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Abstract of Master’s Thesis of Academic Year 2023

"There’s something else to be shared”: Exploring How to
Convey Performative Somatic Information to the Audience

Using Haptics in Conversation with Dancers

Category: Design

Summary

There are increasing HCI research exploring how to augment expressive move-
ments in dance practices by using interactive technologies. However, little is
known about how the audience perceives such information in these staged dance
settings. In this study, we explore the potential of using a haptic wristband to
convey performative somatic information of dance through a series of co-design
workshops with 5 dancers to connect their movements to haptic patterns. We then
invited audience members to wear the haptic wristband in 2 public performances
to better understand their perspective on the haptic-enabled viewing experience.
Our results show that adding a tactile sensory channel has a positive effect on
the audience’s overall experience. Based on our results, we discuss implications
for future directions in augmenting audience’s experience in the area of expressive

performances and public installations.
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Chapter 1
Introduction

1.1. Stage performance in Human Computer In-

teraction

Stage performance is an important part of the dance art form which allows
dancers to convey emotions and expressive movements [1]. In the field of Human-
Computer Interaction (HCI), researchers have explored the potential of interac-
tions between dancers and novel technologies, such as tracking dancers’ body
movement to control drone swarms in real-time [2], or visualising the sound of
muscle using mechanomyogram (MMG) data on stage [3]. Multiple researchers
have looked into methodologies to augment dancers’ somatic experience, such as
physiological sensing technology [3,4] and motion tracking systems [2,5]. While
capturing movement quality of dance performances naturally benefits from the
advancement of such biometric monitoring technologies, as one recent review pa-
per [6] points out, qualifying the expressiveness of dance movements is a significant

challenge posted to researchers.

1.2. Audience’s perception on performative ex-

periences

Prior work has found that audience’s experience and background regarding the
specific art form can have an impact on their viewing experience [7]. However, as
the ultimate receiver of these new performative experiences, little is known about
the audience’s perception on them. Some HCI researchers tried to bring audience
members closer to the stage by augmenting performers’ somatic experience using

interactive systems in singing [8] and dancing [9] performances. Others took au-

1



1. Introduction 1.3. Research Questions and Contributions

dience members’ reaction onto the dancing stage by projecting their physiological
data to the background, and found correlation between audience’s responses and
the choreography [10,11]. These works suggest the possibility of including the
audience’s embodied experience into the conversation between the performers and
the audience [6,7).

The audience’s viewing experience can now be augmented through multimodal
sensory approaches. Some researchers delved into the possibility of extending in-
formation received through visual sensory channels using multiple displays [12,13]
and Augmented Reality (AR) [14], while others investigated the efficacy of ad-
ditional information into the audio sensory channel in video [15-17] and game-
play [18] viewing experience. At the same time, several works have shown that
inputting information into the tactile sensory channel is capable of enhancing the

audiovisual experience [19,20].

1.3. Research Questions and Contributions

Inspired by these findings, we set to explore the feasibility and affect of conveying
the dancer’s experience in performance to the audience through augmentation of
the audience’s experience using haptic feedback, guided by the following research
questions:

RQ1: What are the design considerations for tactile sensation to convey profes-
sional dancers’ performative somatic information and how do the dancers perceive
it?

RQ2: How does the audience perceive a haptic-enabled experience based on
the dancers’ lived performance, and what is its potential in these performance
structures?

To answer the research questions, we present the co-creation process of a haptic-
installed dance performance between 5 professional contemporary dancers and me-
dia design researchers. First, we conducted a series of workshops with 5 dancers
using a wristband installed with a Vibro-Transducer VP2 to familiarise them with
the haptic technology, inquired about their lived experience in stage performances,
and co-designed the haptic patterns to represent their performative somatic in-

formation. Second, we worked with a stage performance team consisting of one



1. Introduction 1.4. Thesis Structure

multi-disciplinary artist (artistic director/ dancer / researcher), one choreogra-
pher, four dancers, one composer, one wearables developer, one lighting engineer,
one sound engineer, and one stage manager, to produce a 30-minute dance per-
formance in a semi-improvisational process. We then presented the performance
twice in a public theatre, and conducted a mixed method study with 142 (April
performance) and 148 (June performance) audience members in attendance. In
the April performance, we invited the audience to watch the dance piece twice
under with-haptics and without haptics situation, and inquired about the impact
of haptic feedback using an open-ended audience experience questionnaire. In the
June performance, we adopted a mix-method approach leveraging the AAEI [21]
to evaluate the haptic-installed experience, followed by a series of semi-structured
interviews to inquire about the audience experience focusing on probing the ful-
filled audience expectations. Throughout the research, we received feedback about
the haptic experience’s efficacy in connectedness to the stage and support for at-
tention and engagement during the performance.

Based on these findings, we summarise our three main contributions in this re-
search: (1) We provide a haptic device with comprehensive co-designed patterns
to demonstrate the feasibility of using tactile sensation to convey the lived experi-
ence of dancers, (2) we demonstrate that dancer’s lived experience integrated into
a haptic performance has the potential to enhance the audience’s viewing experi-
ence, (3) we propose future directions towards these kinds of novel multi-modal

performance practices.

1.4. Thesis Structure

This thesis consists of 5 chapters.

1. Chapter 1: This chapter introduces the background and motivation of this

research.
2. Chapter 2: This chapter introduces the related works.

3. Chapter 3: This chapter describes our development of concept, and shows
how we iterate over prototypes and co-design the haptic patterns with the

dancers.
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4. Chapter 4: This chapter presents how we validated our concept in the real

performance.

5. Chapter 5: This chapter shows the discussions of the feedback received from

the outcome performance.

6. Chapter 6: This chapter summarizes the outcomes, draws final conclusions,

and describes the future works.



Chapter 2
Related Works

2.1. Improvisional Dance and Stage Performance
in HCI

Previous performative dance research in HCI investigates the potential of interac-
tive technology in eliciting, learning, and augmenting the expression of somatic in-
formation. Many researchers focus on technical support for improvisational dance
creation, such as using perception-changing Mixed Reality mirrors to assist the
dance creation process [22], or wearable soft robotics that induces unpredictable
movements to aid choreographic creativity [23]. Other researchers have looked into
how motion tracking and monitoring technologies like accelerometers [24], motion
capture systems [25,26] , and physiological sensors [27] can be used for move-
ment quality assessment to improve professional dancers’ learning and practicing
experience. Meanwhile, using physiological data to augment dancers’ somatic
information during performance is another popular approach since dancers’ phys-
iological status and flow state show correlation [28]. For instance, using MMG
to turn the sound of dancers’ muscle contractions into music in real-time during
performances [3], or using motion capture systems to capture dancers’ movements
in real-time to control background graphics [29, 30], music [30], and virtual cos-
tumes [31].

2.2. Understanding the Audience Experience

Research about the role of the audience in live performances presenents obstacles
such as cultural diversity [32], evolution in preference [33], and time consump-

tion [34]. Nonetheless, the area of performance studies has shifted towards the
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concept of how the ”audience contributes to the co-creation of value” [21,35,36] .
Alongside the increasing attention on audience perception [37], there are growing
voices about empowering the audience rather than targeting them [38]. Audience’s
engagement in live performances has been found to be supportive in promoting
social and mental health [39] and highly engaging performances are efficient in
eliciting the feeling of empowerment for the audience [40]. Theodorou et al. [41]
used video recording to assess the audience’s physical movements during a per-
formance, and proposed the potential of using stilled motion as an indicator of
audience’s level of engagement. Cerratto-Pargman et al. [42] analysed the role of
communication as a tool for audience participation in interactive performances,
and discovered that expectations about the technology impacts the audience’s
experience and interpretation of participation. Designing communication tools
for the audience from the HCI perspective calls for manifestations of audience’s
awareness of the artefact, affording a sense of engagement ”in reflection or per-

ception” [43].

