.” P6 found it helpful for maintaining focus on 
the speaker’s face. Others noted that parallel mode could be useful 
for long lectures, as P10 remarked, “If the teacher just talk for a long 
time without slides, I will use parallel mode (lack of task flexibility).” 

Although parallel mode included some customization features, 
such as adjusting the signer’s frame size, participants expressed a 
desire for additional controls. In particular, they wanted the ability 
to move the signer closer to the visual content, or in some cases 
further away, depending on the context (potential for more cus-
tomizability). 

In sum, while some participants valued the larger signer and 
focused layout of parallel mode, many found the increased visual 
separation challenging. Its effectiveness largely depended on the 
lecture style and the individual’s preference for managing visual 
attention. 

4.2.3 Transparent mode. Transparent mode (Fig. 4 (C)) was the 
most controversial of the three modes. Some participants appre-
ciated its potential to reduce visual split, while others strongly 
disliked it. Those who favored it felt that it minimized eye move-
ment, making it easier to follow the lecture (proximity and vi-
sual efficiency). P8 noted, “I feel the transparent concept would 
solve a lot of challenges we used to have with Zoom classrooms.” 

However, several participants found it difficult to see in trans-
parent mode due to insufficient contrast between the signer and 
the background, which made it more mentally demanding to dis-
tinguish the signer from the instructional content (lack of visual 

efficiency). P9 also pointed out that facial expressions, a crucial 
feature of ASL [129], were harder to read in this mode. Participants 
expressed a desire for greater customization options, particularly 
the ability to adjust the theme and contrast of the instructional 
materials, as well as the position of the signer. Many emphasized 
that enhancing the contrast between the signer’s skin tone and 
the visual content would significantly improve visibility (lack of 
customizability). 

Additionally, some participants mentioned that they were unfa-
miliar with this type of visual presentation. As P10 explained, “With 
the overlay, I understand what the teacher says, but I’m just not used 
to that kind of visual (lack of cultural fit).” They further commented 
that transparent mode required them to process two different types 
of information within the same visual space, making comprehen-
sion more challenging: “It takes a little more work for my brain. If 
it were a simpler topic, like art, I could probably follow through, but 
with code, it feels like too much work (lack of task flexibility).” 

In general, transparent mode showed promise for reducing vi-
sual attention split, but its effectiveness was limited by visibility 
challenges and a lack of familiarity. Participants emphasized that 
without sufficient contrast and customization, this mode could in-
crease cognitive load rather than reduce it. 

5 Discussion 
In this section, we reflect on the broader implications of our find-
ings for Deaf-centered immersive technology design. Building on 
the participant perspectives reported in RQ1 (VR as a sociocultural 
technology) and RQ2 (signer placement preferences and design 
implications), we synthesize recurring themes into a five-dimension 
conceptual framework for evaluating signer placement: proximity, 
customizability, visual efficiency, cultural fit, and task flexibility. 
While these dimensions overlap with conventional notions of us-
ability, they fundamentally express Deaf epistemologies: shared 
norms of visual attention and interaction, visual clarity, cultural 
resonance, and pedagogical flexibility essential to Deaf learning. 
What HCI often frames as “interface preferences” are, for our par-
ticipants, evidence of whether a classroom affirms or fragments 
their ways of knowing [11, 59, 90]. From this perspective, VR was 
evaluated not only as a technical tool but as a sociocultural technol-
ogy, one that resonates with Deaf norms around visual attention 
and spatial control. We then highlight the importance of designing 
with signing instructors as pedagogical leaders, challenge common 
visual hierarchies in interface design, and propose directions for 
research grounded in visual primacy and Deaf epistemologies. 

5.1 A Deaf-Centered Conceptual Framework for 
Signer Placement 

Our findings indicate that Deaf signers have diverse visual pref-
erences, with no single display mode being universally preferred 
within our study. Participants described switching between modes 
depending on the learning context, influenced by factors such 
as content type, instructional materials, caption placement, and 
moment-to-moment attentional demands. Many emphasized the 
need for greater customizability within each mode, highlighting 
how Deaf learners employ diverse visual strategies to coordinate 
signing and instructional content. Prior work similarly documents 
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Mode Proximity Customizability Visual Efficiency Cultural Fit Task Flexibility 

Corner Medium High High Medium Medium 

Parallel Low Medium Medium High Low 

Transparent High Low Variable Low Low 

Figure 7: Five-Dimension Framework for Evaluating Signer Placement Modes. The table summarizes trade-offs among the 
three modes in our VR prototype (Corner, Parallel, Transparent) across five dimensions: proximity, customizability, visual 
efficiency, cultural fit, and task flexibility. 

substantial variability in how Deaf individuals process visual in-
formation [23, 79, 97]. While prior work has examined access to 
interpreted spoken language, our study extends this understanding 
to immersive environments where signer placement becomes part 
of a broader ecology of attention and learning. 

Our goal is not only to report observed preferences, but to clarify 
the underlying evaluative reasoning that shaped them. For partic-
ipants, signer placement was not simply an interface setting. It 
required balancing visibility, cognitive effort, cultural familiarity, 
and moment-to-moment task demands—a pattern consistent with 
prior work showing that access needs shift with context [89]. This 
shift from reporting preferences to articulating evaluative reason-
ing is central to our contribution. Through qualitative data analysis, 
we synthesized participant reflections into five interrelated dimen-
sions that characterize how Deaf learners make sense of signer 
placement across learning contexts (Fig. 6). The framework is orga-
nizational rather than prescriptive: it surfaces the considerations 
through which participants interpreted spatial arrangements and 
provides conceptual structure for reasoning about spatial, cultural, 
and visual relationships in signed communication. 

[D1] Proximity: Prior HCI work has examined proxemics 
in co-located interaction [91]. Here, we define proximity in 
a Deaf-centered sense: the visual relationship between signer 
and content, including whether signing can be perceived 
without crowding, blocking, or distancing key information. 
[D2] Customizability: The extent to which users can adjust 
signer position, size, opacity, or distance. Prior work on 
personalization and adaptable interfaces highlights how user 
control over spatial layout can reduce barriers [52]. 
[D3] Visual Efficiency: Participants described visual effi-
ciency in terms of minimizing eye strain, effort, and unneces-
sary attention shifts. This dimension captures how efficiently 
signing and content can be coordinated within a single field 
of view. 
[D4] Cultural Fit: We approach this dimension through a 
sociocultural lens, asking not only whether the prototype 
is usable but also whether it resonates with conventions, 
pedagogical practices and community values. 
[D5] Task Flexibility: Learners frequently changed their 
preferences based on what the instructor was doing, such 
as typing code, explaining slides, or demonstrating visual 
materials. This dimension parallels prior HCI work on task-
adaptive interaction design [117], capturing how spatial 
needs shift across instructional activities. 

