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Fig. 1. Interactions in GlassMessaging. The user undertakes a sequence of steps: 1) receives a message notification from
Peter; 2) utters the voice command ‘PETER’, which prompts the contact list to automatically scroll to and open the
chat interface of “Peter”; 3) invokes the voice command ‘VOICE MESSAGE’, thereby activating voice dictation (or
alternatively, opening the keyboard by pressing the button in mid-air); 4) starts dictating the reply message; 5) issues the
voice command ‘SEND’, resulting in the message being sent.

Communicating with others while engaging in simple daily activities is both common and natural for people. However,
due to the hands- and eyes-busy nature of existing digital messaging applications, it is challenging to message someone
while performing simple daily activities. We present GlassMessaging, a messaging application on Optical See-Through
Head-Mounted Displays (OHMDs), to support messaging with voice and manual inputs in hands- and eyes-busy scenarios.
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GlassMessaging is iteratively developed through a formative study identifying current messaging behaviors and challenges in
common multitasking with messaging scenarios. We then evaluated this application against the mobile phone platform on
varying texting complexities in eating and walking scenarios. Our results showed that, compared to phone-based messaging,
GlassMessaging increased messaging opportunities during multitasking due to its hands-free, wearable nature, and multimodal
input capabilities. The affordance of GlassMessaging also allows users easier access to voice input than the phone, which
thus reduces the response time by 33.1% and increases the texting speed by 40.3%, with a cost in texting accuracy of 2.5%,
particularly when the texting complexity increases. Lastly, we discuss trade-offs and insights to lay a foundation for future
OHMD-based messaging applications.

CCS Concepts: « Human-centered computing ¥ Mixed / augmented reality; Empirical studies in ubiquitous and
mobile computing; User studies; Interaction techniques.
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1 INTRODUCTION

The pervasive use of mobile devices has substantially augmented our communication abilities, facilitating instant
connectivity irrespective of time and location. As a result, messaging applications have grown immensely popular,
with WhatsApp, Telegram, Snapchat, and Messenger among the top 10 most downloaded mobile applications
[20].

However, seamlessly integrating such applications into daily routines remains a challenge. Engaging with
mobile messaging during daily activities such as preparing food, walking, or jogging can be difficult. The
inherently handheld design of current messaging applications often necessitates considerable visual and manual
engagement, thereby interfering with other tasks that demand similar attention. Despite these challenges, people
persist in messaging while participating in various activities, as underscored by a study showing that 13% of text
messages are sent while on the move [6]. This indicates an unwillingness among users to relinquish the benefits
of mobile messaging even when multitasking.

Despite the introduction of alternative input methods, such as dictation, to mobile devices, these haven’t
entirely remedied the issue. The need to physically hold the device and concerns about convenience, privacy, and
social perception have led most users to favor touchscreen typing over voice input [17, 26].

How can we improve mobile messaging for efficient communication during daily multitasking? Optical See-
Through Head-Mounted Displays (OST-HMDs, OHMDs) or AR smart glasses [42] enable heads-up interactions
with digital information while preserving awareness of the surrounding environment [52, 59, 84]. Moreover, since
there is a lack of comfortable touch typing mechanisms [1], OHMD is more natural to afford hands-free voice
input, which reduces the potential conflicts with daily activities. Therefore, examining the use of OHMDs for
multitasking with messaging and their advantages over conventional phones is a promising avenue for research.

In this paper, we first conducted a survey and an observational study to gain a deeper understanding of the
current needs, practices, challenges, and limitations users face with mobile messaging while multitasking. Based on
these findings, we iteratively designed a messaging application for OHMDs, named GlassMessaging, and compared
it with the Telegram' application on mobile phones in a controlled study during daily multitasking situations.
Our results suggest that, despite the current technological constraints of the OHMD platform, GlassMessaging
improved access to voice input and facilitated more seamless interactions compared to phones, reducing response

Ihttps://telegram.org/
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time by 33.1% and boosting texting speed by 40.3%. This points to the considerable potential of OHMDs as a
valuable supplement for mobile phone-based messaging during multitasking.

