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Figure 1: Examples of the ASL-related user interface elements explored in this study. The rest of the designs are detailed in
Section 4.

Abstract
Video components are a central element of user interfaces that
deliver content in a signed language (SL), but the potential of video
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components extends beyond content accessibility. Sign language
videos may be designed as user interface elements: layered with
interactive features to create navigation cues, page headings, and
menu options. To be effective for signing users, novel sign lan-
guage video-rich interfaces require informed design choices across
many parameters. To align with the specific needs and shared con-
ventions of the Deaf community and other ASL-signers in this
context, we present a user study involving deaf ASL-signers who
interacted with an array of designs for sign language video el-
ements. Their responses offer some insights into how the Deaf
community may perceive and prefer video elements to be designed,
positioned, and implemented to guide user experiences. Through a
qualitative analysis, we take initial steps toward understanding deaf
ASL-signers’ perceptions of a set of emerging design principles,
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paving the way for future SL-centric user interfaces containing
customized video elements and layouts with primary consideration
for signed language-related usage and requirements.

CCS Concepts
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1 Introduction
Websites that deliver information, news, and cultural content in
American Sign Language (ASL) videos such as ASLized.org [11]
and the Daily Moth YouTube channel [79] have grown in popular-
ity, demonstrating a strong interest in accessing online content in
ASL. News articles and social media platforms such as YouTube and
TikTok are also increasingly including videos in signed languages
(SLs) [63, 81]. Many entities, including government agencies, educa-
tional institutions, corporations, and media companies, are seeking
effective methods for delivering online resources in ASL and other
SLs to alert, inform, educate, survey, and entertain their signing
audiences [13, 19, 53, 70].

Technology has made it easier to create, publish, and discover
online content in signed languages, but sign language videos are
generally integrated into text-centric platforms and websites that
were not designed to align with the requirements and conven-
tions of either signed languages or videos. Signed languages are
composed of different linguistic elements than written or spoken
languages and are expressed and received via the visual and tactile
senses [96]. The phonemes and morphemes of ASL and other SLs
include hand shapes, movements, and locations. Signed languages
are conveyed on the face and body, rather than in spoken or print
form [32].

Integrating sign language videos into online resources presents
an opportunity. Rather than simply including videos that deliver
content, sign language video components may also be designed as
menus, navigation and other functional elements, much as text fills
multiple roles in current interface designs. However, there have
been few efforts to creatively capitalize on the sign language videos
added to user interfaces for informational purposes, and turn them
into interactive, user-friendly elements. There has also been little
study and innovation in interface design for ASL.

While the design of a web page may be fairly straightforward
when it contains a single video in ASL, new questions emerge when
the interface is comprised of multiple ASL videos serving different
purposes (e.g., navigation cues, menus, and content). In such de-
signs, what might be the upper and lower limits for the size and
number of videos on a page? How might users distinguish between
navigation menu videos and main content videos? Could a change
in video shape or background color help users differentiate function-
ality? Which video elements should play on click, on mouseover, or

autoplay as the page loads? What factors might impact perceptions
of page layout, video shapes, and visual icons? Do some interface
designs capitalize on the affordances and requirements of a visual
language better than others?

Without guidelines for ASL videos in user interfaces, or an-
swers to these questions, designers rely on conventions that have
emerged over the years in other contexts (e.g. Apple’s Human In-
terface Guidelines [9, 51, 56] and the Web Content Accessibility
Guidelines (WCAG) [21]). The typical assumption is that primary
content will be delivered in a text-based written language and be
augmented or supplemented by specific and limited use of videos.
With new approaches, it may be possible to create user experiences
that authentically and effectively engage ASL-signing users [20].

Most studies about video-related user experiences have focused
on features for a single main content video, such as video play
functions (e.g. speed, size, playbackmode, resolution, etc.) [1, 94, 95]
or captioning [25]. Studies of captions, for example, have shown
that participants prefer captions be placed either within or below
a video [25]. Although such studies provide useful guidelines in
these specific areas, they do not offer insight into rethinking the
design and placement of videos in order to create interactive user
interface elements.

Studies have shown that people’s language(s) can reshape their
perceptions of the world around them [48, 69, 74, 75]. An indi-
vidual’s language(s) also influence the temporal nature of their
communication, interaction norms, visual-spatial skills, and cog-
nitive processes [14, 88]. Because signed languages are visual and
tactile, rather than print and spoken, visually motivated user inter-
face designs are needed to deliver content and interface elements
that effectively capitalize on and align with the perceptions, tem-
porality, norms and cognitive processes of the signing community
[16, 28, 31, 33, 61, 66, 67, 73, 87, 89].

Additionally, interfaces that contain video content in ASL or
another sign language call for careful and thoughtful design to
prevent cluttered, poorly laid out, difficult to navigate, and time-
consuming online resources that exacerbate, rather than dismantle,
current barriers for ASL signing users. Previous research has shown
that simply augmenting existing traditional interfaces by adding
ASL videos results in confusing and challenging user experiences.
One study showed that a text-centric interface augmented with
ASL videos resulted in considerable user frustration, confusion,
excessive scrolling through multiple pages of content, and required
significant time to complete what would be a quick and straight-
forward task in a text-only interface [72]. Because most standard
platforms and websites are text-centric, in that their designs, cues,
and conventions are created to support text, and not sign language
videos, it is not surprising that an ASL augmented interface is far
less likely to facilitate intuitive, efficient user interaction and en-
gagement with ASL video content. These insights underscore the
need for more research and new user interface paradigms for ASL
and other signed languages.

Iterative research and development of effective, efficient, and
linguistically aligned user interfaces in signed languages has been
referred to as signed-language-centric (SL-centric) design [17, 71, 72].
In this paper, we describe an exploratory SL-centric user study that
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investigates the perceptions and preferences of the Deaf 1 signing
community for a set of emerging customized video elements, styles,
and page layouts. Designs were selected from existing online tools,
research, literature, and options suggested by the Deaf and hearing
ASL-signing members of the research team, based on their ongoing
research and their lived experiences. Elements selected have either
been studied in very narrow contexts or, more often, not formally
studied at all. Building on existing work, this paper makes the
following contributions:

(1) Envisioning ASL UI Elements: We first identify a set of possi-
ble ASL-related user interface elements that show promise
for supporting ASL-centric designs but need further study.
We describe the selection and design process for these ele-
ments, including a review of literature, applications in cur-
rently available tools, and the generation of novel design
prototypes.

(2) Identify ASL UI Element Design Considerations: We describe
the motivation for selecting these elements, current under-
standing, usage and practice, and explore ways the elements
could be successfully integrated into user interfaces. We also
describe an experimental tool built to demonstrate design
variations of each video-based interface element and allow
study participants to interact with, compare, and comment
on the designs.

(3) Eliciting Perceptions and Preferences:We present a study with
12 deaf ASL-signing participants in which we gather per-
ceptions and preferences with various ASL video interface
elements. Results provide an initial understanding of possible
design considerations that may be applied across different
contexts, and factors to consider while designing page lay-
outs containing ASL video elements. This is an early step
towards developing more comprehensive design guidelines
for SL-centric user interfaces that allow deaf individuals to
interact with ASL video elements easily and intuitively.

2 Related Work
2.1 User experience design with video content
In the following section, we summarize related work that discusses
user experience considerations for videos placed in user interfaces
and identify underlying assumptions that inform existing practices,
many of which may not apply to ASL videos as user interface
elements.

Embedded videos in online resources, when carefully designed
and placed, can enhance user experience. Design considerations
explored include video content mode options (dark/light), captions
that auto adjust brightness with changes in ambient light, and sub-
titles that describe relevant background and environmental sounds
to ensure equitable viewing experiences [55]. Acceptable durations
for video loading, video play methods, and video placements are
shown to be context-dependent [42, 55, 93]. A study by van der
Hooft et al. suggests that the maximum acceptable loading time is
less than three seconds for main content, while a few seconds longer
might be acceptable for secondary content [93]. It is recommended
1Deaf refers to individuals who identify as members of the Deaf Community, who
generally are also ASL signers in the U.S. ASL-signers refers to individuals who use ASL
as a language for interaction, much as English-speakers use English for interaction.

that welcome videos should automatically play, whereas a video
within a grid of videos should play on click. Additionally, videos can
and should be made as accessible to all users as possible, through
features such as video resizing options, subtitles, and audio controls.
Ways to improve navigation within a video such as navigating by
voice [22] or by concept [68] have also been investigated.

Most studies and guidelines operate on the assumption that
online resources will feature one main content video per page
surrounded by primarily text-based elements and content. However,
interfaces built for signed languages require multiple interactive
videos that serve two purposes: delivering content and guiding user
interaction and navigation. There is currently little understanding
about how to design pages featuring multiple ASL videos that
contain both content and navigational user interface elements [42,
70, 72].