Throughout the interviews, participants described evaluating 
modes not one dimension at a time, but through their interactions. 
Each mode involved tradeoffs across the five dimensions: corner 
mode offered balanced support for customizability and visual effi-
ciency, and its adjustability made it adaptable across tasks. Parallel 
mode strongly aligned with cultural norms and preserved the spatial 
logic of a classroom lecture, yet its fixed distance reduced proximity 
to content and limited flexibility. Transparent mode maximized 
proximity by placing signing directly over content, but this benefit 
was offset by limited control, potential contrast issues, and incon-
sistent visual efficiency across learners. These patterns reveal why 
no single mode emerged as universally preferred: each emphasized 
some dimensions at the expense of others. The table (Fig. 7) thus 
provides a conceptual map of these tradeoffs, illustrating how Deaf 
learners’ evaluative reasoning is shaped by the dynamic coordina-
tion of spatial, cultural, and task-specific considerations. 

During the theoretical integration stage of our analysis, we syn-
thesized these interdependencies into a comparative summary of 
how participants evaluated each signer placement mode. The table 
above (Fig. 7) is an interpretive synthesis that models the evalua-
tive considerations shared across participants, constructed from 
repeated reasoning patterns expressed in the interviews and collab-
oratively validated by the Deaf authors. The table distills the com-
parative judgments participants made implicitly as they described 
how each mode supported or interfered with their preferred visual 
strategies. 

While the framework is most naturally applied in immersive 
3D environments, where signer and content can be repositioned 
with greater spatial flexibility, the evaluative considerations it de-
scribes extend beyond VR. The five dimensions capture underlying 
reasoning that Deaf signers bring to any interface where signing 
and visual content must be coordinated. In 2D interfaces, the same 
concerns arise, though their expression may be more constrained 
because spatial relationships cannot be modified as fluidly. As such, 
the framework offers transferable concepts that can inform the de-
sign of signed media across immersive, augmented, and traditional 
digital platforms. 

We present this framework as a conceptual structure that makes 
visible the Deaf-centered reasoning participants used when weigh-
ing tradeoffs in signer placement. The framework does not prescribe 
design rules; instead, it clarifies the epistemic commitments that 
provides a foundation for future Deaf-centered design work in im-
mersive environments. By foregrounding Deaf ways of seeing, it 
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encourages designers to begin not with accessibility retrofits, but 
with Deaf users’ perceptual and cultural priorities. 

5.2 VR as a Culturally Situated Sociotechnical 
Technology 

One key implication of our findings is that the visual affordances 
of VR give it the potential to function as a Deaf-centered socio-
cultural technology. This reframes immersive learning design: its 
long-term value depends on how well it aligns with community 
epistemologies. Participants’ reflections moved beyond basic usabil-
ity, highlighting shared norms of visual rhythm, spatial attention, 
and the embodied flow of focus in signed classrooms [80, 81]. Many 
appreciated being able to adjust signer position, screen distance, 
and opacity, tailoring the visual layout to their own strategies. As 
one participant expressed, the experience felt “natural” because “I 
didn’t have to work so hard to know where to look.” Unlike physical 
classrooms with fixed seating or videoconferencing platforms con-
strained by limited screen estate, VR enabled learners to reconfigure 
their visual field dynamically. This adaptability reduced cognitive 
and physical fatigue and felt more congruent with Deaf classroom 
practices. 

Transparent Mode was especially noted for its potential to inte-
grate sign and content without dividing attention. This resonates 
with prior explorations of semi-transparent interfaces [94] and may 
prove particularly valuable for visually intensive or collaborative 
tasks such as code review and pair programming. Our work ex-
tends this scholarship by bringing it into immersive classrooms and 
examining its relevance to Deaf educational contexts. We invite 
further research to explore how semi-transparent interfaces can be 
adapted, refined, and evaluated in diverse Deaf educational settings. 

Beyond transparent mode, VR may offer additional Deaf-centered 
possibilities worth exploring. Although our study did not investi-
gate these capabilities, immersive systems could support features 
such as repositioning the signer based on the viewer’s gaze to reduce 
visual switching and using room-scale layouts that better reflect 
Deaf classroom practices. These possibilities highlight directions 
for future Deaf-centered XR work. 

Overall, our findings suggest that when designed with Deaf 
input and leadership, VR is not merely usable but welcomed as 
part of Deaf classrooms, functioning as a sociocultural technology 
rather than a technical add-on. This reflects broader calls in HCI 
for epistemic justice [60, 90, 122], where marginalized communities 
define the terms of technology design. This is not Deaf people 
adapting to VR; this is VR adapting to Deaf people. 

5.3 Designing with Signing Instructors, Not 
Around Them 

In Deaf-led classrooms, signing teachers are not edge cases or spe-
cial accommodations; they are the foundation of instructional prac-
tice. Yet most educational technology research and development 
systematically treats spoken instruction as the default and frames 
signed instruction as a constraint to be worked around [16, 119, 121]. 
Prior work has primarily focused on access to interpreted spo-
ken content through sign language interpreters [104, 131], and the 
perspectives and instructional needs of signing instructors have 
received far less attention. Our study challenges this framing by 

centering signing educators as pedagogical leaders and exploring 
how VR can be designed with their teaching strategies. Our partici-
pants highlighted several opportunities to rethink how immersive 
learning tools can support the work of Deaf educators, instead of 
making existing systems more accessible. 

Student participants emphasized how VR influenced their ability 
to focus, navigate visual information, and remain physically com-
fortable. In contrast, instructor participants discussed the cognitive 
demands of teaching in signed environments. For example, instruc-
tors described how they often expend energy monitoring student 
gaze to ensure visual attention, something not typically required 
in spoken-language classrooms where students may continue lis-
tening while looking elsewhere. VR provided a sense of relief by 
helping students stay visually engaged within a structured envi-
ronment, allowing teachers to concentrate more fully on content 
and delivery. 

Importantly, instructor participants did not view VR as a replace-
ment for in-person teaching but as a complementary tool that could 
extend their reach across classroom formats (P5 and P6). They imag-
ined its application in flipped classrooms [3, 20], hybrid models, and 
asynchronous instruction, particularly for complex topics requiring 
sustained visual focus. By offering a consistent, immersive space 
where signing and content can be co-located and customized, VR 
has the potential to enhance clarity and reduce fatigue, for both 
students and instructors. 

Designing for signing instructors is not an accessibility overlay. 
It is instructional design. Centering their perspectives can lead 
to more effective pedagogical tools for Deaf classrooms and for 
education more broadly. Our findings suggest that VR holds promise 
to support signed instruction. Future research should continue to 
explore how VR can be integrated into Deaf-led teaching models and 
how technology can amplify, rather than constrain, the strengths 
of signing educators. 

5.4 Challenging Visual Hierarchies in Tech 
Design 

Technology interfaces often reflect hearing-centered assumptions 
about what deserves visual priority. In many systems, slides or text 
are emphasized on screen while the signer is reduced to a small win-
dow or pushed aside, because hearing users do not rely on vision to 
follow spoken language. For Deaf signers, however, sign language 
is the primary channel of instruction, and diminishing its visual 
presence imposes hierarchies that conflict with how information is 
organized in Deaf classrooms [88, 130]. In those classrooms, vision 
is the central modality, and elements such as signing, facial expres-
sions, slides, and diagrams carry equal communicative weight [83]. 
Designing for this context requires moving beyond an auditory-
deficit framing and beginning with the embodied experience of Deaf 
users. Commercial head-mounted displays also reflect that DHH 
users were not considered in their design assumptions [53]. Our 
participants highlight how hardware itself can reproduce defaults 
that limit Deaf accessibility. 

