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Figure 1: Multimodal affective captions, combining visual cues and vibrations felt via a wrist-worn device, enrich the viewing
experience for d/Deaf or Hard-of-Hearing individuals by portraying speaker emotions, improving engagement.

Abstract

This paper explores a multimodal approach for translating emo-
tional cues present in speech, designed with Deaf and Hard-of-
Hearing (pHH) individuals in mind. Prior work has focused on vi-
sual cues applied to captions, successfully conveying whether a
speaker’s words have a negative or positive tone (valence), but
with mixed results regarding the intensity (arousal) of these emo-
tions. We propose a novel method using haptic feedback to com-
municate a speaker’s arousal levels through vibrations on a wrist-
worn device. In a formative study with 16 DHH participants, we
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tested six haptic patterns and found that participants preferred
single per-word vibrations at 75 Hz to encode arousal. In a follow-
up study with 27 DHH participants, this pattern was paired with
visual cues, and narrative engagement with audio-visual content
was measured. Results indicate that combining haptics with visu-
als significantly increased engagement compared to a conventional
captioning baseline and a visuals-only affective captioning style.
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1 Introduction

Speech-modulated typography has seen increased interest by au-
thors in the fields of Human-Computer Interaction and Comput-
ing Accessibility. Researchers have explored varied approaches to
making the visual appearance of written words echo the expres-
sive qualities of the speaker who said them [15, 23, 24, 39-41, 49,
71, 75, 90]. For example, a word spoken loudly could be written in
a larger font; the words of a sad speaker might appear in thin, pale-
red letters; song lyrics could be displayed as if they were notes on
a musical score, and so on.

One important application for these approaches is that of im-
proving the accessibility of speech for d/Deaf and Hard-of-Hearing
(pHH) people. Leveraging advancements in automatic speech recog-
nition, captions have become a commoditized and ubiquitous fea-
ture in many digital systems that feature oral speech. Making them
better is an understandable goal—they are everywhere!—and the
fact that their technological underpinnings now provides accurate
digital pathways to translate spoken sound into written speech
opens up interesting and novel possibilities for its achievement.

There is nuance, though, in capturing and depicting non-speech
information through captions. Speech is a rich signal, and research
has shown that presenting its words along with some of its features
(but not others) can lead to improved understanding for DHH view-
ers. Namely, authors found that pHH users preferred text that con-
veyed a speaker’s emotions over text depicting the actual sound of
their voices. In other words, affective captions were preferred over
captions based on acoustic features [25].

This finding has led researchers to explore the design space of
affective captions [24, 41, 49]. Here, visual cues applied to each word
are used to indicate the emotions in speakers’ voices, which can
range from positive to negative (valence) and from calm to excited
(arousal). Both dimensions are important, but while researchers
found that pHH participants clearly preferred color-coding for in-
dicating the speaker’s valence, no single visual modulation proved
equally effective for conveying their arousal levels [24]. Thus, even
though using visual cues to convey emotional valence seems appro-
priate, we hypothesize that the depiction of arousal might benefit
from a distinct approach. To this end, in this paper we propose and
evaluate the use of haptic feedback in affective captions to represent
a speaker’s arousal levels.

In so doing, our work is inspired by Akshita et al., who found
that in multi-modal visual-haptic stimuli, the visual aspect shapes
participants’ perception of valence, while the haptic component in-
fluences their interpretation of arousal [2]. We have adapted this
concept to the realm of affective captions: In a first, formative study,
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we sought to understand DHH viewers’ preferences towards differ-
ent haptic patterns used to convey arousal. With a preferred pat-
tern identified, we next investigated its impact on viewers’ nar-
rative engagement with audio-visual content, i.e., how the haptic
feedback influenced their emotional connection and overall immer-
sion in the story.

As such, we offer three main contributions:

(1) We propose a novel approach to encode arousal levels in-
ferred from speech as haptic feedback conveyed to users
through a wrist-worn device. This can be combined with
visual affective captions, as has been explored in prior work;

(2) An assessment, in Study 1, of six distinct haptic patterns to
determine their effectiveness in conveying the arousal lev-
els of a speaker to DHH viewers. Our analysis revealed a pre-
ferred pattern among the majority of participants: a single,
short pulse per word, vibrating at 75 Hz and with its ampli-
tude varying according to the intensity levels of arousal;

(3) An investigation, in Study 2, of how affective captioning
strategies influence DHH viewers’ narrative engagement. We
combined the preferred haptic pattern from Study 1 with
visual representations of valence and/or arousal and com-
pared them them to a neutral baseline. Our findings showed
that the combination of haptics plus visual cues significantly
outperformed both the baseline and a visuals-only affective
caption style.

2 Background and related work

In this section, we review prior work on the use of typographic
modulations to depict paralinguistic dimensions of speech, includ-
ing prosody, manner of speech, and affective states. Some of this
research has shown that while valence can be effectively conveyed
through purely visual means, there is potential to depict arousal
through non-visual channels [24]. This is a driving force behind
our present work, i.e., investigating the representation of speech
arousal using both visual and haptic channels. Additionally, we
will go over studies on how haptics can enhance the perception
of speech and music for paH individuals, and their potential for
conveying emotions, which informs our approach.

2.1 Using typography to convey changes
in a speaker’s tone of voice

While spoken and written language are connected, they are not
perfect mirrors of each other [73]. Writing systems are shaped by
unique constraints, including the need to reduce writing effort. As
a result, many elements present in speech are omitted in written
text, as readers are often expected to infer them from context [73].
However, this can lead to confusion, as a sentence might have mul-
tiple meanings. Unlike spoken language, where a speaker can clar-
ify their intended meaning through changes in tone of voice [88],
a reader might struggle with the ambiguity of text.

Consider, for example, the sentence “I didn’t say you are funny.”
Different meanings emerge depending on which word a speaker
emphasizes. ‘T didn’t say..” suggests that someone else may have
said it; “Tdidn’t say you..” implies that you are funny was conveyed,
just not verbally; “..you are funny” hints that something was in-
deed said, but it wasn’t the word funny. Subtle shifts in meaning
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like these highlight challenges that readers may face when inter-
preting written text that is presented without the disambiguating
aid of vocal tone.

This gap between spoken language and written text has been
the focus of different authors, who have explored ways to bridge
it. Some have developed tools allowing writers to embed cues in
their text, guiding readers toward an intended pronunciation or
tone. For example, Verbaenen [80] modified the Times New Ro-
man typeface to visually distinguish between similarly sounding
phonemes in Dutch. Similarly, Bessemans et al. [6] worked with vi-
sual changes to letter shapes to convey elements of prosody—such
as pitch, rhythm, and loudness—to help novice readers improve
their expressive reading skills.

When we consider automatic captioning systems, the traditional
concept of a “writer” may not strictly apply. Similarly to manually
generated captions, these systems translate auditory information
into a visual format, making spoken language accessible to readers;
However, their structure reflects the design choices of the originat-
ing system’s developers rather than the intentions of the speaker
or the interpretations of a human captioner. Typically with these
systems, non-verbal cues—such as tone, rhythm, and emotion—are
omitted, which, as studies have shown, can lead to communication
breakdowns. This is particularly true for paH individuals who de-
pend on these systems to access both the explicit content and the
subtler nuances of spoken communication [25, 52].

To reduce this disconnect between voice and its (automated)
transcription, several approaches have been explored. Some au-
thors [15, 23, 68, 71, 90] have worked on mapping acoustic features
from the speech signal to visual parameters of its textual transcrip-
tions. For instance, de Lacerda Pataca and Costa mapped loudness
to font-weight and pitch to baseline-shift [22], with a follow-up
study adding rhythm mapped to letter-spacing [23]. In this ap-
proach, a passage that is slow, high-pitched, and quiet would be
displayed in widely spaced, vertically raised, and thin letters. This
could allow readers to imagine the sound of the spoken utterance
when reading its speech-modulated transcription, thereby infer-
ring how its sound qualities influenced its meaning [22, 23].

Recent studies suggest that in accessibility applications target-
ing DHH users, the choice of speech features to include matters.
While useful, depicting acoustic features can significantly reduce
legibility [25]. As an alternative, some researchers propose display-
ing affective cues in typography [25, 41, 49, 75]. This approach fo-
cuses on representing emotional dimensions, namely, valence and
arousal, rather than raw acoustic features. According to Russell’s
circumplex model [69], valence refers to the positivity or negativ-
ity of an emotion, mapped to an x-axis, while arousal refers to
the level of excitement or calmness, mapped to a y-axis. Using
machine-learning models [82], these features can be derived from
speech signals and then mapped to visual cues in text.

