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Abstract of Master’s Thesis of Academic Year 2021

Frisson Waves:
Sharing Frisson to Create Collective Empathetic

Experiences for Music Performances

Category: Design

Summary

Frisson is a feeling and a mental experience of body reactions such as shivers,
tingling skin, goosebumps. This research proposes Frisson Waves, a real-time
system to detect, trigger and share frisson in a wave-like pattern during music
performances. The system consists of a physiological sensing wristband for de-
tecting frisson and a thermo-haptic neckband for inducing frisson. This project
aims to improve the connectedness of audience members and performers during
music performances by sharing frisson. In this thesis, we described thoroughly
the literature and works related to exteroception and interoception interaction,
emotion contagion, concept design process, and system development process. Re-
sults of studies proved a significant effect of triggering frisson, detecting frisson
and capability of sharing frisson and primitive enhancement of connectedness in

a live performance context.
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Chapter 1
Introduction

1.1. Motivation

I went to classical concerts quite often after I came to Japan. Every time they
felt like an enjoyable sound bath. But during the pandemic time, concerts were
all canceled, those weird but amazing sensations in the concert were also gone
consequentially. After almost one year since the pandemic, I went to a live concert
again. I suddenly realized those long-lost feelings are what my body is responding
to the strong emotions the music brings to me. I felt goosebumps, shivers, I have
a lump in my throat, I have tears in my eyes. These feelings of sudden excitement
are called frisson. After the concert, I asked my friend, ”that piece gives me frisson,
can you feel it?” Not only because I want my friend to feel frisson but also my
feelings. In traditional music concerts, people usually do not communicate with
the one sitting with them, also people don’t have connection with performers,
performers don ~ t know what the audience are thinking about.

Also in the pandemic quarantine time, we need to stay home and everything
is online. Social contact gradually became less frequent and people were more
distant. When I stay at home, except for online courses, I spend quite a lot of
time playing piano. After playing piano alone for a long time, I get in contact
with people who are also playing music by themselves and try to overcome the
quarantine life. Then we started to play together once a week and discuss holding
a concert together, so we can have something to look forward to. I would say to
some extent that music and the chances of social communication brings us hope
in the lifeless gray of the pandemic.

Before the Frisson Waves project, I investigated the hedgehog dilemma metaphor
which created an experience for how people who are afraid of social interpersonal

communications are going back and forth to seek for social warmth. In Frisson
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Waves research, I am not only trying to combine art and technology to create
new experiences for live music performances, finding out the contagious embodied
aesthetic emotions, but also trying to create implicit chances for people including
this research project team and myself to communicate more with others, getting

social connections.

1.2. Overview and Goals

This research project aims to create new experiences for live music performances.
Frisson Waves describes a novel way of sharing frisson through a haptic meta-
somatic interaction system based on physiological sensing and thermal haptic

feedback. There are two main goals to achieve.

e The first goal is to detect frisson automatically and induce frisson among
the audience during music performances in a way that music performers can

perceive it and be reactive to the audience.

e The second goal is to explore whether frisson sharing can enhance connect-
edness of the audience and performers or not. If yes, to what extent we can

enhance the co-presence and empathy between all participants in concerts.

The Frisson Waves system consists of a smart wristband measuring heart and
electrodermal activity to detect sudden changes related to frisson, and a neckband
with Peltier thermoelectric modules to induce frisson. This system enables us to
detect and transmit the sensation of frisson throughout the audience in wave-like
patterns, like ripples on the water.

To evaluate this system, there were three experiments related to triggering and
detecting frisson. Two experimental concerts were held to evaluate this research
concept, the first one one for recording frisson live, the second one for sharing
frisson in real time. Later on, on October 3rd, this research project will collaborate
with Karuizawa International Youth Concert. In this thesis, the planning and
designing of the collaborative concert will also be introduced.

Through sharing frisson, this research also wants to show how we can share
things that are usually limited to a person and look into how we can augment our

sensations by sharing experiences.
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1.3. Thesis Outline

This thesis has six chapters in total.

The first chapter will give an introduction about my motivation, general goal
and overview of Frisson Waves research project.

In the second chapter, literature review and related work on how experiencing
emotions triggers body reactions, how embodied sensations generate emotion, how
people influence each other when they feel or feel others’ emotions or body sensa-
tions. Then the embodied aesthetics experience ”Frisson” will be introduced with
appropriate scientific background of frisson, the psycho-physiological responses of
frisson, causation, detecting, triggering, sharing of frisson.

In the third chapter, the design and the concept of Frisson Waves will be in-
troduced based on field work including classical music concerts observations, per-
formance observations and different tryouts including visually interactive piano
performance, also with the inspiration of previous hedgehog work. Then this
thesis will talk about an overview of Frisson Waves, concept design, prototype
iteration design, system design methodology.

In the fourth chapter, the development process and experimental validation of
how frisson is detected, generated and shared with the developed system will be
introduced which will give readers the information of the developing framework
and details.

The fifth chapter will introduce three studies of triggering frisson, detecting
frisson, and two experimental concerts of recording frisson, sharing frisson. They
are aiming to serve as proof the concept of frisson sharing.

In the last sixth chapter, conclusion and future work will be discussed.

All the study materials including questionnaires are in the appendix.



Chapter 2

Literature Review

This chapter will cover the literature review and related works. Literature will
introduce the overview of aesthetic emotions and the neurobiological mechanism
of how we feel from our mind to our body, how we feel from our body to mind and
the blurry boundary between mind and body. Then this chapter will talk how
individual feelings affect each other and the effect it can bring to people. Based
on the three parts of previous literature and works, Frisson, the psycho-physical

response will be introduced.

2.1. Mind to Body: Embodied Aesthetics

2.1.1 Aesthetic Emotions

Emotions

Human emotions are rich and complicated. Perlovsky et al. [9] stated that we
can experience the multiplicity of emotions fragmentally or continuously which is

beyond words like feeling happy, sad, peace, etc.

Aesthetic Emotions and Assessment

Embodied aesthetics means embodied responses and resonance of aesthetic emo-
tions and experiences. Perlovsky et al. [9] proposed that aesthetic emotions are
emotions that we feel when we are in aesthetic activities such as such as dancing,
painting and gymnastics, which has elements related to pure beauty or when we
appreciate things. ”Measuring the Aesthetic Emotions” research from Schindler
et al. [10] provides a comprehensive literature review about aesthetic emotions and
an assessment tool for it. The AESTHEMOS subscale from Schindler et al. [10]
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covers prototypical aesthetic emotions [11] which include feeling of beauty, liking,
fascination, being moved, and awe. Besides, the AESTHEMOS Subscale from
Pelowski et al. [12] accesses the pleasing emotions with positive affect valence
such as joy, humor, vitality, energy, and relaxation as well as epistemic emotions
such as surprise, interest, intellectual challenge, and insight, etc, negative emo-
tions such as anger, sadness, confusion, etc.

Emotions that are induced by music are diverse and rich where we can experi-
ence a huge variety of emotions, most of which are aesthetic emotions. Zentner
et al. [13] characterized the music-induced emotions and the paper provided the
measurement tool of music-induced emotion.

Aesthetic emotions cover rich ranges of emotions which differentiate in valence,
arousal and dominance , and aesthetic emotions happen in the context of aesthetic
activities. In order to measure audience ’ s aesthetic emotions in live music per-
formance, this thesis uses the Self-Assessment Manikin Scale [14] which is more
intuitive for audience to report compared with the previous two aesthetic emotions

measurement tools from Schindler et al. [10].

2.1.2 Embodied Aesthetics
Mind to Body Model

Our bodies are always responding to our minds in some ways. Some body re-
sponses are obvious for us to perceive. For example when we feel sad while
watching movies or listening to music, we can clearly perceive that our body
is responding with difficult breathing, feeling a lump in the throat, or crying, etc.
Jain et al. [6] proposed some body responses are always hidden to the percep-
tion that they are so subliminal that we could not even notice the changing, for
example when we are watching movies we can’t tell how our glucose levels are
changing.

Body to Mind Model figure(see Figure.2.1) is excerpted from the research " The
nature of feelings” of Damasio et al. [15]. Since the next sections of Body to
Mind, Individual to Individual Mechanisms Framework are based on Body to
Mind Model figure (see Figure.2.1), so this thesis made this editable version.
Body to Mind Model figure(see Figure.2.1) will introduce the mechanism of how
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aesthetics emotions are generated from exteroception to our mind.

In the Mind to Body Model, external changes such as aesthetic stimuli are
displayed in the exteroceptive system which are vision, hearing, touch, taste and
smell, then minds generate feelings, drives, emotions. Damasio et al. [15] proposed
that feelings means mental experiences of body states, drives which are an innate
physiological action aimed at satisfying basic physiological needs such as hunger,
libido. Emotions are innate physiological actions that are triggered by perceiving

or recalling external stimuli.

The Psycho-Physical Responses of Aesthetic Experiences

Scarinzi et al. [16] proposed that aesthetics experiences are as known as artistic
experiences that arise in response to works of art or other aesthetic objects. Shel-
ley et al. [17] proposed that aesthetic experience aims first at understanding and
appreciation, at taking in the aesthetic properties of the object. Stecker et al. [18]
proposes that aesthetic pleasure is pleasure taken in finding something valuable
or in admiring it. Human artistic experiences have diverse manifestations such
as associated various feelings, emotions, body reactions, physiological responses.
There are various psychological responses to emotion and affect in Physiologica
Responses to Aesthetic Experiences Figure(see Figure.2.2). Inside the affect-space
framework for aesthetic experience, awe, chills, frisson, moves, thrills, transcen-
dence, etc. are indices of aesthetic experience when humans are in a deep hedonic
tone of positive affect valence.