Nonetheless, several limitations need to be addressed before the full potential of this platform can be realized.
Forinstance, the use @lassMessagitgd to a 2.5% decrease in texting accuracy, particularly when the complexity
of the text increased. Additionally, current OHMDs have certain inherent disadvantages (e.g., underdeveloped
hardware capabilities, unfamiliar usage, lack of interactiodg 50, 73) compared to the extensively tested and
well-established mobile phones presently available on the market.

The contribution of this work is threefold:

Enhanced understanding of mobile multitasking messaging behavior through survey and observation
study.

An iteratively designed OHMD messaging applicatigblassMessagingith speci c design features and
guidelines that can inspire future OHMD-based messaging interfaces.

An empirical evaluation comparin@glassMessagirtg mobile phone-based messaging that reveals their
trade-o s and demonstrates thablassMessaginglespite the current technological limitations has
great potential to better accommodate people's daily communication needs in ubiquitous multitasking
scenarios.

2 RELATED WORK
2.1 Multitasking with Messaging

People commonly talk to each other and sustain social interactions while performing daily tasks face-to-face.
This social interaction is also mirrored when using messaging applications such as WhatsApp, Telegram, Slack,
WeChat, etc., facilitating togetherness, intimacy, and support among ud&t3[l]. For example, research has
shown that using mobile instant messaging can improve student engagement and interactions during group
discussionsT7. Nevertheless, the requirement for hands and eyes in the use of messaging apps can limit this
type of social behavior, especially during multitasking activities.

Despite these challenges, people often engage with these applications while undertaking other activities such
as walking, eating, or commuting. For example, a study of 60,000 text messages in the US found that 13% of the
messages were sent while on the mo@}. [Simultaneous conversations with multiple contacts and consumption
of di erent media types are also common during messagiri [Furthermore, the expectation of a prompt
response exerts social pressure on users, leading to frequent and unavoidable multitasking [4, 58, 60].

Previous research has investigated messaging/texting behaviors in various contexts, but limited research exists
on understanding user requirements and improving behaviors during multitaskidid.p 31, 32 59. Hence, this
study examines the messaging behaviors and requirements in everyday multitasking scenarios.

2.2 OHMD and Multitasking

The mobile phone, with numerous messaging applications available such as WhatsApp, Telegram, and WeChat,
is a prevalent and convenient platform for multitasking][ However, it may be unsuitable for multitasking in
scenarios requiring attention to surroundings or ongoing activities. For instance, texting while walking can lead

to distractions and increased falling risif]. In driving scenarios, it can impair drivers' attention and increase
accident risk [10, 61, 69, 71].

Conversely, Optical Head-Mounted Displays (OHMDs) can potentially enable better multitasking due to
their hands-free nature and enhanced situational awaren@s4 ], 23 33 42 43 50 52, 59. For example, using
OHMDs for messaging can mitigate the distracting cognitive demands during driving compared to mobile phones
[38, 39, 68].
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However, current messaging apps for OHMDs, like Vuzix Blade's We&hat adaptations from mobile
interfaces and lack design speci city for OHMD usage. These apps often feature a compact layout and an opaque
interface, making them di cult for OHMD usage. Google Glass XE (2013-202%)30, 77] was designed for
OHMDs but lacked formal evaluation in the literature and did not provide substantial contextual information for
messages (see detailssa#c 6.3. This study explores the unexplored use case of OHMD messaging to support
multitasking in daily scenarios.

2.3 Hands-free Text Entry on OHMD

The hands-free nature of OHMDs provides opportunities to support multitasking through hands-free texting
inputs, such as voice input, head movement, and gaze inpdt Among these, voice input is among the most
promising strategy, proving especially useful when the availability of hands, eyes, keyboard, or screen is limited,
or when natural language interaction is preferred. It causes less visual distraction and o ers a higher input
speed than other methods, such as typirtp[66. Voice input can be a voice recording (recording voice messages)
or voice dictation (transferring voice messages to text in real-tin®J][ Studies suggest that voice dictation
improves the response rate and task completion e ciency without a ecting multitasking levels compared to
recording [64].

