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Figure 1: Left-The Haptic-Captioning system consists of a voice-coil actuator, a power amplifier (TECHTILE Toolkit [30]), a 3D
printed case, and a velcro band; Right (A)-(D): Four vibration positions that participants preferred to use: wearing on the wrist,
placing on the leg, holding against the phone, holding in the right hand.

ABSTRACT

Captions make the audio content of videos accessible and under-
standable for deaf or hard-of-hearing people (DHH). However, in
real-time captioning scenarios, captions alone can be challeng-
ing for DHH users to identify the active speaker in a real time in
multiple-speaker scenarios. To enhance the accessibility of real-
time captioning, we propose Haptic-Captioning which provides
real-time vibration feedback on the wrist by directly translating
the sound of content into vibrations. We conducted three experi-
ments to examine: (1) the haptic perception (Preliminary Study),
(2) the feasibility of the haptic modality along with real-time and
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non-real-time visual captioning methods (Study 1), and (3) the
user experience of using the Haptic-Captioning system in different
media contexts (Study 2). Our results highlight that the Haptic-
Captioning complements visual captions by improving caption
readability, maintaining media engagement, enhancing understand-
ing of emotions, and assisting speaker indication in real-time cap-
tioning scenarios. Furthermore, we discuss design implications for
the future development of Haptic-Captioning.
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1 INTRODUCTION

Captions are widely used in different media sources to support
deaf and hard-of-hearing (DHH) viewers to follow the aural-based
dialogues. However, reading captions alone could be insufficient,
especially when there are multiple speakers in a scene such as a
live discussion with multiple panelists or a live event with multiple
commentators on television (TV). In such unscripted situations
where real-time captions are presented through captioners or auto-
generated through Automatic Speech Recognition (ASR), a typical
challenge is identifying and indicating the speaker in the captions
when the conversations could rapidly switch between multiple
speakers [22]. Moreover, research has indicated that this could be
a tiring task for DHH individuals when having to switch between
viewing captions and identifying the speakers frequently [14, 22].

To improve the caption accessibility, most prior studies have
been focused on speaker indication through visual design (e.g., us-
ing different colors [3], placing the text under the speaker [18],
inserting speaker names [36], adding the avatar image of speakers
[36], highlighting the active speaker through pop-ups [22], and
signifiers [14]). However, these non-real-time captioning methods
may be challenging for real-time captioning as the captioning meth-
ods’ performance (such as ASR) is limited in identifying speakers
in multi-speaker environments [5] or it can cause significant delays
to display the captions with speaker identifications [1, 3, 28]. In
addition, concerns have been discussed about the extra cognitive
loads required with visual speakers indication schemes such as
recalling the visual cues for each speaker [1] and, signifiers and
text with constantly changing positions would be distracting on
video watching [22].

To address the challenges above, we propose Haptic-Captioning,
an audio-haptic based system to enhance the traditional real-time
captioning for live media content (e.g., news, sports) (Figure 1). This
multi-modal system aims to support DHH viewers on speaker indi-
cation by advancing the understanding of paralinguistic aspects of
communication. The Haptic-Captioning system directly translates
the auditory content into vibrations using a voice-coil, which is a
haptic actuator that is powered by an audio power-amplifier [30].
As such, this method generates vibrations that carry the same
properties as the audio signal, preserving characteristics such as
the loudness and pitch of the voices. Therefore, when presented
along with the traditional captions, we posit that DHH users can
identify speakers with the Haptic-Captioning system, similar to
how hearing individuals identify different speakers by the unique
characteristics of the voices. Similar wrist-worn audio-haptic sys-
tems have been frequently utilized to provide sound awareness
for DHH users based on the characteristics of the sound [12, 15].
Audio-haptic systems have also been explored towards enhancing
captions, specifically, to present non-speech information (NSI) such
as an object falling or a phone ringing in a movie scene [23].

In this research, we explored the Haptic-Captioning system as
a wearable, holdable or attachable device for providing enhanced
haptic feedback for captions (Figure 1). To evaluate our system, we
conducted a Preliminary Study followed by two user studies with
a total of 34 DHH participants. Our Preliminary Study aimed at
gaining initial insights into the speaker indication capabilities just
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using only haptic feedback with 12 DHH participants. The partic-
ipants were asked to wear the Haptic-Captioning device on their
wrists and discuss the perceived number of speakers and other per-
ceived information by observing the audio clips via only vibrations.
Next, in Study 1, we conducted a comparative study with 16 DHH
participants to examine speaker indication accuracy and user pref-
erence between the Haptic-Captioning system and other real-time
and non-real-time visual speaker indication methods. Motivated
by the results in the 2 previous studies, in Study 2, we focused on
a qualitative approach with a contextual interview by providing
users with different genres of content (i.e., podcast, sports, live
stream, movie) and settings (i.e., mobile, TV, laptop) together with
the Haptic-Captioning system. While this system can possibly be
adopted in the real-time conversation between multiple speakers,
our work mainly focuses on the media experience for content that
is being captioned live.

In summary, our main contributions include: (1) The Haptic-
Captioning system that directly translates audio into haptic pat-
terns to enhance real-time captions. (2) A preliminary study of the
Haptic-Captioning system’s speaker indication characteristics with
DHH participants. (3) A comparison and discussion on speaker indi-
cation accuracies and the user preferences of haptic, real-time, and
non-real-time captioning methods. (4) A contextual study on DHH
people’s experience of Haptic-Captioning in different contexts of
use and design implication for future Haptic-Captioning devices.

2 RELATED WORK

2.1 Speaker Indication Accessibility and
Challenges

Previous research on interactive television and media experiences
had limited consideration of accessibility (4.29%) and inclusion of
disabled participants (2%) in the study out of 449 publications hap-
pened between 2003 and 2020 [35]. With respect to the viewing
experience of media content, previous work stressed the impor-
tance of video accessibility through captions which proves to im-
prove attention and comprehension for people learning to read,
understanding non-native languages, and for DHH people [13]. To
enhance the accessibility of video content for DHH people, But-
ler explored how captions can influence the viewing experience
[8]. Qualitative analysis of the study discusses the viewing bal-
ance of captions, and the visual design of captions such as font,
color, background, size, and length of lines. The previous study
recommends processing different aesthetic and accessible designs
for captions based on individual preference and engagement with
the visual-aural content.