Exploring the design space of affective captions from the point
of view of pHH individuals, de Lacerda Pataca et al. [24] found
evidence that font color, modulated within a color scale defined
by Hassan et al. [41], effectively conveyed differences in valence.
The representation of arousal, however, was less straightforward.
Although font-weight and font-size were suggested for depicting
arousal, preferences for these styles varied widely [24].
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These trends in previous research suggest that merely altering
the visual appearance of typography may be insufficient to effec-
tively communicate a speaker’s arousal levels, particularly without
additional reinforcing cues. Since arousal is a key dimension of the
circumplex model, it is important to explore alternative methods.
Haptic feedback, as we will discuss in the following section, has
previously been used both as a complement to captions and as a
method for conveying emotions, making it a promising candidate
for complementing visuals-only affective captions.

2.2 Haptics as sound/emotion
translating channel

Haptic technologies apply physical stimuli—such as forces, heat,
or vibrations—to a user’s body, stimulating tactile sensations [56].
These technologies have a wide range of applications, from tactile
feedback systems that help pilots maintain safe flight parameters
[72] to enhancing medical training [3]. Within the Hcr and accessi-
bility communities, there has been growing interest in using hap-
tics to convey aspects of sound, such as speech [32], environmental
sounds [45], and music [31, 58], for DHH individuals, as they can
transmit information without overloading the visual channel.

In a study surveying DHH people’s preferences for sound aware-
ness technologies, smartwatches came on top [29]. Because of their
mainstream appeal, they can avoid the stigma often associated with
dedicated assistive devices [76]. Additionally, the haptic feedback
provided by smartwatches can effectively complement visual in-
formation displayed elsewhere, a concept we explored in our study
that was also demonstrated by Goodman et al. [36].

Other haptic devices have also been used to complement vi-
sual information. Weisenberger et al. [86], for example, found that
translating sound into tactile signals improved speech reading ac-
curacy for DHH people. This was echoed by Fletcher et al. [32], who
showed that haptic feedback can enhance speech intelligibility for
cochlear implant users, particularly after a period of training.

In another study, Wang et al. [85] explored translating speech
sounds into haptic feedback, helping their pHH participants differ-
entiate between speakers and intuit their moods. Remarkably, they
achieved this using a simple setup: a voice coil actuator placed in
a 3D-printed wrist-worn casing, driven by a 3w power amplifier—
cheap and readily available components. For our studies, we em-
ployed a similar setup (see subsection 3.2 for more details).

In essence, these methods exemplify the concept of sensory sub-
stitution, where one sense is supplemented with information that
would typically be gathered by another [57]. In this context, sound
elements are often translated into haptic feedback. While haptics
can include various touch sensations like pressure, temperature,
shape, and texture, the examples mentioned primarily use vibra-
tions which, according to Flores Ramones and del Rio-Guerra, share
qualities with sound, such as frequency, amplitude, and duration
[33]. However, directly mapping sound to haptics in a 1:1 manner,
though feasible, presents several challenges.

For one, there are significant differences in frequency response
curves for sound [30] compared to touch at different parts of the
skin [18, 81]. Privacy and comfort concerns also arise, particularly
when music or human speech is used as direct input to vibrotactile
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haptic systems. Such signals contain frequencies within the audi-
ble range (approximately 40 Hz — 18 kHz), creating audible sounds
through the haptic system that can compromise privacy. These
can also cause discomfort due to tingling sensations from vibro-
tactile stimulation at frequencies above 200 Hz [59]. Verrillo [81],
for instance, found that the sensational quality of vibrations below
100 Hz differs from those at higher frequencies, with the former
producing a buzz-like sensation and the latter a smoother one.
Other researchers have investigated how haptics can convey in-
formation that may have no direct real-world correlates. Ternes
and MacLean [79], for instance, examined varying patterns of am-
plitude, frequency, and rhythm to create 84 unique haptic icons
that developers and designers can use to convey information. Am-
plitude was identified as the most strongly perceived differentiat-
ing factor. This “haptic vocabulary” was further explored by Seifi
and MacLean [74], who found that participants assigned different
affective categories to different stimuli—long vibrations were per-
ceived as pleasant, while repeated short vibrations were felt to be
alarming and unpleasant. These explorations of the design space
of haptic feedback inform our first study, detailed in subsection 4.1.
Akshita et al. [2] showed that parameters of a synthetic haptic
signal with no external correlate can intensify an individual’s emo-
tional response to images, particularly arousal—supporting our ap-
proach of combining affective captions with haptic feedback.

2.3 Research questions

As we have seen, affective captions have the potential of becom-
ing an important approach to making speech more accessible, in
particular for paH people [25]. Despite advancements, research is
still needed to improve on their form which—we speculate—might
gain from a haptic-based complement. Since this is still an as of yet
unexplored space, our first study hopes to answer how this haptic
signal could be shaped. From among a set of rhythmic patterns and
frequencies suggested in the literature, we ask:

RQ1 What combination of a rhythmic pattern and frequency, pre-
sented as haptic feedback, is perceived as the most effective
and comfortable for conveying a speaker’s arousal levels, as
judged by paH individuals?

In this formative study, we imagine that the haptic signal’s am-
plitude will be modulated to convey different arousal levels (e.g.,
high arousal — strong vibrations, low arousal — weak vibrations)
with the goal being to find the rhythmic pattern and frequency that
best accommodate these changes.

Following the findings from this first formative study, we in-
vestigate the overall effectiveness of combining haptic feedback
with visual modulations in representing arousal states. Specifically,
we aim to understand how these modalities interact and whether
their combined effect enhances the perception of affective states
in speech, ultimately leading to improved narrative engagement*:

RQ2 How do haptic feedback and typographic modulations, used
alone or in combination, influence arousal depiction and
narrative engagement for pHH individuals when compared
to a baseline comprised of standard, neutral captions?

'This construct measures dimensions of engagement, including empathetic response
and immersion. A detailed definition is provided in section 5.1.3.
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3 System Design

This section describes the design of the haptic-captioning system
used in Studies 1 and 2. Although there were differences in the
setup for each study, both employed the same core functionality,
which is presented in full here. First, we present our pipeline to
process each video’s audio files, obtaining speech transcriptions
with corresponding affective features (3.1). Second, we go over how
we defined the haptic signal that echoed speech arousal, and how
it was used to drive a wrist-worn haptic device (3.2). Third, we
discuss how we implemented the visuals applied to the typography
of the captions used in the two studies (3.3).

3.1 Transcription and Emotion Recognition
of a Speech Signal

All videos were transcribed using OpenAI’s Whisper speech recog-
nition model [67] with word-level timestamping [55]. The voice
activity detection (vap) flag was enabled to improve transcription
when background noises were present.

We employed the circumplex dimensional model of emotions
[69]. In it, emotions are represented as coordinates on a plane that
maps their position along unpleasant-pleasant (valence) and calm-
excited (arousal) axes. Thus, where a categorical model might use
a discrete label to define an emotion as sad, the circumplex model
characterizes it by low valence and arousal levels.

While there are compelling examples of affective captions and
typography that employ categorical models (e.g., [44, 54]), we fol-
low de Lacerda Pataca et al. [25], who argued that dimensional
models like Russell’s circumplex model allow a viewer to consider
emotional states conveyed in speech in a more nuanced and less
prescriptive manner. The way that different emotions can overlap
in their valence and arousal values, they argue, allows for greater
interpretive flexibility, which in turn allows viewers to better in-
tegrate other contextual cues such as the overall story arc, facial
expressions, body language, etc, contributing to a richer and more
contextually-grounded understanding of emotional content.

To implement this approach, we deployed Wagner et al.’s open-
source toolkit [82] for emotion recognition, configured to output
valence and arousal levels for each individual word. The predicted
values were included as metadata added to each word of a WebVTT
caption file [21].

3.2 Using a Haptic Signal to Convey
a Speaker’s Arousal Levels

The same arousal information that can be used to modulate the
visual attribute in the typography of captions can also be used to
modulate a haptic signal. In fact, part of this paper’s contribution is
our novel approach to do so, i.e., the way we modulate the intensity
of perceived vibrations using these values so that a viewer has a
sense of how excited or calm the emotions in a speaker’s voice are.
Here, a strong vibration would follow an excited emotion, while a
calm emotion would be echoed by a fainter vibration.

The choice of intensity as the modulated dimension comes from
Ternes and MacLean [79], who in their study of haptic icons found
that amplitude was the most distinctly perceived differentiating
factor. In other words, changes to it were easier to perceive than
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Figure 2: To watch videos, participants would strap the voice
coil to their arm, with the device face-down against the in-
side of their wrist. A laptop would drive both the haptic sig-
nals and an external speaker, that played the original sounds
coming from the videos.

changes to the two other dimensions that, as per Akshita et al. [2],
comprise a haptic signal: frequency and rhythm.?