While head, tongue, and gaze inputs are potential methods for multitasking, ergonomic fatigue makes head
movements unsuitable as a primary text input source [46, 50]. Current gaze input implementations on OHMDs
are error-prone and require excessive calibration, making them impractical for dailjtitasking with messag-
ing scenarios §, 23. Thus, among hands-free input methods, voice input is the most reliable for enhancing
multitasking support, notwithstanding potential drawbacks such as misrecognition and accidental triggering
[48, 81].

3 STUDY 1: FORMATIVE STUDY ON UNDERSTANDING USERS' MESSAGING BEHAVIORS

We conducted a formative study to comprehend current messaging behaviors and related pain points during
multitasking, guided by the following research questions.

RQ1: In what daily scenarios is messaging commonly performed?
RQ2: What are the common features, existing practices, and di culties of messaging in these scenarios?

To answer our research questions, we conducted a survey to identify common messaging scenarios and then
used an observational study to identify messaging behaviors.

3.1 Survey

We designed a questionnaire to assess messaging behaviors during daily activities (RDR§] and identify

common scenarios. The questionnaire, consisting of 18 Likert-scale questions on messaging frequency during
ADLs and an open-ended question on other multitasking scenarios, was posted on a university forum. We
received 43 responses (17M, 26F; mean age = 26.1 years), with an average completion time of around 5 minutes.
We excluded two incomplete responses.

3.1.1 Finding: Most Common Messaging ScenAfies.analyzing the survey, we narrowed down the most
frequent scenarios to the top ve (see Figure 2). However, we excluded the online meeting scenario since users
tend to multitask on their laptops during the meeting, and our focus was on supporting mobility scenarios,
speci cally messaging on phones. We combined walking with the transportation scenario and disregarded

2https://apps.vuzix.com/app/wechat
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toileting due to privacy concerns, despite its frequency. Hence, we selected two messaging-intensive multitasking
scenariosEating Alone andOn Transportation , for further observation.

Fig. 2. Users' self-reported messaging frequencies during various daily activities. The data indicate that the two most
common scenarios for daily messaging in conjunction with multitasking &ea Transportation and Eating Alone . The
Y-axis represents various activities, while the X-axis signifies a 7-point Likert score, with 1 representing Do not message at
all and 7 being Do most messaging . The error bar represents the 95% confidence interval.

3.2 Observational Study

3.2.1 Participantgfter identifying the two most common messaging scenarios, we conducted a series of
interviews and observations. We invited ten (6M, 4F; mean age = 25.3 years) university students (P1-P10) who
frequently use messaging apps for social and learning purposes. All had over nine years of experience with
WhatsApp, WeChat, or Telegram for mobile and desktop messaging. Each session lasted 30-60 minutes, with
participants receiving a reward equivalent to USD 7.

3.2.2 Proces®/e observed users' messaging behaviors and attention division between screens and surroundings
while they ate alone or commuted by bus, to understand their usage of familiar applications. We encouraged
verbalization of actions and self-reporting. We also conducted semi-structured interviews for further insight into
their messaging habits and real-life usage. These interviews were audio-recorded, transcribed, and qualitatively
analyzed.

3.2.3 Data Analysi©ne co-author analyzed interview transcripts and observation notes using thematic analysis
described in Braun and Clarke's methodologg}.[After familiarizing with the data and generating initial codes,

the coauthor grouped the codes into common themes based on the content. Next, with the help of an additional
co-author, they discussed, interpreted, and resolved discrepancies or con icts during the grouping process.
Finally, they reviewed the transcripts and audio recordings to extract speci ¢ quotes relevant to each theme (See
Appendix A-Figure 11 for the themes and codes).
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3.2.4 Findingd\Ve identi ed users' messaging and multitasking behaviors, messaging practices and features,
and di culties faced when messaging and multitasking.

Common Messaging and Multitasking Behavieemple's messaging and multitasking behaviors di er in the
two identi ed scenarios, which represent general hands-busy and mobility scenarios in which people cannot
exclusively concentrate on messaging as their main focus lies on the primary tasks. To limit our scope in the
transportation scenario, we only observed participants walking, standing, and sitting on the bus. Firstly, when
standing on public transport, users typically lean on handrails for support while using their phones: 1) with both
hands for viewing and composing messages, or 2) with one hand for viewing and the other alternating between
holding the handrail and messaging. Once feeling safe or stable, they prefer using both hands for quicker typing.
Similarly, while seated, users typically use both hands for messaging, resting one or both elbows on their waists
for comfort (P1-P10).