A holistic rethinking of interface design is required to provide
an equivalent and seamless user experience for deaf ASL-signers
[42, 98]. Ensuring that studies are led by deaf researchers, and
the field respectfully gathers the input of deaf users, will make
it more likely that resulting designs are aligned to the needs and
requirements of ASL signing users [23, 27, 39, 86].

2.2 Language and cultural considerations for
user interface elements

The impact of different cultures on user interface elements has
been well investigated [6, 57, 74]. However, the influence of Deaf
culture, which is rooted in shared experiences, identity, and lan-
guage (American Sign Language in the United States) [12, 62, 69, 80]
on the design of user interfaces has been under-explored. Recent
work suggests that simply plugging ASL video elements into a
standard text-centric user interface does not lead to good results
for deaf ASL signers [72]. The specific needs and preferences of
intended audiences need to be identified, evaluated, and considered
when building an interface, and these can vary considerably across
languages and cultures [6, 48, 69, 74, 75].

Two aspects need to be considered when aligning a user inter-
face with a particular culture: the content and the design around it
[90]. In terms of content, designing for a specific culture often starts
with ensuring language requirements and preferences are identified
and well supported. Simply inserting a translation or interpretation
of existing content is not enough to create effective, aligned inter-
faces in a different language or cultural context [75]. Even redesign
from one written language to another requires consideration of
differences in text direction, word length, font support, format-
ting conventions, cultural relevance, and preferences, among other
factors which impact design. Particular colors and images might
also hold significant meaning within a culture, and misguided use
of cultural references could unintentionally offend users. Culture
and language also have been connected with specific preferences
regarding layout, color ratios, and the number of images used in
designs [4, 74, 84]. Many of these considerations are relevant and
need further investigation in the context of Deaf culture and signed
languages. In addition, relevant research has examined the impact
of using a signed language on attention, vision, literacy, and neural
processing [5, 24, 33, 73].
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2.3 Sign language in user interfaces
Augmenting user interfaces with signed content for accessibility
purposes is often done by adding one or several sign language
videos to an existing text-centric user interface [49, 50]. Going be-
yond that, sign language-centric user interfaces are built expressly to
deliver sign language content, as the primary or only language in-
cluded, and design choices are made with deaf users at the forefront
[17, 71, 72]. Below, we discuss some of the ways sign language user
interface elements and layouts have been systematically explored.

2.3.1 Sign-Language Augmented Interfaces. Researchers have in-
vestigated augmenting online resources with signed language con-
tent to enhance accessibility. Elements investigated include video-
based tool-tips to explain text [41, 52], explanatory videos for text
menus [36], synthesized animations [54], and icon functionality
[83] to support the accessibility of written content.

Debevc et al. [26] tested the impact of adding a video of an inter-
preter with a transparent background signing text-based content.
Against the transparent background, the individual signing appears
to be integrated directly into the webpage. Participants expressed a
preference for no visible background, as well as a re-sizable video
feature. Hassan et al. [42] explored sign language based search
functionality in a study of ASL learners using a hybrid dictionary
search function. Participants began the search by viewing a set of
ASL vocabulary videos, then filtered the vocabulary by linguistic
features, i.e., ASL handshapes, the location of the sign (e.g., on the
face, arm, or body), and the movement of the sign (e.g. left-to-right,
circular). They also investigated video play features such as hover
vs. auto-play. Their results discussed ASL learners’ preferences for
the presentation of ASL videos and text within the same interface.
However, ASL learners are generally not deaf and have very limited
to emerging ASL fluency by definition. Our study participants all
identified as deaf ASL fluent individuals, and were asked to examine
and comment on an interface containing only ASL videos and no
text.

Kennaway et al. [54] investigated the use of synthesized avatars
to translate or explain written content in sign language. This study
employed a bilingual ASL/English interface design with ASL inter-
pretations provided by avatars and examinedwhether this might im-
pact the understanding of written content. They created a browser
plugin and evaluated comprehensibility and visual design. Different
interface designs were displayed and tested, including a pop-up
vs. a fixed frame of animation, various placements, and different
background colors. They found that deaf participants favored more
control over video speed, sizing, and changing background color.
Additionally, participants favored the animated video shown in a
fixed frame over a pop-up that blocked information in print [54].
They also found that text-centric layouts were not well-aligned for
animated signed content. They found it necessary to modify the
text-centric layout, not only to improve the aesthetic aspects of the
design, but also to convey the meaning of visual-spatial linguistic
aspects referencing the space around a signer [49, 65, 97]. Their
findings shed light on a number of interface design implications
[54, 65]. Our goal is to explore the perceptions and preferences of
deaf users for interfaces where all content and all or most naviga-
tional elements are in ASL.

2.3.2 Sign-Language Centric Interfaces. A limited number of SL-
centric user interfaces have been investigated, primarily designed
for educational and assessment purposes [10, 44–47, 85], survey
creation [17, 18, 72], or translation into a signed language [92]. In
some cases, the goal of the resource required that all content be
provided in ASL. For example, for an assessment of ASL language
arts skills, a bilingual or augmented interface would impact both
validity and reliability. In other cases, the goal was to remove the
barrier or requirement that users rely on a written language to ac-
cess content. These efforts required teams to rethink user interface
elements to enable full engagement, exploration, and navigation
via ASL videos, images, and icons.

Some resources used the traditional rectangular video shape,
while others [17, 85] contained video elements with different shapes
used for content, menus, and navigation elements. The goal was
to distinguish various elements by shape to facilitate and improve
user experiences. For example, in ASL Clear [10] (the only pub-
licly available SL-centric online tool we found), hovering over the
circular menu icons reveals circular ASL videos that provides in-
formation about the icon’s function. ASL Clear’s search menu con-
tains a set of rounded-edge square frames that display icons of
static graphemes (a written character-based system representing
the phonemes and morphemes of ASL signs [91]). Hovering over
the image of a grapheme triggers a fade to an explanatory video
of that grapheme. This video element displays both icons and sign
language content, and enables users to look up and filter an array of
ASL vocabulary videos by selecting specific linguistic parameters,
much like users can look up English words that start with the letter
’T’.

Another example of customized video elements is the work done
by Fels et al. [38]. They designed and evaluated the use of sign-
linking, sign language-only web pages that featured hyperlinks
embedded in videos. They also investigated the use of icons on
videos as visual indicators for active links, colored frames around
freeze frames with hyperlinks to quickly review the available links,
and a bar to indicate the location of the hyperlinks within a video.
Sánchez et al. [92] designed a SL translation platform that featured
rounded edge videos and a video tool-tips along with other visual
elements. Their platform also provided optional textual content as
an additional source of information. Mahajan et al. [72] and Boll et
al. [17] explored an ASL survey tool, with several potential designs.
Videos were presented in different shapes to highlight differences in
content and functionality. Mahajan et al. [72] presented SL videos
of the survey’s multiple choice answer options framed in a circular
shape. SL videos framed in a given border color indicated selected
answers. Cues about the ASL video content was provided in this
tool by freeze frames (images of ASL signs in frozen recognizable
moments) and survey questions and answers were displayed in
different layouts (i.e. portrait vs. landscape). This work also high-
lighted the need for careful design considerations while including
ASL videos.

These research efforts provide early examples of novel use of
ASL user interface elements to expand the options for SL-based
online resources and reduce the reliance on other languages in
systems designed for the Deaf community. Each of the examples was
designed to meet needs for a particular context but was not deeply
or systematically studied. Before designers can begin integrating
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these elements into similar and new contexts, more information is
needed about general perceptions and parameters of these design
elements, and whether these may apply across multiple contexts or
are context-dependent. This is the focus of the study described in
this paper.

2.4 Other accessibility considerations
In addition to sign language integration within user interfaces,
there are other accessibility considerations that should be noted.

Deaf individuals are often required to quickly alternate visual at-
tention between competing sources of information [58–60, 76]. For
example, while videoconferencing, a deaf participant is often attend-
ing to multiple visual streams of information, including comments
from other ASL-signing participants, interpretation of comments
made by non-signing participants, slides, shared screens, captions,
a running chat dialogue, and the affectual responses of others [60].
Flexible designs and features, such as being able to move participant
windows and caption boxes in a video conference platform, can
markedly improve experiences. Understanding that deaf and hear-
ing people are engaging in quite different ways can also prompt
participants to discuss and establish shared norms that align with
the needs of all participants rather than only some, and encourage
all who participate in an event like a remote meeting to take greater
shared responsibility for successful interactions [78].

To support accessibility, much work has gone into studying cap-
tions [7, 8, 40, 77]. Researchers explored user preferences regarding
caption background, fonts, colors, and placement for live TV [7],
and how additional visual indicators enhance the accessibility of
captions (e.g. adding dots to indicate pausing [40], emojis to identify
speakers [8], and visual elements to represent speech speed and
volume [77]). These findings may support improved accessibility of
video content. However, findings and guidelines focus on aspects
within a single video frame, and are primarily aimed at making
spoken content accessible via transcribed written content, rather
than providing sign language content that is directly available to
signing deaf users.