2.3. Haptic Feedback for Experience Enhancement

Haptic feedback has been explored in its functionality to enhance multisensory
experiences [20,44], and many previous works attempted to utilise it in the ap-
plication scenarios of entertaining audiovisual experiences. For music, a growing
corpus of studies explore the utilization of tactile stimuli to enrich experiences
associated with music [45-47|. For 2D gaming, a recent work is Yun et al. [48]’s
sound-based real-time haptic generating system that is efficient in improving user’s
multisensory gaming experience. For 3D Virtual Reality (VR) gaming experiences,
researchers studied how aerodynamic forces [49], passive feedback [50], structural
mechanics [51], and sensory deception [52] can be used to design haptic feedback.
Moreover, a recent work investigated how haptic motion effects can be utilised
to improve 4D experiences [53]. Under such user scenarios, haptic feedback has
shown its efficacy in increasing individual users’ attention [54], feeling of immer-
sion [55], and realism [50]. Alternatively, other research examined how haptic
feedback is perceived in social settings — in particular mimicking the Social Hap-

tic Communication (SHC) of persons with deafblindness [56], alerting users’ about
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stops on public transportation [57], inducing social behaviours and emotions in
online communication [58], and fabricating interactive digital signage to boost
user engagement [59]. Haptic technology has also been employed in public art
and performance related research. For example, Vi et al. [60] installed a haptic
experience inside a six-week art exhibition, and gained generally positive feedback
from the visitors. This work involved the first instance of long-term mid-ari haptic
technology being deployed in a museum setting. Dima et al. [61] added tactile
sensation to museum artefacts that are typically impossible to touch, thereby pro-
viding visitors an embodied museum experience. MHWA [62] is a haptic device
which delivers music vibration to the audience in live music performances. Skin
Music [63] is an audio-haptic based musical composition installation, allowing its
listeners to perceive the music through multisensory channels. Besides those, there
are also systems created for dance performances. DeviceD [64] is a performative
installation that can deliver audience’s responses on social media to dancers us-
ing a haptic wearable. McCormick et al. [65] developed a system for capturing
dancers movements using motion capture and mapping it to haptics in real-time
to deliver to the audience. Sasaki et al. [9] built the SolefulTap system, which
is an audio-haptic feedback system that can deliver the tap dancing sensation to
groups of dancers, dancer students, and the audience. However, most of the design
consideration for these systems remains undisclosed. Due to the fact that dance
is an art form that is self-expressive and personal, our objective is to integrate

dancer’s lived experiences into the design of a haptic-installed dance performance.

2.4. Summary

From the above researches, we have obtained a deeper understanding of dance
stage performance in Human Computer Interaction and learned about the Haptic
technology. After researching a variety of studies and works that using haptic
to enhance the audiences’ experience, we found that haptic feedback is widely
used in games, art and performance related research. However, we also found
there are very few researches focus on haptic pattern design that promote viewing
experience during live dance performance, which may be a research gap for us to

further develop.



Chapter 3
Concept Design

We collaborated with a professional contemporary dance team to produce a multi-
modal dance work which was presented to the public. This research followed a
practice-led HCI research [66], inviting professional dancers to provide feedback
and suggestions on the haptic design, incorporating their needs and expectations
of the haptic-installed performance into the design process, and providing insights
for future development of interactive dance performances based on haptic tech-

nologies. The primary purpose of this chapter is to answer RQ1.

3.1. Methods

3.1.1 Process Design

We address our question—how to map dance movements with haptic patterns—Dby
reflecting dancers’ feedback interactively during the co-design process. We utilized
a generative research method, including in-depth interviews, materialization, and

co-design methods by Sanders et al. [67,68] in the following order:

e Step 1: Researching and Exploring: We arranged a series of semi-
structured interviews with our collaborative dance group aimed at deep-
ening our relationship and understanding their dance style. Based on this
information, we were able to formulate some proposals on a haptic device
and implementation design for the dancers to make the decision on which

setup they would most prefer.

e Step 2: Prototype Development: We created initial prototypes based

on the interview results with dancers. After discussion with them, We have

8



3. Concept Design 3.1. Methods

established our own classification criteria for the haptic design, which can be
divided into three categories "dot”, "line”, and "free”. dot refers to short
striking movements; line refers to the expression of various curves of the
body and the upward or downward movement of the body; and free refers

to any other expressions which do not fall into the previous two categories.

e Step 3: Testing and Feedback: We asked the dancers to feel the tac-
tile sensations and encouraged them to interact with the haptic elements
during rehearsals. We gathered their feedback regarding three of the tactile
composition techniques: Intensity, Duration, Waveform or Spectral Content
introduced by Gunther et al [69]. The dancers provided valuable insights
based on their first-hand experiences, allowing us to refine and adjust the

design accordingly.

e Step 4: Iterative Improvements: Based on the feedback, we iterated on
the design by refining the haptic elements, adjusting their placement, and
introducing new features. We considered the dancers’ feedback alongside
technical feasibility and artistic considerations to strike the right balance

between innovation and practicality.

e Step 5: Collaborative Decision-Making: Throughout the iterative de-
sign process, we involved the dancers in the decision-making process. Their
input played a crucial role in shaping the final design solutions. By actively
engaging the dancers, we ensured that their artistic vision and performance

goals were fully integrated into the haptic design.

e Step 6: Testing in Performance Context: Since contemporary dance
does not always follow the music or the beat, we divided the whole perfor-
mance into two parts: one with all the haptic designs based on the defined
choreography, and the other with manually controlled haptics based on the

live performance. As the design evolved, we arranged specific rehearsals
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Figure 3.1 Illustration of the Co-Creation Process

where the choreographer could fully immerse himself in the designed haptic
experiences within the live performance of other dancers. This allowed him
to decide which elements were going to be used in the human-controlled part

of the performance from both the performer’s and audience’s point of view.

e Step 7: Continuous Feedback and Refinement: We maintained a con-
tinuous communicative loop with the dancers, encouraging them to share
their observations and suggestions after each rehearsal. This feedback in-
formed further refinements and adjustments, ensuring that the haptic design

continued to evolve in line with the dancers’ evolving needs and preferences.

3.1.2 Activity Design

We conducted a series of co-design workshops during a month of dance rehearsal
comprise of three activities (see Figure 3.1):

Activity 1: A semi-structured interview followed by a haptic tech-
nology experience session. We opted for this approach for 2 reasons: first, to
get more information regarding the performer’s dance style and expectations for
the performance; second, to help the participants get familiar with haptic tech-
nologies, we asked questions like ”What do you usually think about when you
are dancing?” to gather insights into the performance experience of contemporary

dancers, and "How do you think this can be used in a show?” to clarify our re-

10



3. Concept Design 3.1. Methods

spective roles and responsibilities in this collaboration. In the haptic technology
experience part, we first demonstrated 4 types of common haptic feedback tech-
nologies, including an Eccentric Rotating Mass (ERM) motor, a Linear Resonant
Actuator (LRA), a Piezoelectric actuator, and a Tactile Transducer. We then
randomly selected 20 YouTube video clips, transferred the audio to haptic feed-
back, and asked the participants to experience the vibrations. The goal of this
activity was to gather insights about dancers’ embodied knowledge in contempo-
rary dance, and elicit initial ideas about how to incorporate haptic feedback into
the performance.

Activity 2: A haptic testing and feedback session. Based on prior
results, we modified the haptic pattern, device design and observed the new per-
formance rehearsal. We prepared different tactile sensations of some choreography
from their rehearsal videos. We left it to the dancers to choose their favourite ver-
sions and use it as the basic design template to be modified and enhanced. After
each iteration, we asked for their feedback on every haptic element paired with
the corresponding dance movement. We highlighted the intensity and timing in
order to synchronize with their state of mind when they are dancing. The goal
of this activity is to get the participants to adapt design decisions as they were
getting used to the haptic technology and continuously refine the haptic patterns,
device, and haptic-choreography design.

Activity 3: An audience viewing and feedback session. The participant
was asked to watch the rehearsal in the audience seating area wearing the haptic
device, and gave verbal feedback. We chose this approach because observation
learning is effective in enhancing performance quality [70]. In this activity, we
could iteratively refine our haptic designs, uncover usability issues, and identify
opportunities for improvement. Encouraging the participants to reassess their
decisions from the perspective of the viewer proves instrumental in enhancing the
comprehensibility and enjoyment of their creations. The goal of this activity was

to consolidate participant preferences for the performance.