Another research on improving caption accessibility examined
the preference of caption positions to avoid occlusion in videos
having text-rich content [2]. Their findings contributed to defining
guidelines for caption placement and caption-evaluation methods
for live television genres. There are many opportunities to improve
caption accessibility where a study by Vy and Fels, underlined the
difficulty in identifying speaker change for media content that has
multiple speakers, narrative discussions, and off-screen speakers
[36].
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2.2 Existing Speaker Indication Methods

Prior works on speaker indication in a captioned video focused on
three aspects: caption positioning, visual cue indication, and tex-
tual cue embedded with the caption. Placing captions dynamically
closer to the speaker in the video utilizes facial recognition aspects
such as motion region prediction and lip movements to determine
the speaker in the video content [7, 17, 18, 22, 29]. This will help
reduce the disconnection between the visual location of the speaker
in the video and the caption area. However, it can result in visual
overload when there are overlapping multiple speakers present
in a single scene and can cause eyestrain following up between
each dynamically shifting position of captions and speaker indica-
tors. A technique that uses visual cues such as lightbulb, glow, and
pointing methods to indicate the current speaker addressed this
dynamic caption position shift, especially in a panel presentation
with unpredictable switching among multiple speakers, and main-
tained a separate single static position to display the captions [14].
Researchers implemented this technique in a head-mounted display
to conduct the study with DHH participants and suggested it be
easier in identifying the speakers [14, 20]. But these techniques
might not be efficient to identify the speaker when they are not
visible in the scene while speaking. Another visual cue method
to indicate the current speaker used avatar badge with the name,
character image, and colored border of the character’s cloth color
[36]. But the study was reported to be distracting and less useful
as DHH participants prefer to identify the speaker by the physical
appearance and personality rather than the speaker’s name in a
video.

2.3 Audio-Haptic Methods

Auditory perception also helps people to familiarize a particular
voice to identify a speaker based on the time, frequency, intensity,
and pitch of the sound waves [32]. Audio-haptic technologies have
been widely used in recent research for a wide range of applica-
tions [9, 10, 25-27, 30]. Among these, many works have explored
using audio-haptic or sound-based haptic to make everyday sounds
accessible for DHH users [31, 34]. Study conducted by Weisenberger
et al., [40] used two 16-channel tactile feedback devices worn on
the forearm and abdomen for phoneme discrimination task. This
multichannel Tactile feedback setup has proved to provide a better
perception of speech, especially when combined with lipreading
[40] and also performed better than the single-channel tactile sys-
tem for the majority of speech perception task [39]. To enhance the
sound awareness of DHH people, tactile technology has been used
to identify sound patterns through a wrist-worn device that emits
haptic feedback based on the sound level. [12, 19]. This study [19]
being one of the primary motivations behind our work suggests
that vibrotactile information enhances the sound “experience” in
the environment through an evaluation in a life field experiment.
Research has also been done on enhancing caption accessibil-
ity through visual-tactile information [23]. Here, Kushalnagar et
al. conducted a study to enhance the caption experience for non-
speech information by presenting visual-tactile captions and sug-
gested an increase in viewing and recall ability for DHH people.
Another study explored experience tactile technology for the entire
human body through chairs [37] where haptic sensory was placed
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on various places such as armrest, back-rest [31], and under the
seat [38].

2.4 Summary and Research Questions

These works helped us understand the accessibility challenges to
identifying the speaker changes in various video content including
live videos where the captions cannot be pre-processed. Building
on previous work, there are three research questions we would
like to answer in this study. RQ1: How do DHH viewers perceive
speaker information in the media content through haptic feedback
alone? RQ2: What are the user preferences and efficiency of speaker
indication of Haptic-Captioning modality compared to existing
real-time and non-real-time captioning methods? RQ3: How does
Haptic-Captioning system affect DHH’s user experience and what
factors should be considered in future designs?

3 HAPTIC-CAPTIONING SYSTEM DESIGN

The Haptic-Captioning system, shown in Figure 1-Left, produces
haptic vibrations through voice coil actuators. These are vibrotactile
devices that vibrate using sound signals, similar to an audio speaker
without a cone to amplify sound — therefore, voice-coil actuators
may emit a slight sound when in use. In this research, we use the
Acouve Vp2101 as our voice coil actuator. To actuate it, we use
a power amplifier based on the Techtile Toolkit design [30] (any
power amp up to 3W can be used to drive this actuator). Thus, any
audio signal from any input source such as a laptop, phone, etc., can
be used to drive the voice coil actuator. In addition, the intensity
of the vibrations can be changed by adjusting the volume on the
input source and/or the power amplifier.

We designed and 3D printed a casing for the actuator and used
a velcro band similar to a wristband as previous research demon-
strated the haptic sensitivity of the skin on the wrist [10, 12, 19].
We evaluated the Haptic-Captioning system through a three-phase
experiment where we used the wristband prototype for the Prelim-
inary Study and Study 1. For Study 2, we explored other possible
uses of the Haptic-Captioning system such as while held or attached
to a device such as a mobile phone based on the requirement.

4 PRELIMINARY STUDY OF THE
HAPTIC-CAPTIONING SYSTEM

As the Preliminary Study?, we aimed to qualitatively explore the
DHH users’ ability to perceive speaker characteristics such as the
number of speakers through only haptic feedback (RQ1) without
any visual or auditory feedback. To achieve this goal, we recruited
twelve DHH volunteers (5 females, 6 males, and 1 non-binary)
aged from 18 to 44 (M=26.3, SD=7.3) for this study. Seven of them
identified themselves with profound hearing loss, and five of them
identified themselves with mild or severe hearing loss.

4.1 Study Design

For this Preliminary Study, we selected sixteen 1-minute audio
clips from live stream videos on YouTube? which involved topics

!https://www.acouve-lab.com/products

2All studies listed in this paper were approved by the Ethics Board of the Institution.
In all studies, each participant was paid $15 for their participation
3https://www.youtube.com
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Figure 2: The Preliminary Study set-up consists of the Haptic-Captioning system that provides auditory-haptic feedback and
the study software which is used to collect the perceived speaker information.

such as sustainability, life wisdom, business, education, and fashion.
We excluded captions and visuals from the videos as we wanted
the participants to only focus on the haptic feedback and avoid
being biased by the content of the captions or visual cues, for
example, the video zooming on the speakers or the lip reading. The
clips evaluated in this Preliminary Study consisted of two to three
speakers and different speakers’ demographics with multiple age
groups, perceived genders, etc.

4.2 Study Procedure

In the study session, each participant was expected to experience
the Haptic-Captioning system through 16 trials corresponding to
16 different audio clips. Prior to the study, we set up the wearable
vibrator on the participant’s wrist. Participants also wore a pair of
headphones that played white noise to avoid the participant hear-
ing any sound leaks from the voice coil actuator as we only wanted
to focus on the effects of the haptic feedback. For each round, we
played a random audio clip with haptic feedback to the participant.
Then, we asked the participant to discuss the perceived number of
speakers and other perceived information (e.g., perceived gender,
age, etc.) (Figure 2). After the study, we conducted an interview
to understand participant’s overall experience and other informa-
tion such as how they perceived the different speakers, perceived
speakers’ demographics, etc., through the haptic patterns. It took
approximately 45 minutes for each participant to complete a study
session.