Fajardo et al. [35, 37] investigated the use of graphical (non-
signed) icons as a replacement for text to make menus accessible
for deaf users, expecting deaf participants to outperform hearing
participants when being asked to find hyperlinks on a graphical
format of a newspaper web page. Since their hypothesis was not
supported, they suggest that this could be a result of not considering
the similarities and differences of icons’ visual characteristics and
called for the need for further investigation to explore the impact of
the visual aspect, rather than solely focus on the semantic meaning
of words or icons [35]. However, in their other work, Fajardo et al.
found deaf users outperformed hearing users when being asked to
find items on a web page for a supermarket [37]. Their supermar-
ket web page featured familiar and frequently seen icons, which
revealed the impact of icon choice on the performance of deaf users
when navigating graphical interfaces. In addition, Fajardo et al. [36]
investigated the use of videos along with text to facilitate the navi-
gation of website menus. Their finding showed that graphical-only
menus [37] and videos combined with text menus [36] enhanced
information search for deaf participants. However, they did not

explore the use of icons combined with signed videos, which is one
of the elements we explored in this study.

These research efforts looked at augmenting or adapting user
interfaces to support the accessibility of current spoken and text-
based interfaces or enhance the accessibility within a single video
that was not presented in a signed language. While the studies
described above did not include designs explored in our study, they
present potentially valid use cases, particularly in contexts where
the primary content is in text or audio form.

3 Envisioning Signed Language User Interface
Elements

Motivated by the work on SL-centric design, we aimed to more
systematically study video element designs, and apply the findings
to make informed and appropriate design choices for sign language
interfaces. Since these elements are not currently available to users,
and design guidelines do not exist, we wanted to answer questions
such as: How many videos are reasonable to consider on a single
page? Do user preferences and limits change based on layout and
position? Do users perceive and attribute different meanings to
videos of different shapes? To start answering these questions and
others, we began by identifying a set of promising emerging and
novel elements that could be used in SL-centric user interfaces.
Below, we describe the process for identifying and prioritizing
elements to study as well as the final list that was used in our study.

3.1 Selection and design process
A set of video-based interface elements were selected and designed
for study by our team of Deaf and hearing ASL signers, and hear-
ing non-signing individuals. The team is made up of linguists, re-
searchers, HCI students and HCI experts. Elements were selected
from three sources: existing online tools, literature, and novel ele-
ments suggested by the ASL-signing team members based on their
ongoing research and lived experiences.

The process of selecting and designing was as follows. First, a
literature review was conducted (Section 2.3), to explore user in-
terfaces augmented with signed content (Section 2.3.1) and those
expressly designed for sign language (i.e., SL-centric user interfaces)
(Section 2.3.2). These online resources were examined to evaluate
current designs of ASL video-based elements and to narrow down
which would be most useful to study. We held several rounds of
discussions remotely via Zoom to finalize the selection of elements
and design options to be studied. Key interface elements that could
be explored independent of specific context, content, or application
were selected for the study. This list was further updated and nar-
rowed down as the ASL experiment tool was developed (Section
4). The final selected categories included elements that were likely
to be general enough to be used across many future contexts. Any
options that required embedding into a particular application, in-
terface, or context were ruled out. For example, a user’s reaction
to the number of videos per page could be assessed outside of a
particular web interface, but could be applicable for educational,
news, or social media contexts. However, the use of colors or video-
based hyperlinks should be embedded in a context to be explored,
as was done by Fels et al. [38], since colors convey meaning and it
is challenging to get precise perception evaluation without context.
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The same thing applies to video-based hyperlinks, where context
is crucial, which was explained in the related work [38].

This process resulted in a set of elements listed in Table 1 and
examples of these are shown in Figure 1. For each of these categories,
we identified several variations that we would explore and built a
tool that could present the different elements to study participants.

3.2 Overview of experiment tool
After selecting the elements and designing variations of these el-
ements, we created an experiment tool that could allow study
participants to view and interact with the designs, and indicate
their perceptions and preferences. We designed all elements using
Adobe XD except those that included animations, such as "fade",
"flip", "slide", and "pop-up". For these animated elements, we used
JavaScript and CSS to code them. In addition, "hover vs. click to
play" was coded to avoid any delay when hovering over a video.
For all elements, our focus was on exploring users’ perceptions and
preferences of the design options independently from the video
content; so we used the same short signed sentence for the majority
of the elements ("What’s your age?"). Variations from this sentence
and the rationale will be explained below.

4 Design considerations and presentation of
ASL user interface elements

In this section, we detail each of the ASL user interface elements
that we studied (Figure 1). We describe the motivation and current
understanding and practice as well as open questions about the
way they could be successfully integrated into user interfaces. We
also discuss and illustrate how the element was implemented in the
experiment tool, enabling participants to interact with the designs,
compare them, and provide feedback.

4.1 Video shape
4.1.1 Design considerations and background. We explored partici-
pants’ perceptions and preferences for seven shape options: square,
rounded edges, curved sides, circle, oval, pointed corners, and trans-
parent (Figure 2). While standard rectangular or square shapes are
most frequently used online, different video shapes may be used
to indicate different functional elements of a page such as main
content, headers, or navigational cues [10, 17, 85].

We were inspired by the circular video element shape used in
the ASL Clear online tool [10, 85] and the SL-centric survey tool
[17], as well as the transparent background used in prior work
[26]. Then, as a team, we created other variations of the video
shape element, in addition to the circle and transparent shapes. For
example, the rounded edges shape was designed because people
are familiar with the hollow curved squares checkbox in text-based
multi-select options. We also have seen the rounded edges videos
used in many online resources such as YouTube. The curved sides,
oval, and pointed corners have not been formally studied or used in
literature or online resources. Our team was curious to understand
how participants respond to these shapes and what purposes and
meanings the shapes might be used for. For example, our team
posited that a pointed corners shape might be used to indicate
"quotes" from deaf ASL-signers. Boll et al. suggested that a circle
shape could help users recognize multiple-choice answer options

given its similarity to the radio button users click to select amultiple-
choice response in text-centric surveys, while, for a similar reason, a
rounded edge square could indicate that users could select multiple
answer options [17]. The rationale for designing curved sides and
oval shapes was that these shapes give more space for the signer to
sign.

4.1.2 Presentation in experiment tool. In pilot testing, the Deaf
team members found that when all shape elements were on one
page, it felt overwhelming. Thus, the shapes were grouped on three
different pages and presented to participants to evaluate their pref-
erences. The first page contained three shapes: square, rounded
edges, and curved sides; the next page contained three shapes: circle,
oval, and pointed corners; and the final page contained two shapes:
square and transparent background (i.e. no visible shape around the
signer) as shown in Figure 2. All videos played on hover.

4.2 Signer framing on a transparent background
4.2.1 Design considerations and background. The transparent back-
ground was explored by Debevc et al. [26] and has widely been used
in news and weather forecasting. Debevc et al. [26] studied only
the waist-up framing on this background. We built on this work by
investigating whether participants were comfortable with several
different signer framings on transparent backgrounds: waist-up,
knees-up, and full body (Figure 3) and whether each view might be
connected with a specific purpose. To our knowledge, the knees-up
framing has not been formally studied.

4.2.2 Presentation in experiment tool. We started with a video of
the full body in the frame, then cropped to the knee, then cropped
to the waist, and displayed them in reverse order on the same page
as shown in Figure 3. All videos played on hover.

4.3 Freeze frames and icons
4.3.1 Design considerations and background. Static images of ASL
signs at recognizable moments or freeze frames was first used in the
American Sign Language Assessment Instrument that assessed ASL
language knowledge among K-12 students [47]. Freeze frames have
also been discussed by Henner et al. [46], combined with icons in
the online learning tool ASL Clear [10, 85], investigated in the SL-
centric survey tool [17, 72], and used in a sign-linking technique that
links sign language-only web pages through hyperlinks embedded
in videos [38].

To evaluate whether freeze frames and/or icons may enable and
support the scanning and skimming of ASL video elements, we
evaluated freeze frames in three conditions: 1) freeze frame vs. no
freeze frame, 2) freeze frame of a familiar sign without an icon vs.
freeze frame of a familiar sign with an icon, and 3) freeze frame of
an unfamiliar (regional) sign without an icon vs. freeze frame of an
unfamiliar (regional) sign with an icon. Figure 4 shows the freeze
frames and icons used in this study.

4.3.2 Presentation in experiment tool. Two designs per page were
presented to participants. The first page contained an image of
an ASL signer in a neutral or hands-down position in the “no
freeze frame" condition, and another image of the ASL signer at
a recognizable point of the familiar sign for “swim" in the “freeze
frame" condition as shown in Figure 4 (Group 1). The next page
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Elements Articles and Online Tools
Video Shape [10, 17, 85, 92]

Different Signer Body Views with Transparent Backgrounds [26]
Freeze Frames & Icons [17, 38, 46, 47, 72, 92]
Video Play Methods [10, 17, 72, 85, 92]
Video Transitions [3, 10, 17, 38, 52, 72, 85, 92]

Number of Videos per Page [10, 17, 38, 72, 85]
Number of Videos, Size, & Arrangement [10, 17, 38, 72, 85, 92]

Table 1: ASL user interface elements and resources that were selected for further study from articles and/or online tools. These
are illustrated in Figure 1.