To drive this signal, a physical device was needed. Given Find-
later et al.’s finding that smartwatches were the preferred form fac-
tor for sound awareness tech [29], we followed Wang et al.’s haptic
captioning study [85] and used Acouve’s Vp2 Vibro-Transducer,3 a
simple voice coil driven by Techtile Toolkit’s power amplifier [60].
It converts audio signals sourced from a laptop’s audio jack into
haptic vibrations. The device was housed inside a 3p-printed cas-
ing, which could be attached to participants’ wrists using a velcro
band, as seen in Figure 2.

To generate the audio files driving the haptic patterns, we wrote
a ChucK language script [84] that converted arousal values en-
coded in the caption file into a sound signal to be played alongside
the video. ChucK operates on a strongly-timed paradigm, which
guarantees precise temporal accuracy in the programmed sounds
down to the sample level. This ensured that the generated sounds
remained synchronized with the video.# To allow for the playback
of both the original video audio and the haptic-generating sound
files, we used a stereo sound signal where each one of the two chan-
nels corresponded to a distinct output. A stereo splitter cable was
then used to route these outputs to their respective devices.

3.3 Typographic Representations of Valence
and Arousal Levels

Both studies used typographic modulations to convey speech fea-
tures. Study 1 focused solely on valence, while Study 2 explored
different combinations of valence, arousal, or neither. To modulate
captions with these values, we based our approach on prior work

[24, 25, 41, 49].

2 Akshita et al. also lists waveform as a component of haptic signals, but their tests
saw evidence that it does not influence the perception of arousal, prompting us to
simplify our approach by utilizing sine waves exclusively [2].
3https://www.acouve-lab.com/products

4The actual implementation was done using the WebChucK toolkit [61], which can
run in a web environment and, as such, could be integrated into the same web-based
script, described in de Lacerda Pataca [21], we used to generate the affective captions.
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I should have ordered a decaf or a tea. No, it's fine. I've made a

on. I can have as much caffeine as I want. And sugar.

Figure 3: Example of how typographic attributes can be mod-
ulated to convey a speaker’s valence and arousal levels. Here,
valence is represented by font-color, with red indicating that
the first sentence was said in a negative tone, transitioning
to a more neutral and lightly positive tone as they say ‘much
caffeine. Arousal is shown by changes to font-weight (thick-
ness), reaching its highest when they say ‘it’s fine’

Using the per-word emotion levels obtained through our speech-
analysis model, our system was able to render captions where each
word’s visual style is changed to reflect changes in valence and
arousal. The speech — typography mappings we used are based on
prior work that systematically evaluated competing typographic
styles with DHH participants, aiming to find a combination that
was both highly preferred and effective in conveying the speaker’s
emotional cues [24]. The design recommendation we followed sug-
gests depicting valence through changes in font-color, and arousal
through changes in font-weight.

For the color scale applied to valence, we followed Hassan et al.’s
orange-red (for negative) to white (for neutral) to aqua (for posi-
tive), since it is relatively resilient to less severe degrees of color-
vision deficiencies [41]. To represent changes in arousal through
variations in font-weight, we used the Recursive typeface by Ar-
rowType foundry [62]. This is a variable font5 that offers a wide-
ranging font-weight axis, spanning from light (300) to extra-black
(1000). An example of this font color/font weight modulation is
shown in Figure 3.

4 Study 1: Formative Exploration of Haptic
Patterns to Convey Speaker Arousal

Prior work established intensity as the primary haptic dimension
for communicating differences in arousal. Study 1 aims to exper-
imentally determine which frequency and rhythmic properties of
this signal are perceived as effective and comfortable for doing so.

4.1 Defining the Different Haptic Patterns

4.1.1  Rhythm. Rhythm refers to the variations in the haptic signal
over time. Our goal is to determine whether the vibration should
be continuous throughout a speaker’s utterance, include pauses to
emphasize individual words, or have its own independent rhythm.
To investigate this, we selected three distinctly different rhythmic
patterns from the set defined by Ternes and MacLean [79]. These
patterns are listed below and schematically represented in Figure 4:

LP A LONG PULSE, vibrating for the whole duration® of the word
(Figure 4a);

5In a variable font [19], the position of each point defining a glyph’s visual contours
can shift along different axes of variation. These variations are independent of one
another, with the resulting glyph being derived as an interpolation of all these shifts
applied to each variation axis. The Recursive font, for instance, includes axes that
modulate its font-weight, slant, width, cursiveness, and “informality””

®To avoid pops on the haptic device’s speaker, we apply fade-in and fade-out for the
envelopes for attack and release of the signal, each lasting either 1/4oth of the duration
of the word or, if the word is too short, 12.5 ms or 1/2 of the word, whichever is shorter.
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(c) msp: Pulse duration remains constant. Long words have many
pulses, while short words have few.

Figure 4: These charts illustrate how three haptic signal con-
figurations (y-axis, right) respond to changing arousal levels
(y-axis, left) over time (x-axis). The dashed-blue lines indi-
cate the predicted arousal values for each word, while the
shaded-pink areas show the duration and intensity of each
corresponding haptic vibration. The phrase “just a hypothet-
ical example” is spoken with increasing arousal from “just”
to “hypothetical,” then decreasing for “example.”

SSP A SINGLE SHORT PULSE lasting for two-thirds of the duration
of the word, with a one-third silence at its end (Figure 4b);

MsP A series of MULTIPLE SHORT PULSES with a fixed duration.”
The number of pulses will be proportional to the duration
of the word itself (Figure 4c).

4.1.2  Frequency. Along with rhythm, Akshita et al. [2] conceptu-
alizes frequency as a defining property of a haptic signal. In essence,
this is the rate at which the haptic signal oscillates, typically mea-
sured in Hertz (Hz). Frequency determines the pitch of the vibra-
tion, a property that is related to perceptual qualities of the haptic
feedback signal.

Following how Zvarsson et al. define ranges of maximum sen-
sitivity at the wrist [1], we defined two frequency levels: a low tier,
at 75 Hz, and a high tier, at 250 Hz.

From previous perception literature [1], we learn that on the
glabrous (non-hairy) skin of the wrist, the threshold of detection of
a vibrotactile signal of 250 Hz is approximately 10 dB higher than
75 Hz. Although the perceptual metric gauged detection threshold
and not equal intensity, for the purposes of coarse calibration, we
believe this 10 dB perceptual difference offset is sufficient as the au-
thors could not locate research that established perceptually equiv-
alent intensity levels across frequencies of vibrotactile stimulation
on the wrist.

7The duration of these pulses follows Seifi and MacLean [74], who defined their fast-
pulses rhytmic pattern as lasting 1/16th of a second each.

de Lacerda Pataca et al.

FREQUENCY RHYTHMIC PATTERN
Long Single Multiple
Pulse Short Pulse Short Pulses
75 Hz LPsHy SSPs Hz MSP 5 Hz
250Hz LP350Hz SSP250 Hz MSP 50 Hz

Table 1: The six haptic conditions evaluated in Study 1.

We performed frequency calibration of the hardware through
recordings using a piezoelectric surface microphone with the hard-
ware freely vibrating and under a 2kg load, approximating the
loading condition of being strapped comfortably to a participant’s
wrist. In both situations, the amplitude of the measured 75 Hz wave-
form was approximately 4 dB lower than the 250 Hz waveform.
Therefore, an offset of +6 dB was applied to the 250 Hz signal to
approximately account for the frequency response effects of the
hardware and for perceptual differences in an attempt to control
for intensity as a confounding factor in the experiment.

The two frequencies, combined with the three rhythmic pat-
terns, gave us the six total conditions, or haptic patterns, evaluated
in this first study and presented in Table 1.

4.2 Experimental Procedure

Participants were recruited by sending out 1RB-approved ads to so-
cial network groups and university-related student groups. Partic-
ipants qualified to participate in this experiment if they identified
as d/Deaf or Hard-of-Hearing. For Study 1 we recruited a total of
16 participants, 9 of which identified as female and 7 as male, 11 of
which identified as d/Deaf and 5 as Hard-of-Hearing, with a mean
age of 27.1 years (o = 8.9). A compensation of $40 was offered.

The study was conducted in person. Upon arrival, participants
met with an AsL-native research assistant who explained the study.
After agreeing to take part in the study, participants were assisted
in attaching a haptic device to their non-dominant hand. A test hap-
tic signal was played to ensure the device’s intensity was comfort-
able. Once this setup was complete, participants began the study,
which was conducted through an interactive website.

The website was developed using jsPsych [26]. The number of
stimuli shown for each participant echoed studies [24] that em-
ployed a similar best-worst scaling setup (described below), i.e., 10
rounds, each with a different video, with four conditions tested per
round. We randomized video and condition order, together with
condition applied to each video.