Towards the psychological responses of aesthetic experience, there are various
corresponding body responses like Psycho-physical responses to Aesthetic Expe-
riences (see Figure.2.2). For example, the tingling sensation, goosebumps, shivers
are the correlated body reactions to mental experience of frisson or chills. Phys-
iological Responses to Aesthetic Experiences figure(see Figure.2.2) is excerpted
from the research from Schubert et al. [1]. From the summary of physiological
responses(see Figure.2.3), Armony et al. [2] proposed that heart rate, heart rate
variability, blood pressure, electrodermal activity, respiratory rate are associated
with each emotion.

Physiological Responses to Aesthetic Experiences figure(see Figure.2.2) is ex-

cerpted from the research from Armony et al. [2]. Since physiological responses
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Figure 2.2 Psycho-physical responses to Aesthetic Experiences [1]

Figure 2.3 Physiological responses to Aesthetic Experiences [2]
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of frisson is added in the chart to compare with other feelings and emotions. HR
is heart rate which means the time of hearts beats every minute. HRV means
high frequency components of heart rate variability. When HR is low, the differ-
ence between every two R-R intervals(calculated based on the interval between
the peak R and the R point in the ECG signal complex) is big, HRV is higher.
When HR is high, the difference between every two R-R intervals is small, HRV is
lower(see Figure.2.4). Ramachandran et al. [19] proposed that EDA which means
electrodermal activities is a direct measure of the amount of limbic (emotional)
activation, EDA is also called as GSR (galvanic skin response), or SCR(skin con-
ductance responses). EDA allows us to access a human’s unconscious mental
process. In the thesis, HR, HRV, EDA changes of frisson feeling will be mainly

discussed.

= bvp

2800 R R

2100

1400

Low HR — HRV 1
High HR — HRV |

700

Figure 2.4 Heart Rate, Heart Rate Variability, R-R intervals

Mind to body model explained the mechanism of receiving external aesthetic
stimulus through exteroception system generated drives, emotions, or feelings and
then drive the body to occur various reactions. Mind to body model also provided
solid literature results of embodied aesthetic emotions occurring context which is

a footstone of triggering frisson for this thesis.
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2.1.3 Related Works of Neurological Aesthetics

These sections will mainly introduce the aesthetic works that are explored with
neuroscience cognition especially in performing arts.

From the research of Peacock et al. [20] that before human interaction technol-
ogy has been applied to aesthetic works, artists were already exploring art works
with psychology experiments. Research of Berman et al. [21] shows that Alexan-
der Nikolayevich Scriabin (Russian composer, pianist, 1871 - 1915) proposed his
synesthetic perception of color hearing. Scriabin’s color symbolism of synesthesia
experiences® different colorful vision sensations and moods in response to different
music chord stimuli. For instance, ”yellow” are not assigned for chords of D, G
Sharp, C, F Sharp, B, E, but also aims to convey the mood of joy or happiness.

The Boiling Mind [22] project showed a novel way of choreography stage pro-
duction which enhances performer-audience connection through sonification and
visualization of physiological sensing data. Boiling Mind also inspired this re-
search a lot by blurring the boundaries between performers and audience and
bringing the audience to the stage.

Un-Sychronized Orchestra? is a series of concerts which are created by Media
artist Yoichi Ochiai cooperated with Japan Philharmonic Orchestra. This projecte
reconstructs orchestra performances in the pandemic time with various technol-
ogy such as synesthesia arousal, haptic interactions, visualizations to bring novel
experiences and liveness to live music performances.

NEUROLIVE? is a research collaboration project between artists and scientists
in European Research Council. This project started from 2020 which aims to
investigate, practice, conceptualize, and measure the liveness of performances. In
NEUROLIVE project’ s proposal, when performers and spectators are experienc-

ing liveness, the psycho-physiological responses and neural involvement between

1 Interlude

https://interlude.hk/scriabins-color-symbolism-music/

2 Un Synchronized Orchestra
https://www.wOw.co. jp/works/un_synchronized_orchestra

3 NEUROLIVE
https://neurolive.info/About
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performers and spectators’ minds and bodies are quantitatively. This thesis is also
trying to measure and quantify frisson in liveness of music performances through
generating mind-body unison responses, and explore more about neuroscience and
aesthetics.

ADVANCED ART DESIGN LAB 4 is established from 2021 in The University
of Tokyo. This lab focuses on nature-centered, human-centered, inclusive design
associated with art. Their music performance works, ”"BEATITUDES”, ”Nature-
Centered Concert”, ”Hospital Concert” shifted more attention to the environment
and their audiences which explored harmonious ways of expressing music, connect-

ing nature and humans also enhancing the empathy and co-presences.

2.2. Body to Mind: Interoceptive Technologies

2.2.1 Interoception Interaction and Body to Mind Model

"We cry because we feel sad, or we feel sad because we cry?” This question
from James-Lange theory of emotion [23] about the expression and experience of
emotion can be regarded as that phenomenon of an body action could also evoke
the associated emotion. Jain et al. [6] proposed that interoceptive technologies
means inducing emotions from the body to mind. For example, the project from
Fukushima et al. [24] showed that moving the muscles on the face to generate a
smile may lead to the emotion of happiness in the mind. Interoception means
we perceive through internal body states which cognition level could be from
subliminal to metaconscious. Interoceptors are also called visceroceptors that
detect stimuli in human internal organs as well as visceras: heart, kidneys, bladder,
skin, hormones, lungs, stomach, intestines, bone, immune cells.

Body to Mind Model figure(see Figure.2.5) is excerpted from the research ” The
nature of feelings” of Damasio et al. [15]. Since the previous sections of body to
mind, and the next section of individual to individual mechanisms framework is
based on this Body to Mind Model figure, so this thesis made this editable version.

Traditionally, human computer interaction technologies stimulate conscious sen-

4 ADVANCED ART DESIGN LAB
https://www.aad.rcast.u-tokyo.ac.jp
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sations in exteroceptive systems such as vision, hearing, smelling, gustation,and
haptic. The body-mind model which utilizes interoceptive technologies to process
body to mind pathways affects cognitive processes such as behavior and emotion.
Body to Mind model helps in decreasing the information processing working load
of memory through branching the perception and conscious information process-
ing situations which creates more implicit interactions than exteroceptive inter-
actions. Price et al. [25] proposed that interoceptive awareness is the ability to
identify, access, understand, and respond appropriately to the patterns of internal
signals. For example, interoception is when people find out pen is destroyed by
someone intentionally, and people recognize their muscle tight end, fist clench,
heartbeat quicker, face get warmer. People may interpret this sensation of feeling
the emotion of anger. Craig et al. [26] proposed that interoception provides a
distinct advantage to engage in life challenges and on-going adjustments.

Body to mind model which explained the mechanism of receiving external ther-
mal stimulus through interoception system generated body responses and then
drives minds to feel various drives, feelings, emotions. The body to mind model
also provided a solid basis of interoceptive interaction technology and the utiliza-

tion possibility for this thesis to trigger frisson.

2.2.2 Related Works of Interoceptive Interactions

Interoceptive interventions and interactions works usually used for behavioral,
cognitive and affective interventions and regulations. Related works are embody-
ing feelings through metasomatic interactions which aim to drive cognition or
emotion by driving physical sensation. In the ”Emotion Check” project [27], pro-
vides that false feedback of a slow heartbeat when people are detected to feel
anxious. In the project from Nishimura et al. [28] shows that facilitating affection
through haptic false feedback of quicker heartbeat. ”Interactonia Balloon” [29]
explores creating the feeling of tension and releasing of tension by simulating the
respiratory status consciously through an interactive balloon art work. The work
from Ban et al. [30] regulates the level of relaxation by controlling the rhythm of

somatic sensation of breathing.
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2.3. Individual to Individual: Contagious Em-
bodied Responses

2.3.1 Emotional Contagion and Empathy
Emotional Contagion

”Say, cheese”, people usually also start to smile when taking a photo of other
people smiling. Laughing is contagious, crying, frowning, yawning and so on
are also contagious. Prochazkova et al. [31] proposed that emotion contagion is
the phenomenon of having one person ~ s emotions and related behaviors directly
trigger similar emotions and behaviors in other people, which takes on the sensory,
motor, physiological ,affective states of others.

From the theory from Prochazkova et al. [31] that there are three-step processes
in emotional contagion: mimicry, feedback, and sharing. The first step is mimicry-
ing of motor sensory functions such as facial muscle movement, eye contact, or
mimicrying of autonomic systems such as pupil diameter changing, blushing phys-
iological synchrony. The second step is feedback which means the brain interprets
the physical actions we mimic into associated feelings and switches on the feelings
inside our brain. The third step is sharing which means we share the emotional
experience with people we mimic until behaviors and emotions become synchro-
nized. For instance, In the sample scenario, person A feels sleepy and tired so
person A yawns. Person B saw A yawns, B also unconsciously yawned. B is
yawning and B’ s brain correlates yawning with tired and sleepy, B starts to feel

tired and sleepy. Now A and B are both tired and sleepy.

Empathy

Prochazkova et al [31] states that empathy is a mental process that enables humans
to take another’s perspective and relate to other people’s emotions, thoughts and
intentions. It is actually not an ability people are purely born with as perceptive
thinking does not develop in our brain before the age of four. Certain aspects of
empathy are developed later in life and learned through interactions.From Preston
et al. [32] that emotion contagion is also the primitive form of empathy accord-

ing to the perception-action model. Cognitive empathy is a more sophisticated
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process and extension of emotion contagion. Empathy multilayered in firstly,
emotional contagion, secondly, sympathetic activation and concern which occurs
when experiencing excitement or stress and thirdly perspective-taking ability. De
et al. [33] suggested that the basic development of empathy, emotional contagion
matches the state of self and others, sympathetic concern usually companies with

consolation, perspective-taking will target help objects.

2.3.2 Individual to Individual Model

In the social interaction context, people are not separated emotional islands.
Rather, they continuously spread their own moods and receive and are influenced
by others’ moods. When they are together, they literally could catch each other’s
emotions like viruses, a phenomenon known as emotional contagion. This thesis
is mainly trying to explore interoceptive interactions to create emotion contagion

so as to arouse empathy in the context of performing art.