3.1.3 Participants and Procedure

Five participants (five male; average age = 33.6 years old, SD = 4.46 years old)

were recruited who come from a professional contemporary dance group named

11



3. Concept Design 3.2. Data Analysis and Results

Table 3.1 Demography of dancers

Dancers | Age | Dance background Contemporary dance background
D1 36 | 20 year 17 year
D2 33 | 14 year 14 year
D3 32 | 16 year 16 year
D4 40 | 20 year 20 year
D5 27 | 7 year 7 year

Bushman'. All participants were professional contemporary dancers, Table 3.1
shows their dance-related experience. The author as the main haptic designer
also has about 4 years of dance experience with 2 years of performing experience,
which allows her to better understand the perspectives and requires of the dancers.

All participants and researchers joined Activity 1 at the same time, where the
workshop lasted for about 2 hours. Activity 2 was repeated for 3 times, each
of which was conducted after the performance rehearsal on average 1-hour long.
Activity 3 mainly for the main choreographer to implement and other dancers to
feedback, which lasted for about 3.5 hours.

We recorded and archived every co-design activity and the average recording
time was one hour. Japanese was the primary language used to conduct all ac-
tivities. Participants gave informed consent to this IRB-approved research. All

activities were audio-recorded, later transcribed and translated into English.

3.2. Data Analysis and Results

We followed the reflexive thematic analysis approach [71] to analyse the data
obtained from the 3 activities based on the audio recordings and the field notes
taken by the main researcher (see Figure 3.2). The results can be divided into two
phases. In phase I, we introduced with the participants about the technologies
used in prior research in the dance domain, including motion tracking system
and methods of translating the dancer’s movements into vibrations. Finally we

designed to improvise together and proposed a Hapitc-DJ position in the live

1 https://www.bushman.jp/

12



3. Concept Design 3.2. Data Analysis and Results

Figure 3.2 Photos and hand written notes for the 3 activities

performance. In phase II, we summarised the dancers’ core thinking on haptic

design from all of the transcribed data into three themes.

3.2.1 Phase I: Defining a new position
”Let’s Improvise Together!”

Participants emphasised that improvisation is a main feature of contemporary
dance. For example, when we asked "How do you describe your dance style?”,
one participant highlighted that "I would say it’s aggressive, powerful, and im-
provisational. We don’t strictly follow the music for example, it’s more about the
tempo sometimes.” (D1). Another participant added: ”"It’s about the expression,
sometimes your next move is triggered whenever others do one movement.” (D4).
When we asked about any potential storyline or objective that they are interested
to work on at the moment, one participant explained that “hmmm...it’s very hard
to explain with words, there’s no that kind of goals in our performance.” (D2).
It is agreed by all participants that understanding and respecting the artistically
free and exploring nature of contemporary dance is a key factor in creating a new
dance performance.

Before we created any haptic patterns for the performance, we captured in-
stances that participants showed preferences towards the capability of haptic

technology in creating delicate and precise tactile sensations. We highlight that

13



3. Concept Design 3.2. Data Analysis and Results

efficacy of technology in delivering their intended movements is a principal factor
directing their technology and haptic sensation preferences. For example, when
we introduced to them the idea of transferring the music directly to haptic feed-
back, and asked whether they can create a performance following the music, they
immediately rejected, as one participant strengthened: ”In contemporary dance
we don’t follow the music, we change the music all the time, we don’t change the
principles for one show, this is impossible.” (D1). We also proposed using motion
sensing technology to capture their movements and project it on haptic devices,
and participants underlined that their priority is "the nuanced movements, ev-
erything we want 1s to show the precise changes in strength. It needs to show
variations in strength, contrasts between strong and weak movements...” (D5).

We observed instances that in the decision-making process, the participants
embraced the idea of focusing on human creativity rather than physiological tech-
nology advancement for the haptic-installed performance. For instance, when we
clarified that the challenges in the precision in haptic control for an improvisa-
tional performance and might need manual control, they leaned towards the idea

“that sounds like you are joining us in the improvisation now! This is a very
collaborative performance!” (D1), "we can have a DJ booth next to the stage”
(D3), and "we should redesign some movements that are difficult for the person
to catch” (D2).

Haptic-DJ as a medium between dancer and audience

Most of traditional performances have typically been centered around a dialogue
between creators and audiences. However, in this attempt, we introduce a novel
medium, the Haptic-DJ, which adds an additional layer of depth to the interaction
between the two parties. This innovative element not only enriches the audience’s
sensory experience but also establishes a dynamic, three-way communication chan-
nel, where dancers, audiences, and the Haptic-DJ collectively contribute to the
overall artistic narrative. By seamlessly integrating tactile feedback into the per-
formance, we are expanding the traditional boundaries of engagement, creating a
more immersive and multisensory encounter that resonates with both the estab-
lished dynamics of the show and the evolving expectations of the audience.

While the tactile sensations are intricately synchronized with the dance move-
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3. Concept Design 3.2. Data Analysis and Results

ments, the Haptic-DJ, situated amongst the audience, possesses the unique posi-
tion to precisely modulate details like the intensity and duration of each vibration
to reflect the details of the dancers’ live performance and the audiences’ live ex-
perience. This introduces a dynamic element to the haptic performance, as it
not only reflects the predetermined choreography but also incorporates real-time
adjustments based on the change of the dancers’ live performance and audience
reactions.

This symbiotic relationship enhances the overall dynamism of the performance,
making each show a unique and interactive journey. It’s a testament to the trans-
formative power of technology in fostering a deeper connection, turning the haptic
performance into a co-created, emotionally resonant spectacle that transcends the

traditional confines of stage and audience.

3.2.2 Phase II: Bridging Haptic Sensations and Dance Move-

ments

This phase shows the dancers’ perspectives on using haptic feedback in a dance
performance and their decisions for designing each haptic pattern from three as-

pects.

Rapid movements are suitable for incorporating tactile sensations

This theme discusses a general situation of the haptic design.

Dancers emphasised that rapid movements with “point” vibration was impact-
ful and easy to understand. ”I prefer sudden action cues as opposed to having
vibrations provided continuously with subtle changes.” (D3) 71 want a "hit” for
every little change of the movement here.” (D2)

They also wanted the tactile sensation to be stronger to improve the impact of
their movements. ”I think the vibration here is great but needs to be stronger and
more impactful.” (D2) "The tactile vibrations of the dancer’s crouch could have
been more rapid and imposing.” (D3)

In interviews after the performance, the dancers began to propose using the
"point” vibration to create some interesting scenes. "It might be interesting to

simply make a solid, rapid stop movement and just provide a "hit” tactile sensation
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with all of them.” (D3)

They also mentioned their favourite tactile sensation, which was one of the
hit vibrations named "pin”. “The "pin” is my favourite tactile sensation. This
vibration feels like it’s coming from deep within my body.” (D1, D3, D5) "I feel like
the wvibrations are transmitted throughout my whole body.” (D1) They explained
that one of the themes of their dance performance was to embody the physicality
of the dancers, so they wanted to convey to the audience some of the impact that

the dancers feel in their own bodies while they are dancing.

Haptics can be designed based on the imagined concept behind the

dance performance

This theme mentions that the tactile sensation can be designed through imagina-
tive processes. This processes paved the way for the creation of immersive and
emotionally resonant experiences that engage the audience’s perceptions, evoking
a deeper level of connection between the dancers and audiences.

By infusing dance sequences with tactile nuances, choreographers and perform-
ers can create a heightened sense of realism that transcends visual and auditory
dimensions. ”I want the vibration to gradually increase as he is getting up.” (D1)
"I really like the tactile sensation of reflecting the depth and inward flow of move-
ment here.” (D2) ”I always feel lost and sad in this scene when our hands are
separated, so maybe we should stop the vibration here.” (D3)

We deployed a deliberate focus on the subtleties of movement and how they con-
tribute to a more authentic and emotionally resonant performance. ”The repetitive
tactile sensation should reflect the movement of my fingers.” (D1) "The “spin’ one
matches well with my spinning movement.” (D5) ”I want the intensity change here
to show the curve-like dance movement.” (D3) ”The vibration of the headshake is
exactly what I want.” (D2, D3)

These subtle tactile nuances, when carefully integrated, contribute to a multi-
sensory storytelling approach that elevates the art of dance, making it a visceral
and deeply engaging experience for the audience.