4.3 Findings of Preliminary Study

Overall, the participants identified the number of speakers with
a 72.34% accuracy (two speakers: M = 79.168%, three speakers:
M =70.921%). Feedback revealed more insight into their methods
for using vibrations during this task.

Participants indicated that they tried to identify speaker demo-
graphics and thereby the number of speakers by understanding the
vibration intensity to infer the speaker’s demographic character-
istics. For example, P08 noted that, “If the haptic feedback seemed
deeper/louder, I thought it might be a man. If it was lighter/quieter,

I thought it was a woman.” Except for the perceived gender of the
speakers, participants also used the vibration strength to infer the
speaker’s age group. Here, P09 stated that, “Heavy buzz or high buzz
makes me think of adult and male... high light buzz makes me think
of female. Low softer buzz makes me think of children. Sometimes
it messes up [when there is| a combination of buzzes of either softer
buzz and high pitch which could be a female speaker [who is] loud.”

In terms of identifying the number of speakers, the participants,
such as P02, indicated that they can perceive the amount of speak-
ers through the differences of speaking voices conveyed by the
vibration: ‘T can notice few speakers at least 3-4 speakers. I can tell
the difference between the deep and soft voice, but not sure which
genders/ages they belong to.” Two participants (P04 & P12) stated
that they surmised the transition of speakers by comparing the
vibration pattern of the speaker with the previous one after each
pause and to infer the speaker’s amount according to this evidence.
As it was mentioned by P12, “The vibrations change when the speak-
ers switched — I would notice the vibration would either stop for a bit
or have a new kind of vibration that was different. So I assume they
switch speakers.”

Participants also expressed their concerns on the testing sce-
narios with multiple speakers, especially when the speakers had
similar voice patterns. For example, P05 mentioned that, ‘Tt was
challenging to try and identify multiple different speakers. If two
speakers have a similar tone, I would not be able to recognize that. I
had to second-guess myself at times and really assess whether or not
was feeling a difference in vibrations.”

4.4 Summary of the Preliminary Study

In this Preliminary Study, we identified that the mean accuracy of
the speaker’s amount predictions was 72.34%, which was a promis-
ing accuracy rate considering the system evaluated in the study only
used vibration feedback. It should be noted that this study consisted
of the only vibration feedback without any usual visual (video con-
tent or captions) or auditory feedback. Thus, the preliminary study
revealed that the vibration feedback of the Haptic-Captioning sys-
tem can convey perceptual knowledge to a certain extent, such as
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the number of speakers and other speakers’ demographics, to the
DHH participants. However, the participants might still feel un-
certain of their answers when factors like speakers’ tone changed
or similar voice patterns of the speakers were involved. Therefore,
the next step of our study is to explore if the overall performance
or user experience of the Haptic-Captioning system at speaker in-
dications will be improved if combining other cues like visuals or
captions with haptics as a multimodal feedback system.

5 STUDY 1: CAPTION METHODS
COMPARISON

Our Preliminary Study indicated that the audio-generated haptic
feedback was promising at identifying various speaker character-
istics. Inspired by the participants’ feedback collected from the
Preliminary Study, we wanted to further explore the usability of
the Haptic-Captioning system when combined with other cues
such as visuals and captions. In addition, we compared it with prior
non-real-time visual methods of speaker identification for captions
[3, 11, 14, 36] as well as the real-time captioning methods (RQ2). As
the dependent variables, we included Perceived Speaker Transitions
and Self-Reported Questionnaires followed by discussions with the
participants.

5.1 Study Design

To answer RQ2, we designed a within-subjects evaluation for the
comparative study that consisted of the Caption Modality as the
main independent variable. The Caption Modality consisted of
seven conditions: the proposed Haptic-Captioning method, the six
visual captioning styles shown in Figure 3 (i.e. avatar, color, position,
pointer, speaker name, and the traditional real-time captions as
the baseline condition). The Haptic-Captioning condition used the
traditional caption style in combination with the system but used
with a different video.

5.1.1 Caption Modality. We selected several visual captioning
methods based on previous research that can be considered as
non-real-time methods as they are pre-processed videos with the
caption styles added prior to the study. This is because, in real-
time captioning contexts, visual captions may not be feasible as
more information is needed to be identified to present the cap-
tion (identifying the position of the speaker, selecting color, etc.)
and often, they have significant delays [3] that could change the
viewer’s experience. In contrast, the Haptic-Captioning system di-
rectly translates the audio into haptic vibrations. Following are the
selected real-time and non-real-time caption methods.

Non-real-time captioning methods: Avatar Caption in Figure
3 (a) presents an image of a speaker with a distinguished color
outline placed on the left side of plain text [36]. Color Caption in
Figure 3 (b) is a color-coded method that uses different text colors
to represent different speakers [3]. Position Caption in Figure 3 (c)
places the text directly under the speaker and assists the speaker
indication by changing the position. Pointer Caption in Figure 3 (d)
uses a turn-on bulb to signify the active speaker while turn-off bubs
represent speakers in silence [14]. Speaker-name Caption in Figure
3 (e) briefly presents the demographic speaker at the beginning of
the sentence, e.g., Female Speaker 1 [11].
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Real-time captioning methods: Haptic-Captioning method
provides the tactile feedback generated from the auditory content
with the Traditional Real-time Caption as shown in Figure 3 (f). The
visual content were selected from a data set used in a previous
study [3] and was presented as 30s videos with the corresponding
captioning method added before the study. The order of caption
modality conditions were randomized. In total, each participant
tested seven trials.

5.1.2  Perceived Speaker Transitions. Previous work used user rat-
ings to evaluate user preferences and experiences of different cap-
tioning methods [22, 23, 36]. Therefore, inspired by the participants’
feedback in the preliminary study, to quantitatively evaluate the ef-
ficacy of the speaker indication capabilities of captioning methods,
we propose a method that focuses on speaker transitions. Speaker
transitions are defined as the number of times the speakers switched
in a presented content. For example, when the first speaker asks
a question and the second speaker answers, this is considered as
a one-speaker transition. A participant may use the presented in-
formation from the different channels (visual, audio, haptic, etc.)
to identify the speaker and the speaker transitions. Thus, using
this method, a participant may report speaker transitions even
in a situation where the speakers are not visible to identify (e.g.,
audio-podcast, commentators in a sports broadcast, etc.). In this
scenario, some captioning methods such as colored captions could
assist in indicating the speaker, while the methods such as posi-
tion captions might not fulfill the task. While the concerns about
the false alarms remain, we did not find any comments indicating
participants were over-sensitive to report the speaker transition
in the haptic condition. We coded all the visuals presented in this
study to identify speaker transitions. This includes the number of
speaker transitions and the time at which the speaker transition
occurred. To analyze this data, we compared the time at which the
participant reported a perceived speaker indication and summed all
the correctly perceived speaker transition events. The accuracy is
defined as the percentage of correctly perceived speaker transition
events over the actual number of events (from the coded data).