¥ e
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I il B Exteroception Exteroception |
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Body to Mind Body to Mind
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Figure 2.6 Individual to Individual Emotion Contagion Model
Individual to Individual Emotion Contagion Model figure(see Figure.2.1) is

15



2. Literature Review 2.4. Embodied Aesthetics Feeling: Frisson

modified from the research ”The nature of feelings” of Damasio et al. [15] and
” A neurocognitive model of emotional contagion” of Prochazkova et al. [31]. Indi-
vidual to individual contagion model combined mind to body model and body to
mind model and emotion contagion process to explain the mechanism of sharing
body responses or emotions to create a contagion emotion of body reactions effect
between individuals. The individual to individual contagion model also provided
a solid basis for sharing frisson to create collective experiences and share personal

psychological or physiological to have an effect on social significance.

2.4. Embodied Aesthetics Feeling: Frisson

2.4.1 Scientific Background

Frisson is a feeling, which is the mental experience of body states like goosebumps,
shivers, skin tingling. Frisson is described as a sudden strong feeling of excitement
often together with so-called goosebumps. It * s known as aesthetic chills or musi-
cal chills which refer to a set of bodily sensations, such as shivers, or piloerection
(goosebumps), transient paresthesia (skin tingling), sometimes along with mydri-
asis (pupil dilation). From the defination of Schoeller et al. [34] that the embodied
feeling of frisson induced body sensations that it * s a physical feeling of shivers
down your spine and tingling on the nape of your neck and the back of your arms.
Having goosebumps is a physiological phenomenon that small bumps appear on
the skin surface as the hairs stand up. Frisson can be caused by cold, fear or a
strong emotional stimulus. Frisson or ”having goosebumps” is strictly personal
with highly individual differences rather than a shareable experience among peo-
ple. However, while some people have a strong frisson response, not all people
perceive these moments of mind-body dualism naturally that are not shareable
with others.

2.4.2 The Psycho-Physical Response of Frisson

In daily life or in the context of a musical performance or a concert ,when live
performances deeply resonate with us, our bodies respond with physiological re-

actions - we call this phenomenon ”frisson”. Frisson is not a shareable experience
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among people. Some people are more likely to feel frissons while others are less.
For example, some people will feel goosebumps when they listen to a musical per-
formance, while others do not. Even when we are together with others, feeling
goosebumps is a strictly personal experience. This thesis aims to understand, aug-
ment and share how we experience frisson in live music performances to free our
body and brain to try more distinctive experiences. People can have goosebumps
as a reaction to coldness, but goosebumps can also be a physiological response to
an emotional experience.

Frisson is a reappraisal response since we feel frisson because of fear or cold so as
to take actions to survive®. Nowadays frisson is shifting from response to danger
to aesthetic emotions. Feeling frissons or aesthetic chills frequently is considered
a sign of enjoyment and pleasure. Frisson has universality that across cultural
and context boundaries, humans could feel frisson, other species such as cats,
porcupines can feel piloerection (goosebumps). Mccrae et al. [35] and Panksepp
et al. [36] states that frisson is a strong emotional indicator as well which is usually
triggered by intense and discrete emotion. Silvia et al. [37] states that risson is
a somatic maker which refers to a physically felt signature of an emotion.Haar et
al. [38] states that frisson or chills have been related to various complex emotional
states such as awe, insight, prosocial emotions, and being moved such as the
emotions in the Distinct Varieties of Aesthetic Chills diagram?2.7.

2.4.3 Causing, Detecting, Triggering, Sharing of Frisson
Causing of Frisson

The cause of frisson could be mainly concluded in four factors like in the formula
below. Pgoosebumps = Cf(Sc + Id + Ap)® Pgoosebumps means the percentage
chance of getting goosebumps. Cf refers to cognitive factors. Sc means social

and environmental context. Id means individual differences. Ap means acoustic

5 GooseLab
http://www.goosecam.de/index.html

6 Barclaycard
https://home.barclaycard/insights/2018/09/giving-goosebumps—---the-

importance-of-customer-experience/
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Figure 2.7 Distinct Varieties of Aesthetic Chills [3]

properties. From this formula, Pgoosebumps = Cf(Sc + Id + Ap), the percentage
chance of getting goosebumps are caused by Cognitive factors (Cf), Social and
environmental context (Sc), Individual differences (Id), Acoustic properties (Ap).
Cognitive factors mean personal attachment to certain music. Social and envi-
ronmental context means being alone or being with a group of people. Individual
differences mean individual characters or openness toward things and experiences.
Acoustic properties mean features of the music such as volumes, rhythms. From

this, the scenario of live music performance could cover the four of the factors.

Measuring of Frisson

There are many ways of measuring chills or goosebumps including physiological
sensing, optical measure, self assessment. In order to find the way of automatic
detection of frisson in live music performances context, unobtrusive and uncon-
scious measurements are the main methods to be discussed in this section. The
existing method of frisson recordings are as fellows: The methodology of utiliz-

ing visible topological states to objectively detect piloerection was developed at
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(b)

(a) GooseCam CapacitivePiloerectionSensor

Figure 2.8 Measuring Goosebumps Methods [4] [5]

this research”(See as2.8a). Through recording the spatial frequency changes in
the visible domain, this goosecam is able to accurately detect the happening of
goosebumps. Research from Benedek et al. [4] combined the goosecam(see Fig-
ure.2.8a) for continuous measurement of piloerection and self-report method to
record goosebumps which provided a reliable mapping of emotion and occurrences
of visible piloerection. However, the recording of frisson needs a bigger recording
zone on the body skin since the area of feelings frisson differs in individuals, this
goosecam will not be suitable for various areas of frisson detection. In the context
of live music performance, lighter and convenient wearable devices are vital for
the better experience of performances.

Kim et al. [5] proposed measuring mechanical changes in the skin to detect
goosebumps through a capacitive skin piloerection sensor(see Figure.2.8b) is the
method developed by this research. This is a consistent and convenient measure-
ment though it " s not applicable for live concerts due to the limited area and cost,
and difficult disinfection methods limitation in this pandemic time.

In the work of Grewe et al. [39] that revealed the correlationships with physi-
ological responses between emotions and chills. The two physiological signals of
SCR(Skin Conductance Response , is also called Electrodermal activity) and HR
(Heart Rate) reported peaks during the chills sections of music. Electrodermal

activity (EDA) is an authoritative indicator of emotional arousal associated with

7 GooseLab
http://www.goosecam.de/index.html
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human behavior. EDA is also often referred to as galvanic skin response or GSR
and EDA reflects the sympathetic nervous system activities which are affected by
the activation of the psychological system and emotion. The well-standardized
EDA output is for peak detection. Heart rate (HR) is a reliable indicator of
emotional valence. EDA Explorer® from MIT Media Lab tool is effiencient as well
Benedek et al. [40] also found out the increase of phasic electrodermal activity and
increased respiration depth are primarily associated with piloerection. Data set
from Zhang et al. [41] included 457 people ” s simultaneous electrodermal activity
responses to music emotion recognition. The research from Grewe et al. [42] looked
into electrodermal activity of chills stimulated from four different sensory domains
that are tactile, aural, visual, gustatory. In their experiment setup, participants
were asked to press the button of a computer mouse whenever they perceived a
feeling of frisson or chill during a stimulus with an explanation of chills. They
also provided a control group to excerpt the possible effect on physiological data
from motor action when pressing the button. In summary of the measurements
of frisson mentioned above, Frisson could assess via a combined self-report and
physiological (galvanic skin response) measurement. Detecting physiological sig-
nals such as electrodermal activity, respiratory rate and heart rate combined with
self-report are the most efficient and common ways. Though the physiological re-
sponse patterns of piloerection is also under discussion in the research mentioned
above, it provided an insight and possibility to detect frisson based on the spe-
cific model or pattern of frisson. In order to detect frisson automatically in the
live concerts context, collecting frisson data and the training model of frisson is
necessary. The research, ”Suppressing the Chills” [43] suggests using an analog
slider for continuous self-report measurement along with skin conductance mea-
surement. Compared with button pressing, it might be easier to find the frisson
EDA pattern.

In order to get an overview of the training model of physiological data of a
phenomenon, this related work about convulsive seizure detection. Poh et al. [44]
provides a concrete workflow from observing phenomenon to recording physio-

logical responses data and motor actions data, automatic detecting convulsive

8 EDA Explorer

https://eda-explorer.media.mit.edu
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seizure through machine learning, and applying the model into medical concrete
practice with over 96 percent accuracy. Poh et al. [45] analyzed electrodermal
activity(EDA) and accelerometry using a sliding window of 10 seconds to reduce
data error from non-motor and non-rhythmic epochs and then extract various
features. By utilizing the SVM (support vector machine) algorithm. SVM classi-
fierswere constructed to produce posterior probability estimates for each feature
vector. A decision threshold was applied to the posterior probability estimates to
assign each epoch to a seizure or non-seizure class.

This framework is appropriate to frisson model training as well except frisson

responses are more instantaneous and interindividual different.