Secondly, when people use messaging apps while eating alone, they often eat with one hand and use the other
for the phone. They use both hands for e cient messaging when necessary and accept slower, less accurate
one-handed use for non-urgent messages. When using one hand [to type], | feel the screen is a bit wide, so |
have to lean my phone to my side a bit and touch the keys on another side of the keyboard (P9) .

In both scenarios, people like to complement their phone usage with a smartwatch, if available. They check
the noti cation on the smartwatch, determine the message's urgency, and pull out their phone if they choose to
reply.

We observed that for formal messages, users typically use two hands to compose well-structured sentences
and avoid errors, whereas for casual messages, they prefer quick, shorter replies split into multiple messages.

Common Features and Practices for Messagynidentifying the most important and frequently used features
of mobile messaging applications, we could prioritize them in future designs, ensuring that users can easily
access all needed functions and not change their fundamental messaging style. The messaging process generally
involves three key interfaces: noti cation, chat screen (one-to-one or group), and chat selection. Users primarily
engage with thenoti cation interface . Here, users determine whether to open the corresponding chat by
viewing the sender's name and avatar in the pop-up.dme-to-one chat screens, users typically send texts and
use stickers or emojis to express feelingsgitoup chat screens, users recognize members by names instead of
avatars, given the frequent avatar changes. Ebat selection, users generally scroll through chats or use the
search bar for less familiar contacts.

We noted thatviewing and replying to messages were the most common activities. Users, when focused on
their primary tasks, tended to avoid high-attention-demanding activities like initiating new conversations. The
process of viewing and replying, as described by participants, is detailed in Appendix A-Figure 10.

Common Di culties Faced when Messaging and Multitaskétgart from their behaviors and common practices,
people face several di culties when messaging and multitasking:

Hands-busy: Primary tasks may slow down or cease due to occupied hands. Because people need

to stop eating to compose messages with two hands, they may slow down or pay less attention to the
food, thus reducing their enjoyment of the meal. In addition, some might need to use both hands while
handling utensils (P3, P6); thus, they nd it hard to free their hands for messaging. Similarly, messaging on

a crowded bus is challenging, as one or both hands are needed for stability (P1-P10), restricting messaging.
This temporarily discourages bus passengers from messaging (P9).

Eyes-busy: Switching limited attention between device and environment.  When occupied by their

primary task, participants had little capacity to think thoroughly about their messaging. For example, while
waiting for a bus, frequent attention shifts between the screen and the arriving bus were necessary, causing
some participants to fear missing the bus due to excessive messages (P2, P3, P9). Similarly, messaging while
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walking on a busy street often requires individuals to slow down or halt in a safe place, diverting their
attention from their surroundings to their phones.

Other di culties.  Participants also re ected on other issues: prolonged screen time in moving vehicles
induced dizziness (P1, P3, P9). Participants subtly tilted their phones to protect their privacy when viewing
personal messages or photos (P3, P4). During meals, screen glare and re ection, especially when phones
were on a table, compounded visual di culties. This e ect was ampli ed for those with poor eyesight (P1).

4 STUDY 2: ITERATIVE DEVELOPMENT OF A MESSAGING APPLICATION FOR OHMDS

Study lidenti ed limitations in messaging capability while multitasking on existing mobile platforms. In response,
we iteratively developed a messaging application speci cally for OHMDs, demonstrating promise for multitasking
across various contexts (sec 2.2). This section focuses on evaluating the feasibditg4b-one text messaging

on OHMDs during multitasking  (excluding multimedia content or group conversations), as it is the most
common format (sec 3.2.4, [74]).

4.1 Iteration 1

4.1.1 Exploration of Existing ApplicatioB#ce we did not nd any existingnessagingpplications designed
explicitly for OHMDs, we utilized two popular mobilenessagingpps (Telegram and WhatsApp) as proxies to
inform the design ofmessagingpps on OHMDs. We installed Telegram on Vuzix Bladed Epson BT-30d0
and mirrored Telegram and WhatsApp on Microsoft HoloLens 2 (HL(@)ing Miragé€) and Nreal Light (using
USB-C display connectidih Figure 3 shows the interfaces.