Participants described spatial preferences not as matters of con-
venience but as comprehension strategies. For example, P3 noted, “I 
am a right person,” expressing a consistent preference for receiving 
information from a particular direction. Such preferences reflect 
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culturally grounded strategies of visual rhythm and attention dis-
tribution that are central to Deaf ways of learning. Rather than 
enforcing a fixed layout, our prototype allowed participants to 
construct their own visual experience, treating placement as both 
personal and cultural. 

Prior studies have found that Deaf signers attend to different 
visual areas than hearing users and may show lateral preferences 
tied to visual processing [48, 49]. Yet little research has extended 
these insights to immersive environments. Concepts like Preferred 
Viewing Location (PVL), commonly studied in reading and spoken 
language [84, 99], remain largely unexplored in Deaf educational 
settings, despite signers’ full reliance on visual information. 

Our findings suggest that for Deaf signers, visual layout is not a 
technical detail but a cultural and embodied practice. Understanding 
how signers manage attention between equally weighted elements 
can help designers avoid reproducing hierarchies that do not reflect 
Deaf learning norms. Future research should examine how visual 
load, visual attention strategies, and signer–content relationships 
influence comprehension in immersive spaces. Designing for the 
Deaf body means centering visual primacy rather than treating 
vision as secondary [67]. This is not an accessibility adjustment, 
but points toward a paradigm shift in how immersive systems can 
be imagined. 

5.5 Limitations and Future Directions 
5.5.1 Study scope and design limitations. This study was designed 
as a qualitative, exploratory investigation grounded in Deaf episte-
mologies and cultural values. While the findings provide valuable 
perspectives on visual comfort, cultural alignment, and accessi-
bility, they should be understood within the scope of early-stage 
participatory design. 

5.5.2 Hardware and prototype constraints. Participants identified 
several practical barriers related to current VR hardware. Those 
who use hearing devices reported discomfort from headset straps, 
reflecting how commercial devices rarely account for diverse DHH 
bodies and assistive technologies. Others described the headset 
as heavy during longer use, consistent with prior research [69]. 
Although no participant reported difficulty reading text in our pro-
totype, previous work documents resolution limits, eye strain, and 
text placement challenges in VR [75, 107]. These limitations illus-
trate that current VR design remains oriented toward default user 
bodies [53], highlighting the need for DHH accessible hardware and 
interface design that supports long term comfort and readability. 

The prototype relied on keyboard input rather than hand track-
ing or gesture-based interaction. This decision supported rapid 
iteration and maintained accessibility during development, but fu-
ture versions will explore more natural interaction methods, such 
as VR controllers or gesture recognition [127]. 

5.5.3 Future directions. All participants were based in the U.S. and 
used ASL. The extent to which these findings apply to signers who 
use other sign languages or participate in different educational and 
cultural contexts remains an open question. Future research should 
explore how immersive technologies can support a broader and 
more diverse global DHH population. 

While our findings are specific to Deaf learners and signed in-
struction, the methodological approach used in this study may 
offer value for other underserved and underrepresented commu-
nities whose sensory or cultural practices are often overlooked 
in mainstream VR design. Centering community epistemologies, 
emphasizing cultural fit, and treating accessibility as the founda-
tion of design rather than a later stage modification may support 
more inclusive immersive technologies. Exploring how culturally 
grounded, community led design frameworks can be adapted for 
additional populations is an important direction for future accessi-
bility research. 

Finally, we do not claim that a single small scale prototype re-
solves the challenges of Deaf education. Rather, we show that even 
within a fifteen minute lecture, Deaf ways of knowing reframe 
what immersive classrooms must consider and prioritize. Future 
studies will examine sustained classroom deployments, diverse sub-
ject areas, and quantitative measures of learning outcomes and 
engagement. Importantly, these extensions will proceed only with 
continued Deaf community support. We commit to culturally ac-
countable research. 

6 Conclusion 
We presented a Deaf-led, ASL-first study of immersive classrooms, 
exploring how signer placement in VR shapes visual access, cultural 
fit, and pedagogical practice. Through Deaf-centered design and 
close collaboration with the community, we created and evaluated 
a prototype that reimagines classroom layouts through Deaf episte-
mologies. Participants emphasized that elements often treated as 
interface preferences—such as signer position, spatial arrangement, 
and opportunities for customization—are, in fact, fundamental to 
comprehension, cultural resonance, and Deaf ways of learning, 
teaching, and living. From these insights, we introduced a five-
dimension conceptual framework (proximity, customizability, vi-
sual efficiency, cultural fit, and task flexibility) that captures how 
our participants reason about signer placement and visual access 
in immersive environments. 

We aim to signal a broader shift for Deaf-centered HCI in which 
Deaf communities guide the development of emerging Deaf Tech. 
Deaf learners and educators are not peripheral users adapting to 
VR; they are epistemic authorities whose perspectives reshape 
what immersive classrooms must consider and prioritize. As a 
mixed-hearing team with Deaf leadership, we take an initial step to-
ward reclaiming VR design authority. Immersive classrooms built 
from Deaf epistemologies are not accessibility retrofits; they are 
blueprints for Deaf futures. 

Acknowledgments 
We thank our reviewers for their detailed and constructive feed-
back. We also thank Michaela Okosi and Ming Li for supporting 
data collection, and we are grateful to Kelly Avery Mack, Aashaka 
Desai, Emma McDonnell, Paige Foreman, Eric Brechner, and Jen-
nifer Mankoff for their valuable feedback and support throughout 
this work. We appreciate Dylan Schreiber and Phat Ho for their 
contribution to the development of the initial prototype. Finally, we 
thank the Deaf community for generously sharing their insights 
and guidance. 



Reclaiming VR Design Authority CHI ’26, April 13–17, 2026, Barcelona, Spain 

The contents of this presentation was developed under a grant 
from the National Institute on Disability, Independent Living, and 
Rehabilitation Research (NIDILRR grant number 90REGE0027). NI-
DILRR is a Center within the Administration for Community Living 
(ACL), Department of Health and Human Services (HHS). The con-
tents of this presentation does not necessarily represent the policy 
of NIDILRR, ACL, HHS, and you should not assume endorsement 
by the Federal Government. This material is also based upon work 
supported by the National Science Foundation under Award Nos. 
2348221, 2440601, and 2447704. 

References 
[1] Belén Agulló and Anna Matamala. 2019. Subtitling for the deaf and hard-of-

hearing in immersive environments: results from a focus group. The Journal of 
Specialised Translation 32 (2019), 217–235. 

[2] Belén Agulló, Mario Montagud, and Isaac Fraile. 2019. Making interaction with 
virtual reality accessible: rendering and guiding methods for subtitles. AI EDAM 
33, 4 (2019), 416–428. 

[3] Amal Al-ıbrahim. 2019. Deaf and hard of hearing students’ perceptions of the 
flipped classroom strategy in an undergraduate education course. European 
Journal of Educational Research 8, 1 (2019), 325–336. 