5.1.3  Self-reported Questionnaire. Participants were asked to com-
plete a 5-point Likert scale questionnaire after each trial. This ques-
tionnaire is designed with the goal of investigating the usability
and caption effectiveness through the engagement of video content,
distraction, comfortableness, fatigue, and difficulty of following
the captions, caption understanding, and confidence on speaker
indication [22]. We designed this subjective questionnaire to help
us understand the user preferences and experience of the Haptic-
Captioning method as well as other real-time and non-real-time
captioning methods.

5.2 Apparatus

For this study, we used the same wearable prototype that was used
in the Preliminary Study (Figure 4-Left). In the experiment soft-
ware (developed using C# in the Unity platform), we presented the
participant the video with the selected captioned conditions. Here,
we also added a button right next to the video to click whenever
the participant identified a speaker transition (Figure 4-Right). The
procedure will be discussed more in the following sections.
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Figure 3: Non-real-time Caption modalities: (a) Avatar Caption, (b) Color Caption, (c) Position Caption, (d) Pointer Caption, (e)
Speaker-name Caption. Real-time Caption modality: (f) Traditional Real-time Caption - the same style but a different video

used with the Haptic-Captioning.

Figure 4: (Left) Study 1 set-up consists of the Haptic-Captioning system that only turns on in the Haptic-Captioning condition
and (Right) the screenshot of the Study 1 software interface to log the “speaker transition” data

5.3 Study Procedure

Firstly, we introduced the Haptic-Captioning system, the study
procedure, and the study software to participants. The participants
then received a demonstration of seven videos with different cap-
tioning styles in a knowing order. Each video was about 30 seconds.
The introduction and demonstration allowed participants to famil-
iarize themselves with the task. Participants could also adjust the
intensity of haptic feedback during the introduction. We turned off
the volume to avoid the potential effects resulting from different
levels of hearing. Next, we asked participants to wear the haptic
vibrator on their wrist. One researcher monitored the progress and
only turned on the haptic device for the Haptic-Captioning con-
dition. As the task, a participant was randomly presented with

seven 30-second videos. Next, they used their other hand to click
a “Mark” button via the touch pad when they identified a speaker
transition. After each condition, the participants completed a self-
reported questionnaire in Google Form to report their subjective
experiences. Last, we asked for participants’ preferences, challenges
encountered, suggestions for the different contexts of use, over-
all experience using Haptic-Captioning as well as other real-time
and non-real-time captioning methods through a semi-structured
interview. The experiment took approximately 50 minutes per par-
ticipant to complete.
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ID Gender | Hearing loss status | Lip reading familiarity | Hearing devices

P1 Male Profound Slightly None

P2 Male Severe Extremely Hearing aid/s

P3 Male Mild Slightly Hearing aid/s

P4 Male Profound Extremely Both

P5 Female Profound Not at all None

P6 Female Profound Slightly None

P7 Male Profound Not at all None

P8 Male Profound Slightly Cochlear implant/s

P9 Female Mild Moderately None

P10 Female Severe Extremely Hearing aid/s
P11/R1 Male Profound Extremely Cochlear implant/s
P12/R2 Male Mild Somewhat Hearing aid/s
P13/R3 Female Moderate Extremely Hearing aid/s
P14/R4 Male Profound Somewhat Hearing aid/s
P15/R5 | Non-binary Profound Moderately Cochlear implant/s
P16/R6 Female Profound Not at all None

Table 1: Participants’ demographic information

5.4 Participants

We recruited sixteen participants (P1-P16) as shown in Table 1
(nine males, six females, one non-binary) aged 18-35 (M = 23.8,
SD = 4.7) from social media and the institute’s mailing lists. As
reported by the participants, ten of them had profound hearing
loss, three had mild hearing loss, two had severe hearing loss, and
one had moderate hearing loss. As for the hearing devices used,
six participants used hearing aid(s), three used Cochlear implant(s),
one used both hearing aid(s) and Cochlear implant(s), and six used
none of the hearing devices. For the level of experience of lip-
reading, five participants reported being extremely familiar, eight
participants were at least slightly familiar, and three participants
were not familiar at all. The detailed age information in Table 1 was
removed to ensure the anonymity of participants.

5.5 Results and Discussion of Study 1

5.5.1 Perceived Speaker Transition. Figure 5 shows the overall re-
sults of the Perceived Speaker Transition accuracy. Overall, Haptic
Caption scored the highest level of average accuracy with 93.75%
(SD = 25). Lowest average accuracy of the non-real-time category
was reported by Pointer Caption which was 73.75% (SD = 17.46),
where as Traditional Real-time Caption scored 80.19% (SD = 20.36)
average accuracy levels. We performed repeated measures one-way
ANOVA on the accuracy of perceived speaker transition and found
no significant differences (F(6,105) = 0.955, p = 0.459).

Overall, the Haptic-Captioning condition achieved relatively
high accuracy for detecting speaker transitions. Although we ex-
pected the non-real-time captions to perform better as participants
have more previous experience using visual captioning than haptic
ones, some participants indicated that it might be due to the nature
of the visual content of the Haptic-Captioning condition’s video that
had only two speakers and no over-lapping conversations. While
this was unintentional (we randomly chose the videos for each
captioning type in the study design from the data set in [2, 3]), this
brought our focus to the usability of the Haptic-Captioning system

if there were frequent overlapping conversations. P4 commented on
this aspect of overlapping conversations: “Haptic-Captioning is very
useful in identifying the switch in speakers, especially if the number
of participants is few and the sound characteristics of the speakers
are different. If the number of speakers is more and there is overlap in
conversations, determining the switch in conversation becomes more
difficult”

Furthermore, we observed more mistakes that resulted in lower
accuracies than expected for the visual captioning methods that
could be due to the cognitive load required [36]. As for the visual
captioning methods, P3 mentioned: ‘Tt is putting more effort to move
my eyes and effectively tell who is speaking depending on which
caption methods. These challenges prevent me from fully immersed
in the video content.” Participants also indicated that there were
several challenges of the visual modalities. Participants mentioned
the visual add-ons caused distraction and overwhelmed the reader.
As P4 mentioned, “associating the speaker information with visual
cues cause higher cognitive load.” Similar observations also have
been noted in previous works that investigated visual captioning
styles [36]. Furthermore, P9 indicated: “not all of the colors are
friendly to use for those who are color blind.”