We asked four volunteers (2M, 2F; mean age = 22.9) with more than ve years of mobile messaging experience
to compose, view, and reply to messages using each OHMD while sitting, standing, and walking. They used the
think-aloud protocol to identify usability issues and shared their messaging experiences on each device. Before
each device testing, the participants were trained on the supported interactions, such as the 2D touchpad on the
right temples for Vuzix Blade, the hand-held 2D touchpad for BT-300, the 3D hand controller for Nreal Light, and
the 3D mid-air gestures for HL2.

4.1.2 Insights for Iteratio@verall, participants foundhe Ul of the messaging apps to be generally intuitive

but not well-tailored to OHMDs , resulting in some usability issues. The non-transparent and cluttered Ul
layout with long chat history blocked eyesight, the color scheme was unsuitable for near-eye displays (e.g.,
the light mode was too bright, the dark mode was too transparent), and the font and buttons were too small.
Interactions were not intuitive (e.g., 3D hand controller) and caused fatigue (e.g., mid-air gestures with large
hand movements), and text entry with virtual keyboards was challenging.

4.2 lteration 2

The focus of Iteration 2 was on adapting the Ul and interactions of existing mobile messaging apps for OHMDs.
To tackle the di culties associated with virtual keyboards and support hands-busy situations, we astdixt
dictation for text entry andvoice commands for hands-free Ul navigation. We also incorporatddg mouse
interaction for quicker and more accurate scrolling and selecti@®b[67], while retaining mid-air gestures

Shttps://www.vuzix.com/products/vuzix-blade-smart-glasses
4https://tech.moverio.epson.com/en/bt-300/
Shttps://www.microsoft.com/en-us/hololens/hardware
Bhttps://www.mirage-app.com/

https://www.nreal.ai/light/
8https://www.nreal.ai/compatibility-list/
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Fig. 3. Interfaces of the Telegram messaging app on four OHMD devices (Vuzix Blaze, Epson BT-300, Nreal Light, HoloLens
2) used inlteration 1 , each presented in both Light and Dark Display Modes. Note: For optimal visibility and detail, please
view this content on a device with a color display.

for their intuitive touch-like content manipulation paradigm. These updates aimed to support non-invasive
multitasking scenarios on OHMDs.

4.2.1 ApparatusVe selected Microsoft HoloLens 2 (HL2), an OHMD with hand-tracking, voice commands,
and world-scale positioning (2k resolution, 5@iagonal FoV), to develo@lassMessagingur messaging app
designed for OHMDs. A wireless ring mouse (Sanwa Supply 400-MAQ77) facilitated easy directional Ul element
selection (Figure 5). We develop&dassMessagingsing Unity 3D (2021.3.6f1Mixed Reality Toolkit (MRTK

2.8¥° leveraging MRTK's built-in functions for mid-air gestures, voice inputs, virtual keybdardnd content
stabilization. To simulate a realistic messaging experience, we implemented a virtual chat server using Python,
running on a tablet computer (Surface Pro 7+) connected to the HL2 via Wi-Fi, enabling bi-directional com-
munication through a socket connection between the client and the server. For implementation details, see
https://github.com/NUS-HClLab/GlassMessaging

4.2.2 Interface Desigio enhance learnability and maintain consisten&d with familiar interfaces, we chose
to modify the Uls of existing mobilenessagingpps and tailor them to OHMDs, instead of entirely redeveloping
them. The initial interface is shown in Figure 4a.

Main InterfacesOur design focused on the three primary interfaces identi edstudy 1(sec 3.2.4): the chat
screen, the contact list, and the noti cation. We positioned the chat screen at the middle-center, noti cations
at the top-center, and the contact list on the right side, improving their noticeability][ based on importance
(sec 3.2.4). Self-testing by four co-authors indicated that placing the chat list on the dominant hand side (contrary
to the default left side in mobile/desktomessagingpps) minimized the e ort and hand movements necessary
for direct mid-air interactions.