The videos were sourced from the Stanford Emotional Narra-
tives Dataset [63]. These are a set of unscripted, self-paced videos
where a diverse group of people recount stories from their lives
that have strong emotional overtones. While the dataset was origi-
nally created to aid the development of time-series emotion recog-
nition models, its videos are useful for perceptual tests such as ours
because of how short, emotionally rich, and visually homogeneous
they are—all have a well lit and framed speaker sitting against a
neutral backdrop—meaning, they allow us to show participants a
large set of formally consistent stimuli in a relatively short session.
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Short video excerpts were selected, and participants were asked
to watch each one in its entirety at least once, with the option of
rewatching them as needed. Using keyboard or mouse, participants
were asked to ‘Select the vibration patterns that you believe best
and worst reflect the intensity of [the speaker’s] emotions”

Finally, participants answered the following questions: “Did the
vibrations influence how you understood what the speaker was
saying in the different versions of the same video? If yes, could
you provide further details?” “What aspects of the best vibration
patterns do you think worked well?” and “What issues did you
encounter with the worst vibration patterns?”

4.2.1  Analysis plan. Building upon prior work looking at prefer-
ences regarding caption and typographic parameters [5, 24, 83],
some of which targeted puH individuals [5, 24], we adopted a best-
worst scaling (Bws) methodology. This allows us to measure partic-
ipants’ preferences towards the six haptic patterns by establishing
a simple criterion—which patterns best and worst convey the in-
tensity of the speaker’s emotions?—and prompting participants to
judge which stimuli are the best and worst examples of it.

BWs is similar to pairwise comparisons in asking participants
simple, scale-less “better or worse?” types of question. It has the
advantage of leveraging implied answers to increase the number
of data points collected in each round. For example, if participants
are shown four conditions (A, B, C, and D) and explicitly identify
pattern A as the best and D as the worst option, they are also implic-
itly indicating that A surpasses both B and C, and that D is worse
than B and C. Thus, although participants only explicitly ranked
two items in each round, we end up with five comparisons.

The method also offers some advantages over alternatives like
integer rankings or Likert scales. Notably, by eschewing numeric
scales, BWs mitigates inconsistencies in rating assessments [ 20, 50],
making it particularly suitable for contexts where differences be-
tween conditions may be subtle [5].

Having the preference data collected as a set of pairwise com-
parisons allows us to employ an ELO-rating system in its analy-
sis. In this system, each condition has a “rating,” with which we
can estimate how likely a participant would be to choose it over
another option. As we initialize the analysis, all conditions start
with the same rating, but as we process each comparison, these
ratings are adjusted, taking into account who won and who lost at
each step and, as more data points are included, the quality of pre-
dictions improves. Notably, the system is self-correcting, meaning,
since a higher-rated condition’s victory confirms the current rank-
ing, when it happens it causes only a minimal adjustment to the
rankings of both the winner’s and the loser’s rankings. Inversely,
an upset victory by a lower-rated condition will lead to significant
changes in the scores [27].

Following recent examples in HCI research [24, 65], we adopted
Herbrich et al.’s TrueSkill implementation of an ELO-rating system
[42].2 The reasoning is that, beyond quantifying each condition’s
ranking, TrueSkill also provides estimates to the level of uncer-
tainty around that value.

8To address the order-dependency inherent in Ero-like systems, we supplemented
TrueSkill with Clark et al.’s recommendation to average rankings across randomly
ordered iterations until values stabilize.
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Figure 5: Final TrueSKkill rankings of the six haptic patterns.
LP represents the long pulse; ssp, the single short pulse; msp,
the multiple short pulses. These are combined with two fre-
quencies, 75 Hz and 250 Hz. The skill is shown below each
line, with its 95% confidence range shown above.

4.3 Findings from Study 1

4.3.1 Haptic pattern rankings. Study 1 had 16 participants evaluat-
ing 4 videos per round for 10 rounds. A 4-way BwWs generates 5 data
pairs, so 16 X 10X 5 = 800 pairwise comparisons. Table 2 shows the
results from the study, including both the raw answers—i.e., what
participants explicitly chose (or “N/A”, for the times a pattern was
shown but was not explicitly chosen as either the best or worst
option)—and the choices implied by leveraging the Bws setup.
The TrueSkill values—where higher values related to higher lev-
els of preference—for the Lp rhythmic pattern (the long pulse) with
75 Hz and 250 Hz were, respectively, p = 23.8, 0 = 0.8, and y = 22.1,
o = 0.8. Values for the ssp rhythmic pattern (the shorter, single
pulse) with 75 Hz and 250 Hz were, respectively, y = 29.6, o = 0.8,
and p = 27.7, 0 = 0.8. Lastly, values for the msp rhythmic pattern
(the multiple fixed-duration pulses) with 75 Hz and 250 Hz were, re-
spectively, y = 24.3, 0 = 0.8, and p = 22.4, 0 = 0.8. These values are
also shown in Figure 5. Note that before processing participants’
preferences, each haptic pattern was initialized with a skill of 25.9

4.3.2  Open-Ended Comments. Participants shared their thoughts
on what worked well and what did not with the different haptic
patterns, as well as more general feedback on using vibrations to
represent speakers’ arousal levels. Below, we present a summary of
these ideas, supported by participant quotes. Where needed, quotes
were edited for clarity.

Some participants felt that different emotions had a different tac-
tile feel. For 1, happy emotions were “more peppy or bouncy,” and
sad ones less so. These differences helped P15 “understand the var-
ious emphases the speaker put on words” At times, though, they
felt vibrations and what the text seemed to say were mismatched:
“For example, super intense and strong vibrations when the text
seemed bland, unemotional, or matter-of-fact. Or calm, weak vi-
brations at a particularly emotional moment.” Other participants
echoed this sentiment, describing how the vibrations could some-
times disrupt their experience. P14 thought some patterns were
counterintuitive, noting that “the worst vibration patterns were

9TrueSkill parameters set at their default values of y = 25, 0 = #/5, f = />, and
T = %/100.
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Haptic pattern RAW ANSWERS IMPLIED ANSWERS
WON  LOST N/A WINS LOSSES
LP, 250 Hz 14% 48% 38% 33% 67%
MSP, 250 Hz 10% 36% 54% 37% 63%
Lp, 75 Hz 17% 31% 52% 43% 57%
MsP, 75 Hz 17% 24% 590% 47% 53%
ssp, 250 Hz 38% 9% 53% 64% 36%
ssp, 75 Hz 54% 3% 43% 76% 24%

Table 2: Raw and implied (as per the Bws method) results
for each one of the six haptic patterns. In the raw results
columns, choosing a pattern as the best option counts as a
win, and choosing it as the worst option counts as a loss.
“N/A” columns indicate the percentage of times a given pat-
tern was shown in a round but was not marked as best or
worst option. The ordering of the table follows the patterns’
ascending top-to-bottom TrueSkill values, also shown in Fig-
ure 5. LP represents the long pulse; ssp, the single short
pulse; Mmsp, the multiple short pulses.

very loud and very disruptive to my experience. The speaker would
be talking about something personal or serious, and then my wrist
is vibrating up the storm.” This suggests that while haptic feedback
can help understand emotional content, poorly matched vibrations
can lead to a disjointed and distracting experience.

Participants reported that, at its worst, the vibrations caused sig-
nificant physical discomfort. They particularly disliked the 250 Hz
frequency, with p5 describing it as feeling “like scratching on a
blackboard” pg, who consistently rated 250 Hz poorly regardless
of its matching rhythm, said that “the worst vibrations felt so un-
comfortable that I wished the speaker would finish talking. They
included too many longer vibrations [LP] or harsh [250 Hz] vibra-
tions at the wrong time.”

The msp rhythmic pattern, regardless of which frequency it was
paired with, also brought negative feedback. Although some partic-
ipants, like P7, mentioned that it made them feel physical discom-
fort, the more common complaint touched on it being distracting.
About MmsP pattern, 5 said it “would vibrate repetitively for one
word,” making it very distracting and, thus, harder “to understand
the message in the videos.” p4 found it hard to keep track of words
with MsP, a problem they did not experience with other patterns.
P16, whose BwWs responses had panned both Lp and msp, shared
that they “felt a bunch of vibrations, which kind of overwhelmed
me while watching the videos”

Despite the discomfort or distraction some participants experi-
enced, others found the haptic feedback beneficial in specific con-
texts. Some participants, for instance, felt it could help them un-
derstand an off-camera speaker’s emotions. While this was not an
issue with the videos used in the study, P9 said that if a speaker
isn’t visible, “this system would help me keep track of their tone
and what mood they are in” p2 echoed this, saying they were “able
to notice the difference in emotion as the person is speaking with-
out visually seeing them.” p5 added: “with the wrist-worn system,
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it would be helpful if I could understand whether they are being
neutral or emotional when I can’t see their face”

Furthermore, some participants argued that the effectiveness of
haptic feedback depends on contextual factors. For example, vibra-
tions could help when speakers communicate with reduced or too
subtle facial expressions. P10 thinks “sometimes hearing people’s
faces don’t really show facial expressions, and I can’t tell their
emotions.” P3 agreed, saying that intense vibrations would tell if
a speaker was “excited or speaking in a calm manner, which helps
deaf people since sometimes hearing people aren’t clear with their
facial expressions.”