5.5.2  Self-reported questionnaire result. We conducted repeated
measures one-way ANOVA to compare the Haptic-Captioning with
the Traditional Real-time Caption, and five non-real-time caption-
ing methods. The result is shown in Figure 6. Through the post-
hoc pairwise comparison with the Holm correction, we identified
there are significant differences between the rating of the Haptic-
Captioning and the Position Caption (one of the non-real-time
captioning methods) in the engagement (p < 0.01), confidence
(p < 0.001), and comfortableness dimensions (p < 0.01). (For the
scope of this work, we only report the significant effects between
other caption methods against the Haptic-Captioning method.)
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Figure 5: The average accuracy (percentage) of the perceived speaker transition. Error bars denote the standard deviation.

Figure 6: Self-reported ratings with the significant pairs (***: p<.001, **: p<.01, *: p<.05). For the Difficulty in following, Distraction,
and Fatigue dimensions, a higher rating reflects a more negative experience. For the other dimensions, a higher rating reflects

a more positive experience.

In the results of the self-reported questionnaire, we identified that
the Haptic-Captioning had better ratings compared with the Tradi-
tional Real-time Caption in all dimensions, including the Engage-
ment of video content, Distraction, Understanding, Difficulty in fol-
lowing caption, Confidence on speaker identification, Comfortable-
ness, and Fatigue. While comparing the Haptic-Captioning with the
five non-real-time captioning methods, we found that the Haptic-
Captioning did not significantly outperform in the comparisons.
Especially in three dimensions: Engagement, Confidence on speaker
identification, and Comfortableness, we noticed that the Position
Caption, which was one of the non-real-time captioning methods,
had significant better ratings compared to the Haptic-Captioning.
Through the observation, the non-real-time captioning methods
were more acceptable among the participants, since the methods
that used visual cues for indications might possess a smaller learn-
ing curve. However, it should be noted that the participants also
indicated the Haptic-Captioning system could be combined with
the other captioning methods to utilize its strength, as reflected in
the post-study interview result.

5.5.3  Post-study interview. We conducted a semi-structured inter-
view to understand the characteristics of the Haptic-Captioning and

how haptic feedback can be integrated into real-time captions. In
analyzing the feedback, we found several themes.

Benefits of Haptic-Captioning system: Several participants
found the Haptic-Captioning system to be useful. For example, P7
commented that haptic feedback is better than other modalities
since they could feel a pause in the vibrations (in some cases) when
there was switch in the speakers: ‘T think the Haptic-Captioning is
better than others so it helps me hear the vibration and read the
caption in which it will switch the speaker so it looks like paused
voice by the speaker.” P2 (who also tried holding the device besides
wearing it on the wrist) discussed others way of using the system
that could be beneficial: “T was able to feel more with my fingers, but
I can definitely see it becoming a thing that aides us. Possibly a dual
paired device - or even something to add onto our seat of choice.”

Concerns about Haptic-Captioning system While we re-
ceived some positive comments on Haptic-Captioning system, many
participants expressed their concerns about wearing this device for
a longer time. As P5 mentioned: ‘T am not sure because if I have to
wear it (the Haptic-Captioning system) for a long time. I will likely
have sensory overload. ” What’s more, some participants mentioned
haptic feedback could distract DHH users like a notification system
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instead of functioning as an aid to understanding the media content
better. After distraction, switching focus back to haptic feedback
and recalling speakers might increase the workload on users’ mem-
ory. P6 commented that “Distracting (is) like, I was trying to focus
on the caption content, but then I feel the buzz and shift my attention
to my watch and realized I forgot it mean switching speakers. So it
took me times to focus on it and then try to remember which buzzing
I'm feeling for which speakers.”

Using Haptic-Captioning in combination with other cap-
tioning methods: Many participants mentioned that the Haptic-
Captioning system would be more beneficial by making it compati-
ble with the non-real-time visual captions like position captions.
P2 mentioned that: “Haptic-Captioning adds another level of feeling
connected to the content being shown, but I believe pairing that with
positioned captions would be a great fit. Overall, I can see [Haptic-
Captioning] being a thing if it’s developed to be compatible with a
user’s preferred captioning method.” Similar to this point, P12 com-
mented that the haptic feedback helps users better focus and enjoy
the visual aspect of the media rather than paying attention to read-
ing the text: “Haptic-Captioning allows me to not focus on text so
much in video, and appreciate the visual aspect more.”

Using Haptic-Captioning for other purposes than speaker
indication: Some participants (P2 & P7) also expressed their desire
to experience a using the Haptic-Captioning system with movies,
music, and other genres. P7 mentioned: ‘T wanted to wear the hap-
tic device when I have a plan to watch a movie..to understand an
ambiguous caption with the help of the haptic device.”

In addition to movies and music, P2 suggested using Haptic-
Captioning for indicating other aspects of speech, such as emotions
when watching visual content. Here, P2 mentioned, ‘T definitely
believe that adding haptic systems to music, movies and sports would
be helpful as emotion is heard in people’s voices. For example, having
the ability to feel the intensity of how someone is speaking while a
home run occurs in baseball (sports in general), or when someone is
yelling in a movie, would be beneficial to deaf and hard of hearing

people.”

5.6 Summary of Study 1

In this study, we compared the Haptic-Captioning system with sev-
eral captioning methods, namely real-time and non-real-time cap-
tioning methods. Overall, we found that the Haptic-Captioning sys-
tem performed best in identifying speaker transitions (not statisti-
cally significant). In addition, the Haptic-Captioning system was
rated higher than the Traditional Real-time Caption in the post-trial
questionnaire. However, the Position Caption has significantly bet-
ter ratings when compared with the Haptic-Captioning, especially
in terms of Confidence and Comfortableness dimensions. Here, we
assume there is a significant learning effect that exists between
visual and haptic cues while comparing the Haptic-Captioning sys-
tem with non-real-time captioning methods. Some concerns from
participants might also explain why the Haptic-Captioning system
received a low rating compared to some visual captioning methods
such as wearing tiredness and distraction caused by misunder-
standing haptic feedback as a notification system. Moreover, the
participant feedback indicated that the Haptic-Captioning has a
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great potential to complement the other limitations of non-real-
time captioning methods, such as the distraction from moving text,
inaccessibility for the color blind, etc. Participants also suggested
using the Haptic-Captioning system in combination with other
visual captioning methods. In addition, one main suggestion was to
explore the system with different types of content and applications
which is explored next in Study 2.

6 STUDY 2: CONTEXTUAL INTERVIEW

Inspired by the feedback from the last two studies, we aim to in-
vestigate the user experience of the Haptic-Captioning system in
different contexts to access media sources of multiple speakers.
Thus, we conducted a semi-structured contextual interview to elicit
DHH users’ feedback in different application settings and explore
other factors that could inform the future design of the Haptic-
Captioning system (RQ3).