[4] Md Shahinur Alam, Jason Lamberton, Jianye Wang, Carly Leannah, Sarah Miller, 
Joseph Palagano, Myles de Bastion, Heather L Smith, Melissa Malzkuhn, and 
Lorna C Quandt. 2024. ASL champ!: a virtual reality game with deep-learning 
driven sign recognition. Computers & Education: X Reality 4 (2024), 100059. 

[5] Khaldoun M Aldiabat and Carole-Lynne Le Navenec. 2018. Data saturation: 
The mysterious step in grounded theory methodology. The qualitative report 
23, 1 (2018), 245–261. 

[6] Melissa L Anderson, Kelly S Wolf Craig, Wyatte C Hall, and Douglas M Ziedonis. 
2016. A pilot study of deaf trauma survivors’ experiences: Early traumas unique 
to being deaf in a hearing world. Journal of child & adolescent trauma 9 (2016), 
353–358. 

[7] Craig Anderton. 2022. Investigating sign language interpreter rendering and 
guiding methods in virtual reality 360-degree content. In Proceedings of the 24th 
international ACM SIGACCESS conference on computers and accessibility. 1–6. 

[8] Jean F Andrews and Thomas C Franklin. 1997. Why Hire Deaf Teachers? (1997). 
[9] Robin Angelini. 2023. Contrasting technologists’ and activists’ positions on 

signing avatars. In Extended Abstracts of the 2023 CHI Conference on Human 
Factors in Computing Systems. 1–6. 

[10] Robin Angelini. 2024. Deaf Tech Worth Wanting: A Participatory Speculative 
Investigation. Ph. D. Dissertation. Technische Universität Wien. 

[11] Robin Angelini, Katta Spiel, and Maartje De Meulder. 2024. Bridging the Gap: 
Understanding the Intersection of Deaf and Technical Perspectives on Signing 
Avatars. In Sign Language Machine Translation. Springer, 291–308. 

[12] Robin Angelini, Katta Spiel, and Maartje De Meulder. 2024. Experiencing Deaf 
Tech: A Deep Dive into the Concept of DeafWatch. In Proceedings of the 26th 
International ACM SIGACCESS Conference on Computers and Accessibility. 1–4. 

[13] Robin Angelini, Katta Spiel, and Maartje De Meulder. 2025. Speculating Deaf 
Tech: Reimagining Technologies Centering Deaf People. In Proceedings of the 
2025 CHI Conference on Human Factors in Computing Systems. 1–18. 

[14] Autumn. 2016. Sign Language in the Theater: Shadow Interpret-
ing. https://www.accreditedlanguage.com/interpreting/sign-language-in-the-
theater-shadow-interpreting/ Accessed: March 2, 2025. 

[15] Yael Bat-Chava. 2000. Diversity of deaf identities. American annals of the deaf 
(2000), 420–428. 

[16] H-Dirksen L Bauman. 2004. Audism: Exploring the metaphysics of oppression. 
Journal of deaf studies and deaf education 9, 2 (2004), 239–246. 

[17] H-Dirksen L Bauman and Joseph J Murray. 2014. Deaf gain: Raising the stakes 
for human diversity. U of Minnesota Press. 

[18] Daphene Bavelier, Andrea Tomann, Chloe Hutton, Teresa Mitchell, David Corina, 
Guoying Liu, and Helen Neville. 2000. Visual attention to the periphery is 
enhanced in congenitally deaf individuals. The Journal of Neuroscience 20, 17 
(2000), RC93. 

[19] Cynthia L Bennett and Daniela K Rosner. 2019. The promise of empathy: Design, 
disability, and knowing the" other". In Proceedings of the 2019 CHI conference on 
human factors in computing systems. 1–13. 

[20] Jacob Bishop and Matthew A Verleger. 2013. The flipped classroom: A survey 
of the research. In 2013 ASEE annual conference & exposition. 23–1200. 

[21] Ann E Blandford. 2013. Semi-structured qualitative studies. Interaction Design 
Foundation. 

[22] Carl Börstell. 2023. Ableist language teching over sign language research. In 
Proceedings of the Second Workshop on Resources and Representations for Under-
Resourced Languages and Domains (RESOURCEFUL-2023). 1–10. 

[23] Patrick Boudreault, Muhammad Abubakar, Andrew Duran, Bridget Lam, Zehui 
Liu, Christian Vogler, and Raja Kushalnagar. 2024. Closed Sign Language In-
terpreting: A Usability Study. In International Conference on Computers Helping 
People with Special Needs. Springer, 42–49. 

[24] Danielle Bragg, Nicholas Huynh, and Richard E Ladner. 2016. A personalizable 
mobile sound detector app design for deaf and hard-of-hearing users. In Pro-
ceedings of the 18th International ACM SIGACCESS Conference on Computers and 
Accessibility. 3–13. 

[25] Virginia Braun and Victoria Clarke. 2006. Using thematic analysis in psychology. 
Qualitative research in psychology 3, 2 (2006), 77–101. 

[26] Virginia Braun and Victoria Clarke. 2019. Reflecting on reflexive thematic 
analysis. Qualitative research in sport, exercise and health 11, 4 (2019), 589–597. 

[27] José Remo Ferreira Brega, Ildeberto Aparecido Rodello, Diego Roberto Colombo 
Dias, Valéria Farinazzo Martins, and Marcelo de Paiva Guimarães. 2014. A 
virtual reality environment to support chat rooms for hearing impaired and to 
teach Brazilian Sign Language (LIBRAS). In 2014 IEEE/ACS 11th International 
Conference on Computer Systems and Applications (AICCSA). IEEE, 433–440. 

[28] Xinyun Cao and Dhruv Jain. 2024. SoundModVR: Sound Modifications in Virtual 
Reality to Support People who are Deaf and Hard of Hearing. In Proceedings of the 
26th International ACM SIGACCESS Conference on Computers and Accessibility. 
1–15. 

[29] Anna C Cavender, Jeffrey P Bigham, and Richard E Ladner. 2009. ClassInFocus: 
enabling improved visual attention strategies for deaf and hard of hearing 
students. In Proceedings of the 11th international ACM SIGACCESS conference on 
Computers and accessibility. 67–74. 

[30] Stephanie Cawthon and Carrie Lou Garberoglio. 2017. Research in deaf education: 
Contexts, challenges, and considerations. Oxford University Press. 

[31] Kathy Charmaz. 2000. Grounded theory: Objectivist and constructivist methods. 
Handbook of qualitative research 2, 1 (2000), 509–535. 

[32] Kathy Charmaz. 2014. Constructing grounded theory. 
[33] Kathy Charmaz. 2017. Constructivist grounded theory. The journal of positive 

psychology 12, 3 (2017), 299–300. 
[34] Pratheep Kumar Chelladurai, Ziming Li, Maximilian Weber, Tae Oh, and 

Roshan L Peiris. 2024. SoundHapticVR: head-based spatial haptic feedback 
for accessible sounds in virtual reality for deaf and hard of hearing users. In 
Proceedings of the 26th International ACM SIGACCESS Conference on Computers 
and Accessibility. 1–17. 

