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Figure 1: (a) EmoWear is a smartwatch voice messaging system enabling users to apply 30 animated emotional teasers: pre-
retrieval cues offering a glimpse into an awaiting message’s emotional tone before diving into the audio content; EmoWear
interaction flow typically includes: (b) recording the message, (c,d) browsing and selecting emotional teasers, (e) receiving the

message.

ABSTRACT

Voice messages, by nature, prevent users from gauging the emo-
tional tone without fully diving into the audio content. This hinders
the shared emotional experience at the pre-retrieval stage. Research
scarcely explored “Emotional Teasers”—pre-retrieval cues offering
a glimpse into an awaiting message’s emotional tone without dis-
closing its content. We introduce EmoWear, a smartwatch voice
messaging system enabling users to apply 30 animation teasers
on message bubbles to reflect emotions. EmoWear eases senders’
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choice by prioritizing emotions based on semantic and acoustic
processing. EmoWear was evaluated in comparison with a mirror-
ing system using color-coded message bubbles as emotional cues
(N=24). Results showed EmoWear significantly enhanced emotional
communication experience in both receiving and sending messages.
The animated teasers were considered intuitive and valued for
diverse expressions. Desirable interaction qualities and practical
implications are distilled for future design. We thereby contribute
both a novel system and empirical knowledge concerning emotional
teasers for voice messaging.
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1 INTRODUCTION

Voice messages have become an integral component of our everyday
communication, offering a personal touch through the asynchro-
nous exchange of audio snippets. Recent data suggest a surge in
their usage. According to a YouGov poll conducted for Vox!, ap-
proximately 62% of Americans have used voice messaging, with
around 30% using it weekly or more frequently. The trend is even
more salient among younger individuals: 43% of respondents aged
18 to 29 leverage voice messaging at least weekly. As reported by
WhatsApp alone, over seven billion voice messages are sent by its
users each day 2.

The ubiquity of voice messaging is underscored by its support
across various devices, notably including smartwatches. Given the
limitation of reading or typing on the small watch screens, voice
messaging stands out as a meaningful alternative to text-based
messaging, especially when users are in nomadic scenarios or in
the midst of other activities (where almost half of the voice message
interactions took place [38]). While voice messages ease communi-
cation on smartwatches, they also shift some effort from senders to
receivers: their retrieval demands more effort and can be restricted
in noisy surroundings or specific social occasions [38]. When the
retrieval has to be deferred, awaiting voice messages do not afford
receivers a sneak peek at their emotional undertones.

In face-to-face interactions, we naturally rely on nonverbal social-
emotional cues, such as facial expressions or body language [70],
which remain visible throughout our conversation. In contrast,
with pre-retrieval voice messages, the emotional information is not
discernible until they are listened to. Much like a black box, the emo-
tional undertones a voice message remain hidden until “opened”—in
this case, with the voice recording played or transcribed into texts.

Visualizing emotional cues for pre-retrieval voice messages,
therefore, could grant users an “Emotional Teaser” before fully div-
ing into the audio content. This could facilitate the experience
of shared emotional understanding at the pre-retrieval stage, as
well as setting up affective anticipation for the communication.
Recent research in Human-Computer Interaction (HCI) has just
started to explore such emotional teasers for voice messaging on
mobile phones. Chen et al.s work [12] pioneered this space by using
colored voice message bubbles to indicate excitement, anger, sad-
ness, and serenity. As related, the EmoBalloon system [5] depicts
the arousal level detected in a text message through a generated
explosion-shaped text bubble. Despite the original usage for text
messaging, the above work shows the promise of utilizing message
bubbles for emotional teasers of voice messages.

Ihttps://www.vox.com/technology/23665101/voice-message-whatsapp-apple-text
Zhttps://blog.whatsapp.com/making-voice-messages-better
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In smartwatch-based communication, little empirical knowledge
has been accumulated regarding how senders and receivers of voice
messages would experience such emotional teasers. Nonetheless,
in other forms of smartwatch-based social interaction, animations
have been found as a preferred affective medium. Namely, in the
works of Animo [53] and Significant Otter [54], Liu et al. explored
using abstract or elaborate animations for wearers to share their
affective states based on bio-data. Their studies showed the benefits
of animations in communicating nuanced affects between wearers,
implying the prospect of using animations as emotional teasers for
voice messages.

Motivated by these studies, the present work tackles the unad-
dressed opportunity of emotional teasers for voice messages on
smartwatches. As prior cases separately surfaced the affordance of
message bubbles [5, 12] and the value of animations as affective
cues [53, 54], combining the two, we set out to explore affective an-
imations of message bubbles as emotional teasers for pre-retrieval
voice messages.