6.1 Study Design

This study aims to understand DHH participants’ experience with
using the haptic modality in three different settings: TV, mobile,
and laptop. Informed by Study 1, we made three video clips where
each clip consisted of four genres of videos (i.e., podcast, sports,
live stream, movie). Each video is approximately 4 minutes (1 min *
4 genres). We counterbalanced three settings to ensure each video
played on different platforms. The video clips were played in the
same order so that the disorder does not affect participants’ under-
standing of the media contents. Before playing the video in each
setting, we ask the participants to choose their preferred vibrating
positions in Figure 1 A-D. This step was informed by participants’
feedback from the first two studies that they would like to try out
different positions instead of keeping it fixed on the wrist all the
time. We gave three suggestions based on previous audio-haptic
design wearing on the wrist [19], holding against the phone [24],
and putting on the chair [38]. We designed a semi-structured inter-
view to understand the user experience in these media settings and
then explore the possibility of the future Haptic-Captioning system
designs in terms of the context of use. The interview questions were
focused on (1) Overall experience using the Haptic-Captioning sys-
tem in terms of three settings, four video genres, and vibrating
positions, (2) The benefits and challenges of haptic feedback in
these settings, (3) The environmental factors and other different
contexts of use that affect the experience (4) Suggestions for im-
proving the design of the Haptic-Captioning system.

6.2 Participants

We recruited six participants, R1-R6 (three male, two female, one
non-binary) aged 18-26 (M = 22, SD = 3.4) from Study 1. Partici-
pants’ information (R1-R6) were shown in Table 1. Four participants
reported profound hearing loss, one with mild hearing loss, and one
with moderate hearing loss. As for the hearing devices used, three
participants used hearing aid(s), two used Cochlear implant(s), and
one did not use any hearing devices. Two participants preferred
to communicate through speaking, and four participants chose
to communicate through typing. According to the demographic
questionnaire, all participants reported they had used captions on
TV, mobile phone, and laptop. In terms of the familiarity of three
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settings, all participants reported being extremely familiar with
mobile phone and laptop settings. When it came to the TV setting,
three participants were extremely familiar with it (R1, R4, R5, R6),
one reported moderately familiar (R3), and one was slightly familiar
(R2).

6.3 Study Procedure

In Study 2, each participant experienced using the Haptic-Captioning sys-

tem on three devices with a four-minute video. The video clip con-
tained four media genre types. Prior to the study, participants were
asked to select the vibrating position they felt comfortable with
using (see in Figure 1). We provided three positions as suggestions
based on the comments from the previous studies on audio-haptic
methods [19, 24, 38]. However, participants were free to change the
positions to the ones they felt more comfortable with. Lastly, we
conducted a semi-structured interview to understand the overall
experience of using the Haptic-Captioning system regarding video
genres, device settings, and vibrating positions. We asked questions
related to their perceived benefits and challenges encountered and
how the environment affects their experience. In the end, partic-
ipants were encouraged to provide their suggestions to improve
the system device. The contextual interview took approximately 50
minutes for each participant.

6.4 Results and Discussion of Study 2

We performed the thematic analysis with an open and inductive cod-
ing approach on the collected feedback [6]. One researcher scanned
the raw transcripts and identified 133 comments from 6 participants
(in a total of 6357 words). Then, one researcher developed initial
open codes and shared them with the entire research team. We
collaboratively generated the final open codes and then grouped
them into themes. We used affinity diagrams on Miro* for searching
emerged themes. We identified three themes which are attention,
perception, and customization. We will present our major findings
using the inductive themes and representative quotes below.

6.4.1 Attention. Improve caption readability. Through the post-
study interview, participants explained further how haptic feedback
benefited real-time captions and assisted readability. One charac-
teristic of the Haptic-Captioning system was to foster ambient
awareness of the media content. For example, R3 mentioned that
haptic feedback helped the captions as a supplement by matching
the textual input of words with the movement from lip reading.
Thus, especially when people could not grasp information from
lipreading like in podcasts, Haptic-Captioning would be more ben-
eficial for ease of following:

‘It helps me kind of identify the change of voice and
kind of keep track of where I am with the captions. Like,
Idon’t know if it was this unconscious thing, but I could
kind of match up the vibration to the captions. When I
was reading the captions, I could feel it as I was reading
so I could tell where in the captions they were, kind of
like, like some Disney lyric videos like the karaoke. You
can follow along and there’s a little bouncing, if you
can tell which word they’re on.”

4https://miro.com
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Maintain media engagement. On the contrary, the Haptic-
Captioning system could save user’s attention while still helping
them engage in media content. Taking the movie as an example,
where participants sometimes did not focus on speaking much, they
felt positive about the usage of the system, as R2 mentioned:

“T guess, say that you can understand the awareness
of the movie. So I know like what’s going on, [but] not
necessarily what they’re talking about. But seeing the
action in the background, this would be helpful there.
Yeah, but the speaking part, I just watch it like a typical
movie.”

Similarly, R3 mentioned that she sometimes likes to remove the
hearing aids so that she could focus less on the content. In this
situation, the Haptic-Captioning system would help her engage
more without requiring great attention:

“On occasion, when I'm really tired, I'll take out my
hearing aids and like, watch Criminal Minds. And hav-
ing this would help me, [to] get that input like the back-
ground noise, the sound. So whenever I take out my
hearing aids, because I'm super tired, but I still want
to be able to be engaged in the movie or the TV show, I
would definitely go to that.”

6.4.2  Perception. Through the observation and the analysis of par-
ticipants’ comments, we identified that the Haptic-Captioning sys-
tem could contribute to enhancing the perception of the vocal
content for the users. Participants indicated that, with the assis-
tance of the Haptic-Captioning system, they were able to perceive
non-speech information, such as footsteps or raindrops, via various
haptic patterns. Thus, they could be more engaged with the content
and feel more confident in identifying the active speaker. In other
words, the haptic system augmented their experience of watching
vocal content by bringing more senses, especially in the context
of watching movies. Here, participants noted, T found it to be a
nice additional dimension to the media” (R1); ‘I think the movie will
be a good experience using the Haptic-Captioning system because it
provides better senses.” (R6)

Enhance understanding emotions. We found that the Haptic-
Captioning system would benefit DHH people by enhancing their
understanding of emotion based on different sound effects. For
example, several participants mentioned they could feel the ex-
citement as well as the scary sound effects and the laughing from
ominous music. Specifically, while watching the movie, participants
reported the Haptic-Captioning system was helpful for matching
the actions that happened to the sound effects, which were hard
for them to access. This observation was an indication that the
Haptic-Captioning system could provide feedback on non-speech
information. For example, R3 reported:

“Tt definitely helps make the emotions more easy to tell,
because like, it’s just kind of slowly vibrating. And then
when they open the door and started running, it’s like
vibrating faster with the music and that kind of helped
to match the motion at the scene to kind of the music
that you otherwise wouldn’t be able to hear, like the
background sounds he wouldn’t be able to hear.”
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In the study, we found the majority of the participants preferred
wearing the Haptic-Captioning system on the wrist (Figure 1-A).
This observation aligned with the result from a previous survey
on DHH users’ preferences on wearable devices [12]. However, we
also identified that some participants preferred using the Haptic-
Captioning system by attaching it to the phone’s back (see in Figure
1-C). The participants reported that this holding position allowed
them to sense the vibration through their fingers. In addition, one
participant elaborated on the differences in the experience of at-
taching the device to the phone and wearing it on the wrist. The
participant stated that holding the phone with the haptic device
in both hands allowed the user to perceive the vibrations more
clearer. In this case, this holding position might be more preferable
for users who wanted to be more engaged with the video content.
It was supported by R04’s comment:

“I think I am comfortable with haptic on the phone more
than on the watch. I feel I can connect along with the
phone and haptic at the same time compare to wrist. For
some reason if the haptic system on my wrist, it feels
disconnected somehow.”