Figure 2: Three groups of video shapes.

contained a freeze frame of the familiar sign “apple" with no icon
and a freeze frame of the familiar sign “apple" with an apple icon,
as shown in Figure 4 (Group 2). The last page contained a freeze
frame of an unfamiliar regional sign for “pineapple" without aan
icon, and a freeze frame of the unfamiliar sign “pineapple" with
a pineapple icon, as shown in Figure 4 (Group 3). The ASL signs
for “swim" and “apple" are broadly shared across the U.S. and if
there are regional variants, they were not known to the team. Both
signs were seen as likely to be familiar to participants. The sign for
“pineapple" has many regional variants and the team chose onemost
likely to be unknown by participants. When viewing these designs,
participants first saw only the first option; when the researcher
clicked, the second option appeared alongside.

Instead of using the sentence “What’s your age?" as in the other
elements, we wanted to select a single word that could be associated
with the freeze frame. The goal was to determine whether or not
the recognizability of a freeze frame or sign would influence user
preferences about adding an icon to the freeze frame video tile
design.

After the first image appeared (e.g., a freeze frame of the ASL
sign “pineapple" without a pineapple icon), the researcher asked
participants if they recognized the sign from the freeze frame. After
that, the research displayed the second option (e.g., a freeze frame of
a “pineapple" with a pineapple icon), and then again asked whether
they recognized the sign. Then participants were asked to comment
on how useful the icons were in supporting understanding of a
familiar standard sign versus an unfamiliar regional sign variant.
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Figure 3: Three transparent videos varying in signer position
views.

All participants saw the designs for the familiar sign “apple" first,
then the unfamiliar “pineapple" sign.

Figure 4: Three groups of freeze frame designs varying in
positions, signs, and icons.

4.4 Video play methods
4.4.1 Design considerations and background. While “click" is the
standard method to play a video, “hover" has also been used, in-
cluding within several user interfaces containing sign language
[10, 17, 72, 85, 92]. To explore video-playing methods, we investi-
gated “hover" and “click" in our study. The goal was to know when
and how to use each method (e.g., which method is suitable when
the video is used as a navigational element vs. as main content).

4.4.2 Presentation in experiment tool. We presented two videos
on the same page where the participants played the first video on
hover, and the second video by click (Figure 5).

4.5 Video transitions
4.5.1 Design considerations and background. Several transitions
can be used to switch from an icon or a freeze frame to a video to
reveal more explanatory information about that element. We de-
cided to explore four transitions: “fade", “pop-up" (Figure 6), “slide",
and “flip". We studied these four transitions from freeze frames to
videos and from image icons to videos. While “fade", “pop-up", and
“slide" were found in literature, “flip" was suggested by the Deaf
and hearing ASL-signing researchers in our team. The goal was to
better understand which transitions are perceived as suitable for
a user interface element and whether the transition style would
convey any meaning. The transition “fade" was used in ASL Clear
[10, 85] and the SL-centric survey tool et al. [17], “pop-up" was
found in Adams et al. [3] work, in a browser plug-in developed
by Joy and Sreeraj [52], and in the translator tool by Sánchez et
al. [92]. The “slide" transition was found in the SL-centric survey
by Mahajan et al. [72] where they designed a freeze-frame that
slides to the left side of a video, while the rest of the video content
continued playing on the right side of the same video container.

4.5.2 Presentation in experiment tool. We presented four animated
icons on the same page to enable comparison. Each icon was trans-
mitted to a video when hovering over it. The animations were:
“fade", “pop-up" (Figure 6), “slide", and “flip". In the next page, we
presented four animated freeze frames on the same page to enable
comparison. Each freeze frame was transmitted to a video when
hovering over it. The animations were also “fade", “pop-up" (Figure
6), “slide", and “flip".

4.6 Number of videos per page
4.6.1 Design considerations and background. Mahajan et al. [72]
mentioned that participants found excessive videos on a page to
be overwhelming. However, there are currently no standards or
recommendations on how much content split across videos will be
too much for users. We decided to explore the users’ perceptions
and preferences by presenting 2-6 videos per page in rows as well
as column formats. In addition, we explored grids of videos starting
from 1 × 2 per page, then 2 × 2 per page, and gradually increasing
to 5 × 5 per page. The goal was to explore the minimum and max-
imum number of videos participants would be comfortable with
in a general sense, understanding that actual selection would be
determined by the context. We found sets of rectangular videos
used in several resources [10, 17, 38, 72, 85].

4.6.2 Presentation in experiment tool. We presented a number of
videos displayed in row, column, and grid layouts. For each con-
dition, five options were explored. For the row and column, the
options displayed were 2, 3, 4, 5, then 6 columns or rows. All videos
were the same size. For the grid, the first option shown was 1 × 1,
then the grid increased by one unit on each axis until the final 5×5
grid. Examples are shown in Figure 7.

4.7 Number of videos, size, and arrangements
4.7.1 Design considerations and background. We found sets of
videos of different sizes and arrangements used in interfaces con-
taining sign language [10, 17, 38, 72, 92]. We selected various video
numbers, arrangements, and sizes based on suggestions from the
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Figure 5: Video play methods (hover to play vs. click to play).

Figure 6: Pop-up actions where user can hover over an icon
image or freeze frame to trigger a pop-up video with of a
signer.

Deaf and hearing ASL signing researchers on our team to inves-
tigate how these placements would impact the scanability of the
visual content, and the influence of video numbers when combined
with different placements and sizes.

4.7.2 Presentation in experiment tool. The number of small videos,
when displayed with a large video, was tested in three conditions:
grid, row, and column formats, and in two placements: To the right
of the larger video (landscape placement) and below the larger
video (portrait placement). Examples are shown in Figure 8.

5 A Study of Sign Language-Centric User
Interface Elements Styles and Layouts

To understand how the deaf signing community in the U.S. perceives
ASL video elements, styles, and layouts, twelve deaf participants
were interviewed via Zoom. They were asked to interact with,

compare, and give feedback on elements presented to them. To
ensure we captured participants’ perceptions and preferences for
all user interface elements, the interview probed specific questions
related to each item. For the options related to the size and number
of videos, we asked participants to determine their preferences for
the maximum and minimum that would be comfortable to view.
Our goal was to identify the extremes designers should not exceed.
For the rest of the user interface elements, participants were asked
whether their reaction was positive, negative or neutral to the
element. However, in both cases, participants offered additional
comments as they compared the options presented, indicated their
preferences, and shared what they liked and disliked. All options
were displayed in the same order. The study was IRB-approved, and
participants received an Amazon gift card upon the completion of
the study.

5.1 Procedure
Deaf and hearing ASL-signing researchers conducted 30-minute
interviews over Zoom with participants in ASL. At the beginning
of the interview, the non-signing researchers introduced them-
selves and then closed their videos. Their videos remained closed
throughout the study to avoid overcrowding the video view space
when screen sharing. Behind the scenes, other researchers man-
aged the Zoom operations, observed the participants, and took
notes throughout the study. An ASL interpreter was present with
their video closed to interpret the conversation for the non-signing
researchers present during the interview.

Each participant was given an overview of the study structure. In
ASL, the researcher explained that they would present ASL-centric
elements that may be either familiar or unfamiliar to them, and that
wewere interested in exploring their preferences, likes, dislikes, and
overall perceptions of each element presented. Before displaying
the options, the ASL-signing researchers on our team explained that
we are working towards creating ASL-centric user interfaces, where
not only is the content in ASL, but also the navigational elements
such as menus. This introduction set the participants’ minds to
think about how reshaping videos could extend the potential of its
usage.

Then, participants viewed different options for each element in
the experiment tool our team built (Section 4). Figure 9 shows the
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Figure 7: Examples of three designs varying in the placement of equally-sized small videos in a column layout (left), a row
layout (middle), and a two by two grid layout (right).

Figure 8: Three designs varying in the placement of small videos in relation to a single large video.

study participant workflow with the experiment tool. The order of
the elements designs was not randomized.

Since this study was conducted remotely, we first verified that
participants used a computer, and not mobile devices or touch
screens. However, we did not control the screen resolution or screen
size options. After that, we gave the participants control over the
researcher’s screen so they could interact with the prototype easily
and manage their user experience while reviewing different interac-
tive options. The ASL-signing researcher asked the participants to
share their positive, negative or neutral perceptions of each element
and any additional feedback on each element and its design options.

5.2 Participants
Twelve deaf ASL-signing participants, ranging in age from 18 to
59 years, were recruited via social media and email. More details
about their age, identity, and parents’ identity are shown in Table 2.
For the receptive and expressive skills, all participants subjectively
evaluated their skills at Native or Fluent levels in ASL; however,
there was a greater range in their self-rated fluency in English
reading and writing, as shown in Table 2.