4.4 Discussion of Study 1

In response to RQ1, we found that participants consistently pre-
ferred the single short pulse (ssp) haptic pattern over both the long
pulse (LP) and multiple short pulses (Msp) patterns. This was clear
from the TrueSkill ratings (Figure 5) and in some of the comments
participants shared.

The picture is less clear when we look at the two evaluated fre-
quencies. While ssp with 75 Hz had a higher TrueSkill than the
same pattern with 250 Hz, there is still overlap between the two
options’ 95% confidence intervals. In terms of the implied probabil-
ity of choice, this difference means that the ssp 75 Hz pattern has
a 62.4% chance of being chosen over its 250 Hz counterpart [78].
For comparison’s sake, in a pairing between the top and worst per-
forming patterns— Lp 250 Hz and ssp 75 Hz, respectively—the latter
would be chosen over the former 89.4% of the times.

While the ratings are close, participants’ comments help differ-
entiate the two. Several mentioned that the higher frequency felt
physically uncomfortable, comparing it to “scratching on a black-
board.” This discomfort likely contributed to its lower ratings, and
even though the feedback by itself may not be sufficient to entirely
discard the high-frequency pattern from future explorations of the
haptic design space, here it is enough to justify its exclusion in
our second study. Given that, as we will discuss, the second study
involved longer-form videos, ensuring participant comfort during
the test was a key consideration.

While this study focused on the subjective preferences of par-
ticipants, it highlighted both the promise of our proposed haptic-
arousal approach—e.g., helping understand the intensity of speak-
ers’ emotions—and some challenges—e.g., potential for distraction.
We hope to further explore these themes in Study 2, with a primary
focus on identifying the most engaging combination of haptic feed-
back and typographic modulations.

5 Study 2

Having established the ssp rhythmic pattern combined with the
low frequency setting (75Hz), we set out to answer our second
research question and determine whether depicting emotions em-
bedded in speech through haptic feedback and captions with ty-
pographic modulations influence narrative engagement for pHH
individuals. To do this, we compared four conditions depicting a
speaker’s emotions through visuals and/or haptics against a neu-
tral baseline with no affective information.
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CONDITION AROUSAL DEPICTION  VALENCE DEPICTION
c1g (baseline) N/A N/A

c2y VISUALS VISUALS

C3y HAPTICS VISUALS

C4v+h VISUALS & HAPTICS VISUALS

C5N N/A VISUALS

Table 3: The five conditions presented to participants in
the second study. The c- abbreviations are used throughout
this section. For reference: c1 are conventional captions
(the baseline condition); c2-5 all use font-color to depict va-
lence, with differing approaches for arousal: c2y uses visu-
als only (font-weight); c3, uses haptic-feedback only; c4y.y
uses both visuals and haptic-feedback, and c5y uses neither,
showing only valence.

5.1 Methods

5.1.1  Conditions. To answer RQ2, we defined four conditions re-
garding the portrayal of arousal:'® arousal through visuals-only
(c2v), haptics-only (c34), visual and haptics (C4y+4), and no arousal
depiction (c5y). We also included a conventional condition that had
neither arousal nor valence as a baseline (c13). Table 3 summarizes
the five conditions.

5.1.2  Stimuli. In selecting videos for Study 2, we followed three
basic criteria:

(1) The videos should predominantly feature one speaker.*!

(2) The videos should be short enough to allow all five condi-
tions to be presented within the allotted session time;

(3) The videos should tell emotionally charged stories, with a
particular emphasis on a variety of arousal levels.

In Study 1, the videos met the first two criteria but generally
had unchanging arousal levels. This is understandable, given that
the individuals in the SEND dataset were recalling past memories,
leading to stories recounted in a calm manner with only occasional
bursts of excitement. While for Study 1 we sliced the videos to in-
clude these bursts, this approach would not have been suitable for
the goals of Study 2. Here, measuring changes in narrative engage-
ment required arousal levels that varied over a longer duration,
meaning that a complete narrative arc needed to be established.
To achieve this, we selected fictional videos with diverse arousal
levels that could also tell a full story.

We searched both general (e.g., YouTube, Vimeo) and short film-
dedicated platforms (e.g., ShortVerse, Short of the Week).** From
an initial pool of 26 titles, we processed 13 through the affective
captioning pipeline (described in subsection 3.1). These were eval-
uated by two authors for narrative coherence and consistency be-
tween perceived and synthetically inferred emotions. Ultimately,
five videos were selected for the study, as listed in Table 4. Each
°Since our focus is not on the depiction of valence, in all of these conditions valence
is shown through visuals (font-color).

"'This criterion is based on the scrolling-caption-based style from prior literature (e.g.,
[24]), which has not yet been adapted or evaluated for multi-speaker settings—a topic

outside the scope of our study.
"2shortverse.com and shortoftheweek.com
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of these five videos was prepared in all five conditions, giving us
25 combinations to counterbalance each story’s inherent effects on
narrative engagement.

5.1.3 Narrative engagement. A challenge in conceptualizing effec-
tiveness in affective captions, whether coupled with haptic feed-
back or not, comes from defining what it is that they allow their
users to do better when compared to traditional captions. Previ-
ous studies have primarily relied on two approaches: self-reported
measures of usefulness [25, 49] and objective assessments of per-
ceived valence and arousal levels [24, 41]. While these methods
provide valuable insights, they also have limitations. Self-reported
measures may be susceptible to novelty bias [87], and assessing
the interpretation of valence and arousal levels does not necessar-
ily indicate whether users’ engagement with the content is actually
affected by having access to this additional information. Because
of these points, we propose using a different metric to capture the
effects of affective captions, namely, narrative engagement.

Narrative engagement, as a measure, captures changes in cog-
nitive processes in individuals as they attempt to make sense of
a story [14]. It builds upon established constructs such as spatial
presence (the sensation of being physically present and able to act
within the depicted environment [53, 89]), identification (experi-
encing events portrayed in the narrative as if they were happening
to oneself [17]), flow/ transportation (becoming deeply absorbed in
the narrative to the extent of losing self-awareness and awareness
of surrounding events [13]), etc.

Although narrative engagement instruments are typically used
to explore the phenomenological aspects of engagement with fic-
tional stories, the cognitive processes they model are not limited by
the distinction between fiction and non-fiction [70].'3 As Gilbert
suggests, human perception accepts mental representations as true,
and disbelief requires additional cognitive steps [35]. This implies
that although we used fictional videos in our experiment, one can
reasonably assume that similar effects could be seen with a similar
setup used in more general contexts.

Narrative engagement has been widely used in media studies
and Hcl research to compare how different platforms influence au-
diences’ experiences. For example, studies have compared the ex-
perience of watching a 360° video using virtual reality headsets
versus smartphones [7] (finding no significant differences), evalu-
ating game narratives with low versus high fidelity graphics [11]
(also finding no significant differences), and comparing automatic
versus professionally authored closed captions for YouTube videos
[48] (again, finding no significant differences).

While this diverse set of comparisons did not yield measurable
significant differences, it does not undermine the utility of the nar-
rative engagement instrument. Instead, it highlights the robust-
ness of the underlying processes it measures, which seem to tran-
scend variations in media fidelity. This is intuitive for anyone who
has been absorbed in a book—a notably low-fidelity medium that
is nonetheless capable of eliciting deep immersion.

5.1.4 Experimental design. Study 2 employed a single-factor, uni-
variate within-subjects design to evaluate the effects of haptics,
3A difference between the two, argues Busselle and Bilandzic, is that we use different

schemas—i.e., the stereotypes and tropes we bring in as predetermined expectations
about how events will unfold—to process fiction and real-life [13].
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https://www.shortoftheweek.com/
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NAME SOURCE ORIGINAL SOURCE
Sheriff Hassan’s Monologue Midnight Mass, episode 6, season 1 youtu.be/olhpqJsog1M
Sally’s Monologue Barry, episode 7, season 2 youtu.be/qw62N4v8Cwo
The Arrival Short film by Daniel Montanarini vimeo.com/166075559

Scene from Damage

Scene from The Human Voice

Short film by Matt Porter
Short film by Pedro Almodévar

vimeo.com/325243238

DVD copy

Table 4: The five videos used in the second study.

typographic modulations, and their combination on narrative en-
gagement. Each participant experienced all five conditions, ran-
domly applied to each one of the five videos to account for po-
tential confounds arising from the inherent narrative engagement
of each video or potential asymmetric transfer effects. By counter-
balancing the order of presentation, we aimed to mitigate the in-
fluence of specific video content on the participants’ engagement
scores and isolate the effects of the captioning conditions.