Assist speaker indication. While watching the video without
seeing the picture of speakers, such as in a podcast, participants
mentioned that haptic feedback could help them identify the active
speaker depending on the haptic patterns translating from the
speaker’s voice. As participants perceived a female voice felt softer
while the male voice seemed deeper in general, it aligned with
the participant’s feedback from the Preliminary Study. However,
participants also mentioned it could be a challenge to pick up the
speaker’s voice when the sound quality was low. Regarding this,
R3 noted:

“I mean, in general, the live stream, it depended on the
quality of the person’s microphone that is speaking. So
like the man who was doing the actual questioning and
like the presenter guy, the news person, it was really
clear to be able to pick out his voice. [The others], their
microphones weren’t that good. So there’s just kind of
a lot of constant vibration. And it wasn’t succinct. It
wasn’t obvious.”

6.4.3 Customization. Although this experiment was carried out in
a lab setting, we noticed that participants mentioned several social
and environmental factors that could cause differences on their
experience, such as social interaction, multitasking, distraction
from external sound, etc. Here, we identified the customization
needs of the Haptic-Captioning system to provide a better fit for
the contexts mentioned above.

Support multitasking. Few participants mentioned their sensa-
tions would be different than watching TV with a group of people,
as the scenarios might involve a variety of tasks. For example, haptic
feedback might cause distraction in their conversation with others,
while in the meantime, benefit from picking up TV content, as R1
commented:

“I think that since I'm sitting in a lab room my senses
are very isolated. I would be curious to use this in a
busy room of friends watching TV, and observe if I felt
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it was distracting me from conversation, or helping me
to know when to turn back to the TV.”

Similarly, many participants suggested testing the Haptic-Captioning sys-

tem built-in to a chair, which might specifically benefit the TV
settings from freeing their hands. Based on our observation, we
noticed that R1, who chose to place the Haptic-Captioning system
on the leg (shown in Figure1-B), explained that although he pre-
ferred integrating the Haptic-Captioning system in the chair to not
occupy his hands, the vibration of the device would be stronger
when placing on the leg:

“For the TV it would make the most sense to have it built
into a chair. That way it would still be able to provide
strong vibrations despite external events, & you would
not have to hold anything... in case you are signing with
friends or something.”

Keep privacy in public. In some cases, participants would like
to keep the Haptic-Captioning system more private from others.
The apprehension of showing the Haptic-Captioning system in pub-
lic would also affect the user preference on the wearing positions.
For example, R3 mentioned she would be more cautious about using
the device in the public environment:

‘T think if I were in a public space, I would be more
willing to kind of hold it against my phone. So it’s less
obvious. If I were in a private space, I would be more
willing to move it around, and like test places sitting
next to me on my wrist, like, see if there’s a place that
works best because I'm by myself or I'm in a private
environment where people know that I use this.”

Avoiding environmental noise. R2 further elaborated on the
difference between hearing in quiet and loud environments as the
external noise would limit the hearing aid’s abilities. For quiet
settings, hard-of-hearing users might rely on their hearing more
than on reading the caption. However, R2 later mentioned his ex-
perience as hard-of-hearing people would be varied from the deaf
population:

“I think in a loud setting this is definitely helpful, be-
cause now they’re not relying too much on hearing, rely
more on text and such, and this one might actually be
helpful. I think that’s effect of environment. In a quiet
environment, not necessary...I just keep hearing this.
But in a loud settings, probably, probably better”

However, the vibration from the environment might cause confu-
sion on the understanding of the haptic information. R4 explained
the distraction that prevented them from understanding the in-
formation conveyed by the Haptic-Captioning system in a public
transportation:

“Suppose if I was in a car or subway, it may affect my
experience with the haptic feedback while watching the
stream. Transportation tend to have vibration such as
loud engine or bump that cause the vibration or move-
ment. It may conflict with my experience while watch-
ing. Let’s say if I'm holding my phone with the haptic
system while in the subway (Without hearing aids), I
can get confused if the subway has an announcement
while watching the video with haptic feedback.”
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6.5 Summary of Study 2

Study 2 is designed to elicit formative feedback from participants
on the Haptic-Captioning system and explore the situations of
this multimodal system that would increase caption accessibility.
Participants reflected on several positive experiences of using the
Haptic-Captioning system as it improved the caption’s readability
and maintained media engagement. The haptic feedback led them
to unconsciously engage in the content whether or not they needed
to understand the text. Moreover, the Haptic-Captioning combined
with the traditional real-time system enhanced the user perception
in the aspect of emotions and then assisted speaker indication,
especially when the speaker in the media was invisible. On the other
side, we also identified several situations that the system design
needs to be improved due to social and environmental factors. As
participants discussed their concerns, we discover there are design
opportunities to customize the Haptic-Captioning system to fit
different contexts. Some expressed their preferences on wearing
positions and usage environments might change according to the
context of use, which required future examination. We will discuss
the design implication in detail in Section 7.1.

7 DISCUSSION

In this paper, we first proposed Haptic-Captioning system (Fig-
ure 1) and investigated how Haptic-Captioning system assisted
DHH users with speaker indication in multiple-speaker media. Our
three user studies illustrated the potential of using haptics to convey
the speaker’s information that aimed to improve the accessibility
and understanding of captioning. Below, we present our takeaways
reflected from our findings and then discuss the implication for the
Haptic-Captioning system design.

7.1 Takeaways from the Studies and
improvements for the
Haptic-Captioning system
Our takeaways demonstrate several factors related to the efficacy of
using the Haptic-Captioning system on speaker indication, which
should be considered in future design.

Similarity between speakers’ voice patterns. Our findings
from our three studies suggested that DHH participants found the
difficulties of identifying speakers varied from the number of speak-
ers and their background, which extended the challenge identified
in previous work [36]. In the Preliminary Study which we only
examined the haptic feedback, participants were able to identify
the total number of speakers with over 70% mean accuracy. How-
ever, the mean accuracy in the trials of two speakers is significantly
different from with three speakers. Similar feedback was also ob-
served in Study 1 and Study 2 with reference to background sounds,
overlapping conversations, etc.