On the other hand, tactile sensations can serve as a catalyst for stimulating the
audience’s imagination and enriching their sensory experience. In certain dance

scenarios, the audience is limited to perceiving the outline or silhouette of the

16



3. Concept Design 3.2. Data Analysis and Results

dancers, which fosters a unique and imaginative viewing experience.

"It’s fun to see the dancer’s movements through the white fabric with some
vibration, which may spark my imagination in this scene.” (D1, D3) "I can image
there is chaos behind the box.” (D2)

Dancers’ unique understanding and perception of haptics expression

This theme reveals the creativity of dancers in haptic design. Dancers, being
the creators and exhibitors of the performance, have an intimate and experiential
relationship with the tactile elements. They are not only aware of the planned
tactile cues but also directly engage with them as part of their choreography and
artistic expression.

In scene 1, there is a performance where the dancers slowly turn their gaze to
the audience. We provided a version where the vibration disappears with their
gaze, which is completely opposite regarding to dancers. ”Wouldn't it be better to
do it the opposite way, matching the vibrations to the moment when we look over,
so that the contrast is more pronounced?” (D3)

In scene 3, one dancer lifts the prop box and spins it slowly. Because there was
no specific dance movement in this scene, we had a discussion about whether to
add tactile sensation here, and what kind of haptic pattern would be suitable. ”I
want to pair this with a heart-pumping vibration.” (D3) "Some tactile sensations
that feel like the wind blowing and water flowing would be interesting.” (D2)

In scene 4, there is another sequence without specific dance movement, but just
four dancers facing towards and touching each other. The dancers offer imagery
beyond what we see and understand from the audience’s point of view, which is
exactly what we are interested in and desire to share with the audience. ”When
two people touch each other, it would be nice to feel drops of water falling on my
hand.” (D3) "I want something to let me feel the drumming of life.” (D1)

Dancers’ physical and artistic training equips them with a unique ability to per-
ceive and articulate nuanced sensory experiences. As collaborators and designers,
it is essential to embrace the potential for unexpected and boundary-pushing tac-
tile design that arises from dancers’ profound connection to their craft.

In addition, we also found the changes of the dancers from making choices based

on the haptic pattern we provided to requesting tactile sensations for their own
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expression after becoming familiar with our haptic methodology. While organizing
the recordings, we noticed that they used more "I want” rather than “I hope”
when discussing decisions as they became more and more familiar with haptic
design.

In essence, the evolving attitudes of the dancers towards the tactile design
provided a glimpse into a future where haptic performances become increasingly

diverse, interactive, and emotionally resonant.

3.3. Prototype design

This section describes the design and decisions for the outcome performance in-
cluding the overall haptic system, the haptic pattern design, and haptic choreog-

raphy of the performance.

3.3.1 Haptic System Overview

We disclose the necessary details to replicate our design. We also provide the
hardware wiring diagram for our haptic amplifier unit and the source file of our
haptic wearable device design 2. Our system (see Figure 3.3) consists of (1) two
midi keyboard controllers; (2) a laptop installed with the Ableton Live software

3 and (3) haptic wearable devices for the audience.

Haptic-DJ control system

In the performance, the main researcher and one member from the stage per-
formance team served as the Haptic-DJ. The Haptic-DJs prepared the haptic
pattern files prior to the performance (see Figure 3.4), and mainly adjusted vol-
ume to control the intensity of vibrations and the timing of sample file during the
performance.

The work structure of the Haptic-DJ bear resemblance to that of lighting de-

signer in stage performances. Following a pre-determined haptic performance

2 https://www.embodiedmedia.org/

3 https://www.ableton.com/en/
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Figure 3.3 Haptic system overview, including the Haptic DJ Control System and

connection of wearable device.

sequence, the haptic DJ synchronizes tactile vibrations to corresponding dance
movements as they unfold. Much like a lighting designer cues specific lighting
effects to complement the choreography, the Haptic-DJ is responsible for timing
and delivering the designed haptic patterns aligned with the dance movements
in real time. This sequential and synchronized approach ensures a cohesive and

immersive experience for the audience.

Haptic hardware design

The haptic wearable device is consist of two key components: (1) a VP2 Vibro-
Transducer 4, and (2) a slap bracelet. We chose a wearable format and the slap
bracelet so that the audience could easily adjust or remove the device by them-
selves at anytime.

Our first priority for technology choice in this setting was the audience ex-
perience. Because latency could have a major negative effect on the viewing
experience [72], we decided to focus on minimising latency of the haptic sensation
delivery, and therefore chose wired connection of the devices. There were two

main technical challenges presented in this occasion: (1) cable management and

4  https://www.acouve-lab.com/products
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Figure 3.4 (a) Haptic DJ during the actual performance; (b) The User Interface

For Real Time Haptic Generation

(2) power requirements. To solve challenge (1), we designed a haptic amplifier
unit that allows for daisy chaining connections (see Figure 3.3), which minimises
the number of cable required. The amplifier unit features power input/output
and audio signal input/output for the wearable device.

Meanwhile, we implemented an amplifier ratio adjustment function inside each
haptic amplifier unit, so as to ensure the intensity of the haptic stimulation is

consistent for each participant.

3.3.2 Haptic Pattern Design

Here, we describe the main idea of how we make a decision on finding the cor-
responding haptic patterns of the dance movements. Our haptic pattern design
process prioritised three factors in the following order: (1) dancer preference, (2)

movement features, (3) dancer’s interpretation of the movement.

Dancer preference. In the beginning, dancers did not have preferences among
different types of haptic samples since they were not familiar with how to express
their dance using tactile sensations. Aiming to deepen their understanding of the

diverse approaches and feasibility of haptic design, we provided different samples
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T Bars P52 a5

Figure 3.5 Technical details of the haptic wearable system including (a) An
overview photo of the haptic device setup for each participant, (b) 3D model
of the wearable device, (c) Technical architecture of the Haptic Amp Module.

of vibration and three distinct versions of haptic pattern routines based on their
rehearsal videos to inquire their preferences. These tangible examples of haptic
design can offer them reference points and concrete expressions of abstract con-
cepts, making it easier for them to translate their artistic visions into words and
actions. We then repeatedly used dancers’ feedback and our interpretations of
their rehearsal videos to modify the haptic patterns. Throughout repeated expo-
sure to haptic feedback, dancers became more familiar and thus more vocal about
their expectations. Therefore, the iteration process went from ”dancers confirmed
researchers’ proposed haptic patterns” to ”"dancers propose ideas about haptic

patterns and researchers realised them” over time.
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Haptic pattern information

Sampling rate = 8.00 kHz, Bit
rate = 16 Bit, Duration = 0.17s,
Amplitude =-0.41dB

Sampling rate = 44.1 kHgz, Bit
rate = 16 Bit, Duration = 0.2s,
Amplitude = -7 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.2s,
Amplitude = -8.48 dB

Sampling rate = 8.00 kHz, Bit
rate = 16 Bit, Duration = 0.22s,
Amplitude =-2.13 dB

sampling rate = 8.00 kHz, Bit
rate = 16 Bit, Duration = 0.19s,
Amplitude =-3,71 dB

Sampling rate = 48.0 kHz, Bit
rate = 16 Bit, Duration = 1.9s,
Amplitude =0 dB

Sampling rate = 44,1 kHz, Bit
rate = 16 Bit, Duration = 2.75s,
Amplitude = -1.66 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.9s,
Amplitude =-10.7 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.45s,
Amplitude = -1.06 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.8s,
Amplitude = -9.68 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.45s,
Amplitude = 0 dB

Sampling rate = 44.1 kHz, Bit

rate = 10.6 Bit, Duration = 1.1s,

Amplitude = -0.83 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.9s,
Amplitude = -3.44 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 1.2s,
Amplitude = -3.37 dB

Sampling rate = 8.00 kHz, Bit
rate = 16 Bit, Duration = 0.85s,
Amplitude = -7.27 dB

Sampling rate = 44.1 kHz, Bit
rate = 16 Bit, Duration = 0.5s,
Amplitude =-0.92 dB

Sampling rate = 48.0 kHz, Bit
rate = 16 Bit, Duration = 0.45s,
Amplitude = -7.67 dB

Figure 3.6 Samples of haptic patterns design

Information in Ableton
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Movement features. Analyzing patterns of dancers’ preference is essential for
achieving consistency and effectiveness in the design process. Through this infor-
mation, we have summarized a general design framework based on the dancers’
physical movements. In communication with the dancers, we have classified the
methods of force application during dancing into two general categories: 1) explo-
sive power; 2) continuous power. Which is also supported by the Laban Movement
Analysis (LMA) [73] in dance.