5.3 Data collection and analysis
Data collection: While the interview was being conducted by

one ASL-signing researcher, another ASL-signing researcher took
extensive notes on participant comments and reactions. The con-
versation in ASL between the participant and the interviewer was
interpreted live into English by an ASL interpreter, and one non-
signing research assistant, relying on that interpretation, took notes

of the participant’s responses as well. In particular, from each partic-
ipant, they aimed to record an overall positive, negative or neutral
response toward each user interface element (See Appendix). This
was often expressed directly as a clear positive or negative reaction,
or through expressions of acceptance, preference, usefulness or
comfort/discomfort. All the interviews were recorded with consent
and later transcribed for analysis.

Data preparation: After the interviews were completed, the Deaf
and hearing native ASL-signing researchers reviewed all of the
data, correcting the translations and notes taken as needed, and
confirming the positive, negative, or neutral response for each
element. In addition, they held several sessions in the analysis phase
to review the interview videos and extract additional data that was
not captured by the interpreter or in the notes taken simultaneously,
such as facial expressions and body language. This was an essential
labor-intensive process that ensured that the data collected and
reported was accurate and nothing was "lost in translation."

Data analysis: Two non-signing researchers reviewed and famil-
iarized themselves with the interview transcripts and used videos
as a reference. Videos and transcripts were time-aligned and coded
inAtlas.ti. Participants’ responses to open-ended questions included
statements of preferences (e.g., “like/dislike”) and comfort/discomfort,
but also other terms such as "boring" that indicated a negative per-
ception of the element. Although our team has the goal of observ-
ing users’ positive and negative perceptions and preferences, we
chose the data-driven, inductive approach to reveal any unexpected
themes, rather than solely investigating themes modeled on our
preconception. The two researchers independently coded the data
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Figure 9: Experiment Tool Workflow. The experiment tool enabled participants to view and interact with all of the design
elements. For a particular element, several variations were presented that the participants could move between in order to
compare them. They would then state their preference and any comments that they have.

Participant Age Gender Deaf at age Parent’s
Identity

Receptive
ASL

Expressive
ASL

Reading
English

Writing Eng-
lish

P1 18-29 Female At birth Hearing 7 7 7-Native 7
P2 50-59 Male Unknown Unknown – – – –
P3 40-49 Female Early childhood Hearing 7 7 6-Fluent 6
P4 40-49 Male Early childhood Deaf 6 6 3-Basic 3
P5 18-29 Female Early childhood Hearing 6 6 7 7
P6 18-29 Female At birth Hearing 7 7 7 6
P7 50-59 Male At birth Hearing 6 6 7 7
P8 18-29 Female At birth Hearing 7 7 4-Moderate 4
P9 30-39 Female At birth Hearing 6 7 5-Intermed. 6
P10 30-39 Male Early childhood Hearing 7 6 4 3
P11 40-49 Female At birth Hearing 7 6 6 6
P12 30-39 Female At birth Deaf 7 7 7 7

Table 2: Participant demographic information and self-reported skill in receptive ASL, expressive ASL, reading English, writing
English. Responses were voluntary and P2 did not provide responses about language skills.

and then met remotely over Zoom to discuss the codes. They did
several rounds of checking until they reached full agreement upon
the codes and major categories. The resulting codes and categories
were reviewed by the ASL signing researchers on our team.

6 Results and Discussion
In this section, we report on preferences and perceptions of twelve
deaf ASL signers through interviews as they interacted with vari-
ations of ASL user interface elements. All quotes are the English
interpretation of the ASL comments given by the participants.

These qualitative results shed light on user perceptions and
help inform considerations during user interface design. We then
discuss how the results answered our research questions, and design
parameters that need more investigation. The goal is not to have
hard rules for the design, but instead to enable designers to be
aware of considerations, which need to be put in the context of the
application being designed (Table 3).

6.1 Video shape
6.1.1 Group 1 Results: Square, rounded edges, and curved sides. As
noted earlier, shape options were grouped in the study to avoid
overwhelming participants by having all shapes on one page. There-
fore, the results of the video shapes element and freeze frames and

icons are reported in groups in the same order as it was presented
to participants.

Overall Perceptions and Preferences: Nine out of twelve partic-
ipants felt positive about the rounded edges shape. Participants
often used terms like “standard", “traditional", “boring", and “old-
fashioned" to describe the square shape. However, since they were
most familiar with this shape, they still felt mostly positive about it.
The rounded edges shape was the most liked. P7 said, “The second
shape [rounded edges] feels more intriguing to me, it’s easier on
the eyes, it’s easier to view the signer in that second shape, it feels
like one of those thumbnail videos.” One participant described the
curved sides shape as feeling like a “hug". P9 was curious to see
these shapes in a user interface containing multiple videos “Imagine
a grid, but if you had circular videos in the grid, or many different
shapes within the grid, you could design a lot of fun stuff. Even in a
column format, you could use round videos instead of square ones
- I think there could be some very cool design options.”

Visual indicator: Participants also found that shape can be used as
a content indicator. They commented that the rounded edges shape
gave a professional sense, while the curved sides shape seemed
likely to present something fun. P9 commented: “For a professional
video, I would choose the middle option, the curved edge video
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(referring to the rounded edges shape.)” P7 commented: “I expect to
see a story in this third shape [with curved sides]”.

6.1.2 Group 2 Results: Circle, oval, and pointed corners.

Overall perceptions and preferences: Participants felt generally
positive about the oval (nine participants) and pointed corners
shapes (six participants). Only five said that the circle shape made
for comfortable viewing; some expressed a feeling that the circular
shape crowded and cut off the signer. Additionally, participants
who disliked the shape of the pointed corners noted that it was
uncomfortable viewing a video framed in a shape that lacked sym-
metry. P7 stated: “It feels like half a square and half something else.
My eyes are trying to figure out why one edge is sharp and the
other edge is curved.” Five other participants shared this opinion.

Signer’s space: All participants appreciated how much space the
oval shape gave the signer. P2 expressed:“...I don’t like the circle.
But the oval, it’s comfortable for viewing and it gives the signer
enough space to sign with a little elbow room. [In contrast], I feel
like I’m trying to peer into this tiny circle and I can barely see the
ASL signing.”

Context dependent: Participants also thought shapes might fit
specific audiences. P2 commented on the circle as a suitable shape
for ASL learners saying: “I’m thinking about an ASL learner....the
circle might be helpful to a second language learner, like a hearing
student who needs to focus directly on the signs. And then you
could even open up the circle a little bit into a larger shape as their
skills develop. So it actually may serve as a way to focus somebody
as they are acquiring the language.”

6.1.3 Group 3 Results: Square and transparent background.

Overall perceptions and preferences: Eight participants felt posi-
tive about the transparent background when presented alongside a
square shape. P2 commented: “Yes, yes. I’m very comfortable with
it. I just think we have to be careful about the video background
color that might appear behind the signer.”

Background color: The transparent videos showed an ASL signer
dressed in black on a stark white background. Eight out of twelve
participants, four who liked and four who did not like the trans-
parent videos, expressed wanting to change the background color
of them to reduce the marked contrast. P11 stated “I feel like you
need some sort of background, this [white background] feels like
the person’s in a void or something. There’s just nothing around
them...it’s just the contrast or maybe the fact that I’m not used to a
transparent background. You should use a different color for the
background”.

Other participants suggested that the signer’s clothing be modi-
fied to align with the background. P7 commented: “The black shirt
against the white background feels too much of a contrast for me.
If the clothing were a little bit lighter, it might feel better.” P9 felt
similarly: “I like the transparent background. But ooh, it’s too sharp
a contrast between the white and the black shirt."”

Connection: Of all the shapes, participants found the transparent
option to be the most new, interesting, and personal, noting how it
could be used to enhance engagement with content. P4 said: “With
the square, I don’t feel as connected to the person. Whereas when I

look at the video without the background, I feel like this person is
really talking to me.”

Signer’s space: Participants also mentioned the increased space
around the signer when ASL content is presented on a transparent
background. They felt that having no background allowed more
freedom to use the space as one would in face-to-face interactions.
P7 commented: “I actually like the transparent background because
it feels like you can view it easily, you know, the person signing
is not limited by the shape or the size [of the video] - they’re just
signing freely”

6.1.4 Discussion. Participants used adjectives like “traditional" and
“boring" to describe their perceptions of the square video shape.
This response was also found in prior work [17] in which partici-
pants described rectangular videos as “rigid”, “eye-fatiguing”, and
rounded edge video shapes as “warmer". Clearly, the shape element
has a strong impact on user perceptions of visual elements, and
might influence how users perceive and engage with video content.
Therefore, designers should be mindful when choosing video shapes as
one choice may draw users in and facilitate engagement, and another
may leave users repelled, uninterested or unwilling to engage.