Shttps://unity.com/
10https://learn.microsoft.com/en-us/windows/mixed-reality/mrtk-unity/mrtk2/
Uhttps://learn.microsoft.com/en-us/windows/mixed-reality/design/keyboard
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Ul ElementsAdhering to HL2's design guidelines f] and existing ndings [21], we employed a billboard style
with a gray/dark background and white/green text to enhance legibility and distinguish Ul elements visually. The
background was semi-transparent (i.e., gray color) to see the environment widigsaging-ont sizes ranged
from 16-24 pt for comfortable legibility using the HL2's default Segoe Ul fdrg 9. As shown in Figure 4a,
selected elements were highlighted by green or blue borders [11, 21].

Position of Ulln alignment with Microsoft's Mixed Reality guidelines p, 27], we positioned the graphical
interface 0.5m ahead and “lltelow the eye level to facilitate comfortable direct manipulation via mid-air gestures.
Furthermore, we implemented body-locking for a more comfortable reading experience during multitasking
[27, 47).

(a) Initial interface design ofslassMessaging (b) Final interface ofSlassMessaging

Fig. 4. (a)nitial interface includes a notification bar on top, a chat message box in the middle, a contact list on the right
with numbers indicating unread messages, and a texting area at the bo om.Rinal interface features a Notification

Panel, Contact List Panel, Chat Messages Panel, and Input Panel (Voice/Keyboard, SeNdjification panel : temporarily
displays new message notifications upon arriva). Contact list : shows displays all contacts available for communication.
Selecting a contact (through voice or manual input) opens the respective chat conversation in the Chat Message panel.
3) Chat Message panel: shows the chat history between the user and the selected contdgtinput panel : contains a

text entry field displaying the entered message, an input selection panel for toggling between voice dictation and virtual
keyboard, and a “send' bu on to transmit the entered text as a message. Note: For optimal visibility and detail, please view
this content on a device with a color display.

4.2.3 EvaluatiorSix volunteers (1 Ul designer, 2 UX researchers, 1 HCI researcher, and 2 students) were invited
to identify usability issues of the initial prototype whilenessagingluring daily tasks, such as working on a
computer while sitting, casually walking, and arranging items on the table while standing. Observations with the
think-aloud protocol were utilized, similar to the previous iteration.

4.2.4 Insight for IteratiorAlthough participants found the initialGlassMessagingnteresting and identi ed its
potential advantages over existing mobiteessaginglatforms, they provided feedback for improvements on
interface and input interactions, as shown in Table 1.

4.3 Final VersionGlassMessaging

The nal version (see Figure 4b and 5) GlassMessaginigcorporates the feedback from the earlier iterations
(e.g., Table 1).
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Table 1. Problems identified iteration 2 and their corresponding design solutions concluded f&inal Version .

Problem Design Solutions Explanations

"~ Limit the number of contacts and message history to around three
to minimize clutter and visual interference with daily tasks, as
messaging often occurs with only a few recent contacts.

Blocked Vision "~ Avoid virtual keyboard blocking the chat screen while typing.

Adjust Ul arrangement

" Allow fully hiding the interface when daily tasks need undivided

On-demand interface with alerts . . S . .
attention, only allowing noti cations to avoid delaying urgent messages.

"~ To increase the visibility of the environment, increase the transparency
Increase transparency of messages from latest to oldest (i.e., the latest messages are more
opaque and visible while old messages are gradually faded).

" To increase visual attention on daily tasks, incorporate distinguishable
auditory feedback into Ul interactions and noti cations. This strategy
can reduce the need for visual attention on individual Ul elements for
feedback, such as clicking a button.

Use non-visual feedback

" Position the most frequently used interactive Ul elements closer to

the user's dominant hand to enable easier mid-air manipulation.
Reduce interaction cost "~ Allow head-locking of the interface when the user needs to move

their head for daily tasks, as body-locking requires additional head

Inconvenient Interaction . .
rotation to see the interface.

~ Simplify voice commands for faster interaction (e.g., shorten
"SEND MESSAGE' to "SEND").

"~ Enable shortcuts for multi-step voice commands (e.g., use "REPLY" to
represent ‘OPEN NOTIFICATION' and "VOICE MESSAGE).

~ Make ring interaction more intuitive to minimize confusion (e.g.,
Decrease learning curve due to hardware constraints, the ring mouse initially used the ‘right'
button counter-intuitively as a way to change selection “leftward’).