Based on the findings, we selected two categories of movements to form the
basic haptic patterns. We named the two categories of movement based on the
dancers’ language used: dot, which requires generating quick bursts of muscular
power to execute; and line, which refers to movements that are sustained and
requires increased / decreased degree of muscular tension over time (see samples
of 7dot” and "line” in Figure 3.6). The two principles we used here are: (1)
decreasing strength of vibration when the limbs move up towards the ceiling, and
vice versa; (2) decreasing strength of vibration when the limbs move towards the
torso, and vice versa.

The patterns was reviewed and refined to 5 dot patterns (average duration =
0.196 seconds) and 8 line patterns (average duration = 0.91 seconds). For short
and heavy movements, we let dancers to choose among the 5 dot patterns; for
dance that move in a single direction, we first let dancers to choose their favourite
nuanced haptic expression among 8 line patterns and then adjust the intensity

and scale of it to better align with the direction of changes in muscular effort.

Dancer’s interpretation of the movement. We further investigated the
movements that the dancers underscored and created haptic patterns for each
of them. We used two lines of ideas when designing these. For movements
that dancers described using metaphors, we separated out the vehicle [74] of the
metaphor, looked for audio of the vehicle object, and transferred the audio files
into haptic feedback and modified them (e.g., using the sound of blood flow to
generate haptic feedback to represent “blood flowing in the vein”).

We also found that as dancers became more familiar with using vibrations to
express themselves, they began to utilise the stimulation to enhance the expres-

siveness and impact of their performances (e.g., adding different tactile sensations
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to simple and repetitive movement to reflect the change of their mind during the
performance).
We named this category by free, which encompasses all dance movements that

cannot be classified into the previous two categories.

3.3.3 Haptic Choreography in each performance scene

Figure 3.7 Performance scenes. (a) Scene 1. (b) Scene 2. (c¢) Scene 3. (d) Scene
4. (e) Scene 5.

For this time, the performance was modified from the dance group’s signature
contemporary dance performance debuted in 2020 5.

Since contemporary dance is characterized by its fluidity and freedom of expres-
sion [75], which often deviates from the strict synchronization with music found
in more traditional forms of dance.

In this performance about 30% of the dance movements were predetermined
(e.g., within a certain number of beats, the dancers need to move from one side of
the stage to the other, but when and how to move was not decided). This depar-
ture from a more strict adherence to musical timing presents unique challenges

when it comes to determining the timing of haptic cues in real-time. To in line

5 https://sites.google.com/view /bushman-zoumadefromfume
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with the dance movements, we incorporated fully choreographed haptic sections
and improvisational haptic sections into the performance, manually controlled by
the haptic DJ.

Here, we describe the haptic choreography of the dance performance in detailed.

Figure 3.8 Haptic DJ during the actual performance

a- Scene 1 (8 minutes). Four dancers entered the scene through a 2m*2m*2m
semi-closed white box, another dancer imitated the four dancers’ movement from
the outside. The four dancers pushed the box towards the outsider until they were
covered by the white box. The haptic feedback of this scene was fully improvisa-
tional. Sine waves and hit sensations were the basic patterns that were used. We
adjusted sine wave with variations in intensity to mirror the dancers’ subtle shifts
and sways. We applied hit sensations when the dancers executed strong full-body

movements like falling or striking.

b- Scene 2 (6 minutes). In the first half of the scene, dancers tried to eliminate
each other, and two were able to escape. In the second half, one dancer was
locked inside the box, and others acted mechanically around. One dancer then

drove everyone else into the box. The imprisoned dancers put up an active dance
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inside the box. The ”hit” pattern was mainly used for the improvisational part
to represent the movement of hitting. The last active dance part in the second

half in this scene was fully choreographed (see Figure 3.9).

“d_fade” (for a serlers different versions of "d_fade” i (dancers' favourite

“acand piverse of hit movements) (mainly change the duration)  paptic pattern)

version of "ac”

recorded from
double bass

smooths the wave of )
the "ac” in Ableton recorded from guitar

part of "water”

CAREE) WA

i o e

adjust the wave of “water2”  adjust the wave of “test1” and flip it

Figure 3.9 Haptic design in fully choreographed dance section

c- Scene 3 (4 minutes). In this scene, one dancer lied on the ground and tried
to hold the white box on their abdomen, then gently rotated it. When they could
not hold it anymore, the others came and supported to hold the box. This scene
was fully improvisational. We applied subtle sine waves to reflect the rotation of
the white box at first, but then we decided to not use any vibration here so that

the audience can enjoy the quite performance with change of the lighting.

d- Scene 4 (6 minutes). In this scene, four dancers performed as two pairs of
"ninin baori”, a traditional Japanese performance featuring two performers inside
one single oversized coat. The two pairs performed mirror-symmetric movements
and tried to touch the dancer in reflection. This scene was fully improvisational,
and free from music or rhythm. The dancers described this scene with metaphors
related to the feeling of vibrancy in contrast to the previous scenes. Therefore,
multiple metaphoric haptic patterns were used in this scene, whose parameters and

intensities were manually adjusted in the live performance. Here, the Haptic-DJ
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can convey the delicate emotional changes of the dancers to the audience through

precise control of the vibrations.

e- Scene 5 (6 minutes). In the first half. the dancers alternated several times
between performing segments with predetermined dance movements and impro-
visational dance segments where running around the stage. The main Haptic-DJ
controlled the timing of when to play those designed haptic routines and the sub
Haptic-DJ added some random vibrations selected from dot and line to catch
the dancers’ improvisation. In the end, four dancers went back into the white
box, and the last dancer closed the box. This scene includes a combination of
fully choreographed haptic sections and improvisational haptic sections for the
first part of the scene. At the end, random haptic patterns were applied to en-
hance the intense feeling that the performance has reached its climax rather than

reflecting on any physical movements.

3.4. Summary

In this chapter, we worked in close relations with the dance group and conducted
a series of co-design workshops during a month of dance rehearsals. By embracing
an iterative design approach and actively incorporating feedback from the dancers,
we fostered a collaborative and adaptive relationship which led to the creation of
a haptic design that truly enhanced the dancers’ performances. The iterative
design and feedback loops allowed us to refine and optimize the haptic elements
until they achieved the desired artistic expression and provided a meaningful and
immersive experience for the dancers and the audience alike. We iterated the
feedback process and finally summarized our findings into practical guidelines of

haptic design.
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Chapter 4
Proof of Concept

To evaluate the effectiveness of our haptic design, we involved two public dance
performance in a conclusive study using a mix-method approach including both
quantitative and qualitative analysis. Audience’s viewing experience usually en-
compasses large individual differences in emotion, preference, and arousal level
[76]. Hence, we followed a within-participant approach to measure the audience’s
subjective data using a questionnaire and interview session, which is commonly
used in audience studies [77]. The primary purpose of this chapter is to answer
RQ2.

Audience seat
(cushion type)

D:d

@ x6
@:10
£ x20
TEY x5

%:5

50 seats total

Stage layout

Figure 4.1 Seating and Stage Layout
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4. Proof of Concept 4.1. April: The preview performance

4.1. April: The preview performance

The first release of the dance performance was in April, 2023. This release was
a proof-of-concept performance. In this release, we got general ideas and mining

research value from the audience about the haptic-installed dance performance.