In particular, this paper presents the design and evaluation of
EmoWear, a smartwatch-based system that enables users to send
and receive voice messages with animated emotional teasers (Fig-
ure 1). The EmoWear system includes an intuitive front-end user
interface to send or receive voice messages, which enables senders
to apply 30 teaser animations on message bubbles to reflect emo-
tions from six categories: happiness, sadness, calmness, fear, sur-
prise, and anger. Moreover, EmoWear is equipped with a back-end
algorithm that incorporates a fusion model to process both the
semantic and acoustic features of the input audio and outputs an
emotion classification result. Accordingly, the EmoWear interface
re-arranges the display order of the emotion categories to prioritize
two probable ones to ease senders’ selection while offering freedom
for them to browse other options.

Utilizing EmoWear as a novel system to study about, as well
as an inquiry tool to study with, we aim to answer the twofold
research questions: RQ1: How users would experience message
bubble animations as emotional teasers on smartwatches? RQ2:
What would be the relevant design opportunities and implications
for emotional teasers of voice messages? To concretely understand
its potential, in our evaluation with 12 pairs of participants, we
contrasted EmoWear with the previously studied approach—using
message bubble colors as emotion indicators—by developing a coun-
terpart version of the EmoWear interface (see Figure 4). Our findings
suggest that the animated message bubbles as emotional teasers,
showed advantages in enhancing users’ communication experience,
helping senders express their emotions, and facilitating receivers
to interpret the emotions in awaiting voice messages; and the pre-
retrieval interpretation was perceived as aligned with the message
content after accessing the audio. Moreover, the qualitative findings
contextualize how the EmoWear emotional teasers enhanced the
users’ communication experience, offering valuable insights into
their potential roles and benefits in daily communication contexts.
Based on the findings, we generalize a list of preferred interaction
qualities and contextual opportunities for future HCI design. We
also discuss relevant implications for future HCI research to expand
the knowledge and impacts of emotional teasers.

Our contribution is thereby twofold: (1) a smartwatch-based
system that enables users to send and receive voice messages with
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emotional teasers and (2) an empirical understanding of how users 2.2 A ective Aid in Audio Transcription

would experience such emotional teasers, and relevant opportuni- Apart from text messaging, similar paralinguistic components have

ties and implications for future HCI practice and research. been explored to aid users' a ective comprehension (or communica-
tion) with real-time audio transcription. For example, Emojilization

2 RELATED WORK by Hu et al. §J is a Speech-to-Text technique that translates emo-

2.1 A ective Enhancement in Text Messaging tions from speech into emojis. As related, Zhang et al's Voicemoaji

Although HCI research accumulated little knowledge about the © €rS & voice-based emoji entry technique developed for people

design of emotional teaser features for voice messages, prior studies with visual '_mPa'rme”tS- Oomori et al.gY] implemented an emoji-
have extensively explored how various paralinguistic components P2Sed captioning system to support deaf or hard-of-hearing (DHH)

could be employed as a ective enhancement to accompany text individuals in voice-only meetings. Animated text was also explored
messages and real-time audio transcripts to support TV audiences with hearing impairmeng(j. Similarly

Emoticons, or emajis, is one of the most studied methods in t&rgeting the DHH community, Kim et al 4§ visualized pitch and
the domain of text messaging. These symbols have a rich history other nuanced paralinguistic cues using the caption font elements;
of enhancing emotionality of textsd, 29. Research has delved Alonzo _et al. pJ foc_:used on recog_nlzmg_non-speech sounds and
into understanding the emotional states of individuals based on €ONVeying them via text or graphic captions; and de Lacerda Pat-
their emoji usage in di erent settings, including educatioB]], aca et al. 20 developed captioning techniques to convey speech
software developmentli4, and public forums #0. Findings have prosody and emotions. Chen et alLy found tha_t combining text
also revealed users' innovative ways of utilizing emojis in real life, Packground color and typography could desirably enhance the
including re-purposing them from their intended meanings7, 74 emotion and content delivery of Speech-to-Text systems. _
or substituting them for text B4. Parallel to academic research, Above studies have shown various bene ts of designing paralin-
the commercial sector has consistently rolled out new emoji de- 9UiStiC @ Ective cues to accompany text messages or real-time audio
signs [LQ 28 67]. Current text messaging applications increasingly transcripts. However, ||t_tle res_earch has delved into the emotional
support users' customization option$[37, and related research teaser features of pending voice messages.
also started probing user authoring of multimodal emoticods, or . . .
enhancing rr?obile ?:ommunicatior?with haptic experien@g%;:ﬂ. 2.3 Mobile Voice Message Interactions