[35] John Lee Clark. 2021. Against Access. In McSweeney’s Quarterly Concern, 
64: The Audio Issue (Descriptive Transcript). https://audio.mcsweeneys.net/ 
transcripts/against_access.html Essay printed in the main book; no audio 
component. 

[36] Sasha Costanza-Chock. 2020. Design justice: Community-led practices to build 
the worlds we need. The MIT Press. 

[37] Chris Creed, Maadh Al-Kalbani, Arthur Theil, Sayan Sarcar, and Ian Williams. 
2024. Inclusive AR/VR: accessibility barriers for immersive technologies. Uni-
versal Access in the Information Society 23, 1 (2024), 59–73. 

[38] Chris Creed, Maadh Al-Kalbani, Arthur Theil, Sayan Sarcar, and Ian Williams. 
2024. Inclusive augmented and virtual reality: A research agenda. International 
Journal of Human–Computer Interaction 40, 20 (2024), 6200–6219. 

[39] Teresa Crowe, Malore Dusenbery, and Jeanette Hussemann. 2022. Conducting 
research with the Deaf Community. Criminal Justice Investment Initiative. 
https://cjii. org/conducting-research-with-the-deaf-community (2022). 

[40] Maartje De Meulder. 2021. Is “good enough” good enough? Ethical and re-
sponsible development of sign language technologies. In Proceedings of the 1st 
international workshop on automatic translation for signed and spoken languages 
(AT4SSL). 12–22. 

[41] Maartje De Meulder and Hilde Haualand. 2021. Sign language interpreting 
services: A quick fix for inclusion? Translation and Interpreting Studies 16, 1 
(2021), 19–40. 

[42] Maartje De Meulder, Davy Van Landuyt, and Rehana Omardeen. 2024. Lessons 
in co-creation: the inconvenient truths of inclusive sign language technology 
development. arXiv preprint arXiv:2408.13171 (2024). 

[43] DeafandHoH.com. 2025. Schools for the Deaf and Hard of Hearing Directory. 
https://deafandhoh.com/directory/schools/. 

[44] Aashaka Desai, Lauren Berger, Fyodor Minakov, Nessa Milano, Chinmay Singh, 
Kriston Pumphrey, Richard Ladner, Hal Daumé III, Alex X Lu, Naomi Caselli, 
et al. 2023. ASL citizen: a community-sourced dataset for advancing isolated 
sign language recognition. Advances in Neural Information Processing Systems 
36 (2023), 76893–76907. 

[45] Aashaka Desai, Maartje De Meulder, Julie A Hochgesang, Annemarie Kocab, 
and Alex X Lu. 2024. Systemic Biases in Sign Language AI Research: A Deaf-Led 
Call to Reevaluate Research Agendas. arXiv preprint arXiv:2403.02563 (2024). 

[46] John Dudley, Lulu Yin, Vanja Garaj, and Per Ola Kristensson. 2023. Inclusive Im-
mersion: a review of efforts to improve accessibility in virtual reality, augmented 
reality and the metaverse. Virtual Reality 27, 4 (2023), 2989–3020. 

[47] Claire Edwards and Gill Harold. 2014. DeafSpace and the principles of universal 
design. Disability and Rehabilitation 36, 16 (2014), 1350–1359. 

https://www.accreditedlanguage.com/interpreting/sign-language-in-the-theater-shadow-interpreting/
https://www.accreditedlanguage.com/interpreting/sign-language-in-the-theater-shadow-interpreting/
https://audio.mcsweeneys.net/transcripts/against_access.html
https://audio.mcsweeneys.net/transcripts/against_access.html
https://deafandhoh.com/directory/schools/
https://DeafandHoH.com
https://cjii


CHI ’26, April 13–17, 2026, Barcelona, Spain Shuxu Huffman, Laura South, Matthew James Buckman, Raja Kushalnagar, Francisco Raul Ortega, and Abraham Glasser 

[48] Karen Emmorey, Robin Thompson, and Rachael Colvin. 2009. Eye gaze during 
comprehension of American Sign Language by native and beginning signers. 
Journal of deaf studies and deaf education 14, 2 (2009), 237–243. 

[49] Karen Emmorey, Barbara Tversky, and Holly A Taylor. 2000. Using space to 
describe space: Perspective in speech, sign, and gesture. Spatial cognition and 
computation 2 (2000), 157–180. 

[50] Leah Findlater, Bonnie Chinh, Dhruv Jain, Jon Froehlich, Raja Kushalnagar, and 
Angela Carey Lin. 2019. Deaf and hard-of-hearing individuals’ preferences for 
wearable and mobile sound awareness technologies. In Proceedings of the 2019 
CHI Conference on Human Factors in Computing Systems. 1–13. 

[51] Lance Forshay, Kristi Winter, and Emily M. Bender. 2016. Open Letter 
on the SignAloud Gloves. https://faculty.washington.edu/ebender/papers/ 
SignAloudOpenLetter.pdf Accessed: 2025-07-05. 

[52] Krzysztof Z Gajos, Jacob O Wobbrock, and Daniel S Weld. 2008. Improving the 
performance of motor-impaired users with automatically-generated, ability-
based interfaces. In Proceedings of the SIGCHI conference on Human Factors in 
Computing Systems. 1257–1266. 

[53] Kathrin Gerling and Katta Spiel. 2021. A critical examination of virtual reality 
technology in the context of the minority body. In Proceedings of the 2021 CHI 
conference on human factors in computing systems. 1–14. 

[54] Abraham Glasser, Vaishnavi Mande, and Matt Huenerfauth. 2020. Accessibility 
for deaf and hard of hearing users: Sign language conversational user interfaces. 
In Proceedings of the 2nd Conference on Conversational User Interfaces. 1–3. 

[55] Abraham Glasser, Edward Mason Riley, Kaitlyn Weeks, and Raja Kushalnagar. 
2019. Mixed reality speaker identification as an accessibility tool for deaf and 
hard of hearing users. In Proceedings of the 25th ACM symposium on virtual 
reality software and technology. 1–3. 

[56] Saul Greenberg and Bill Buxton. 2008. Usability evaluation considered harmful 
(some of the time). In Proceedings of the SIGCHI conference on Human factors in 
computing systems. 111–120. 

[57] Susan Gregory. 1998. Issues in deaf education. Routledge. 
[58] Mohamed H. Hammouda. 2016. 15-122 Principles of Imperative Computation: 

Lecture 6 – Binary Search. https://web2.qatar.cmu.edu/~mhhammou/15122-
s16/lectures/06-binsearch.pdf. 

[59] Aimi Hamraie. 2017. Building access: Universal design and the politics of disability. 
U of Minnesota Press. 

[60] Aimi Hamraie, Kelly Fritsch, Gabriele Stera, Lucie Camous, Lucas Fritz, and 
Chosson Etienne. 2025. Crip technoscience manifesto. (2025). 

[61] Teketel Agafari Hankebo. 2018. Being a Deaf and a Teacher: Exploring the 
Experiences of Deaf Teachers in Inclusive Classrooms. International Journal of 
Instruction 11, 3 (2018), 477–490. 

[62] Raychelle Harris, Heidi M Holmes, and Donna M Mertens. 2009. Research ethics 
in sign language communities. Sign Language Studies 9, 2 (2009), 104–131. 