4.1.1 Questionnaire design

Following previous study in audience studies [21], we designed the questions to
inquire about the assessments on experience enhancement and willingness to re-
attend similar performances.

The questionnaire consists of: (1) a demography section; (2) one multiple-
choice with open-ended question on the haptic experience: QI1: How did the
tactile sensations presented affect your viewing experience?; (3) one multiple-
choice question: Q2: Would you like to participate again in a haptic-enabled
performance?; (4) and one free comment section: ”Please provide any additional
comments or feedback about the performance viewing experience that generates
tactile stimuli and music from the body movements of the dancers and audience.”.

This information will guide us in refining the performance and haptic design,

ensuring that future iterations cater to the audience’s needs and expectations.

4.1.2 Participants and Procedure

We received 120 valid responses (Female:74, Male: 43, Unknown:3) among 142
audience members, with an average age of 39.43 years of age. Most of the audience
are highly educated that at least 60 people have a college degree or higher, 44
people are currently in a college, and the remaining 12 people are in high school.

Among 116 audience members, 54 of them watch dance performances several
times a month, 16 of them attend dance performance once a month, 31 of them
enjoy dance performances several times a year, and 15 of them mentioned this
was the first time they attended a dance performance.

We collected interviews and feedback from the audience, which allowed indi-
viduals to explore how the inclusion or exclusion of tactile stimuli can enhance

or alter their understanding and emotional connection to the performance. In
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4. Proof of Concept 4.1. April: The preview performance

Figure 4.2 (a) Before the show starts: A staff member is explaining about the
concept of the performance before the show starts. (b) After the show finishes:

Audience are filling in the questionnaire and chatting.

terms of their personal dance experience, 7 of them are professional dancers, 56 of
them reported that they have experienced in dance and 53 of them have no dance
experience.

Each participant was invited to wear the haptic device and watch the per-
formance twice: once with haptic-installed, and once without haptic feedback.
Before the show started, one staff member introduced about the concept of the
performance and the device. The participants then gave informed consent on
paper to this IRB-approved research, and filled in the demography section of the
questionnaire. The participants watched the first 30-minute show under one of the
two haptic conditions, then took a 10-minute break. Afterwards, the participants
watched the same 30-minute show under the other condition, and filled in the rest

of the questionnaire. The whole session lasted for about 1 hour.

4.1.3 Quantitative results

The quantitative results showed that, overall the haptic feedback yields for a pos-
itive audience viewing experience (see Figure 4.3). Regarding ()1, we found that
60.9% of the participants reported that their viewing experience was enhanced,
20.3% of the participants had neutral opinions or wrote down their thoughts,
17.4% stated that haptic feedback did not have any effects, and one participant

(1.4%) claimed that the tactile sensation ruined the viewing experience. Regard-
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How did the tactile sensations presented affect your viewing experience?  Would you like to participate again in a haptic-enabled performance?

Yes

Option N % I
e | Option N %
Enhanced the
42 60.9%
performance Yes 51 77.3%
Ruined the
" i e B3
performance 1 1A% o 2 3.0%
Not affected 12 17.4% Other 13 19.7%
Other
Other 14 20.3%

Figure 4.3 Questionnaire Results of April Performance

ing Q2, 77.3% of the participants were willing to attend another haptic-enabled

dance performance, and 3.0% were not willing to.

4.2. June: The verification performance

The second release of the dance performance was in June, 2023. This release was
the official performance. In this release, we conducted an exploratory study to
understand the artistic audience experience of the haptic-installed dance perfor-

mance.

4.2.1 Questionnaire design

Method

Previous HCI works leveraged audience satisfaction to evaluate the efficacy of
dance performances [11,78]. Furthermore, audience satisfaction towards perfor-
mance is shown to be effected by audience expectations [79] because expectation
drives rational behaviour [80]. Inspired by these findings, we designed a study
to evaluate audience satisfaction by measuring whether audience expectations to-
wards the performance were met or not. We applied a within-subject approach to
collect participants’ subjective evaluation after watching the dance performance
using a questionnaire. Additionally, we conducted semi-structured interviews with

random participants in the theatre at the end of the study.
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Hypotheses

We constructed a priori hypotheses that our dance performance can achieve its
proposed functionality of delivering haptic feedback to the audience, and therefore
is effective in inducing positive viewing experience on the emotional and cognitive
level. According to the four dimension in the Arts Audience Experience Index
(AAEI) [21], we constructed three hypotheses as follows:

e HI: The proposed dance performance meets the audience’s expectation of

a haptic-installed dance performance. (Risk/Authenticity)

e H2: The haptic-installed dance performance increases the audience’s sense

of engagement. (Collective-Engagement)

e H3: The haptic-installed dance performance enables audience’s to acquire

new knowledge. (Knowledge)

Questions established based on the hypotheses

In the final questionnaire, which contains the first part of demography section
and the last part of free comment section. Other them, we also utilised the Arts
Audience Experience Index (AAEI) [21], an empirically validated scale [81], to
measure the audience’s dance performance experience related to their expecta-
tions. We modified the statements from previous investigation [81] to measure
whether the probing items met the audience’s expectation on the four elements of
AAEIL There are 6 statements to be rated on a 5-point scale ranging from strongly

disagree (1) to strongly agree (5). We detail each probing items below:
o QI: I didn’t feel uncomfortable wearing the haptic device. (Risk)

e ()2: The haptic dance performance experience met my expectations and I

was very satisfied. (Authenticity)

o ()3: The tactile stimulation made me feel a greater sense of presence than I

usually watch a dance performance. (Collective-Engagement)

o (Q4: I felt a connection to the dancers through the haptic device. (Collective-
Engagement)
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o (Q5: I felt that the tactile stimuli presented were consistent with the dancer’s

performative somatic information. (Knowledge)

e (Q6: The haptic dance performance gave me new insights and inspiration
about dance performance compared to the other performances I watched be-
fore. (Knowledge)

4.2.2 Participants and Procedure

We received 131 valid responses (Female:78, Male: 49, Unknown:4) among 148
audiences, whose average age is 43.1. The audience’s level of education is even
higher than the performance in April, which contains 90 people with a college
degree or higher, 32 people studying in vocational school or high school and only
1 people in primary or secondary school.

Among 125 audience members, 50 of them watch dance performances several
times a month, 25 of them attend dance performance once a month, 39 of them
enjoy dance performances several times a year, and 11 of them mentioned this
was the first time they attended a dance performance. Besides, 5 of them are
professional dancers, 50 of them reported that they have dance experience and
70 of them have no dance experience. Compared to the relatively higher level of
education last time, these audiences have less dance experience, for which we can
gain more normal insights and perception towards our haptic design.

The dance performance was staged three times in the same theatre. Before each
show, one staff member introduced the concept of the performance and the device
on the stage. The audience gave informed consent on paper to this IRB-approved
research before the show began. Participants watched the 30-minute show, and
then answered the questionnaire. Right after the show, we conducted a semi-
structured interview with 20 random participants in the theatre (average time
8.75 minutes per person). The research team took field notes of the interview. All
of the interview were audio-recorded and later transcribed with the participants’

verbal consent.
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4. Proof of Concept

4.2. June: The verification performance

Hypothesise Statement Mean  Significance
(sD)
H1 Q@1: 1 didn’t feel uncomfortable wearing the hap-  3.73 7(129)=-6.382,
tic device. (1.062) pj0.01***  d=-
0.558
H1 Q2: The haptic dance performance experience 3.85 7(129)=-7.169,
met my expectations and I was very satisfied. (0.968) pj0.01***  d=-
0.628
H2 @3: The tactile stimulation made me feel a 3.56 7(129)=-4.814,
greater sense of presence than I usually watch a (1.121) pj0.01***, d=-
dance performance. 0.421
H2 @4: 1 felt a connection to the dancers through 3.39 7(129)=-3.520,
the haptic device. (1.117)  pj0.01***  d=-
0.308
H3 @5: 1 felt that the tactile stimuli presented were 3.67 7(129)=-6.148,
consistent with the dancer’s performative somatic ~ (0.999) pj0.01***  d=-
information. (Note: Please answer by whether 0.536
the timing matched the dancers’ body move-
ments, instead of the music)
H3 Q6: The haptic dance performance gave me new  3.49 7(129)=-4.741,
insights and inspiration about dance performance (0.998) pj0.01***  d=-
compared to the other performances I watched 0.414

before.