Triggering of Frisson

Based on the factors that cause frisson, there are a lot of related works exploring
triggering frisson from external stimulus. Grewe et al. [42] proved that among
different sensory domains, tactile feedback is the most frisson-tending trigger such
as moving feathers around the neck. In the ”The Thermal Feedback Influencer”
[46] project that sudden cold thermal feedback in the context of listening to music
is also proved to be the obvious trigger of frisson and could enhance music listening
experience. The project ”Frisson” [6] created a spine-attached thermal band as an
aesthetic prosthesis(see Figure.2.9a)to induce emotions from the body up through
interoceptive technologies. Work from Fukushima et al. [7](see Figure.2.9b) and
"MAGHair” [47] project controls and stimulate body hair to augment the feeling
of surprises and awe. Kato et al. [48] simulated the feeling of bugs climbing
on the skin through tactile haptic feedback to create a sensing of disgusting.
Colver et al. [49] proposed aural stimuli such as aesthetic work of music or sound
are also relatively easy to trigger frisson. To trigger frisson, not only through
different pitch, rhythm, volume of the music and sound itself which create various
abundant music expressions and approaches matters for triggering people to feel
frisson, but also spatial sound technologies could have influence on generating
frisson. For example, Miyazaki et al. [50] explored enhancing goosebump binaural

recording sound technology in ASMR triggers.
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Figure 2.9 Interoceptive Technology of Enhancing Frisson and Awe [6] [7]

Sharing of Frisson

Previous works related to frisson sharing exist, Neidlinger et al. [8] have explored
externalizing and sharing the feeling of goosebumps with color visualizations and
inflatable textiles in the work ” AWElectric” (see Figure.2.10). However evaluation
on the user experience is not accessible yet. So far no attempts have been made
to share frisson collectively during music performances. To bridge this gap, this
thesis introduces Frisson Waves: a haptic metasomatic interaction system based

on physiological sensing that detects, generates, and shares frisson.

Figure 2.10 AWElectric: Share Goosebumps [§]
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Chapter 3
Concept Design

3.1. Overview

Sharing and experiencing unshareable sensations such as frisson in realtime is
the primitive attempt of freeing our bodies and minds. In addition, the loss
of liveness and sensations because of the pandemic led to recessive influence on
current society and human living situation. In order to overcome the difficulty
of real time sensations sharing and the situation of the pandemic as well as to
bring back and share the feeling from liveness, this research explored multiple
tryouts of somatosensory interactions works and formed the current concept of
sharing frisson in live music performances with physiological sensing technology

and interoceptive haptic technology.

3.2. Observation of Classical Music Performances

This session will talk about how the concept design is developed from the initial
idea of augmenting music performances’ expressiveness to somatosensory sharing
in live music performances. Initially, through the field work of going to classi-
cal concerts which are held by the Tokyo Philharmonic Orchestra every month,
the idea is mainly triggered by noticing that traditional music performances are
usually one-way expressions by the artist and expressed from the artist to the
listeners. Therefore, this research aims to design and develop an interactive music
performance based on musical perception of the performer. For example, through
a pre-interview, the interpreted and sensory perception of the music piece will be
designed into real time visualization during performance. Through the augmented

performance, this research aims to express the performer’s feeling and enhance the
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empathy and connection between listeners and performers. This research aimed
to find out how the mediation technology augments the performances. Then this
research plans to narrow down the research range of music performances into
classical piano performances. Before the performer plays, the performer will be
interviewed about their feeling and understating of music pieces like their personal
memory and emotion or imagination through a designed toolkit. The content of
the interview and the real-time physiological data of the performer and the listen-
ers will be visualized during the performance through projection mapping. After
the performance, feedback from the experiment subjects will be collected to evalu-
ate the research. Therefore, the field work of live piano performances observation
and physiological data recording is conducted with the help of Xuan He(Piano
Performance Major of Graduate Student of Tokyo University of the Arts).

Figure 3.1 Piano Performance Field Work

During the piano playing, the physiological sensing wristband [51] is worn on
the hand. Due to the fast movement of the hands and fingers, the recording of
electrodermal activity and blood volume pulse data are unsteady and not accu-
rate. Also from the feedback of the pianist, wearable devices on the fingers caused
a distinct influence on the performing experience. Due to this feedback, the wrist-
band’s electrodermal activity mental sensor is adjusted to two conductive silicone
patch which could be attached on the neck.
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Figure 3.2 Conductive Patch of Wristband Electrodermal Activity Sensor

3.2.1 Iteration Zero: Visual Interactive Piano

Based on the field work and observation, the goal of sharing performers ’~ feeling
and imagination are designed through real-time visualization of music and phys-
iological data with projection mapping. The visualization of MIDI interaction
piano performance implementation is conducted as depicted in the Visual Inter-
active Piano Performance Setup(see Figure.3.3). 88 keys are assigned mapped in
a color lamp from blue to red, the force of hitting piano keys is mapped as the size
of the objects. Objects are designed before the playing which the player thinks
is more close to the imagination. For example, pieces from Bach are represented
with symmetrical circles, pieces from Debussy are represented with abstract lines.

This prototype aimed to make a demo of the augmented classical piano per-
formance. Based on this experiment, this prototype wanted to look into how the
mediation techniques can be applied to performances in general. However, there
were two main obstacles of this version of prototype to realize the goal of sharing
feelings. Firstly, the visualization is not triggering the audience’s similar feeling
or imagination real time from performers such as feelings of frisson or imagination
when playing. Back to 1997, artists such as Sakamoto Ryuichi, Iwa toshio already
did a lot of experiments with visual interactive music playing'. It becomes difficult
to find novel and interesting research questions. Secondly, the modified physio-

logical sensing wristband was not working for putting on the ear for performer,

1 Divertimento for an Image Playing Piano Sakamoto Ryuichi and Iwai Toshio’s Experiment
InterCommunication No.20
https://www.ntticc.or.jp/pub/ic_mag/ic020/intercity/asada_E.html
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Figure 3.3 Visual Interactive Piano Performance Setup

Figure 3.4 Visual Interactive Piano Performance
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so it was hard to streaming piano music performers real time physiological data.

3.3. Frisson Waves Design Concept

3.3.1 Overview

When music deeply resonates with us, we may experience a sudden feeling of
excitement. Frisson is a psycho-physiological phenomenon commonly described
as having goosebumps, or feeling shivers down one’s spine. Frisson can happen to
some people frequently while others may never experience it [52]. As a personal
experience, it’s also difficult to share with others. Frisson Waves describes a novel
way of sharing frisson through a haptic metasomatic interaction system based
on physiological sensing and thermal-haptic feedback. The goals of this research
are: Firstly, to detect and induce frisson so as to share among audience and
performers during live music performances; Secondly, to explore to what extent
is frisson shareable through our system and how can frisson sharing augment live

music performances.

3.3.2 Concept Design

Frisson is a psycho-physiological response that can be triggered from external stim-
uli such as music or intense emotions. It is akin to goosebumps or shivers, a skin
tingling sensation, yet there have been few works that leverage this phenomena.

This research aims to make the personal feeling of frisson a shareable experience
through thermal-haptic technology and physiological sensing so as to augment
music performance. Frisson Waves system consists of two devices: The first device
is a wristband which is embedded with an electrodermal activity sensor and blood
volume pulse sensor to detect physiological changes of sudden changes in skin
properties and heart rate variability related to frisson [51], The second device is
a neckband with haptic actuators and Peltier thermoelectric modules to induce
frisson.

Using this described setup(see Figure3.5), this system enables us to detect and
transmit the sensation of feeling frisson to the nearby spectators and then through-

out the audience in designed macroscopical patterns like a wave or ripples. During
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Figure 3.5 Neckband and Wristband Setup

the musical performance, each of the Frisson Waves devices are associated with
a seat, allowing us to know their relative positions. Once a feeling of frisson is
detected from one audience member, the neckband will try to generate more fris-
sons on nearby audiences to create a empatic propagating experience effect akin
to waves flowing or a water droplet where the nearby audience receives stronger
haptic feedback. In the performances, not only music and sound waves are flow-
ing, but also people ’ s feelings and emotions are surging and sharing like how
waves moving up-down in a circular motion and flowing away to transfer energy.
That * s also why the project is called Frisson Waves.

This research is aimed to design real-time body feeling ”frisson” sharing and
aiming to enhance live music performance experience, evoking connectedness and
increase the awareness of accompaniment in live concerts.

There are three experimental live music performances in total scheduled for this
concept s user test, Frisson Waves Concert I.(see Figure.B.11). and II. (See as
figureC.5).and Karuizawa International Youth Concert in 2021 (see Figure.D.1).
The Frisson Waves Concert.I performance happened on April 9th,2021 with 20
audiences which aimed to observe, understand, and record the audience and per-
formers ” frisson feeling. The collaboration with Karuizawa International Youth
Concert which is scheduled on Oct.3th, 2021 with 100 audiences.
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Figure 3.6 Frisson Sharing Concept
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Figure 3.7 Frisson Sharing in a Pattern of Wave of Ripple
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Figure 3.8 Timeline of Studies
3.4. Prototype Design

3.4.1 Iteration One: Frisson Waves Carpet with Servos Ac-

tuators

The primitive idea is inspired by my previous work of hedgehog which aims to
create fear to trigger frisson through simulation of spiky thorns or spines erection.
The idea is about designing a tangible carpet with spikes that simulates people ’
s frisson feeling. When one person is detected to feel frisson, the spikes correlated
with the location of the person will stand up and move sequentially to all other
directions like waves. So people ’ s frisson feelings will be simulated as spikes
fluctuate in a motion of waves on the giant carpet. However, the visualization,
tangibility, and inflation of goose bumps usually don ’ t actually trigger frisson
and may cause danger to people in live concerts. It will cost incredibly high to
build and need and space to to make a giant tangible carpet to cover everyone in
the concert and it is nearly impossible for current concert context under pandemic
situation. The futurablity of the giant carpet will be difficult to match the cost
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of it.

3.4.2 Iteration Two: Thermo-Haptic Neckband with Di-

rectional Hint

The second frisson triggering device is designed like a neckband with six haptic
actuators to generate wave flowing direction from one side to another and two
Peltier thermoelectric modules on the sides to generate cold sensation feedback.
In this case, when users are in a live concert, they can sense others ’ frisson
through the direction. For example, if the vibrotactile actuators vibrate sequen-
tially from left to right on the user ~ s neck, this direction cue provides the infor-
mation that the person sitting left from the user is feeling frisson. Some feedback
from people who test it feels like the cold sensation is lowing from one side to an-
other and reported feeling interesting, some people reported the neckband ’ s cold

sensations with the direction from vibrotactile actuators feels like water flowing

on the neck which matches with the concept of waves.