Familiarity towards haptic and media. Participants’ feed-
back in Study 1 revealed that the level of experience affected their
preferences in general. The learning curve to familiarizing with
the haptic pattern might bring challenges to DHH users that low-
ered their confidence in speaker indication. However, we believe
such challenges could be tackled through a longer exposure to the
haptic modalities. Similarly, in Study 2, one participant explained
that the level of familiarity with the haptic feedback benefits his
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understanding of testing this device. R4 commented that his hear-
ing aids enable him to be acquainted with the sound pattern of
the environment. The familiarity factor is not just identified in the
haptic patterns, but also in the channel for accessing the media.
Here, few participants mentioned their relatively low frequency of
watching TV compared to using a phone or a laptop. Therefore, our
next step in this direction is to provide haptic training or design a
longitude study to explore the Haptic-Captioning in depth.

Attention required on the visual information. Our study
extended on existing literature on the visual captioning style pref-
erence in terms of comparing with the Haptic-Captioning modality
[1, 3, 4]. From the quantitative data, we did not find any statisti-
cally significant difference in speaker transition’s mean accuracy
between haptic captions and non-real-time captions. The compari-
son of haptic and non-real-time captions revealed that while DHH
people generally prefer visual cues, these extra adds-on might raise
new challenges on the increased eye fatigue and distraction, which
could impact the readability of captions [21]. With the Haptic-
Captioning system, participants in Study 1&2 mentioned they have
a chance to enjoy the content itself rather than focusing on the
captions. In some cases, when users prefer to play sounds as back-
ground noise, combining the Haptic-Captioning with an appropri-
ate visual method helps maintain the awareness of the environment.
Future studies should examine the combination of haptic and visual
captioning and examine how Haptic-Captioning complements the
visual aspect of media.

7.2 Future Design Implications of
Haptic-Captioning System

Our findings indicate the future design of the wearable Haptic-

Captioning system should be comfortable, understandable, and

transportable. We identified three main future research directions

based on the Haptic-Captioning system and its new uses.

Firstly, the Haptic-Captioning system could be improved in pro-
viding adjustable vibration. DHH participants switched positions
several times during Study 2 to adjust the intensity of the vibration,
specifically when watching movies and sports, which they desired
to receive more feedback on the non-speech information. However,
an intense vibration would also cause sound leakage, which some
participants were worried about using the Haptic-Captioning sys-
tem in the public scenario. Besides, some participants also com-
mented that a strong vibration would bring fatigue for a longer time
use. Therefore, participants should be able to customize the volume
level to fit their needs. The customization should also help users
distinguish the haptic pattern between notification reminders and
media content aids. While many works have attempted integrating
haptic devices in such contexts and attached to mobile[24], we are
motivated to explore this in a captioning context.

Secondly, our participants suggested that the Haptic-Captioning sys-

tem should be transportable like a wristband device. For example,
a haptic wristband could build upon the wearable haptic device for
the hands [33]. We aimed to explore a wristband prototype that
provides spatial haptic feedback with multiple actuators where the
haptic feedback is associated with the position of the speakers. It is
also important to develop a sound-haptic algorithm that can stan-
dardize the audio in real-time with a separate sound channel. Some
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participants suggested that future design could consider a build-in
system to provide a more immersive experience without occupying
their hands. For the built-in system, the future design could inte-
grate the auditory-haptic vibrator in chairs, game controllers, and
mobile phones, which could bring a full-body experience to DHH
users.

Thirdly, inspired by the participant’s feedback, we aimed to
explore how the Haptic-Captioning can present feedback to convey
the tones and emotions of speakers. During the studies, several
participants briefly mentioned that they could potentially identify
whether the speakers were speaking in an angry tone or sad tone.
While presenting non-speech information had been explored in the
past with haptic feedback [23], we posited that our method would
be able to present such “meta” speech information to DHH users
as well. Thus, this is a major research direction we aim to explore
in this work.

7.3 Limitation & Future work

While the participants’ demographic such as level of hearing ability
is always interesting to investigate [16], in this study, we tried
to tackle this factor by putting headphones with the white noise
in the Preliminary Study and turning off the external sound in
Study 1. During Study 2, one hard-of-hearing participant mentioned
the variation of hearing ability might affect their perception in
the public scenario. In future work, the demographic and prior
experience of DHH participants should be considered as factors of
their preferences.

In the preliminary study, our goal is to understand DHH viewers’
perception of speaker information with haptic feedback. We intend
to investigate the user perception of general demographic infor-
mation about the speaker. However, the majority of participants
tended to answer this question related to gender. We observe partic-
ipants have thoughts on how haptic patterns related to the binary
gender (i.e., males are more likely to have the low pitch). We assume
haptic modality has the potential to avoid prejudging the gender of
the speaker from the real-time captioning method. More future will
be needed to examine the DHH viewers’ understanding of broader
gender information through the multi-modal presentation.

Regarding the ecological validity of Study 2, we put efforts into
setting up the contextual interview in a comfortable lab environ-
ment with three settings (i.e., TV, laptop, phone) and four genres
(i.e., podcast, sports, live stream, movie). This arrangement was
able to help us elicit users’ feedback on the Haptic-Captioning sys-
tem while considering different multiple-speaker scenarios. Still,
we acknowledge that the isolated lab could constrain participants’
holistic media experience. More work is needed to examine the
DHH users’ experience using the Haptic-Captioning system to
access multi-speakers media sources in real-world contexts. Be-
sides, we do not claim our finding is applicable to support speaker
identification in real-time communication such as small group con-
versation [29]. This is another direction we wish to explore in the
future to use the Haptic-Captioning system in in-person and virtual
meetings with multiple speakers. Some social and environmental
factors with the Haptic-Captioning should be considered, ranging
from users’ communication styles and the environment’s dynamic
to noise-canceling features of video conferencing tools.

CHI 23, April 23-28, 2023, Hamburg, Germany

8 CONCLUSION

This study has investigated Haptic-Captioning system through a
three-phase experiment. Our preliminary study revealed interesting
insights on the user perception of the speaker information with
only haptic feedback. Next, through a within-subjects study with
16 DHH participants, we compared the Haptic-Captioning system
with the existing visual modalities. We found that there was no
significant difference in identifying speaker transition between
haptic and visual captioning methods. In terms of subjective ex-
perience, the Haptic-Captioning system has more positive ratings
than the traditional real-time caption’s ones among all dimensions,
but no significant difference was founded between those two con-
ditions. Lastly, we conducted a contextual interview to understand
user experience using the Haptic-Captioning system in three semi-
realistic settings (TV, mobile, laptop) and observed participants’
preferences on wearing positions. Our qualitative data analysis sug-
gested the overall characteristics of the Haptic-Captioning system
and informed the future direction of design and research.
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