[63] Tf Hayashi and MP Bryden. 1967. Ocular dominance and perceptual asymmetry. 
Perceptual and Motor Skills 25, 2 (1967), 605–612. 

[64] Joseph Hill. 2020. Do deaf communities actually want sign language gloves? 
Nature Electronics 3, 9 (2020), 512–513. 

[65] David M Hoffman, Ahna R Girshick, Kurt Akeley, and Martin S Banks. 2008. 
Vergence–accommodation conflicts hinder visual performance and cause visual 
fatigue. Journal of vision 8, 3 (2008), 33–33. 

[66] Benjamin WY Hornsby, Krystal Werfel, Stephen Camarata, and Fred H Bess. 
2014. Subjective fatigue in children with hearing loss: Some preliminary findings. 
American journal of audiology 23, 1 (2014), 129–134. 

[67] Shuxu Huffman, Robin Angelini, Raja Kushalnagar, and Katta Spiel. 2025. "It 
only needs to work for one of us": Rethinking DIY Deaf Tech Through Situated 
Co-Design. In Proceedings of the 27th International ACM SIGACCESS Conference 
on Computers and Accessibility (ASSETS ’25) (Denver, CO, USA) (ASSETS ’25). 
Association for Computing Machinery, New York, NY, USA. doi:10.1145/3663547. 
3749828 

[68] Tom Humphries. 1977. Communicating across cultures (deaf-hearing) and lan-
guage learning. Union Institute and University. 

[69] Dhruv Jain, Bonnie Chinh, Leah Findlater, Raja Kushalnagar, and Jon Froehlich. 
2018. Exploring augmented reality approaches to real-time captioning: A pre-
liminary autoethnographic study. In Proceedings of the 2018 ACM Conference 
Companion Publication on Designing Interactive Systems. 7–11. 

[70] Dhruv Jain, Audrey Desjardins, Leah Findlater, and Jon E Froehlich. 2019. Au-
toethnography of a hard of hearing traveler. In Proceedings of the 21st Interna-
tional ACM SIGACCESS Conference on Computers and Accessibility. 236–248. 

[71] Dhruv Jain, Leah Findlater, Jamie Gilkeson, Benjamin Holland, Ramani Du-
raiswami, Dmitry Zotkin, Christian Vogler, and Jon E Froehlich. 2015. Head-
mounted display visualizations to support sound awareness for the deaf and 
hard of hearing. In Proceedings of the 33rd Annual ACM Conference on Human 
Factors in Computing Systems. 241–250. 

[72] Dhruv Jain, Sasa Junuzovic, Eyal Ofek, Mike Sinclair, John Porter, Chris Yoon, 
Swetha Machanavajhala, and Meredith Ringel Morris. 2021. A taxonomy of 
sounds in virtual reality. In Proceedings of the 2021 ACM Designing Interactive 
Systems Conference. 160–170. 

[73] Dhruv Jain, Sasa Junuzovic, Eyal Ofek, Mike Sinclair, John R. Porter, Chris Yoon, 
Swetha Machanavajhala, and Meredith Ringel Morris. 2021. Towards sound 
accessibility in virtual reality. In Proceedings of the 2021 international conference 
on multimodal interaction. 80–91. 

[74] Yeon Soo Kim, Sunok Lee, and Sangsu Lee. 2022. A Participatory Design Ap-
proach to Explore Design Directions for Enhancing Videoconferencing Experi-
ence for Non-signing Deaf and Hard of Hearing Users. In Proceedings of the 24th 
International ACM SIGACCESS Conference on Computers and Accessibility. 1–4. 

[75] Tanja Kojić, Danish Ali, Robert Greinacher, Sebastian Möller, and Jan-Niklas 
Voigt-Antons. 2020. User experience of reading in virtual reality—finding values 
for text distance, size and contrast. In 2020 Twelfth International Conference on 
Quality of Multimedia Experience (QoMEX). IEEE, 1–6. 

[76] Christina M Krause. 2019. Brief report: What you see is what you get? Sign 
language in the mathematics classroom. Journal for Research in Mathematics 
Education 50, 1 (2019), 84–97. 

[77] Verena Krausneker. 2015. Ideologies and attitudes toward sign languages: An 
approximation. Sign Language Studies 15, 4 (2015), 411–431. 

[78] Raja Kushalnagar and Poorna Kushalnagar. 2014. Collaborative gaze cues and 
replay for deaf and hard of hearing students. In Computers Helping People with 
Special Needs: 14th International Conference, ICCHP 2014, Paris, France, July 9-11, 
2014, Proceedings, Part II 14. Springer, 415–422. 

[79] Raja Kushalnagar, Matthew Seita, and Abraham Glasser. 2017. Closed ASL 
interpreting for online videos. In Proceedings of the 14th International Web for 
All Conference. 1–4. 

[80] Raja S Kushalnagar, Poorna Kushalnagar, and Jeffrey B Pelz. 2012. Deaf and Hear-
ing Students’ Eye Gaze Collaboration. In International Conference on Computers 
for Handicapped Persons. Springer, 92–99. 

[81] Paddy Ladd. 2005. Deafhood: A concept stressing possibilities, not deficits. 
Scandinavian Journal of Public Health 33, 66_suppl (2005), 12–17. 

[82] Harlan L Lane. 2002. Do deaf people have a disability? Sign language studies 2, 
4 (2002), 356–379. 

[83] Alexandra T Levine, Kate Yuen, Shradha Billawa, Laura Bridge, Sally Clausen, 
Eleanor Cole, Vera Wang, Shanelle Canavan, Lucy Spencer, Charlotte Campbell, 
et al. 2020. Retinotopic remapping in the visual system of deaf adults. bioRxiv 
(2020), 2020–01. 

[84] Xingshan Li, Pingping Liu, and Keith Rayner. 2011. Eye movement guidance in 
Chinese reading: Is there a preferred viewing location? Vision research 51, 10 
(2011), 1146–1156. 

[85] Ziming Li, Shannon Connell, Wendy Dannels, and Roshan Peiris. 2022. Sound-
VizVR: Sound indicators for accessible sounds in virtual reality for deaf or 
hard-of-hearing users. In Proceedings of the 24th International ACM SIGACCESS 
Conference on Computers and Accessibility. 1–13. 

[86] Mark R Lubarsky. 1993. Sociocultural factors shaping technology usage: Fulfill-
ing the promise. Technology and disability 2, 1 (1993), 71–78. 

[87] Pamela Luft and Charlotte Brochu. 2023. Online learning challenges and strate-
gies: Visual fatigue and split visual attention. American Annals of the Deaf 168, 
3 (2023), 71–92. 

[88] Kelly Mack, Danielle Bragg, Meredith Ringel Morris, Maarten W Bos, Isabelle 
Albi, and Andrés Monroy-Hernández. 2020. Social app accessibility for deaf 
signers. Proceedings of the ACM on Human-Computer Interaction 4, CSCW2 
(2020), 1–31. 