5.1.5 Experimental procedure. Like with the first study, Study 2
was conducted in person. A research assistant fluent in AsL met
with participants and, after the introduction and consent proce-
dure, helped them attach and calibrate the haptic device. After this,
participants went through the five videos, presented in randomized
order and conditions, responding after each one the 12-item narra-
tive engagement instrument. The questions used, grouped by their
four sub-scales, are presented in Appendix A. Each question was
presented as a Likert-type item, allowing participants to indicate
their level of agreement on a scale ranging from 1 to 7. In the anal-
ysis phase, some items were reverse coded so that higher scores
consistently reflected greater narrative engagement [14].

After finishing this section, they were presented with a screen,
shown in Figure 6, that described each of the five conditions and
which video they were applied to, and asked three open-ended
questions about each condition, namely, Did you think this caption
style worked well with this particular video? Why, or why not?, Did
you like this caption style? Why, or why not?, and In what genres of
video or viewing situation do you think this caption style would work
well? E.g. “Watching a sci-fi movie at the cinema.” To analyze these
answers, we used a inductive thematic analysis method, where one
of the authors engaged with the data, allowing patterns and cen-
tral ideas to emerge from participants’ responses [12]. These were
then discussed with other authors and refined.

5.2 Findings from Study 2

Recruitment, compensation, and inclusion criteria matched those
of Study 1. We initially had a total of 31 participants, although one
was removed from the data due to equipment malfunction during
testing, with three others excluded after test duration logs indi-
cated that they had not watched all of the stimuli videos in full.
Among the remaining 27 participants, 15 identified as female and
12 as male, with 20 identifying as d/Deaf and 7 as Hard-of-Hearing.
Their mean age was 24.7 (0 = 7.6).

[ JCN J
Your opinion on caption style 1
& WHAT DID THIS STYLE INCLUDE? 4

This style included
colored words

This style included This style included

thick-thin words vibrations

4 WHICH VIDEO USED THIS CAPTION STYLE? &

Colored words Thick-thin words Vibrations

/]

Figure 6: Screenshot of the page where participants gave
feedback about each condition. The image captured from
the video was used as a mnemonic device for each caption
condition, together with the illustrations and short descrip-
tions. In this example, we see c4y.y (here labeled as “caption
style 1”), which includes visuals and haptics for arousal, and
visuals for valence.

Throughout this section we follow the condition-abbreviation
scheme presented in Table 3. Where needed, participant quotes
were edited for clarity and conciseness.

5.2.1  Narrative engagement. Scores were initially calculated sum-
ming the 12 raw Likert-scale items for each condition for each
participant. The median values for overall Narrative Engagement
scores for each one of the five conditions, as well as median values
for the sum of each of its four sub-scales, are presented in Table 5.

The distribution of scores is shown in Figure 7. Given that this
is a within-subjects study with non-parametric data,’4 we used
the Friedman test to compare the raw answers—i.e., the individ-
ual 12 Likert-item narrative engagement scores answered for each

*4While there are examples both ways, we align ourselves with authors who have
treated narrative engagement data as non-parametric, e.g., [37, 38, 91].


https://youtu.be/olhpqJso41M
https://youtu.be/qw62N4v8Cwo
https://vimeo.com/166075559
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NARRATIVE ENGAGEMENT
CONDITION
NARRATIVE ATTENTIONAL NARRATIVE EMOTIONAL TOTAL
UNDERSTANDING FOCUS PRESENCE ENGAGEMENT  SCORE
Clg 15 14 12 15 51
C2y 16 14 11 13 55
C3H 16 16 11 14 54
C4v+h 18 15 13 16 62
C5N 17 15 13 14 60

Table 5: Median raw scores for each of the four sub-scales and median total Narrative Engagement score. See Figure 7 for
distribution of scores for each condition. Note that each sub-scale ranges from 3 to 21, and the total scores range from 7 to 84.

Figure 7: Ridge plot of Narrative Engagement scores across
conditions, ranging from 7 to 84. Each ridge represents a con-
dition, with its height indicating the density of scores. Signif-
icant pairwise comparisons (p < 0.05) between c4y.y and c2y,
and c4y.y and c1g, are highlighted by the curly brackets.

condition—with Dunn-Bonferroni post-hoc pairwise comparisons
for significant results.

The Friedman test indicated statistically significant differences
in the narrative engagement scores across the different conditions
(x*(4) = 32.5, p < 0.001). Post-hoc comparisons showed significant
differences between c1 and c4y.y (p = 0.01) and between c2y and
C4vy+y (p = 0.02). The Friedman test yielded statistically significant
differences for the Narrative Understanding (x*(4) = 12.0, p = 0.02)
and Narrative Presence (x*(4) = 18.4, p = 0.001), but with no signif-
icant differences in the post-hoc tests.

5.2.2  Open-ended data. Much like with their answers to the nar-
rative engagement questionnaires, opinions on the five different
captioning conditions were widely spread, ranging from partici-
pants sharing how their feelings were shaped by the haptic and vi-
sual cues as they watched the videos, to some that questioned the
premise of having an external source of interpretation for charac-
ters’ emotions, to many others who commented on ways they felt
the different approaches could be made better. In this section we
present three themes that organize these thoughts.

THEME 1 Establishing an emotional connection. For some partici-
pants, adding haptic feedback improved how understandable the
videos were and how connected they felt to them. Discussing c4y+y,
p1 said that “the haptic feedback does make a difference. I feel I

can understand the movie without context. I was able to pick up
the story” Haptics, they added, made it “feel more exciting and
connected to their world”

Visuals also helped. P1 said that visuals “would work great in
a scene where there were multiple people talking with differing
emotions and tones. The colored words (c2-5) and emboldened
fonts (c2y and c4y.y) could make clear what is going on in the
scene and the emotions being shown on screen.” For p1o, affective
captions bridged information gaps left by other communication
channels. They complimented c2y because of how it helped them
“understand the character’s tone even though they were display-
ing almost no facial expressions in the scene.” For p25, c2y allowed
them to see the character’s emotions, which helped them “get more
connected to the speaker’s voice” P12 thought c2y showed charac-
ter’s “emotions and tone of voice,” saying that they were “not used
to this new caption, [but] it helps me understand better”

Commenting on the baseline condition (c1), some participants
shared that experiencing the other modalities made conventional
captions feel lacking. p10 thought that going back to c1p “was un-
usual because every other video prior had some feature to make
me feel involved, and then this one was just black and white, and I
had to rely on the speaker’s facial expressions... I think it’s still
nice, but once I see the colors and thickness, those styles were
more engaging than this one.” This reliance on other visual cues
becomes apparent. P14 said that with c1 they were “unsure what
the emotions are,” needing “to rely on context that is surrounding
the character to identify (guess) their emotions.”

Not all participants found haptics helpful. For some, the con-
stant vibrations were a distraction, which drew them away from
the scenes. P25, commenting on C4y.y, said they “felt the haptics
were too overwhelming, distracting me from connecting with the
speakers,” going so far as to say that “haptics ruined it” P13, ex-
plaining why they preferred c2y over the conditions with haptic
feedback, said that “vibrations have a purpose, but I feel that they
distracted me from the story. In this particular scene, they would
have taken away instead of adding to it”

Fast speakers can make this distraction worse. Commenting on
c3y’s use in Sally’s Monologue—a frantic stream-of-consciousness
monologue—p6 said that “in this kind of video, the speaker talks
really fast,” adding that in that case “vibration is a distraction to me,
and it is difficult to follow captions when you can’t concentrate”
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Improvements to feelings of empathy and spatial presence fa-
cilitated by affective captions were also discussed. Adding to their
impressions of c3y, P7 said that they “could feel what the speaker
was feeling through colored words, and I understood their pain as
if it was my own, so it worked very well”

Some participants described feelings of spatial presence. 1o felt
C4v.y made them “see the character’s thoughts vividly,” making it
their “favorite combination out of all the five videos. The combina-
tion of the colors, thickness and thinness, along with the vibration,
made me feel like I was truly there in the scene”

THEME 2 Affect as information. There was pushback from some par-
ticipants about how well affective captions could work. For one,
there was uncertainty about how precise such a system could be.
p22 talks about how, while the visual cues in c2y were clear, they
were not sure whether they were necessarily accurate, or whether
they were able to “100% convey the speaker’s original emotion,”
which led them to “disassociate slightly from them”

This is further complicated by how complex emotions can fall
outside, or become ambiguous, under the circumplex model of emo-
tion. Again p22: “There was also a hint of sarcasm somewhere and
I’'m not sure if it was really captured with the subjective colorings,
because emotions are subjective” P21 suggested that “the caption
style could include a few different types of emotions. Something
to show the character’s depression, disgust towards certain things,
patience with his life, not just sadness or rage.” This lack of nuance
was also seen by P8 who, commenting on whether c2y was able to
match one of the videos, said that while the style allowed them to
“understand the environment of the video,” the visual cues “seemed
to be out of tune. Is the speaker being sarcastic or genuine?”