Video shape can be used as a content indicator. Participants
anticipated professional content in the rounded edge videos. One
participant expected a “story" when viewing the curved sided shape.
This shows that designers could use video shapes as visual indicators
that may help users rapidly locate specific content, enhancing recog-
nition rather than recall. This was also true in the study by Boll et al.
[17] where participants perceived the circular shape as an indicator
for multiple choice questions.

Participants valued symmetry while discussing shapes, and it
was clear that the pointed corners shape was least favored because
of that. Therefore, the symmetry of the video shape is important. It
may ease viewing the video.

Several participants appreciated the space the oval and curved
sides shapes provided. Some of them disliked the circle for not
providing the signer enough space. The importance of the signer’s
space was also mentioned in Boll et al. [17]. Therefore, signer’s space
is an important factor in users’ perception of video shapes. Designers
should provide space around the signer as much as possible.

For the transparent background, this shape was seen as being
much more integrated and personal. This could be applied in plat-
forms for learning and communication contexts to increase engage-
ment with video content. In the sign language interpreter model
Debevc et al. [26] have developed, participants found transparent
videos helpful for content comprehension, but they did not mention
content engagement. Therefore, this element needs to be embedded
in context to test if users, indeed, feel more connected with the
signer and content.

One participant commented that they felt connected with the
signers when viewing the transparent background compared with
the square shape. Therefore, this element needs further exploration
to examine whether the transparent video shape element may en-
hance engagement with video content. Additionally, since the video
shape can be used as a content indicator, further exploration is
needed to explore the design space of video shapes as visual indica-
tors across different contexts.
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One participant found the circle video shape can be used for dis-
playing content to language learners to increase focus on the sign
while acquiring the language (to add emphasis or focus on a specific
sign.) Adding a focus on a specific part was also investigated by
Fels et al. [38]. In their study, they added a colored frame around
the signers to indicate the existence of a hyperlink embedded in
the video, which was not perceived positively by participants, who
suggested replacing the frame with an icon. Therefore, more explo-
ration is needed to investigate other possible designs for adding
emphasis and across different contexts.

6.2 Signer framing
6.2.1 Results.

Overall perceptions and preferences: For the waist-up frame, 11
out of 12 expressed comfort with this option, and one was neutral.
For the knees-up frame, 7 participants felt negative or uncomfort-
able, while 4 were comfortable. Participants found the knees-up
framing to be abrupt and odd. P5 said: “The three-quarter feels
like she’s cut off. And it’s at an unnecessary place.” Lastly, 8 were
comfortable, and 3 were uncomfortable with the full-body frame.

Connection: Eight participants found the full body comfortable
and said that it felt personal. P4 said: “To me, I think having the
full body is best. I feel like that person is actually there!”

Distraction: Participants who expressed discomfort with the
knees-up and full-body frames said that it provided unnecessary
information. P1 said: “I think it’s very distracting to actually see
the whole person. It feels like I have to focus on a whole body and
I don’t need to in ASL.”

Context dependent: The mixed responses to the different signer
framings seem to be context-dependent. One participant pointed
out that a given frame would be useful when teaching ASL, as the
teacher may need to demonstrate signs that would be cut off in a
waist up framing, e.g. the ASL signs for pants and skirt which are
located at or below the waist). P6 said: “I would say I do not like the
sense that this video is cut-off (referring to knees-up frame). Unless,
let’s say, you’re teaching ASL, and you’re talking about how to sign
’pants’, or ’skirt’, you would want to show the full body because
those signs are at the waist and below it.” P5 also commented on
the context dependency:“The only reason you’d need to have full
body would be if you know it’s needed to convey more information.
I usually only see a full body when somebody is like on the news
telling you about the weather.”

6.2.2 Discussion. Most of the participants had positive perceptions
of the waist up view. That was probably due to the familiarity
of viewing videos with this framing. However, for the knees up
and full body framing, the longer views seemed distracting and
provided unnecessary information to some participants. Only a
few participants commented that these two signer frames might
be necessary in some contexts such as when signs are happening
from waist down, for instance in the “Skirt" sign. One participant
felt connected to the signer when viewing the full body. Therefore,
designers should select the appropriate signer framing based on the
context, and avoid unnecessary use of framing other than the waist
up to avoid distracting users.

In the sign language interpreter model Debevc et al. have devel-
oped, [26], a waist-up view was provided. The researchers did not
specifically ask about the signer view, but they asked about the size.
They recommended providing control of video sizing, since some
of the participants suggested changing the size. Further investiga-
tion is needed to explore if the full body view indeed assists the
engagement with video content, and if resizing the framing might
impact users’ preferences and perceptions.

6.3 Freeze frames and icons
6.3.1 Group 1 Results: No freeze frame vs. freeze frame:

Overall perceptions and preferences: When this element was pre-
sented, five participants either felt positive with both options or did
not notice the difference between the options. P2: “I could imagine
they both would work in different situations.”

Missing information: Three participants disliked the freeze frame
because it made them feel that they missed information. P7 said: “I
would prefer the video start at hands down. I think that’s because
when I look at the right [freeze frame] video, I feel like it’s already
in mid-sign or something - like maybe I missed the beginning. It’s
like, oh, shoot, I’m going to have to rewind or maybe it’s not going
to start in the right place, because the person has already started
signing. Whereas in the left video showing the person standing
with their hands down, I feel like, Oh, okay, this is the beginning
of the ASL video. And when I click on it, it will start in the right
place.” P11 saw both advantages and drawbacks to freeze frames,
commenting: “I could see pros and cons to both – cases where a
person might think that there was a glitch in the video or they have
missed some information, and other cases where people use the
freeze frames to scan content more quickly.”

Scanability: Scanability was mentioned when discussing the uses
and applications of freeze frames. Four participants preferred the
freeze frame to support scanning. P4 said: “Obviously the one on
the right [with freeze frame] is better than having her hands in a
neutral position - I have no idea what she’s talking about [when the
hands are down]. Whereas the one on the right - I know that she’s
going to be talking about swimming.” One participant, P11, found
that the freeze frames element enhances scanability: “If I wanted
to quickly look over a bunch of videos, then I think those frozen
images might help me to scan quickly or find the information that
I’m looking for more quickly.”

6.3.2 Group 2 Results: Freeze frame of a familiar sign without an
icon vs. with an icon:

Overall perceptions and preferences: Even though the sign for
“apple" was familiar and known to four participants, they appreci-
ated seeing the icon displayed on the video. P3 and P12 said that
they felt greater confidence in their understanding of the freeze
frame with the icon. P12 said: “[While signing regional sign] I grew
up with a different sign for “apple". So the picture actually would
benefit me, because I’ve seen a few different signs for it. It’s not
exactly universal.” However, 5 participants felt the apple icon added
unnecessary information. P10 said: “I do not want the icon - it’s
too much information.”
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Context dependent: P4 said having icons would be useful for
international audiences: “I prefer the additional information, es-
pecially you know, I’m thinking about an international audience;
they might not quite get what the sign is without the additional
information.” P6, also said: “I could see an icon being maybe less
useful if they already know the sign. But if it’s for accessibility or
learning purposes, and you want to make sure people know what
the sign is, then icons are useful.”

6.3.3 Group 3 Results: Freeze frame of an unfamiliar sign without
an icon vs. with an icon: None of the participants were familiar with
the regional sign for "pineapple" that was used here.

Overall perceptions and preferences: Eleven participants liked
having the icon and found the icon necessary to recognize the sign.
P7 said: “The icon helps a lot because I didn’t recognize it from the
frozen image (referring to the freeze frame). I also didn’t recognize
it from the sign. I know another sign for ’pineapple’, [indicating
the one located near the eye]. But I don’t know that sign, so the
icon was definitely helpful.”

6.3.4 Discussion. Despite the fact that freeze frames are rarely seen
on ASL sites, many ASL signers either expressly or unconsciously
recognized the signs represented by freeze frames. This result was
also found in prior work [17], where participants sometimes clicked
on the freeze frames to choose survey answers without playing the
videos. Positive responses to freeze frames were also found in the
sign-linked web pages designed by Fels et al. [38], where partici-
pants liked the use of freeze frames to scan video content. However,
in our study, it was noted that a freeze frame of an unfamiliar sign
did not help users predict the content of the video. It was helpful
to add an icon to the video tile when the sign may be unfamiliar.
Having an icon as an additional source of information is likely
useful for certain situations, such as in instructional contexts, when
signs are harder to represent in a freeze frame and signs that have
many regional variants. This was also true in Fels et al. [38] study,
where participants favored the use of icons as an additional source
of information, to represent the existence of hyperlinks embedded
in the video. However, careful design is required when choosing
the icon design.

We explored freeze frames with short videos and with the same
signers for both the freeze frame and the video. Boll et al. explored
the same element but in the context of surveys. Fels et al. explored
freeze frames when linked to a web page (freeze frames were used
as buttons) and found that participants did not like it, and stated
that they expected users’ reaction to be worse if they presented
different signers for the freeze frame and video. Therefore, further
investigation is needed to explore the use of freeze frames with
different video lengths and signers as these factors might influence
users’ perceptions.