Simplify voice commands

Voice command shortcuts

" Disable hand-mesh visualization for mid-air gestures to avoid
interfering with hand-eye coordination (e.g., although hand-mesh
Reduce interfering feedback  visualization provides feedback to users on whether mid-air
interaction is working, it blocks users from seeing the ngertips,
which are essential for ne-grain control of certain daily tasks)

Errors

" Increase the gap between interactable elements to minimize

Increase error tolerance . . . . L . )
accidental triggers when using direct mid-aid manipulation

4.3.1 Visual Interface (Outputhe visual interface oGlassMessagir{§igure 4b) consists of four main Ul panels,
namely, noti cations, contacts, chat messages, and voice/keyboard input panels.

4.3.2 Audio Interface (Input-Outpul§s depicted in Figure 5, users can interact willassMessaginga voice
commands (see Appendix B.1 for details) to navigate the Ul (e.g., 'SCROLL UP', 'SCROLL TO TOP') and dictate
text (using "VOICE MESSAGE"). Audio feedback (e.g., beeps) accompanies some input interactions.

When the app is not in dictation mode, voice commands can directly activate various functionalities, such as
opening noti cations (OPEN NOTIFICATION"), selecting contacts (<NAME>"), sending the message (‘SEND),
and hiding the interface ("HIDE CHAT"). Voice shortcuts such as "TEXT <NAME>' are also available, which
combine '<NAME>' and "VOICE MESSAGE' for direct text entry. Similarly, the '/REPLY' command opens the
noti cation and begins dictation for a reply immediately.
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4.3.3 Manual-input Interface (InpuBlassMessagirsgipports two manual input methods: a wearable ring-mouse
and mid-air hand gestures. See Appendix B.1 for details.

Ring MouseThe user can scroll through the contact list using the ring mouse's “up' and "down’ buttons. The
“right' button toggles between input modalities and selects the send button. The “center' button activates the
selected virtual button and serves as a long-press toggle to hide/reveal the entire interface.

Mid-air Interaction.The visual interface can be interacted with through mid-air gestures. The contact list can
be scrolled by swiping, and a contact's chat can be opened by pressing their virtual icon. The input modality is
chosen by selecting the corresponding virtual buttons (voice or keyboard). Pressing on a noti cation opens the
chat with the sender.

Fig. 5. Steps for sending a message a er receiving a notification. The user wears the OHMD and a ring mouse and sees the
environment. The usefl) says "SHOW CHAT,, the interface is displayed, and a notification including the name of the sender
and the sending time appears at the top of the view with a beep sou(®);says the name of the contact (e.g., 'PETER")

and the system automatically navigates to the chat interface of the respective coni@tsays "VOICE MESSAGE' and
dictates the message via voice. The system transcribes the user's u erances to text in real-time, displayed in the text
entry box. Once the user stops speaking for a measured amount of time (silence gap), dictation turns o automatigglly;
says "SEND; and the system sends the messag®) says "HIDE CHAT', and the full interface is hidden, restoring the full
vision of the environment.
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5 STUDY 3: EMPIRICAL COMPARISON GEASSMESSAGIN®GITH MOBILE PHONE
MESSAGING

This study evaluateSslassMessagir(@lass sec 4) by contrasting it with the current dominant solution, mobile
phone Phong? messaging applications. The focus is on multitasking and messaging behaviors in mobile and
hands-busy scenarios across various everyday tasks.

5.1 Participants

The study included 16 volunteers (P1-P16, 8M, 8F), aged 19-30 (mean age=23.2, SD=3.1), from the university
community. All had normal or corrected vision and no reported color or visual impairments. To minimize bias,

an equal number of native and non-native English speakers with professional working pro ciency were included.
Only 5 had previous experience (less than 2 hours) with OHMDs. All had used phones (10 Android, 6 iOS) for
messaging for over six years, with Telegram and WhatsApp as the most utilized apps. All participants used typing

on phones, and four occasionally used voice-to-text. Participants received USD14 compensation, and none had
partaken in prior studies.