Figure 3.9 Initial Design of Neckband

3.4.3 Iteration Three: Thermo-Haptic Neckband with Di-

rection and Heartbeat
This version of the neckband is the same setup with the iteration two but provides
real time heartbeat feedback streamed from a wristband. In this version, the four

haptic actuators of the neckband are designed to generate wave flowing direction

on the neck, two haptic actuators are designed to generate heartbeat-like rhythm
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3. Concept Design 3.4. Prototype Design

Figure 3.10 Control Board and Neckband One

of haptic feedback which is streaming from the wristband when another user is
wearing the wristband. Two Peltier thermoelectric modules on the two sides of
the neck are designed to generate cold sensation feedback like the iteration two
set up.

This version of neckband is tested in two audiences in the context of a piano
performance. One user is wearing the wristband which is streaming the real time
heartbeat directly to the neckband to activate thermal modules to generate cold
sensations and activate the vibration actuators in which four actuators are sequen-
tially vibrating on the neck to provide direction information and two actuators are
simulating the real time heart beats from the other user. Feedback from two pairs
of users shows the heartbeat simulation is interesting and feels more connected
with the other person who expresses their heart beat. Though to some extent,
the two versions of neckband could trigger frisson feeling to people who wear it,
the biggest problem of the iteration two and three is that the vibrotactile actua-
tors are distracting users ~ perception from both conscious and noise sides. The

vibrotactile actuators are making quite noticeable sounds which are very disrup-
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3. Concept Design 3.4. Prototype Design

tive for music concerts. The direction sensation and heartbeat vibration feeling
provided from vibrotactile actuators are actually conscious capacity costing and
distracting in a context of music performances for both performer and audience.
Therefore, this device is designed to minimize all the functions to only activate

the two Peltier thermoelectric modules in the latest version prototype.

3.4.4 Iteration Four: Thermo-Haptic Neckband with Di-
rectional Cold Sensation
This version(see Figure.3.5) of neckband with two thermal modules that provide

directional cold sensation aims to explore more with thermal perception of people.

The two thermal modules will be activated in a sequence to, so the cold sensation

will move from the same direction of the people who are feeling frisson. This

.

version of prototype is implemented in the Frisson Waves Concert II.

L

osEon

Figure 3.11 Control Board and Neckband Two

Frisson Waves Simulation

Frisson responses from the audience are simulated as waves in Touchdesigner. One
version is abstract wave, another version is more impressionistic minimalist wave
simulation. The location of the audience member who is detected to have frisson
is mapped on the same coordinates of the wave simulation which could be more

intuitive for spectators.
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3. Concept Design 3.5. System Development Methodology

Figure 3.12 Frisson Waves Simulation in Touchdesigner

3.5. System Development Methodology

The system consists of three parts: triggering frisson, detecting frisson automat-
ically, sharing frisson. Firstly, triggering frisson through cold sensations from a
wearable neckband which is equipped with two Peltier thermal modules. Secondly,
detecting frisson in real time based on physiological sensing and frisson machine
learning model. Thirdly, sharing frisson to other audience members when fris-
son is detected on one of them based on the signals from wristbands and model

classification score.
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3. Concept Design 3.5. System Development Methodology

Figure 3.13 System Development Methodology
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Chapter 4

Frisson Waves System
Development

4.1. Overview

The Frisson Waves system conceptually can be divided into three parts as fol-

lows(see Figure.4.1).

e The first part is trigger of frisson through a thermo-haptic neckband with
Peltier thermoelectric modules and a series of vibro-tactile actuators in a

line.

e The second part is detection of frisson automatically in real time using data
from a smart wristband that records and wirelessly streams physiological
data to a machine learning frisson model that can detect the frisson signals

approximately in real time.

e The third part is sharing the frisson between the audience members sitting
next to each other by activating the thermo-haptic neck bands to induce

frisson so to share frisson.

4.2. Inducing Frisson: Thermo-haptic Neckband

In order to trigger frisson, this research iterated multiple designs of frisson trig-
gering ways including visual effects and tangible thorns which can be viewed in
Chapter 3 Design Concept. The latest version, of the thermo-haptic neckband,
includes two Peltier thermoelectric modules and up to six haptic vibrotactile ac-

tuators fixed on a neckband as shown in Fig.4.4. Each Peltier thermoelectric
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4. Frisson Waves System Development 4.2. Inducing Frisson: Thermo-haptic Neckband

module has an exposed heatsink attached to the side opposite to the user’s skin.
The device is controlled by an ESP32 module and communicates with the soft-
ware using WiFi. In the event of an activation, each thermal module is turned on
for 5 seconds with consecutive 5 seconds of cool-down time, allowing the heatsink
to diffuse the accumulated heat, which ensures the constant performance of the
thermal actuation. For safety reasons the battery is protected with a 2.5 A PPTC
fuse and the board is covered by a small box.

Trigger of Frisson Neckband

-------------------------------------------------------

Micro- . ;
! Hapti
i| controller & | Relter 4 ol

| Wifi Module Modules Actuators

Thermal
module 1

Place of the device:
upper side of trapezius

Figure 4.4 Neckband Development
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4. Frisson Waves System Development 4.3. Automatic Detecting Frisson

4.3. Automatic Detecting Frisson

Automatic detection of frisson is performed using a smart physiological sensing
wristband that measures blood volume pulse and electrodermal activity. Devices
are also utilizing ESP32 modules and use WiFi to stream the recorded data.
Heart activity is measured using a reflection-based optic plethysmograph. Elec-
trodermal activity is referred to the change of skin conductance measured with a
Wheatstone bridge and a differential ADC. Then heart rate variability and elec-
trodermal activity-related features are extracted that are used to train the SVN
frisson detection model. For the final design, the model is run every 10 seconds
for each participant and operates with adjustable sliding window size which is
usually within several minutes of data. From the literature reviews, physiological
signals of electrodermal activity(EDA) and heart rate(HR) variability have the
most obvious pattern changes and the measurements of these two properties are
seemingly the most appropriate and suitable to conduct an in the wild experiment

during a live music performance.

| Automatic Detection of Frisson |

Wristband Frisson medel detection architecture

" | Data | Support | | Posterior y !
i Micro. Heart Rate EDA |: | bm Feature i i Dedslon |;
j [commolter &1 “c M sensor | *:| Reduction | extraction [|  Vetor [{probability|| o chold |}
: | Wifi Module ensa 1 || Machine || estimates

Figure 4.5 Automatic Detection Frisson Framework

4.4. Sharing Frisson

The flow of sharing frisson is as shown in the figure(see Figure.4.6. Firstly, detect-
ing frisson signal through wristbands and frisson model calculation in real time.
Secondly, server will activate neckbands of people sitting next to the person who'’s
frisson was detected, so they will become the receivers of the frisson. If the neck-
band induced frisson successfully on the user, the wristband of the user will detect

frisson signal and the server will activate the user’s adjacent neckbands thus the
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4. Frisson Waves System Development

4.4. Sharing Frisson

user becomes the frisson expresser. Thereby, the system technically enables to

transmit frisson in a pattern like wave or a ripple.

Share of Frisson

Recei\rer‘ \Expresser

IExpresser
EDA + HR Data Actuate Thermal feedback EDA + HR Data Actuate
i Wristband ——— Frisson Signal .- - i Neckband -+  Wristband ——  Frisson Signal -...... -
Frisson 5 Frisson o
Model sl Model erve
Figure 4.6 Frisson Sharing Framework
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Chapter 5
Proof of Concept

5.1. Pilot Study: Recording Frisson in Liveness:
Workshop Concert.I

In order to understand, record how people feel frisson in actual live music perfor-
mance context, we scheduled the Frisson Waves Concert.I on April.9th, 2021. 20
audience members (female=13; male=7) from 4 countries between 20 and 60 years
(average age=29.5) attended the first one-hour workshop in April which included
a 40-minute classical piano recital.

Seven audience members wore our wristbands [51] with a frisson-report button
attached because of physiological data to detect frisson accurately based on bio
sensing. To achieve this, we integrated a self-report button into the wristband.
Audience members were asked to press the button whenever they experienced
frisson during the concert. We recorded self-report frisson experience together
with their EDA and blood volume pulse (BVP) data. In order to get the pattern
of frisson, the self-report button is integrated with the wristband [51] as 5.2

To understand the live audience’s frisson experience, we asked them to fill out
a questionnaire before and after the concert, as well as intermission. The ques-

tionnaire this study used is attached in the appendix.

5.1.1 Evaluation of Pilot Study

For our data collection of which we will report here. In accordance with previ-
ous works [52], 69.72% of them experienced frisson with various reactions such as
crying, faster heart beating, and more sweating while the others did not. 83.33%
reported that they would like to try out a device that can help them experi-
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5. Proof of Concept 5.1. Pilot Study: Recording Frisson in Liveness: Workshop Concert.I

Figure 5.1 Scenes of Workshop Concert I.

Figure 5.2 Button Integrated with Wristband and Sensing Device on Foot
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5. Proof of Concept 5.1. Pilot Study: Recording Frisson in Liveness: Workshop Concert.I

ence frisson more frequently. This could suggest it is meaningful to share frisson
between people with the help of external devices. Their subjective descriptions
helped us to understand audiences’ frisson experience in a live concert setting and
supported our design concept.

The pianist was equipped with a physiological sensing device on her left foot
(see Figure.5.2). The pianist reported the device didn’t disturb or affect
her performance at all in the interview. The pianist reported it would
be exciting to perform while the audience could feel her physiological
state in real-time which is a novel way of performing and transforming
classical music performance. During this classical piano performance, the
audience pressed the self-report button when they felt ”Frissons” using the device
(see Figure.5.2). Frisson are defined as ”a sudden strong feeling of excitement or
fear. which refer to a set of bodily sensations, such as shivers, or goosebumps.”
to audience People pressed the button whenever they felt strong emotions such
as excitement and arousal. 66.67% audience reported in general they sometimes
felt frisson daily, 27.78% audience reported they rarely felt frisson, 5.5% audience

reported they never felt frisson.