6.4 Video play methods
6.4.1 Results.

Overall Perceptions and Preferences: Participants were divided
on this element. 50% said that they preferred hover, and 50% said
they preferred to click. However, this division was likely partly due
to the design. The hover-to-play option lacked visual indicators

for where to hover and for how long, making it less intuitive. In
contrast, the click-to-play option provided a clear visual indicator,
but required the additional step of clicking, making the process
slower than hovering. In this case, we see a trade-off between the
impact of intuitive design and the efficiency of a video play method.

Hover: Participants expressed the need for visual cues or hints for
the hover element. P11 said: “There’s no cue to the users that hover-
to-play is an element here. So someone would go looking all over for
the click-to-play button, and they’d be confused by that. So you need
some way of alerting the user to this.” Additionally, participants
were frustrated that their cursor arrow covered the video. P5 said:
“I’m not sure how long to hover...and I don’t like seeing the cursor
over the image.” Lastly, the response time was a big concern. Some
participants expressed appreciation when the video played quickly
on hover; others stated that they would definitely use that element
frequently if it were better designed.

Click: Participants appreciated the familiarity, the visual cues,
and the confidence they had when using it. However, P11 said that
the controls should disappear after the video starts playing.

6.4.2 Discussion. Hover-to-play received mixed reactions. One
issue was that some participants were not sure where and how
long they should keep their cursors to play the video on hover. One
advantage participants mentioned was that hovering to play started
the video far more quickly than clicking to play. Previous studies
also show that different video play options may be implemented
intentionally to support different design goals. In prior work by
Boll et al. [17], hover was used to increase user efficiency while
scanning survey videos and click-to-play was used to choose video-
based answer options. Although the design of the hover-to-play
action was glitchy in their study, participants still preferred it over
click-to-play [17].

To balance efficiency and learnability, an indicator for the hover-
to-play element would assist users with viewing content and com-
pleting tasks faster and with less effort. However, we identified
several design considerations. Any elements that cover the video
are likely to be a barrier to viewing content and distracting to users,
causing them to miss information, or prevent efficient scanning.
Therefore, hover-to-play facilitates scanning and faster task comple-
tion, but needs a carefully designed indicator to inform users where
and how long to hover. For the click-to-play, it is preferable to hide
elements such as the play button, and progress bar, immediately
after the video starts playing. Therefore,whether the action is hover
or click, designers should avoid covering or surrounding videos with
any additional elements (e.g., a button or pointer) to not cause any
missing information.

Interestingly, Hassan et al. [42] found that for ASL learners (who
were mostly hearing), preferences were split between auto play vs.
hover-to-play. They liked auto play for the quick view of videos.
However, some participants were overwhelmed by the auto play of
multiple videos and favored having hover-to-play. Hover to play
enabled them to scan freeze frames before playing videos [42].
Although the perception of user interface elements likely differs
for deaf and hearing individuals, hover to play appears to satisfy
the need to have control as well as efficient viewing. However,
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further investigation is needed to explore factors that impact users’
decisions and preferences for one method over another.

6.5 Video transitions: freeze frames, icons, and
videos

6.5.1 Transition from an icon to a video results.

Overall perceptions and preferences: The "fade" and the "flip" tran-
sitions from an image icon to a video had themost positive reactions,
closely followed by the "pop-up" and "slide" transitions. The least
positive transition element was "pop-up" (5 participants).

Context dependent: Some participants pointed out that their pre-
ferred transition depended on the content. For example, the pop-up
transition from the icon to the video P2 said: “If it’s a menu, let’s
say, then that tooltip pop-up, felt easier, easier to see.”

6.5.2 Transition from a freeze frame to a video results.

Overall perceptions and preferences: While "fade" was seen as the
familiar or standard transition, it was highly preferred for transi-
tioning from freeze frames to videos. This was because the other
transitions did not feel necessary to participants. P3 said: “The sec-
ond one (referring to the ’pop-up’ transition) it feels unnecessary.
Why does the video pop up above the freeze frame?”

Response time: Participants seemed to be concerned about the
speed and value added nature of transitions, noting transitions that
slowed them down and did not enhance their user experience. P4
said: “I prefer the first one for sure. The one on the extreme left
(referring to the ’fade’ transition)- it feels like a waste of time to
have to wait for that animation (referring to the ’pop-up’, ’flip’, and
’slide’ transitions). I want to just be able to see what I want to see. I
don’t want to wait for these all these different types of animations
moving up or flipping.”

Video length: One factor participants mentioned that was outside
the scope of the study was video length. Longer vs shorter videos
may result in different preferences, as noted by participants while
discussing the freeze frame and icon-to-video transitions. Some
users commented that “pop-up" transitions might not be useful or
suitable for longer videos.

Icons vs. freeze frames to a video: Several participants preferred
transitions from icons to videos over the insertion of an additional
transition between freeze frames and videos. P3 said: “I liked the
transition, the yellow [icon] (pointing to the icon) felt like a good
transition from the icon to the sign - it felt like there was a nice
transition between them....I had a sense of what the icon meant, and
then it transitioned to the sign in a way that felt seamless. Whereas
from the freeze frame to the sign - it felt like...an abrupt transition.”
P5 said: “I feel like a picture (referring to the icon) provides instruc-
tion, whereas a freeze frame doesn’t give enough information. I
think it’s better to use an icon to tell you what to do next.”

6.5.3 Discussion. For an icon transitioning to a video, the icon and
video appeared to participants as two separate and useful units, with
videos introducing additional information that was not obvious
from the icon alone. However, with freeze frames transitioning to
a video showing a single sign via the “fade" transition, the freeze
frame and the video were perceived by the user as one unit, with the

signed video not seen as conveying additional useful information
that could not be understood via the freeze frame alone. With
transitions such as "pop-up" or "slide", the freeze frame and video
were perceived as separate units, but the video was not perceived as
adding useful information because again, participants were able to
guess the video content from the freeze frame. This might be why
more participants disliked transitions that "slide", "flip", and "pop-
up" in the freeze frames case than in the icon case. They felt the
video added unnecessary information that was easily understood
from the freeze frame alone.

A similar reaction toward freeze frame "slide" transition was
found in Mahajan et al. [72]. In their study, participants found
it distracting when a freeze frame image slides off to the left to
reveal the full video behind it. Sánchez et al. [92] recommended
the use of pop-up to reveal exploratory information about an icon.
Designers should consider using transitions from icons to videos that
add explanatory information about icon functionality, and use only
"fade" transitions to move from a freeze frame to a video.

6.6 Video quantity, size, and placement
6.6.1 Results. User preferences related to the elements of “Number
of videos, size, and placement" and “Number of videos per page,"
were interdependent, so results for both are discussed in this section.

Interdependence: Participant responses indicated that video size
and the number of videos displayed were interdependent. When
asked about the number of videos they were comfortable viewing,
they commented about size and vice-versa. P6 said: “I think [video]
size and number on the screen are both related. And so it’s hard to
determine one without knowing the other.”

Whitespace: Whitespace was frequently mentioned when par-
ticipants were asked about the number or placement of videos.
Sufficient whitespace around videos was important to make the
screen look less crowded. P6 said: “If you can’t scroll, I would say
four videos maximum (referring to the row layout). That feels good
because it has enough whitespace and enough room to not feel
crowded.”

Balance: Participants indicated that the size and the number of
the videos needed to be such that the design looked balanced. For
example, users preferred that the larger video be reduced in size,
and smaller videos needed to be enlarged for viewability When a
grid of videos below one large video was presented to P11, they
commented: “I’d prefer the layout to be more balanced. So have the
four small videos each be larger so that they kind of align with that
top video (referring to the large video).”

Scanability: Many participants mentioned “scanability" when
being asked about the number of videos, size, and placement as
well as the number of videos per page. Some participants preferred
the layout oriented from left to right (landscape), finding it more
familiar. Others preferred a top to bottom (portrait) orientation,
finding it more effortless and easily scanned. P2 commented on
the placement saying: “This side to side feels much better than the
top to bottom. I think it has to do with how the mind can process.
We scan left to right I think more readily or more traditionally
than we do up and down.” Also P1 said: “I think it’s a linear array
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Do Don’t
Use visual indicators, such as border color changes, as cues of
video status (e.g., hover-to-play triggers border change).

Avoid adding elements that overlap with or block ASL content,
e.g., video play buttons, especially while video is running.

Use video shapes that resemble familiar elements from text-
based designs (e.g., radio buttons) to support deaf users’ intu-
itions about the content and function of video elements.

Avoid video shapes with sharp corners, such as squares, as users
found them harder on the eyes and less engaging.

Hover-to-play enhances efficiency and facilitates scanning of
multiple videos.

Avoid asymmetrical shapes as they may be distracting to view-
ers.