5.2 Apparatus

Participants employelassMessagir{ghal version) discussed irstudy 2(sec 4.3) for mobilenessaging-or the
mobile phone context, all participants used the Telegram mobile'dpp a Google Pixel 6 Pro (Androitf)phone
to maintain consistency and avoid privacy concerns. We developed a Telegram B&t thBt autonomously sent
and received messages, with a basic Ul panel located above the main app for instructions (Figure 6A). The app
delivered haptic and audio feedback to notify users about new messages.

To simulate a realistic experience, a scrolling contact list of 16 contacts with common English names was used
for both platforms [6].

Both platforms were linked to the tablet computer running a Python program to display instructions, record
participants' inputs, and compute messaging timing and accuracy. Moreover, participants' multitasking behavior
and the screens of both platforms (Figure 6) were video-recorded.

5.3 Tasks

To evaluate the comparison betwe@&lassMessagir{Glas3 and mobile phonesRhong, a multitasking simulation
involving multiple daily life activities 6tudy 1 sec 3.1.1) was devised.

5.3.1 Primary Task: Walk to Eat Snacks in the KitdHenprimary task involved a series of activities like
walking, preparing food/drinks, washing dishes, and eating, representing mobility and hands/eyes/mouth busy
situations (average duration: 8.1 min (SD=1.5), see Appendix C.1-Figure 12). This approach helped to comprehend
the impact of realistic tasks on messaging behaviors using messaginglatforms.

5.3.2 Secondary Task: Messaging.

Task FocusA messaging tasfEigure 6) was designed for participants to perform concurrently with the primary
task. The focus was on replying to messages, the most common and comprehensive behavior, which involves
contact selection and message viewing (see sec 3.2.4, Figure 10, [6]).

1Ane do not consider other platforms, such as laptops, due to limited mobility support, or smart watches as they are not as commonly used
and have limited text entry support [12, 45].

13Telegram for Android v9.1, https://telegram.org/android

14as anticipated, participants, especially iOS users, noted no di erences in their use of the mobile app during the study, owing to the Telegram
interface's uniformity across mobile operating systems, except for the di erently located voice diction button.
L5https://core.telegram.org/bots/api
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Fig. 6. Apparatus including the Instruction Panel. (A) Telegram app with the Instruction Panel; (B) A participant uses
Phoneo perform messagingvhile eating (top) and cleaning (bo om); (CklassMessagirigterface; (D) A participant uses
GlassMessagirtg perform messaging taskhile eating (top) and cleaning (bo om). Note: For optimal visibility and detail,
please view this content on a device with a color display.

Message Contenn line with previous studies 6, the messaging tasksked participants to re-type a preset
message displayed in the instruction panel rather than drafting a reply independently. This design controls text
length and minimizes the e ects of confounding factors like thinking time and word choice. Participants were
instructed to enter the text shown in the instruction panel and then send it as a message via typing or voice
dictation.

These preset messages were drawn from a standard text entry phase set for mobile contexts, collected by
Vertanen et al. 7q. Speci cally, a set ol.ongmessages with an average length of 13.9 (SD=1.6) wérds (

714 (= 32characters) andhortmessages with an average length of 6.6 (SD=1.2) wdrds 834 ( =372
characters), totaling approximately 100 messages, was chosen based on previous \di®ys4].

Stimuli. Participants received a maximum of 10 instructions per session to simulate a realistic chat conversation.
Each instruction contained a message the participant had to send to a contact, both selected randomly without
repetitions. A minimum gap of 45 seconds was maintained between each instructj@v,[55. For example,
if the instruction was [John] Did you get this?, the participant had to send the message Did you get this?
to John. The current instruction was displayed continuously to facilitate easier typing and to eliminate the
potential confounding factor of working memory capacity. New instructions were given one at a time and only
after the previous instruction was addressed. The chat history was reset to a few initial messages before each
session.

5.4 Study Design

The study was conducted using a within-subject, repeated-measures design. All the independent variables and
measures are listed in Figure 7 and Table 2. Speci cally, two independent varidibtform(Glass vs. Phohand
Message Leng(Bhort vs. Longgenerated four conditions. A baseline conditior@-messaging.e., participants

only performed the primary task), was included for comparison. Thlatformvariable was counterbalanced, and
Message Lengthias administered in ascending lengths.

16The averagemessagingnessage length is around 14 words (70 characters)
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