4 14 30
1
2 1 2@ 30
= 1
©
S o 1§ 1
<
2 1 29
1
-4
4 -2 0 2 4
Valence

Figure 5.3 Self-Assessment Manikin of Audiences after Concert

The graph 5.3 shows that people’s emotions are generally positive after the
concert. SAM scores of Concert I after the performance. This dot graph of the
audience’s emotion analysis is based on a 1-9 alike scale of the Self-Assessment

Manikin (SAM) Scales. The numbers next to the dots represent how many people
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5. Proof of Concept 5.2. Study of Triggering Frisson

are on the same valence and arousal.

This pilot study helps this research to understand frisson in liveness and the
relationship between performer and audience, audience and audience in music per-
formance. Our current findings suggest that it is meaningful and feasible to trigger
and share frisson among audience. The recording of the frisson data method also
shows the possibility to detect frisson automatically. We will collect more em-
pirical and physiological data to build algorithm for automatic frisson detection
for conveying to performers in the following workshops to be held in June and
October. We will also further evaluate the usability and the empathetic affor-
dances of our frisson sharing system. The experience of holding and producing
a concert is also important for the next concert workshops to combine promising
music experience and experiment conduction. Questionnaires that were used in

this concert could be referred in Appendix.

5.2. Study of Triggering Frisson

5.2.1 Thermo-Haptic Neckband Study One and Evaluation

15 participants (female=7; male=8) aged from 22 to 37 years (average age = 26.4)
joined in a 3-5 minute user test. The participants were asked about their demo-
graphic information while the investigators helped them put on the wristband
with a frisson-report button. The participants were asked to press the button
whenever they experienced frisson. The two Peltier thermoelectric modules of the
neckband were placed on the back of their neck (see Figure.4.4) for one minute
and generated cold thermal feedback to trigger frisson. Later the participants
were interviewed about whether they experienced frisson during the test and how
intense it was with a 7-point Likert scale (1= not at all, 4= clear frisson feeling,
7= very intense frisson feeling). The two thermal modules of the neckband whose
heat pumping wattage averaged 5-5.5W and generated 24 ° C were placed on the

back of the neck for one minute.
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Evaluation

For the user study of the thermo-haptic neck device, we analyzed three sets self-
report data: if the participants pressed the button during the test, if they reported
had frisson and if they had intense than level 4 frisson according to the interview.
If yes, we marked the feedback data as 1, otherwise 0. Three one-tailed T-tests
were performed. A total of 52 button presses were recorded from 11 out of the
15 participants (M= 0.73; p= 0.034). 14 participants reported they experienced
frisson-like feelings during the test (M= 0.93; p= 0.00001). 11 participants con-
sciously experienced more intense level 4 frisson during the test (M= 0.73; p=
0.034).

5.2.2 Thermo-Haptic Neckband Study Two and Evaluation

There are 10 participants(female= 4; male = 6) from 6 countries aged from 24 to
31 years old (average age = 27) joined in a 30 minutes user test. The participants
were asked to read through the consent form before the experiment starts. The
experiment will start only if the participants agree with the experiment contents
and requirements and sign their signature and print name. Once the experiment
starts, participants will fill out the questionnaire about their demographic infor-
mation while the investigators help them put on the neckband with two thermal
modules placed on the back of their neck (see as 4.4). Then the participants are
asked to fill out a pre-questionnaire with a general feeling of frisson. Then the
investigators introduce the flow of the experiment as ”there are three sessions you
will experience in the experiment. Before every session there will be a notification
from the audio to inform you. After all the sessions you will be asked to fill out
a questionnaire about your experience.” Later the participants were interviewed
about whether they experienced frisson during the test and how intense it was
with a 7-point Likert scale (1= not at all, 4= clear frisson feeling, 7= very intense
frisson feeling). Frequency of feeling frisson is divided to 1-5times, 5-10times, 10-
15times, others. The experiment is designed to play audio which include three
frisson elicit session. Session A is a five minutes music the piece from ” Gustav
Holst - The Planets - Jupiter, the Bringer of Jollity”. The 5 minutes music piece

is cut out from 4:00-9:00 since the literature review [43] shows that part of this
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piece is the chills elicitation part. Session B is a three minutes neckband cold
thermal feedback stimulus session. Session C is a 5 minute piano recording from
Frédéric Chopin ’ s ”Prelude, Op. 28, No.15". It was recorded from the first live
concert we held and rated most likely to have frisson from the audience. The
cold feedback frequency is three seconds. The two group are divided into two
comparisons group in which has 6 persons. Experiment session order is the same
as Session ABC. In comparison group A, the neckband is worn in session B and
C, in comparison group B, the neckband is worn in session A and C to compare
if the neckband could enhance feeling frisson in the lab controlling environment

experiment.

Evaluation

There are five people in each comparison group. The three sessions in Group A
is Session A with Neckband, Session B, Session C. The three sessions in Group
A is Session A, Session B, Session C with Neckband. In the graph, blue color
represents Group A, red color represents Group B thick lines represents the average
value of the group. Participants from ID 1-5 in Group A has relatively higher
frequency and intensity in session A with neckband than session B and session
C. Participants from ID 6-10 in Group B has relatively higher frequency and
intensity in session C with neckband than session A and session B. Participants
from Group A has relatively higher frequency and intensity of frisson in Session A
than participants from Group B, participants from Group B has relatively higher
frequency and intensity of frisson in Session C than participants from Group A.
Results from the double comparison suggests listening to music with thermal
feedback provides relatively more frequent and intense feeling of frisson than only

listening to music or only wearing neckband.

5.3. Study of Automatic Detecting Frisson

experiment design In order to train the model of the frisson responses through
a machine learning algorithm from physiological data, this project conducted an
experiment to collect EDA data and HR data through wristbands which are also

embedded with a frisson self-reported button. The experiment is designed to play
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Figure 5.4 Frisson Frequency and Intensity in Session ABC

audio which include three frisson elicit session. Session A is a five minutes music
the piece from ” Gustav Holst - The Planets - Jupiter, the Bringer of Jollity”. The 5
minutes music piece is cut out from 4:00-9:00 because of Bannister et al. [43] shows
that part of this piece is the chills elicitation part. Session B is a three minutes
neckband cold thermal feedback stimulus session. Session C is a 5 minute piano
recording from Frédéric Chopin ~ s ”Prelude, Op. 28, No.15”. It was recorded
from the first live concert we held and rated most likely to have frisson from
the audience. The cold feedback frequency is three seconds. The cold feedback
frequency is three seconds In order to exclude ordering effects, Latin-Square Setup

is used in the experiment order as the Latin Square Setup Table5.1.

Table 5.1 Latin-Square Setup of Experiment

l|la|b]|c
2!b|lc|a
3lclalb

Experiment Procedures There are 33 participants(female= 17; male = 16)
from 7 countries aged from 22 to 37 years old (average age = 26.09) joined in a 30
minutes user test. The participants were asked to read through the consent form
before the experiment starts. The experiment will start only if the participants
agree with the experiment contents and requirements and sign their signature and

print name. Once the experiment starts, participants will fill out the questionnaire
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about their demographic information while the investigators help them put on
the wristband with a frisson-report button and the neckband with two thermal
modules placed on the back of their neck (see Figure.4.4). Then investigators
explain the definition of frisson and the circumstances to press the frisson button.
The definition of frisson is explained as ”Frisson is a sudden strong feeling of
excitement or fear. It’s known as aesthetic chills or musical chills. Frisson refers to
a set of bodily sensations, such as shivers, or goosebumps. Frisson could be caused
by cold, fear or a strong emotional stimulus” with verbal words and corresponding
moving pictures of chills, goosebumps, shivers on a screen to participants. The
button pressing circumstances are explained as ” Whenever you feel frisson, please
press the button. If you feel frisson is a continuous feeling, please press it all the
time or you can press the button multiple times based on how you feel from your
intuition. The experiment is totally anonymous so please don ’ t be shy to press
it”.

Then the participants are asked to fill out a pre-questionnaire with a general
feeling of frisson. Questionnaires that are used in this experiment could be found
in appendix. Then the investigators introduce the flow of the experiment as ”there
are three sessions you will experience in the experiment. Before every session there
will be a notification from the audio to inform you. After all the sessions you will
be asked to fill out a questionnaire about your experience.” Later the participants
were interviewed about whether they experienced frisson during the test and how
intense it was with a 7-point Likert scale (1= not at all, 4= clear frisson feeling,

7= very intense frisson feeling).

5.3.1 Evaluation

Evaluation of collected physiological data and machine learning part is com-
pleted with Geist Real Project. The model of frisson which is trained with
leave one subject out method through electrodermal activity and blood volume
pulse of 32 people ralated physiological data has 85% accuracy of detecting fris-
son. Features of the data that are used are normalized-EDA-Tonic, normalized-
Tonic-diff 60, normalized-Tonic-diff-30, normalized-HRV-MeanNN, normalized-
HRV-pNN50, normalized-HRV-pNN20, normalized-EDA-Phasic (selected by ran-

dom forests feature importance). Since physiological data has huge individual
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Figure 5.5 Detection of Frisson Study Setup

difference, normaliaztion of data for each person is neccessary. EDA’s normaliza-
tion for each person was by MinMax Scalar!. Pnn20 and pnn50 features of heart
rate variability are normalized for each person by Individual’s Average HR [53]
from Sacha et al. Support Vector Machine(SVC) is ultilized as Classifier. Leave-
one-subject-out is the method used for cross validation method. Cross validation
score report mean value and standard deviation value. The confusion matrix5.7
is used to reflect the classification results of a certain classification model. The

rows represent the true classes and the columns represent the predicted label.