[89] Kelly Avery Mack, Kate S Glazko, Jamil Islam, Megan Hofmann, and Jennifer 
Mankoff. 2024. "It’s like Goldilocks:" Bespoke Slides for Fluctuating Audience Ac-
cess Needs. In Proceedings of the 26th International ACM SIGACCESS Conference 
on Computers and Accessibility. 1–15. 

[90] Jennifer Mankoff, Gillian R Hayes, and Devva Kasnitz. 2010. Disability studies as 
a source of critical inquiry for the field of assistive technology. In Proceedings of 
the 12th international ACM SIGACCESS conference on Computers and accessibility. 
3–10. 

[91] Nicolai Marquardt, Robert Diaz-Marino, Sebastian Boring, and Saul Greenberg. 
2011. The proximity toolkit: prototyping proxemic interactions in ubiquitous 
computing ecologies. In Proceedings of the 24th annual ACM symposium on User 
interface software and technology. 315–326. 

[92] Susan M Mather and M Diane Clark. 2012. An issue of learning: the effect of 
visual split attention in classes for deaf and hard of hearing students. Odyssey: 
New directions in deaf education 13 (2012), 20–24. 

[93] Emma J McDonnell and Leah Findlater. 2024. Envisioning Collective Communi-
cation Access: A Theoretically-Grounded Review of Captioning Literature from 
2013-2023. In Proceedings of the 26th International ACM SIGACCESS Conference 
on Computers and Accessibility. 1–18. 

[94] Dorian Miller, Karl Gyllstrom, David Stotts, and James Culp. 2007. Semi-
transparent video interfaces to assist deaf persons in meetings. In Proceedings 
of the 45th annual southeast regional conference. 501–506. 

[95] Mohammadreza Mirzaei, Peter Kán, and Hannes Kaufmann. 2020. EarVR: Us-
ing ear haptics in virtual reality for deaf and Hard-of-Hearing people. IEEE 
transactions on visualization and computer graphics 26, 5 (2020), 2084–2093. 

[96] Mohammadreza Mirzaei, Peter Kán, and Hannes Kaufmann. 2021. Multi-modal 
spatial object localization in virtual reality for deaf and hard-of-hearing people. 

https://faculty.washington.edu/ebender/papers/SignAloudOpenLetter.pdf
https://faculty.washington.edu/ebender/papers/SignAloudOpenLetter.pdf
https://web2.qatar.cmu.edu/~mhhammou/15122-s16/lectures/06-binsearch.pdf
https://web2.qatar.cmu.edu/~mhhammou/15122-s16/lectures/06-binsearch.pdf
https://doi.org/10.1145/3663547.3749828
https://doi.org/10.1145/3663547.3749828


Reclaiming VR Design Authority CHI ’26, April 13–17, 2026, Barcelona, Spain 

In 2021 IEEE Virtual Reality and 3D User Interfaces (VR). IEEE, 588–596. 
[97] Anant Mittal, Meghna Gupta, Roshni Poddar, Tarini Naik, Seethalakshmi Kup-

puraj, James Fogarty, Pratyush Kumar, and Mohit Jain. 2023. Jod: Examining 
design and implementation of a videoconferencing platform for mixed hearing 
groups. In Proceedings of the 25th International ACM SIGACCESS Conference on 
Computers and Accessibility. 1–18. 

[98] Martez Mott, Edward Cutrell, Mar Gonzalez Franco, Christian Holz, Eyal Ofek, 
Richard Stoakley, and Meredith Ringel Morris. 2019. Accessible by design: An 
opportunity for virtual reality. In 2019 IEEE international symposium on mixed 
and augmented reality adjunct (ISMAR-adjunct). IEEE, 451–454. 

[99] Antje Nuthmann and Reinhold Kliegl. 2009. Preferred viewing locations: A 
validation and an extension. Perception 38, 6 (2009), 901–902. 

[100] Shaun O’Boyle, Elizabeth Mathews, Caro Brosens, Rehana Omardeen, Davy 
Van Landuyt, Alvean Jones, and Lianne Quigley. 2024. A deaf-centred art-science 
approach to community engagement with sign language technologies. Journal 
of Science Communication 23, 5 (2024), N04. 

[101] National Association of the Deaf. n.d.. School Leader Search Process Rec-
ommendations. https://www.nad.org/deaf-kids/school-leader-search-process-
recommendations/. 

[102] Ila Parasnis. 1998. Cultural and language diversity and the deaf experience. 
Cambridge University Press. 

[103] David Passig and Sigal Eden. 2001. Virtual reality as a tool for improving spatial 
rotation among deaf and hard-of-hearing children. CyberPsychology & Behavior 
4, 6 (2001), 681–686. 

[104] Prajwal Paudyal, Ayan Banerjee, Yijian Hu, and Sandeep Gupta. 2019. Davee: 
A deaf accessible virtual environment for education. In Proceedings of the 2019 
Conference on Creativity and Cognition. 522–526. 

[105] Klemen Pečnik, Žana Juvan, Gregor Dolinar, and Matevž Pogačnik. 2025. User 
experience questionnaire in sign language for native users of Slovenian sign 
language. Scientific reports 15, 1 (2025), 5802. 

[106] Jason Proksch and Daphne Bavelier. 2002. Changes in the spatial distribution 
of visual attention after early deafness. Journal of cognitive neuroscience 14, 5 
(2002), 687–701. 

[107] Pei-Luen Patrick Rau, Jian Zheng, Zhi Guo, and Jiaqi Li. 2018. Speed reading 
on virtual reality and augmented reality. Computers & Education 125 (2018), 
240–245. 

[108] Filipa M Rodrigues, Ana Maria Abreu, Ingela Holmström, and Ana Mineiro. 
2022. E-learning is a burden for the deaf and hard of hearing. Scientific Reports 
12, 1 (2022), 9346. 

[109] Filipa M Rodrigues, Joana R Rato, Ana Mineiro, and Ingela Holmström. 2022. 
Unveiling teachers’ beliefs on visual cognition and learning styles of deaf and 
hard of hearing students: A Portuguese-Swedish study. Plos one 17, 2 (2022), 
e0263216. 

[110] Natalia Rohatyn-Martin and Denyse V Hayward. 2016. The challenge of fa-
tigue for students who are deaf or hard of hearing in inclusive classrooms. 
International Journal of Learner Diversity & Identities 23, 3 (2016). 

[111] Natalia K Rohatyn-Martin and Denyse V Hayward. 2022. Examining Fatigue 
for Students Who Are Deaf or Hard of Hearing Through Universal Design for 
Learning. In Deaf Education and Challenges for Bilingual/Multilingual Students. 
IGI Global Scientific Publishing, 302–320. 

[112] Jazz Rui Xia Ang, Ping Liu, Emma McDonnell, and Sarah Coppola. 2022. “In this 
online environment, we’re limited”: Exploring Inclusive Video Conferencing 
Design for Signers. In Proceedings of the 2022 CHI Conference on Human Factors 
in Computing Systems. 1–16. 

[113] Georgia Robins Sadler, Hau-Chen Lee, Rod Seung-Hwan Lim, and Judith Fuller-
ton. 2010. Recruitment of hard-to-reach population subgroups via adaptations of 
the snowball sampling strategy. Nursing & health sciences 12, 3 (2010), 369–374. 