Besides emoticons, images stickers or memes are also commonly Haas et al. 3§ studied the increasing adoption of voice message
used in parallel with text messages to communicate emotions, interaction and found that it granted convenience and e ciency
which has been studied or supported by HCI explorations. For for communication and enabled asynchronous voice exchange as
instance, Kim et al.49 introduced a system that recommends im- ~ Preferred by many users. However, italso shifts some e ort from the
ages in line with the message's context to enrich the expressiveness senders to the receivers and imposes situational constraints that can
of the conversation. Jiang et al§ discovered that animated GIFs ~ Make receivers postpone message retrieval: e.g., busyness, noisy
can evoke intricate emotional responses and enhance nonverbal surroundings, or social concern8§. Unlike glanceable visual
communication in text messaging. Griggio et al's DearBoa3d [ content, voice messages can not be previewed or skimmed other
facilitated the shared customization of image stickers across mes- than fully retrieved [38: via audio or reading through the transcript.
saging apps, enabling nonverbal exchanges between close partners. This substantiates a need for designing pre-retrieval cues that

Moreover, the visual attributes of text, such as font stylds][ help users quickly gauge the a ective tones and set up emotional
and motion e ects of text [L1], have also been used to augment text ~ anticipation before the appropriate moment to fully dive into the
chats. Emotype by Choi and Aizawa ] created emotional fonts message. HCI research has just started exploring such emotional
that aligned with a chosen emoticon. Wang et af] employed teasers as pioneered by Chen et al.'s work on employing colored
physiological data to produce text animations as emotional indica- Message bubbled . They used colors like orange, red, grey, and
tors. Buschek et al1[1] harnessed physiological data and situational ~ blue to match excited, angry, sad, or serene moods and showed their
elements to personalize fonts, enriching chat experiences. value in signifying or intensifying emotions in voice messageg|

Recent studies continue extending the nonverbal a ective chan- They also discovered challenges in using colors such as individual
nels for text messaging by integrating new paralinguistic designs. perception di erences, and potential con icts with default bubble
For instance, Yang et al7f] used a generative technique to change ~ colors [12, which inspired us to explore a ective animations of
facial expressions in pro le pictures as emotional cues to enhance bubbles to complement the color approach.
text-based communication. The EmoBalloon system by Aoki et ~ Other than Chen et al., HCI research scarcely addressed emo-
al. [5] makes use of generated explosion-shaped chat bubbles to tional teaser features of voice messages. However, a series of works
convey arousal detected from a text message. Although initially innovated other aspects of voice message interactions. For instance,
designed for text messaging, this study (along with Shi et al's work Haas etal. explored the augmentation of voice messages with sound-
on conversational agent5) showed the potential of message bub- ~ Scapes, voice changers, and sound stick8& [MeowPlayLive by

bles, a common component in both text and voice messaging apps, Ahn et al. [1] enriched viewer-animal interaction in live Streaming
inspiring our exploration of chat bubble animations. via voice messages. Yang et al's ProxiTalk eases the input of voice

messages via user intention detection [78].
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2.4 Social-Emotional Interactions on
Smartwatches

While the emotional teaser feature remains an unaddressed opportu-
nity for smartwatch-based voice messaging, research encompassed
other forms of social-emotional interactions on smartwatches. For
instance, Graham-Knight et al3f] employed smartwatch haptic
cues as communication means between intimate users. Similarly,
studies explored augmented social touch using diverse wearable
or on-body methods: e.g.58 63 72 82 83. ThermalWear p§
probed wearable thermal feedback as special assistance for a ec-
tive comprehension of speech. additionally, many studies innovated
(text) input methods on smartwatches, potentially easing the com-
munication experience [31, 33, 46, 57, 62, 64].

Signi cantly, animations are recognized as an intuitive and de-
sirable means to communicate emotional elements in smartwatch-
based social interactions. Liu et al. presented Anirb§[a smart-
watch system that mobilized abstract a ective animations with
basic shapes for users to convey their emotional states based on
their physiological data. Signi cant Otter also by Liu et ab4,
features delicate animations of two otters as the visual medium for
close partners to exchange bio-signals and convey intimacy.