5.4. Sharing Frisson in Liveness: Workshop Con-
cert II.

We conducted the experimental Frisson Waves Concert II. at June 25th, 2021 at
Kawasaki Symphony Hall Assembly Room to share frisson through the system
we described above where frisson sensation was detected and shared with others.

Collective physiological data of the Participants will be interpreted into different

1 MinMax urlhttps://scikit-learn.org/stable/modules/generated /sklearn.preprocessing. MinMaxScaler.html

50



5. Proof of Concept 5.4. Sharing Frisson in Liveness: Workshop Concert II.

T
iy A
. t
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haptic feedback representations such as thermal feedback or vibration. where

wearable devices are used to share the participants ' frisson and augment the

performance.
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Figure 5.8 FExperimental Frisson Waves Concert II. Design

The participants were asked to read through the consent form of explanation
and photography before the experiment starts. The experiment will start only if
the participants agree with the experiment contents and requirements and sign
their signature and print name. This concert included a 20 minutes ensemble inter-
active performance and a 50-minute classical piano performance(see Figure5.11).
The ensemble performances brings audience real-time physiological signals such
as heart beats and frisson signals into the performance pieces. The classical per-
formances performed by the pianist Muyu Liu. In order to focus more on
audience experience this time, performers didn’t wear any external de-
vices and their physiological data is not planned to be interpreted in
this current experimental concert.

48 audiences are divided in to two comparison group of sharing-frisson and non-

sharing frisson group. The sharing frisson group feathered 24 audience members
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Figure 5.9 Preparation of Concert II.

worn our neckbands and wristbands. The non-sharing frisson group feathered 24
audience members worn our wirstbands.

To understand live audience’s frisson experience and find out: 1)how frisson
feeling is enhanced during live concert context. 2)how frisson feeling is different
during the two comparison groups. 3)how frisson is induced by neckbands during
live concert context. 4)how sharing frisson enhanced connectedness in the two

comparison groups.

5.4.1 Evaluation

The questionnaires that audience members were asked to fill in after the concert
onsite, there were 48 responses were recorded. According to the survey answers,
48 audiences attended (female=28; male=19, 1 as other or preferred not to say)
between 19 and 83 years (average age=38.53) attended this concert workshop
and their the overall enjoyment of the concert was rated at 6.2 out of 7. 60% of
the audience was familiar with the concept of frisson, 20%were familiar in certain

extent, and the remaining 20% audience members were not familiar with it. About
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Figure 5.10 Preparation of Concert II.
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Figure 5.11 Ensemble and Classical Performances of Concert II.
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Figure 5.12 Audiences
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half of the audience reported feeling frisson sometimes to often, the other half
reported feeling frisson rarely to never. However, the numbers of feeling frisson
in relation to music are slightly different. 60% of the audience reported to feel
frisson in relation to music, and only 40% felt in relation to music rarely to never
in relation to music.

40% audience members reported that they have felt more frisson during this
concert than usually during a concert, only 8.3% had less frisson. 3 people reported
to feel no frisson at all, the rest of the audience found it hard to compare. 62.5%
audience members reported that they enjoyed their experience more than other
similar events and only 14% answered that they had better experiences at other
such concerts, the majority (6 out of 7 people) of them were in the frisson sharing
group who were wearing the neckbands. This also almost matches the number
of participants who found the neckband to be uncomfortable and have a reduced
overall enjoyment of the performance (7 people). This suggests that re-design
of the neckband may be necessary in order to make it less obtrusive and have a
better user experience.

Out of 24 people in the frisson sharing group, 54% of the audience members re-
ported that they had more frisson than usually, 25% of them felt less, and the rest
found no difference. In order to evaluate the frisson contagion situation,
we evaluate the connectedness of the audience between the frisson-
sharing group and the non-frisson-sharing group. Self frisson situation
and the contagion frisson situation are obvious for the audience them-
selves to differentiate in the live concert since they could feel frisson is
self-generated or triggered through the cold thermal feedback on the
neck. However, audiences don’t need to report how they differenti-
ate between the two frisson feelings situation as long as the audiences
subjectively report how they feel frisson and feel connected with other
audiences sit around them in the questionnaires would be enough for
evaluation. To differentiate between self frisson situation and the con-
tagion frisson situation of the audience, we add aspects about how the
audience usually experiences frisson in suck similar events in the ques-
tionnaire, so we could normalize their frisson experience and connect-

edness score against their personal subjective reports. Actually, there
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5. Proof of Concept 5.4. Sharing Frisson in Liveness: Workshop Concert II.

are three kinds of frisson happening in the experience which include
aesthetic self-generated frisson, the thermal cold feedback triggered
frisson, and interpersonal shared with thermal cold feedback triggered
frisson, since the current goal of this research is not to look into the
neuroscientific difference between self-generated frisson or contagious
frissons, we focused more on the goal of sharing frisson and enhancing
frisson and connectedness. Also since the goal of the frisson sharing was not
only to improve the overall frisson experience and enjoyment, which was proved
based on the survey data but also to improve the sense of connectedness and to-
getherness of the audience, so these these aspects questions were also included in
the questionnaire.

The hypothesis is that the sense of connectedness in the non-sharing control
group would be higher than in the sharing group. The result is against the ex-
pectation that the connectedness score is 4.17 out of 7 in the non-frisson-sharing
group, the scoare is 3.54 out of 7 in the frisson-sharing group. However, it can be
explained by the number of friends sitting around each spectator. According to
the answers that the non-frisson-sharing group knew each other much better than
the frisson-sharing group, in the no-sharing group, the average number of friends
sitting in adjacent seats was averaging 1.8. In the frisson sharing group, it was
only 1.08 which is 40% significantly less(p=0.017) than the no-sharing group. This
highlights the importance of controlling personal relationships between people in
such experiments as one of the important variables. Although the groups were not
balanced by the personal relationships, we cannot show the significance between
the reported sense of connectedness. Despite the sharing group having 40% fewer
friends than the non-frisson-sharing group, the sharing group only felt 16% less
connected, and we cannot state the significance of this difference(p=0.11), it can
be assumed that there should be a much stronger decrease in the connectedness in
the sharing group, as the two variables of number of friend and connectedness are
correlated (R=0.31, p=0.03). There was a significant difference in the number of
friends between the groups and an insignificant difference in sense of connected-
ness, plus 7 participants in the sharding group reported uncomfortable with the
neckbands, this result could lead to believe that the performance of the system

was adequate.
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5. Proof of Concept 5.4. Sharing Frisson in Liveness: Workshop Concert II.

Another noticeable difference between the groups is the reported number of fris-
son occurrences during the concert. Although the no-sharing group has reported
feeling frisson in relation to music, in general, more often than the frisson sharing
group, the no-sharing group did not experience more frisson during the concert
than usual. However, the frisson-sharing group had 8.8% more frisson than usual,
which suggests that the frisson-sharing mechanism does increase the number of
frisson occurrences. Also, it is important to note strong relation between the re-
ported frequency of experiencing frisson usually and during this concert (R=0.62,
pj0.0000). This would lead to think that achieving such an increase in a group

less familiar with frisson is a success.

Figure 5.13 Visualized Spatial Share Frisson in a Pattern of Wave

As for the analytical approach of evaluation, this frisson sharing experience
creates higher enjoyment of live music experience and transforming classical mu-
sic concert and experimental music concert into enhanced enjoyable, empathetic
and intimate communication event for multi-generational and multi-cultural back-
ground audience.

Since the result of enhancing connectedness and frisson sharing experience is
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5. Proof of Concept 5.5. Designing of Karuizawa International Youth Concert

Figure 5.14 Feedback from Performers

not significant enough, we will conduct another concert to prove the concept at
the Karuizawa International Youth Concert at Oct, 3rd,2021.

5.5. Designing of Karuizawa International Youth

Concert

Karuizawa International Youth Concert aims to create a chance for people from all
over the world to communicate with each other through music to remedy the loss
of social connection in the pandemic time and also motivates people to innovate in
this concert. Frisson Waves project will mainly collaborate with Karuizawa Inter-
national Youth Concert in interaction technical support and interactive ensemble
music playing.

In the Karuizawa International Youth Concert, we will enhance the accuracy of
detecting frisson and the efficiency of triggering frisson through the neckband. In
the seating chart(see Figure.5.15), this time we designed the seating chart with

devices set up as chess box pattern, the blue dots in the seating charts are the
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5. Proof of Concept 5.5. Designing of Karuizawa International Youth Concert

audience seats with wristbands and neckbands, other seats people will only wear
wristbands. In order to decrease the negative influence of neckbands in live music
performances, we will improve the design of the neckband as well. Karuizawa
Ohga Hall is a spatial music hall that has a more intimate atmosphere and seat
design which could be interesting to trying to share frisson with people who are
indifferent floor or angles or even exploring more novel ways of interaction and
communication. We are also looking forward to looking into more possibilities we
could try out and experiment with this scheduled concert workshop on Oct.3rd,
2021.

Figure 5.15 Karuizawa International Youth Concert Design
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Chapter 6
Conclusion

This chapter will summarize the motivation and goal, then findings from the
literature review and related works. The concept design process and iterations
of prototypes, system development will be summarized too. After that, studies
implementation results for proving the concept will be concluded. Limiation and
future works will be discussed in the end.