In some of these cases, this mistrust seemed to be related to
a mismatch between what the visual cues and/or vibrations were
telling and what viewers were getting from other cues in the videos.
Commenting on c3y, P21 tells that they were “a little lost because
the character almost didn’t show emotions, even though the cap-
tion style showed their feelings” p7, discussing czy, talks about
how “red text tells us the speaker is feeling angry or somewhat
frustrated, and then when the text turns to bold it made me think
that the speaker is shouting, but the speaker is actually thinking to
themselves in the video, so that connection between the text and
the speaker isn’t there”

Some of the resistance stemmed from the intended purpose of
affective captions, namely, to provide an external interpretation
of emotions as conveyed by a speaker’s tone of voice. p22 offers
that “emotion is subjective, and it is up to the viewer/listener to
interpret it, so 'm not sure if it is necessary for a captioning user
interface to determine that”

For some, the need for visual or haptic affective cues depends
on whether a speaker’s emotions are otherwise clear. In the Has-
san video, for instance, P15 felt the added affective cues were not
needed because the speaker was “able to express their emotions
in a sincere and clear way to those watching” The neutral-looking
c1g would be better, they added, “for those who are skilled at act-
ing and conveying emotions not just by tone of voice, but by facial
expressions as well”

As a counterpoint, many participants embraced the information
that captions added to the scenes. P13, on C4y.y, says that “the
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three aspects serve as a great supplement to the story, as they gave
me a good idea of just what the speaker felt”p11 said they loved
the idea behind c4y.y, since “films show purposeful and powerful
emotions, and all of us, especially people who read closed-captions,
would like to be part of it”

For some participants the value added by affective captioning
approaches, in particular for conditions that had haptics, seemed
to be not necessarily because of the exact emotions they conveyed,
but rather because of how they highlighted shifts in moods. P14,
commenting on c3y, offered that he felt it worked “because I was
able to see the start and finish of the emotions the character plays.
Echoing this sentiment, p23 mentions that c4y.y “worked well be-
cause it allowed me to understand the shifts in the speaker’s mood
and attitude over the span of the video”

THEME 3 Contextual considerations in affective captions. Some feed-
back focused on how effective the visual and haptic parameters
implemented in c2y, 3y, C4v+y, and c5y were. While part of this
was included in the two previous themes as it relates to their own
overall discussions, a few comments had a narrower scope, focus-
ing on a deconstruction of the design underpinnings of affective
captions and how they work (or don’t) under different situations.

As previously noted, many participants found the use of vibra-
tions distracting. This was also true for font-color. For instance,
P26 felt that c5y had “too many colors in one sentence, making it
easily distracting” For P18, the use of color worked and was able
to influence how they perceived emotions, but it also made text
“hard to read while I was thinking about other things” P14 was even
harsher: “I don’t think this caption style worked because I couldn’t
figure out what the colors represent. It just felt like an update to
the current captioning style, but nothing really changed.”

Some complaints focused on the colors used for positive and
neutral tones. pg, for instance, complained that “it is kind of hard
to see the difference between blue and white,” as did 17, who dis-
liked c2y because it was “hard to recognize the blue or white font,
making it hard for me to identify happy and neutral tones.” For p3,
“caption color was not vibrant, so it was hard to decipher.” p1 found
this particularly tricky with lighter shades of red and blue, stating,
“I wasn’t sure if some words were neutrally white after long read-
ing. It was almost like they blended together. I think it needs some
adjustments to color tones and fonts.”

The use of font-weight also had its discontents. P24 thought that,
in c2y, the “color changes and bolding of captions hurt my eyes.
Many participants complained that the more extreme font-weights
used in the captions did not work. 26 thought “the font is too thick
to recognize,” while p20 said that it “made everything feel blurred”
At times this was caused by the combined effect of having changes
to weight and color. P5 thought “bold is too much when the caption
is also colored”” p1 echoed this: “the font with the bold felt almost
hard to read along with the color”

Some participants were not against the idea of haptics, but felt
it could be used only for important words, or even for non-speech
sounds. P9 suggested that “in horror movies, it could include only
the screaming. Suspense, but not the words” On this, p23 added:
“Maybe it would be a good idea to limit the vibrations to only the
emotional climaxes in movies. Having vibrations on throughout
the whole movie would probably be distracting and annoying.” p25
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went further, saying that in sci-fi or scary movies it could be used
“so we can feel background noises, scary music, etc.”

5.3 Discussion of Study 2

5.3.1 Using Haptic Patterns to Convey Arousal. We saw that the
fourth condition (c4y+y) stood out as the most effective. This condi-
tion combined the winning haptic pattern from Study 1 with visual
modulations of font-weight for arousal and font-color for valence,
as inspired by previous research. This haptics-visuals integrated
approach significantly outperformed a visuals-only affective cap-
tion style (c2y), which was designed to mirror previously discussed
affective captioning models, e.g., [25, 41, 49]. Interestingly, our find-
ings suggest that a combination of both haptics and visuals creates
an experience that, for our 27 DHH participants, resulted in higher
levels of narrative engagement with audio-visual content. Thus, in
answering RQ2, we recommend a combined approach to haptics
and visual modulations to depict a speaker’s arousal levels.

Furthermore, we found that the condition combining haptics
and visuals also promoted significantly higher narrative engage-
ment scores when compared to the baseline condition (c1s), i.e.,
conventional, non-styled captions. In other words, the c4y.y op-
tion was more engaging than both the conventional captions in
everyday use and the recommended option from prior work on
affective captions (cz2y).

5.3.2  Consideration of Users’ Experience with Affective Captions
that Employ Haptic Feedback. Despite quantitative findings show-
ing that the combination of haptics and visuals led to a signifi-
cant improvement in narrative engagement, our participant’ feed-
back revealed individual variability in their subjective experiences.
While some participants found the vibrations to be a valuable addi-
tion that enhanced their connection to the videos, increased empa-
thy, and created a sense of spatial presence,'> others experienced
the constant buzzing as a distraction that pulled their attention
away from the content, disrupting instead of improving their over-
all viewing experience. This echoes a finding that echoes Wang
et al. [85], who previously combined haptics and captions to aid
with speaker identification. While this diversity in users’ experi-
ences could simply be a byproduct of the inherent diversity within
the paH population in general [77], the tension between enhance-
ment and distraction also aligns with broader challenges in design-
ing multimodal captioning systems [9], particularly when consid-
ering the cumulative effects of such features over longer durations.

Our study’s design, which featured multiple conditions and ex-
tensive surveys, did not accommodate long-length videos. There
are reasons to believe that the effects we measured could be even
higher in such settings. For one, longer videos are correlated with
higher Narrative Engagement scores [47], so the differences be-
tween conditions we saw could potentially accumulate over time.
This could compound with how decoding affective captions is sub-
ject to learning effects [24], or with how certain haptic stimuli
may become more favored through repeated exposures [46]. How-
ever, it remains to be seen whether the distraction and annoyance
that some participants experienced would persist over time. While

5Spatial presence in this context refers to the user’s perceived sense of physical exis-
tence within a digital environment, where the technology facilitates a feeling of being
“there” in the virtual space, contributing to a more immersive experience.
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these issues could plausibly subside given sensory adaptation, i.e.,
the phenomenon where sensitivity to a haptic stimulus diminishes
after prolonged exposure [4, 66], they might also continue or even
intensify depending on individual differences. This underscores
the need to study whether sensory adaptation lessens distraction
over time or if prolonged exposure increases annoyance, both of
which could affect narrative engagement.

Related to this point, future work could also look into thresh-
olding approaches to mitigate the negative aspects some partici-
pants experienced, such as distraction and annoyance. If haptic vi-
bration were to occur only when some relevance threshold was
crossed—e.g., only vibrate words that are significantly more in-
tense or calm than the average—then perhaps distraction can be
minimized. Adjusting intensity dynamically or via user-based per-
sonalization could also help, although additional studies would be
needed to further explore this.