Add icons to freeze frames of regional, multi-meaning, or unfa-
miliar signs to provide additional support for sign recognition
and increase user prediction accuracy.

Avoid the use of iconswhen the sign can easily be predicted from
the freeze frame alone, to eliminate unnecessary information.

Use freeze frames showing recognizable images of signs to
support faster scanning of video content.

Avoid signer body views that exceed a waist-up view to reduce
distractions, unless required for linguistic reasons.

Ensure videos are large enough to view ASL content, layouts
are balanced, and there is sufficient white space around videos.

Avoid elements or designs that clutter or obscure the layout,
reducing white space around videos.

Add transitions to reveal ASL instructions, explanations, and/or
informational videos about lesser-known elements (e.g., ASL
graphemes).

Avoid adding novel video elements that are unclear or not well
explained via instructions.

“Fade" transitions are preferred over other options when transi-
tioning between freeze frames, icons, and ASL videos.

Avoid framing the signer too tightly; insufficient space around
the signer can cause the video to feel crowded and increase the
risk of signed content being cut off / out of frame.

Table 3: Summary of ASL element design considerations.

arrangement (referring to the row layout). For me, it’s easier to scan
across. Whereas in the grid, the first one, it was hard for me to
figure out where to look. And now, I have a similar sense with the
column. Maybe it’s just how my particular brain works.”

Scanability was also brought up when the element of "Number
of videos per page" was presented. P10 felt that four videos in a
row format were easy to scan, commenting: “I feel like I can take in
all four of them in one quick scan. If there are more than 4 videos,
I feel as though I’m missing something out of the corners of my
eyes, something that I can’t see. But I can easily see all four of these
videos at the same time.”

Context dependent: Several participants said that their answers
would change based on the purpose of the video. For example, P11:
“[It would be helpful] if I knew how long the videos were going to
be, or if I knew what [site] it was going to be used in. Like, I don’t
know if it’s going to be an entertainment site or something else.”

6.6.2 Discussion. Divergent responses about the layout point to
the need for further exploration of this area. Although some partic-
ipants preferred the layout oriented from left to right (landscape),
others preferred a top to bottom (portrait) orientation, finding it
easier to scan; which is aligned with prior work [17]. In the scope of
this paper, we studied all factors chosen independently, however, a
strong dependence between elements was observed. As mentioned
in the results, the video number, size, and layout are very closely
interrelated.

When asked about the preferred number of videos, participants
also commented more often on white space, balance, and scanabil-
ity than the actual number of videos that would be acceptable vs
the number that would be considered an overwhelming amount

of information. Thus further investigation is needed considering dif-
ferent layouts, context, and using eye tracking methods to get more
objective results.

7 Future work and limitations
Our goal is to work towards guidelines for SL-centric user inter-
faces, and this study is an initial step toward this goal. To achieve
that, perceptions and preferences about the elements identified
in this work should be further explored in different contexts, and
with a larger number of participants to confirm and extend the
study findings. While many foundational elements were explored
in this study, there are certainly many more to investigate. For
example, several participants discussed the challenges of scanning
ASL content when viewing different layouts, making it clear that
exploration of the scanning patterns of deaf users, and elements
that may facilitate or impact their ability to scan ASL interfaces, is
needed. As highlighted in Section 2.2, a user’s culture has an impact
on how they scan a user interface and its content. Deaf culture,
which is rooted in shared experiences, identity, and language (ASL
in the United States) [61], and the visual nature of each of these
factors, likely influences visual information seeking among deaf
users [15, 24, 29, 43]. For example, the production of American Sign
Language happens in the space around the signer, or the signer’s
space [30, 34, 64, 97]. The signer’s space plays an important role in
conveying meaning through signs or spatial referencing. Spatial
referencing uses locations or points to refer to people, objects, or
concepts throughout a signed content or conversation [34, 64, 97].
For instance, when comparing two objects, a signer could sign in
different locations to establish references to object A and object B
(location on their left to refer to object A and on their right to refer
to object B) and then keep signing in these locations to reference
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these objects [97]. A video of a signer pointing or changing loca-
tions might influence visual attention. If the user interface features
freeze frames of spatial referencing moments, the complexity of
some spatial references might attract users’ visual attention. This
is just one example to illustrate the existence of directionality in
sign languages which likely influences scanning patterns.

In the broader HCI research community, it has also been shown
that culture impacts how one looks for information [2] and that the
user’s primary written language and reading habits can influence
scanning strategies [2, 82], but only limited work has explored how
Deaf culture and the characteristics of signed languages impact
user interaction on screens.

Participants repeatedly noted the impact of context when evalu-
ating their comfort level with certain designs; thus, studying identi-
fied elements across different contexts is essential to see the extent
to which context influences engagement, user experiences, prefer-
ences, and choices.

Some elements (e.g., video shapes) were not presented in a stand-
alone fashion. Displaying multiple elements side by side, such as
shapes per page, is likely to impact a participant’s perception or
preference more than seeing elements in isolation. In a future study,
we hope to explore perceptions of one element at a time and contrast
the findings to determine whether there appears to be a shift in
preferences due to the presentation.

8 Conclusion
We investigated the perceptions and preferences of 12 deaf ASL-
signing participants for video-based novel user interface design
elements selected from literature, online tools, and suggestions from
the Deaf and hearing ASL-signing researchers on our team. These
designs were iteratively created and evaluated through remote in-
terviews. Deaf ASL fluent signers were engaged in investigative
roles and as participants during every phase of this project. Study
interviews were conducted in ASL by native signing researchers on
our team, interpreted into English, transcribed to English print, re-
viewed by native ASL signers (considering both videos and English
transcripts) then qualitatively analyzed by non-signing researchers.
We presented these elements and their design options to partici-
pants and asked them to interact with and compare them, aiming
to reveal positive and negative perceptions for each element and
any other preferences expressed.

The study provided an initial understanding of design consid-
erations that can be applied regardless of the context. The results
also revealed some design parameters that should be explored in
future work. Additionally, since all signed languages use the visual
and tactile modalities, it is expected that our findings will be appli-
cable to other signed languages. However, further exploration is
needed to confirm whether or not linguistic differences exist that
impact user interface element design. We elected to study elements
generally to not limit the possibilities of customized video-based
elements usage with specific contexts and to identify underlying
patterns and general guidelines that can be applied across contexts.
This work is an initial step for future investigations that will lead to
formalized general design guidelines for SL-centric user interfaces
featuring video-based user interface elements.
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A Appendix: Annotation of Perceptions and
Preferences

During the interview sessions, participants interacted with the
study tool and shared their preferences and reactions to various
configurations of the ASL user interface elements. Their feedback
was often expressed as positive or negative sentiment, acceptance
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level, or comfort/discomfort with specific elements or layouts. Mem-
bers of the research team recorded these reactions in an internal
form to quantify the number of participants responding positively,
negatively, or neutrally to each option. The tables below show the
coding scheme used internally for each participant.

Scenario Options
Max number in a grid 1 × 2 2 × 2 3 × 3 4 × 4 5 × 5
Max number in a row 2 3 4 5 6
Max number in a column 2 3 4 5 6

Table A1: Options for exploring preferences for the maxi-
mum number of equal-sized videos/page in different config-
urations

Scenario Options
Column format (single large video on the left) 2 3 4 5 6
Row format (single large video above) 2 3 4 5 6
Grid format (large video above) 1 × 2 2 × 2 3 × 3 4 × 4 5 × 5
Grid format (large video on left) 1 × 2 2 × 2 3 × 3 4 × 4 5 × 5
Grid format (two large videos on left) 1 × 2 2 × 2 3 × 3 4 × 4 5 × 5

Table A2: Options for exploring preferences for the maxi-
mum number of secondary video elements in different con-
figurations with larger video elements

Scenario Positive Neutral Negative
Square shape □ □ □

Rounded corners shape □ □ □

Curved side shape □ □ □

Circle shape □ □ □

Oval shape □ □ □

Pointed corners shape □ □ □

Transparent video frames (Waist Up) □ □ □

Transparent video frames (Knees Up) □ □ □

Transparent video frames (Full Body) □ □ □

Freeze frame □ □ □

No freeze frame □ □ □

Freeze frame/no icon (familiar sign) □ □ □

Freeze frame/icon (familiar sign) □ □ □

Freeze frame/icon (unfamiliar sign) □ □ □

Freeze frame/no icon (unfamiliar sign) □ □ □

Hover to play video on hover □ □ □

Click to play video on hover □ □ □

Icon fades out to video on hover □ □ □

Icon pops up to video on hover □ □ □

Icon slides to video on hover □ □ □

Icon flips to video on hover □ □ □

Freeze frame fades out to video on hover □ □ □

Freeze frame pops up to video on hover □ □ □

Freeze frame slides to on hover □ □ □

Freeze frame flips to video on hover □ □ □

Table A3: List of scenarios for assessing positive, negative,
and neutral perceptions and preferences.
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