Table 4.1 Summary of the Hypotheses, Questions, and Quantitative Results.

4.2.3 Quantitative results

We analysed our questionnaire responses in SPSS (see Table 4.1). Shapiro-Wilk

tests were performed to check normality. We report descriptive statistics of the

questionnaire items. We also provide the results of Wilcoxon Signed Ranks Tests

with p-value and effect size which indicates the statistical significance of the par-

ticipants’ fulfilled expectations. We used the baseline score (3) as hypothesised

median for the Wilcoxon tests.
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4. Proof of Concept 4.3. The overall analysis of qualitative results

4.3. The overall analysis of qualitative results

Here, we analysed the comments received from both April and June performance
and summarized the results into three aspects.

First, most of the audience members agreed that the haptic setup was an effec-
tive approach to enhancing their viewing experience. They felt enjoy and refresh
during the experience of watching the dance performance with haptic stimulation.
I think watching the performance with haptic feedback is very interesting.” (A9,
A11, A39, A74, A88) "It’s better to watch the performance with this haptic de-
vice.” (A5, A116, A124) "I concentrated more on the performance with the tactile
feedback.” (A22, A98)

On the contrary, some audience members mentioned that tactile sensations
interfered with their own emotions and feelings. ”I feel that the vibration and per-
formance are mismatched.” (A4, A8, A91) "There is latency between the vibration
and the dance movements.” (A57, A95) "My emotions and thoughts as I watched
the dance were interrupted by the vibrations coming from the haptic device.” (A42)

Second, the audiences reported that they could feel the connection with dancers,
which reveals that our haptic design can improve audience engagement. “The
tactile sensation helps me to visualise the dancer’s movements in my head, which
makes me empathise with him.” (A45) "I feel the vibrations are very much like
a dancer’s heartbeat and breathing.” (A69) ”Haptic feedback breaks the invisible
wall between the stage and me.” (A79) "The distance to the stage varied with and
without tactile sensations. I felt closer to the dancers with haptics. ” (All) 71
felt a sense of unity with the performance.” (A74)

Additionally, parts of the audiences commented that they want the haptic device
to extend to other parts of the body to get a more immersive experience. ”I may
feel more connection with the dancers if the haptic device could cover a larger
area.” (A10) "I want this device to be worn on the abdomen.” (A27) I want a
whole-body haptic device, it is not enough to feel the vibration just on my wrist.”
(A13, A89, A105, A109)

Last, the audiences reported that they got new insights and inspiration about
the performance compared to previous viewing experience as the following three
directions. Tactile sensations can enhance the effects of stage perfor-

mance and the impact of dancers’ movements. “The tactile sensations
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4. Proof of Concept 4.4. Exploration and Observation

made the dancer’s movements clearer and more powerful.” (A1) "My emotions
were controlled by the haptic feedback.” (A67) 71 noticed that tactile sensations
guided my visual targets.” (A242) Tactile sensations can provide affective
information about the dance performance. "Rhythms created by the tactile
sensations can replace the background music.” (A35) "I feel like I understand the
features of this dance group.” (A100) ”I felt contraction and expansion of body en-
ergy.” (A173) Some audiences offer the potential direction of the future
development and social impact with the technology. ”"The haptic device
may provide the opportunity for visually-impaired people to “watch’ the dance per-
formance.” (A30) "I felt more possibility with the live performance, we were not
Just enjoying the visual impact but also feeling each other.” (A87) ”Haptic D.J can
be a new career in the future! I would like to enjoy more versions of the haptic
choreography.” (A227) ”As society becomes more and more digitized, I saw the po-
tential for a place where people’s awareness and attention is focused on the body,
and where resonance between the dancers and the audience is created.” (A90)
Moreover, many audiences shown their interests about our research and their ex-
pectations for the future of this project.. ”I look forward to future developments.”
(A12) "I like the project!” (A61) ”Very interesting. I would like to incorporate it

in my own research.” (A65)

4.4. Exploration and Observation

To further gain insight into the interpersonal experience between a pair of audi-
ences, we randomly invited some audiences to attend a semi-structured interview
directly after the performance. The interview data corpus consisted of audio
recordings of 20 participants (average time in 8.75 minutes), and field notes taken
by the author.

First, the participants with regular dance or sports experience mentioned that
they could feel their perspective change from third person to first person that
they were sitting still on the seat but experienced an illusion of movement during
the live performance, which can be viewed as Kinesthetic Empathy [82]. 7/
imagined that I was dancing on the stage.” (P2, P4, P8) "I felt like I was moving
with them and I got tired together with the ending of the performance.” (P5) ”The
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4. Proof of Concept 4.5. Summary

tactile sensations are similar to the feeling when I am dancing as usual.” (P10)

On the other hand, two participants(P19, P20) who are both professional con-
temporary dancers, reflected that they prefer to watch the dance performance
without haptic feedback as distractions. Their feedback stands for the opposite
side of feedback from people without dance experience. We found that haptic
approach may be unnecessary for those people who have their own way of inter-
preting and enjoying the dance performance.

Second, the participants gained nuanced information about the perception of
space with tactile sensations. Distinguishing from vision and audition, the sense of
haptics emerge as a potential third dimension of sensory engagement for the audi-
ence during their viewing experience. “[ think haptics can be the third-dimension
of the stage performance. When there were no tactile sensations from the de-
vice, I felt as if my senses were getting dulled and the world seemed to be flat.”
(P3) "The momentary disappearance of the tactile sensations create a tense at-
mosphere.” (P12) "I suddenly felt lost and lonely when the vibration disappeared.”
(P14, P15) "When there is no tactile feedback, I feel as if I’'m watching TV at
home rather than being at a live performance.” (P10)

Last, the participants shared their own insights and perceptions about the
haptic-enabled performance. ”I could feel the length, depth and strength of the
movement through the haptics.” (P6) ”The straightforward and aggressive perfor-
mance is suitable for adding tactile sensations.” (P15) ”Haptics make me more
aware of my feelings and emotional changes.” (P13) "Haptics enable a more em-

bodied and intuitive appreciation of the dance performance.” (P1)

4.5. Summary

We held two public dance performance with haptic device installed. Though two
performances, we confirmed that haptic is an effective technology for dancers to
express their dance and get closer to the audience. By adapting the haptic design
of different presentations to different dance movements, we can design tasks of
breaking the invisible wall between performers and audiences, exploring more

possibility to design more creativity stage performance.
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Chapter 5

Discussion

In this section, we summarise our key findings to answer the research questions.
Our work represents the first example of research involving professional dancers
in the development and implementation of a haptic system in public stage per-
formances. We further discuss the potential of haptics in stage performances and
highlight the key challenges for the design of tactile sensations to convey profes-
sional dancers’ performative somatic information.

RQ1: What are the design considerations for haptic feedback to con-
vey professional dancers’ performative somatic information and how do
the dancers perceive it?

In our work, we found that tactile sensations need to be designed by the lived
experience and imagination of dancers, leveraging a realistic point of view while
providing the audiences with freedom of exploration and independent thinking.
When given the haptic as a tool of expression, different performers develop their
own interpretation and creation. However, the balance between conveying pro-
fessional dancers’ performative somatic information and providing an impressive
stage performance needs to be well considered. Our notable contribution is to
represent such an area of co-design research that should be addressed by interdis-
ciplinary collaborations between dancers, haptic designers and engineers. Related
disciplines includes performing arts, music composition, perception, computer sci-
ence and haptic technologies. This approach was carefully tailored to the artistic
vision of the performance and the desired audience experience, resulting in a multi-
dimensional performance that resonates deeply with both the performers and the
audience.