[114] Roger Säljö. 2002. Learning as the use of tools 1: A sociocultural perspective on 
the human-technology link. In Learning with computers. Routledge, 144–161. 

[115] Matthew Seita, Sooyeon Lee, Sarah Andrew, Kristen Shinohara, and Matt Huen-
erfauth. 2022. Remotely co-designing features for communication applications 
using automatic captioning with deaf and hearing pairs. In Proceedings of the 
2022 CHI Conference on Human Factors in Computing Systems. 1–13. 

[116] Ashley Shew. 2020. Ableism, technoableism, and future AI. IEEE Technology 
and Society Magazine 39, 1 (2020), 40–85. 

[117] Ben Shneiderman. 2000. Universal usability. Commun. ACM 43, 5 (2000), 84–91. 
[118] Jenny L Singleton, Gabrielle Jones, and Shilpa Hanumantha. 2014. Toward 

ethical research practice with deaf participants. Journal of Empirical Research 
on Human Research Ethics 9, 3 (2014), 59–66. 

[119] Michael Skyer and Laura Cochell. 2020. Aesthetics, Culture, Power: Critical 
Deaf Pedagogy and ASL Video-Publications as Resistance-to-Audism in Deaf 
Education and Research. Critical Education 11, 15 (2020), 1–25. 

[120] Michael E Skyer. 2023. The deaf biosocial condition: Metaparadigmatic lessons 
from and beyond Vygotsky’s deaf pedagogy research. American Annals of the 
Deaf 168, 1 (2023), 128–161. 

[121] Howard Solomon. 2004. The Impact of Spoken Instructions on Learner Be-
havior Following Multimedia Tutorial Instruction. Association for Educational 

Communications and Technology (2004). 
[122] Katta Spiel, Kathrin Gerling, Cynthia L Bennett, Emeline Brulé, Rua M Williams, 

Jennifer Rode, and Jennifer Mankoff. 2020. Nothing about us without us: Inves-
tigating the role of critical disability studies in HCI. In Extended Abstracts of the 
2020 CHI Conference on Human Factors in Computing Systems. 1–8. 

[123] Susan Leigh Star and Karen Ruhleder. 1994. Steps towards an ecology of infras-
tructure: complex problems in design and access for large-scale collaborative 
systems. In Proceedings of the 1994 ACM conference on Computer supported 
cooperative work. 253–264. 

[124] William C Stokoe Jr. 2005. Sign language structure: An outline of the visual 
communication systems of the American deaf. Journal of deaf studies and deaf 
education 10, 1 (2005), 3–37. 

[125] Chloé Stoll and Matthew William Geoffrey Dye. 2019. Sign language experience 
redistributes attentional resources to the inferior visual field. Cognition 191 
(2019), 103957. 

[126] Ruth Swanwick. 2016. Languages and languaging in deaf education: A framework 
for pedagogy. Oxford University Press. 

[127] Nina Tran, Paige S DeVries, Matthew Seita, Raja Kushalnagar, Abraham Glasser, 
and Christian Vogler. 2024. Assessment of Sign Language-Based versus Touch-
Based Input for Deaf Users Interacting with Intelligent Personal Assistants. In 
Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems. 
1–15. 

[128] Clayton Valli. 2000. Linguistics of American Sign Language: An Introduction. 
Gallaudet University Press. 

[129] Ulrich Von Agris, Moritz Knorr, and Karl-Friedrich Kraiss. 2008. The significance 
of facial features for automatic sign language recognition. In 2008 8th IEEE 
international conference on automatic face & gesture recognition. IEEE, 1–6. 

[130] Jennifer Wehrmeyer. 2014. Eye-tracking Deaf and hearing viewing of sign 
language interpreted news broadcasts. Journal of Eye Movement Research 7, 1 
(2014). 

[131] Dian Atnantomi Wiliyanto, Fadjri Kirana Anggarani, Arsy Anggrellangi, et al. 
2024. Virtual reality as a solution: Meeting the needs of deaf students with 
digital sign language interpreters. Edelweiss Applied Science and Technology 8, 5 
(2024), 1189–1199. 

[132] Kimberly A Wolbers, Shannon C Graham, Hannah M Dostal, and Lisa M Bowers. 
2014. A description of ASL features in writing. Ampersand 1 (2014), 19–27. 

[133] Richmond Y Wong and Deirdre K Mulligan. 2019. Bringing design to the privacy 
table: Broadening “design” in “privacy by design” through the lens of HCI. In 
Proceedings of the 2019 CHI conference on human factors in computing systems. 
1–17. 

[134] Di Wu. 2021. Cripping the History of Computing. IEEE Annals of the History of 
Computing 43, 3 (2021), 68–72. doi:10.1109/MAHC.2021.3101061 

[135] Tianze Xie, Xuesong Zhang, Feiyu Huang, Di Liu, Pengcheng An, and Seungwoo 
Je. 2025. VRCaptions: Design Captions for DHH Users in Multiplayer Commu-
nication in VR. In Proceedings of the 2025 CHI Conference on Human Factors in 
Computing Systems. 1–18. 

[136] Kayo Yin, Chinmay Singh, Fyodor O Minakov, Vanessa Milan, Hal Daumé III, 
Cyril Zhang, Alex X Lu, and Danielle Bragg. 2024. Asl stem wiki: Dataset and 
benchmark for interpreting stem articles. arXiv preprint arXiv:2411.05783 (2024). 

A Study Session Protocol (60 minutes) 
Each study session should be under 60 minutes and consists of 
three parts: orientation, prototype testing, and a semi-structured 
interview. 

Orientation (15 minutes) 
Welcome the participant, briefly explain the purpose of the study, 

and review the consent and video release forms (offer ASL trans-
lation if needed). Outline the agenda and collect demographic in-
formation, including age, gender, first and primary language(s) for 
communication, prior experience with VR, and prior experience 
with the topic of binary search. 

Provide a short tutorial on using the VR equipment and assist 
the participant in getting comfortable with the setup. 

Prototype Interaction (15 minutes) 
Explain that the prototype supports three signer placement 

modes (corner, transparent, and side-by-side), and encourage the 
participant to explore each setting. Have the participant engage 
with the VR classroom prototype (a binary search lecture). Observe 
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and take notes on their interactions, questions, challenges, and 
notable behaviors. 

Semi-Structured Interview Guide (20 minutes). 
After the prototype session, conduct a semi-structured interview 

using open-ended questions to elicit detailed feedback. Example 
prompts include: 

• How did you find the overall experience? 
• What are your thoughts on the three modes (corner, trans-
parent, parallel)? 

• Was the VR environment intuitive and easy to navigate? 

• Did the VR setup help with visual attention? Were you able 
to look at slides/code and follow the ASL lecture? How does 
this compare to a regular online lecture with a Deaf teacher? 

• Were there any difficulties or challenges you faced? 
• This prototype focused on a programming course. Do you 
think this tool could be applied to other subjects? If so, which 
ones? 

• What improvements or features would you suggest? 
Wrap-Up (10 minutes). 
Summarize key discussion points, thank the participant for their 

time, and provide information on next steps and how they can stay 
updated on the project. 
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