Animations have long been recognized as an emotive medium
[51, 68 69, and also utilized as an expressive channel for various
HCI systems to depict or evoke emotions, such as generic user
interfaces [L5 47, data visualization 19 75, mobile messaging4],
conversational agentfq, or data-driven storytelling pd. Tools
like AniSAM [66 or PrEmo [23 employ short animations as self-
report measures to e ectively capture users' vivid emotional re-
sponses, a ording depth beyond what static media can o &9.
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spoiling what is inside). As a result, EmoWear uses message bub-
ble animations as pre-retrieval emotional cues instead of o ering
content-based previews like summative transcripts or word clouds.

D2: Supporting intuitive and brief engagement.  Given that
many voice message interactions take place when users are in mo-
tion or multitasking [3§, and considering the limited space on
watch screens, the emotional teasers need to be glanceable for
quickly and e ortlessly discerning emotional tones or building
anticipation. To this end, each message bubble animation is de-
signed to continually loop with a short repetition cycle of under
four seconds, using straightforward and relatively abstract graphics
without intricate patterns or textures. This could ensure intuitive
comprehension and avoid prolonged engagement.

D3: Balancing convenient selection with diverse options.
To enhance the emotional expressivity of voice messages, the sys-
tem should o er arich set of animations as teaser options. However,
to prevent overwhelming users, a recommendation mechanism is
necessary. To balance the convenient selection with diverse options,
we utilized 30 diverse message bubble animations spanning six emo-
tions [3] and developed a fusion model to detect the emotion of
an input message based on its semantic and vocal attributes. The
interface then highlights two probable emotion categories upfront.
While this guides users towards a quick selection, they can still
browse all options, tailoring their choice to the speci c context.
This ensures convenience with user exibility and autonomy.

3.2 EmoWear Interface and Usage Scenario

The EmoWear interface, illustrated in Figure 1, enables users to send
and receive voice messages with an emotional touch. Users initiate

Despite the established role of animations in emotional expression, fecording by pressing and holding the record button. Upon release,
their potential as emotional teasers embedded in smartwatch voice the system processes the audio and prompts the option to append

message bubbles remains unexplored, driving our investigation an emotional teaser. In the teaser selection interface, the top section
interest. showcases six emojis, each symbolizing an emotion: happiness,

sadness, surprise, calmness, fear, and anger. The recommendation

3 EMOWEAR INTERFACE DESIGN algorithm, analyzing both the message's semantic content and vocal

. . . tone, determines the initial two emotions displayed. The bottom
3.1 Design Considerations section lets users preview and select a corresponding bubble anima-
The design rationales of the EmoWear interface stem from our tion for their chosen emotion. After selecting, users con rm with
research objective. HCI research has scarcely explored emotional 3 green checkmark button to dispatch the message. Receivers are
teaser features for voice messaging on smartwatches. There is little greeted with the looping animated emotional teaser and can tap it
empirical knowledge about how users experience these emotional to access the full audio message.
teasers. Our goal with the EmoWear system is to investigate the Here we exemplify a typical usage scenario of EmoWear. Alice
use of message bubble animations as emotional teasers for voiceijs at a usual get-together with her friends. Amidst the lively chatter
messages and to understand user experiences with such features, inand laughter, her smartwatch buzzes. It's a voice message from
order to gather opportunities and implications for future research  her partner, Bob, who's visiting his home country. A glance at
and design. To this end, we formulated a set of design considerations the animated message bubble on her smartwatch hints that Bob's
to guide the development of EmoWear: message is lled with joy, likely about his experiences back home

D1: Enabling emotion teasing instead of content reveal- (D2). Alice, not wanting to disrupt the ongoing conversation with

ing. Current smartwatch-based voice messages do not support pre- her friends, decides to listen later. The emotional teaser, however,
retrieval a ective cues for users to gauge the emotional tone before sparks her curiosity and excitement as she socializes, part of her
diving into the message. Yet, users still cherish these messages for mind wonders about the joyful story Bob wants to shai@X). After
the authentic connection they feel when hearing familiar voices  a while, when the group's energy shifts to a more relaxed mode,
[38. To preserve and enhance this genuine bond, our design goal Alice nds a quiet and laid-back moment to tap on the bubble and
is to facilitate the shared emotional experience and anticipation- [isten to the message, with the animation reiterating Bob's emotion.
building, instead of disclosing the actual content (e.g., akin to the As anticipated, it is about an unexpected and delightful encounter
excitement and anticipation before unwrapping a gift rather than  with a childhood friend. Feeling Bob's elation, Alice is eager to
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