Focusing on the four sub-scales, we see that while the Friedman
test revealed significant differences for the Narrative Understand-
ing and Narrative Presence sub-scales, no significant differences
were found in the post-hoc analysis across the five conditions. This
suggests that while Narrative Engagement can give a comprehen-
sive measure of engagement with the audio-visual content, it may
also be too blunt a measure for an in-depth exploration of its four
sub-scales independently. For such purposes, more targeted instru-
ments might be preferable—a recommendation for future research.

Quantitative data and participant feedback indicate that hap-
tics were especially effective when paired with visual arousal cues,
suggesting intermodal integration—stimulation in one channel can
enhance or alter perception in another [8]. We echo Kushalnagar
etal. [51], who found that visual-tactile captions for non-speech in-
formation outperformed tactile-only ones. This effect may explain
the non-significant advantage'® of c4y.y over c3y, where haptics
and visuals outperformed haptics alone for conveying arousal. The
higher performance of c4y.y over c3y further suggests that haptics
alone may not provide sufficient perceptual salience for arousal,
underscoring the importance of intermodal cues.

Alternatively, the non-significant patterns observed in the im-
provements for c5y—which had no depiction of arousal—over both
c2y and c3y could suggest that, if arousal is not strongly reinforced
by both visuals and haptics, it might be better to omit it altogether.
This could be related to how arousal has been shown to be per-
ceived as if of lesser importance than valence [28]. While future
work should explore this hypothesis further, the relative perfor-
mance of the conditions also point to a novel direction for research:
if intermodal integration in the c4y.y condition is effectively fa-
cilitating the communication of arousal as a speech dimension,
could similar strategies enhance the depiction of valence through
haptic signals? For example, would modulating the frequency in
tandem to valence, alongside the amplitude changes that convey
arousal, reinforce the font-color modulations, increasing the per-
ceptual salience of valence?

For some participants, the haptic feedback acted not merely as
a synthetic signal but as a direct analog of the speech signal itself.
This suggests that, to them, haptics was perceived as a form of

16 Although these differences were not statistically significant, we offer speculative
commentary for future research.
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sensory substitution, i.e., they understood the vibrations as if rep-
resenting the actual speech sounds, instead of an artificial signal
that is related, but not equal, to speech. This approach aligns with
Wang et al.’s method for haptic captions [85]. While the extent
of this perspective among DHH users of affective captions remains
to be fully explored, it presents a promising avenue for future re-
search: could the actual sound signal, i.e., its amplitude envelope
and frequencies, be an additional dimension in the haptic signal?
Should this dimension replace the synthetic arousal signal, or be
integrated into it?

5.3.3 Fine-tuning Color and Font-weight Style Dynamics in Affec-
tive Captions. Participants’ feedback on affective captioning styles
also relates to design guidelines already established, e.g., [24, 41].
Questions arise on how clear the colors used are, but also how
much they should leave open to interpretation; in terms of font-
weight, guidance is needed to answer: how much is too much? It
was positive to see that the legibility of the captions we used did
not emerge as a major concern, which is an improvement over simi-
lar past studies that were plagued with these issues, e.g., [24, 25, 49].
Still, there were cases where the font-color and weight modula-
tions did not work well.

The color palette recommended by Hassan et al. [41] appeared
ambiguous for near-neutral words. This need not be necessarily
seen as a defect. Given how affective information can be thought
of as context-dependent [10, 43], some researchers have advocated
that design solutions are made to be purposefully ambiguous and
open to interpretation [34]. In fact, some participants appreciated
the color scheme’s flexibility for personal interpretation. However,
complaints could also reflect disagreement with the chosen colors.
Future work could explore alternative palettes that better balance
clarity with openness to contextually-based interpretations.

Prior work has suggested the use of changes to font-weight to
depict arousal, but there are no specific guidelines for how these
should be implemented [24]. While minor changes in weight may
not significantly affect legibility [64], in our implementation, words
with very low or high arousal were shown with extreme weight
changes, which some participants felt was too much. Future work
should establish clear thresholds for designers. Additionally, we
observed negative effects from certain combinations of visual mod-
ulations, as p5 noted the overwhelming impact of bold fonts used
alongside colored words, meaning color should be included as a
confound in these studies.

These findings serve to both affirm the current design guide-
lines on how to use typographic cues to convey emotional content
in text and to suggest that more precise recommendations are still
needed to optimize and ruggedize the application of affective cap-
tions. This underscores the importance of iterative testing and re-
finement in their design as more and more scenarios and use-cases
are explored. Alternatively, the variance in opinions could be seen
as a case made for offering personalization options for the visual
parameters. In this, they would echo May et al. [58], who has sug-
gested that a one-size-fits-all approach for non-speech information
accessibility may not be sufficient given how DHH expectations and
preferences vary.
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6 Limitations

de Lacerda Pataca et al. [24] suggested modulating either font-size
or font-weight to convey arousal. We chose the latter because it
offered better legibility. However, font-size was perceived by some
DHH participants as offering a clearer depiction of arousal, which
could influence how it relates to haptic-feedback also depicting the
feature, and thus change the results reported here. This aspect is
left as a recommendation for future research.

We conducted the tests in a controlled environment. It is uncer-
tain whether the results would be replicable in different settings,
such as varying screen sizes, device types (phones, Tvs, etc.), and
lighting conditions. This uncertainty extends to the haptic device
itself, which was selected based on recommendations from prior
literature [29, 85]. Users of these systems may be interested in dif-
ferent configurations, which merits further exploration.

Lastly, the videos and haptic signals were pre-generated. While
latency in automatic captioning systems has improved, it is not nil,
and it remains to be seen what would be the best strategy to deal
with a haptic signal that is out-of-sync with the image of subjects
on the screen.

7 Conclusion

In this paper, we present and evaluate a novel approach to trans-
late a speaker’s arousal levels in the form of haptic signals. These
are transmitted to users via a wrist-worn device, providing infor-
mation about the speaker’s emotions that serve as a complement
to their transcribed words shown through captions. This method
aims to improve the accessibility of spoken communication for in-
dividuals who are d/Deaf and Hard-of-Hearing.

Our approach involved designing six distinct patterns by mixing
three rhythmic configurations with a low and a high frequency. In
Study 1, we tested these patterns with 16 DHH participants. The
results showed that the most preferred pattern was a single, short
pulse (ssp) per word at a frequency of 75 Hz. Unlike prior work that
looked at the design space of visual cues to depict arousal levels,
participants’ preferences in our study had a higher convergence,
suggesting that haptic-feedback can serve as an adequate repre-
sentation of this emotional dimension in affective captions.

In Study 2, we used the ssp haptic pattern to examine how vari-
ous combinations of visual cues and haptic feedback influenced the
narrative engagement of DHH viewers of audio-visual media. We
observed that caption style c4y.y, which integrated both a haptic
signal and visual cues to represent arousal, alongside additional
visual cues for valence, significantly enhanced engagement com-
pared to a conventional caption style (c1g) devoid of affective in-
formation. Additionally, it outperformed another affective caption-
ing style that, based on recommendations from prior work, relied
solely on visual cues to convey both arousal and valence (c2y).

Haptics have shown promise as an addition to affective cap-
tions, with noticeable improvements in narrative engagement with
audio-visual content among pHH individuals. Furthermore, partic-
ipants consistently favored the low-frequency ssp haptic pattern.
Our results suggest a combination of visual cues and haptics as a
promising option for affective captions.
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A Appendix: 12-Item Narrative Engagement
Scale

The questions below, adapted from Busselle and Bilandzic [14],
were administered to participants after each of the five videos in
Study 2. Although grouped here by their four subscales, the ex-
periment randomized their order for each participant, who was
unaware of these groupings.

(1) Narrative Understanding
(a) At points, I had a hard time making sense of what was
going on in the video.
(b) My understanding of the characters is unclear.
(c) Thad a hard time recognizing the thread of the story.
(2) Attentional Focus
(a) Ifound my mind wandering while the video was on.
(b) While the video was on I found myself thinking about
other things.
(c) Thad a hard time keeping my mind on the video.
(3) Narrative Presence
(a) During the video, my body was in the room, but my
mind was inside the world created by the story.
(b) The video created a new world, and then that world
suddenly disappeared when the video ended.
(c) At times during the video, the story world was closer to
me than the real world.
(4) Emotional Engagement
(a) The story affected me emotionally.
(b) During the video, when the speaker was happy, I felt
happy, and when they suffered in some way, I felt sad.
(c) Ifelt sorry for the speaker in the video.
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