RQ2: How do the audience perceive a haptic-enabled performance
based on the dancers’ lived experience, and what is its potential in

stage performance? Our data suggests that while some of the audiences expe-
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5. Discussion  5.1. Exploring A Novel Sensory Channel for Augmenting Dance Performances

rienced negative feelings towards the intensity of vibrations and the wearability of
the haptic device, they were generally positive about the haptic-enabled viewing
experience. Audience highlighted the increased sense of presence and the change
of their distance with the dancers on the stage. The haptic sensation also pro-
vided them enjoyable and multi-dimensional information to inspire their thinking
and imaginations, which gave them an extraordinary viewing experience. There-
fore, we conclude that our haptic design has the potential to convey performative
somatic information of dancers and enrich the performers’ expression and com-

munication with the audience in future stage performances.

5.1. Exploring A Novel Sensory Channel for Aug-

menting Dance Performances

There are many researches which have investigated new approaches and technolo-
gies designed to augment the performance at a visual level [83,84] and auditory
level [85]. The idea of adding tactile sensation in the live performance was de-
rived from the bi-directional and intricate connection established by dancer and
audience [86]. A similar relationship can be found between touch and emotion
in the field of neuroscience [87,88] and social science [89]. In related-research
on integrating haptic technology into dance performances, a common trend is a
heightened emphasis on enhancing authenticity in terms of accurately conveying
the information of dancers’” movements [90,91].

However, little attention has been given to the direction of materializing dance
through vibration. The design of haptic-based technology harnessing such a rela-
tionship for enhancing the audience’s emotional engagement and connection with
the performer is relatively new.

In our work, we explored how the haptic expression is perceived and used by
the contemporary dancers to prioritize conveying their emotions, imaginations
and concepts. This innovative approach not only enhances the audience’s viewing
experience but also provides a new form of communication for dancers to express
themselves and creates a multi-sensory viewing experience that goes beyond visual

perception, allowing dancers to connect with the audience on a deeper level.
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5.2. Introducing Tactile Feedback to the Viewing Experience for Heightened Audience
5. Discussion Engagement

5.2. Introducing Tactile Feedback to the View-
ing Experience for Heightened Audience En-

gagement

Staging elements and choreography designed to evoke interpretation and emo-
tional responses are employed to engage an otherwise passive audience [92]. Some
of them have been exploring the interactions between performers and stage de-
sign [93,94]. In other words, these approaches detract from the essence of the
original choreography or staging design to some extent. Haptics was regarded
as an unobtrusive channel for communication [?,95-97] and a ideal method to
transfer dance to audience as it is not limited by particular language and other
sensation. Haptic, as the third sensory channel in addition to vision and auditory,
aims to enhance the dancers’ presence and embodiment within the performance
space, creating a sense of immersion and connectivity.

Previous work has also been discussed about music and haptics [98-101], which
mentioned that vibrations can be generated by sound to enhance user’s engage-
ment. While music can play a significant role in setting the mood and rhythm
of a performance [102-105], tactile feedback needs to be responsive to the unique
choreography and movements of the dancers in the context of dance. Since dance
performance involves intricate and sometimes asynchronous movements, the re-
lationship between dance movements and music may not adhere to a strict syn-
chronization.

This added layer of sensory engagement heightened the emotional resonance
of dance movements, offering a profound and open-ended experience that invites
audiences to connect with the performers’ stories on a deeply emotional level while

leaving ample room for individual interpretation and reflection.

5.3. Tactile Performance Practice and Design

In our system, we designed a means for the haptic performer to engage in the dance
works much like that of a musician or live coder. In music which is centered around

live coding, two main aspects which are prevalent are ”the formalization and
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5. Discussion 5.3. Tactile Performance Practice and Design

encoding of music...and the open work resisting traditional forms” [106]. These
two hallmarks were used in guiding our development of this haptic performance
system as it pertains to the interpretation and expression of the dancer’s physical
movements. On one hand, we take the movements and intentions of the dancer
and "encode” these into tactile sensations. On the other hand, we also consciously
resist the urge to present these tactile sensations in a way which is too easily
attributed to the existing musical score. By structuring the haptic feedback system
in a way which allows for easy real-time manipulation and gestural control, the
haptic performer is able to easily convey this adapted interpretation of movement
and intention into a novel multi-modal dialogue between the dancers and the
haptic performer. Another concern which we had to address was the possible
disconnection between what the audience sees and what they feel. Since tactile
and visual movements can be linked to one another [107], we were very conscious in
developing our own performative language to attempt to find a balance between
the direct and the abstract. This kind of visual multi-sensory disconnect was
acknowledged in early electroacoustic music, with the early electronic and tape
music pioneer Pierre Boulez referencing his concerns about the audience hearing
sounds without the assumed or expected visual stimuli [108] in tape works.
Keeping this in mind, we strived to develop the haptic performative language
in a way akin to composers within contemporary dance works. While the focus is
on that of the physical movements and gestures of the dancers, the haptic design
relied on a mixture of visual, gestural, and intentional choreographic elements.
Although the sense of vibration is not inherently connected to the musical elements
of this work, we executed a similarly collaborative and interpretive approach to
the tactile design in concert with the choreographer and dancers, thereby ensuring
that the dialogue between the visual, choreographic, and tactile would work in

harmony together.
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Chapter 6

Conclusion

We proposed a method of mapping dancers’ performative somatic information
during live performances through tactile sensations, which was based on inter-
views and discussions, verbalising and materialisation, co-design sessions, and
independent creation. After reflecting on the whole process we observed how
the dancers perceived and utilised haptics as their expressive tool for the stage
performance setting. In addition, we also analysed the interpretations and feed-
back from the audience about the additional modality which came from this third
sensation channel beyond the visual and the auditory. The results we gathered
are indicative of the possibility of using haptics to connect the performers and
audiences, acknowledging its potential to elevate the dance performances to new
heights. Our work serves as a first step in designing a haptic-enabled viewing
experience of contemporary dance performances. We hope the overall findings
from this work can encourage and assist future development of haptic design and
technology, providing a possible blueprint for collaborations between artists and
researchers to push the boundaries of this technology in live dance performance.

Our studies have a few limitations that should be considered when interpreting
the results. We collected opinions from only 5 dancers due to the collaboration
work in this public dance performance, while a larger sample size In the future, we
intend on collaborating with more dance ensembles and choreographers in order
to develop a more comprehensive and wide-reaching sample size. The issue of lack
of comprehension of the connection between the dance and the tactile sensations
may call for a better design of the haptic patterns in relation to the performance.
This can be further studied through more iterative studies in line with those we
already conducted in the current work. Furthermore, a "compendium” or ”score”
that correlates tactile sensations with dance movements would facilitate more

meaningful and intentional application of the performative tactile sensations. In
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6. Conclusion

terms of the performance settings and audience interaction/application, a certain
amount of time for the audience to adapt to the viewing experience with hap-
tics could facilitate a more precise communication of sensory experiences during
the performance. This would not only allow the audience to better understand
the tactile/choreographic connection but also facilitate a more direct connection
between the audience, the haptic system, and the dancers.

In addition, another problem was the shortage of recorded data about the au-
diences’ opinion and comparison between with and without haptics due to the
limitation of being a limited set of public dance performances. However, we in-
terviewed some audiences and all performers after the public presentation, which
alleviated some of the problems of missing data. More comprehensive feedback ac-
quisitions and direct interviews with the performers and audience members could
remedy this current limitation.

Another key limitation which we plan to correct is that of avoiding unpleasant
sensations and unendurable strong vibrations that distracting people from enjoy-
ing the performance. It is important to empower the audience members with the
possibility of personalizing their haptic device, such as adjusting the intensity of
vibration, selecting their favorable haptic choreography, and changing the num-
ber and location of wearable haptic devices. Doing so could give the audience a
stronger sense of agency.

Finally, a future direction of our work is to explore this system in terms of
use cases in supporting haptic-friendly environmental design, which could provide
insights into the potential use of haptics to share the performers’ introspection
with the audience. We expect a long-term study on the effectiveness of our haptic
system and design methodology. Lastly, we aim for the future development of
adding a tactile sensation channel to the live dance performances which would
incorporate all our research and findings into an easily applicable methodology

and system/performance design template.
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