From the motivation of understanding frisson, sharing frisson, and create com-
munication chances, this research looked into psycho-physiological responses fris-
son and live music performances, the goal was set to trigger, detect and share
the personal feeling of frisson to enhance the connectedness of people and create
collective experiences. Mind to body model, body to mind model, and individual
to individual contagion model are structured out through literature review and

related works.

e Mind to body model is combined with an aesthetic stimulus which explained
the mechanism of receiving external aesthetic stimulus through exterocep-
tion system such as vision, hearing, etc to the mind which generated drives,
emotions, or feelings and then drive the body to occur various reactions.
Mind to body model also provided solid literature results of embodied aes-
thetic emotions occurring context which is a footstone of triggering frisson
for this thesis.

e Body to mind model is combined with an external thermal stimulus which
explained the mechanism of receiving external thermal stimulus through in-
teroception system such as skin, organs, etc to the body which generated
body responses and then drives minds to feel various drives, feelings, emo-

tions. The body to mind model also provided a solid basis of interoceptive
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6. Conclusion

interaction technology and the utilization possibility for this thesis to trigger

frisson.

e Individual to individual contagion model combined mind to body model and
body to mind model and emotion contagion process to explain the mecha-
nism of sharing body responses or emotions to create a contagion emotion
of body reactions effect between individuals. The individual to individual
contagion model also provided a solid basis for sharing frisson to create col-
lective experiences and share personal psychological or physiological to have

an effect on social significance.

This thesis proposed Frisson Waves, a system that enables to trigger frisson,
detect frisson automatically so as to share frisson. The system consists of a smart
neckband with two Peltier thermal modules and six linear vibrotactile modules
to trigger frisson, a smart wristband to detect frisson automatically with the
trained frisson model calculating in real-time. Sharing frisson conceptually could
be realized by the Frisson Waves system with the two devices.

In order to prove the concept, five studies including two experimental concerts

in total are conducted.

e Pilot Study Frisson Concert I.: Recording frisson in liveness: this pilot
workshop aims to understand, record frisson in a live music context. From
subjective responses from 20 audience members that 69.72% of audiences
experienced frisson and frisson feeling is regarded as a good maker of live
music performances. Experiencing frisson more is also expected to by 83.33%
audience members. This pilot study not only helps this research project un-
derstand more about frisson feeling and other aesthetic emotions responses
but also helps to learn the experience of producing concerts and experiment
together.

e Triggering of Frisson through Neckband Study One: this study tested the
best location to put Peltier thermal modules on the neck and tested the
neckband frisson triggering effect. 93% of 15 participants reported feeling

clear frisson experiences which suggested the wristband could trigger frisson.
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6. Conclusion

e Triggering of Frisson through Neckband Study Two: this study tested neck-
band with wireless controlling frisson triggering effect in the controlled con-
text of music listening environment. The frisson frequency and intensity of
90% of 10 participants reported being enhanced compared to listen to mu-
sic without listening to music which suggested the wristband could trigger

frisson in the context of listening to music.

e Automatical Detecting of Frisson through Wristband Study: this study
recorded physiological data of blood volume pulse and electrodermal ac-
tivity of 32 participants with a self-frisson-report button. The frisson model
has averaged 85% accuracy detecting frisson is able to work in real-time with
wristband data collecting which suggests the possibility to detect responses
that have significant individual difference through the smart wristband and
be utilized in wild context since there is no similar finding of frisson detection

so far.

e Frisson Waves Concert II. Sharing frisson in Liveness: this concert utilized
the system setup described in the concept design that triggering frisson
through the neckbands and detecting frisson automatically through the
wristbands so as to share frisson. 48 audience members are divided into
two comparison groups that one group wears both neckbands and wrist-
bands as the frisson-sharing group, one group only wears wristbands as
the non-frisson-sharing group as the comparison group. The result which
suggested frisson is sharable through our system, and the performance of
system to enhance the frisson feeling for people are not familiar with frisson
is contributing, the performance of the system to enhance connectedness is

adequate.

Overall, These studies proved a significant effect of triggering frisson, detecting
frisson automatically, and sharing frisson to enhance frisson and connectedness
and resonance between people. This thesis focused on the concept design and the
framework and workflow part, system development part, and interactive perfor-
mances mainly collaborate with Geist Real project and members from Embodied
Media. However, there are still limitations of our research such as better perfor-

mance of frisson model and better design of neckbands for better user experience.
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6. Conclusion

© Goal » Result

© to detect and induce frisson automatically so as to share frisson realtime in music performances.

I detected frisson automatically with wristband with 85% accuracy frisson machine learning model
b induced significant more frequent and intense frisson when listen to music with neckband

b shared frisson in a pattern of wave and enhanced frisson feeling in live music performance

© to explore whether frisson sharing can enhance connectedness of the audience or not.

b Relatively and primitively enhanced connectedness through sharing frisson
I Variable controlling for measuring connectedness

b Better design of wearable devices for better music experiences

Figure 6.1 Summary of Goal and Result

Connectedness and togetherness evaluation of our system also need more vari-
ables controlling method. We will schedule another experiment concert which is
collaborated with Karuizawa International Youth Concert on Oct,3rd,2021. In
the future, we also want to look into more possibilities to provide abundant ex-
periences to people and free people’s minds and bodies through technology and
art.
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6. Conclusion

Impact: transformed music concerts through triggering, detecting, sharing frisson
and enhancement of connectedness. g

[0 ]
Limitation:
better neckband wearable design

better user experience design

more significant enhance connectedness

Study 1: recording frisson
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CONCERT Il

Frisson Waves Concert |. £ Frisson Waves Concert Il Frisson Waves Concert lll.
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Figure 6.2 Summary of Contribution
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Appendices

A. Study of Detection of Frisson Study

A.1 Questionnaires of Detection of Frisson Study
A.2 EDA Plot of Frisson Model Traning
A.3 EDA and HRV pnn50 Plot of Frisson Model Traning

A.4 Confusion Matrix of Frisson Model Traning

B. Workshop Frisson Waves Concert 1.

B.1 Questionnaires of Frisson Waves Concert 1.

B.2 Flyer of Frisson Waves Concert 1.

C. Workshop Frisson Waves Concert 11.

C.1 Questionnaires of Frisson Waves Concert II.

C.2 Flyer of Frisson Waves Concert I1I.

D. Poster of Frisson Waves Concert 111I. x Karuizawa
Youth Concert
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.1 Detection Frisson Study Questionnaire Page 1
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.2 Detection Frisson Study Questionnaire Page 2
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.3 Detection Frisson Study Questionnaire Page 3
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.4 Detection Frisson Study Questionnaire Page 4
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.5 Detection Frisson Study Questionnaire Page 5
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.6 Detection Frisson Study Questionnaire Page 6
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure A.7 EDA Plot with Self-report Button
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Figure A.8 EDA and HRV pnn50 Plot with Self-report Button
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Appendices D. Poster of Frisson Waves Concert I1I. x Karuizawa Youth Concert
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Figure A.9 Confusion Matrix of Frisson Model Classification
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure B.1 Frisson Conc®pt I. Questionnaire Page 1



Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert
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Figure B.2 Frisson Concert I. Questionnaire Page 2
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Figure B.3 Frisson Concert I. Questionnaire Page 3
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Figure B.4 Frisson Concert I. Questionnaire Page 4
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Figure B.5 Frisson Concgl%t I. Questionnaire Page 5
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Figure B.6 Frisson Concert I. Questionnaire Page 6
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Figure B.7 Frisson Concert I. Questionnaire Page 7
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Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure B.8 Frisson Concgyt I. Questionnaire Page 8



Appendices D. Poster of Frisson Waves Concert III. x Karuizawa Youth Concert

Figure B.9 Frisson Concgrlt I. Questionnaire Page 9
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Figure B.10 Frisson Concert I. Questionnaire Page 10
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Performance Program s

Chopin: Prelude, Op. 28, No. 15
alv:lkn

Chopin: Ballade, No.1
ya/lv NS—RBIENER

Grieg: Piano Concerto in A minor, Op. 16 Cadenza & Coda
JV—7. EF /BB EE fR16 ATy Y rEed-Y

Rachmaninoff: Etudes-Tableaux, Op. 39, No.1
SR/ 7 @8 'S0k Op.39, No.l

Pianist Introduction ==

Born in 2000, Muyu Liu started playing the piano at the age of three. She
has won numerous competitions, including the 1st prize in the Japanese
Performer Piano Competition and the 1st prize in the Japan Classical
Music Competition. Muyu Liu went to the United States in 2016, where
she enrolled in the Idyllwild Arts Academy and the Cleveland Institute of
Music in 2019.

20005 £F N, SMHSET / Eherd, HFREERLEZ /27 —ILE—fI. £8
AT Sy PBREIAI—ILBE—GEHLDIY 7 —ILTEH, 20]165F(CEH.
Idyllwild Arts Academylc A%, 20194, #Cleveland Institute of Musiclc A%,

Research Introduction =

Have you ever felt shivers or goose bumps when listening to classical music performances? When
live performances deeply resonate with us, our bodies respond with physiological reactions - we call
this phenomenon “frisson”. However, while some people have a strong frisson response, not all
people perceive these moments of mind-body dualism naturally. This ongoing research project aims
to understand, share and augment how we experience frisson at classical piano performances. This
first Frisson Recording Concert will collect the participants’ physiological data. The second Frisson
Sharing Concert will be held later this year, where wearable devices will be used to share the
participants’ frissons and augment the performance.

ISy BEOBEEEBFEVT. S90VEBLTENRIED, BIAIZ-fDLEECE@EHEDETH, COEEIC
FBCHBY DT ETHSERRIGE T2 UY v(Frisson)y EFUET. L L, ZUYYREHFBVADNNS—HFT.
FTARTOADCEHICEBNLGREEZEBRACELTVWESDbETREDERA. COMRTOV IR, 73297
-E7/BEERTOZVYOHBREBRL. HEL. MBI SILEENELTVWEY, SEADFIEEOT7UY VE
BOVY— TR}, SNECEBRPNT—FZRELET, ZLUTE2RBEOQZ VY yHFIVY—RTE, 7275
TLFNA ZAEFERALT, EMEOTY Y o EHE - BT ETFETY,

Please enjoy the concert!
-Yan He
heyann@keio.jp
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Figure C.1 Frisson Concert II. Questionnaire Page 1
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Figure C.2 Frisson Concert II. Questionnaire Page 2
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Figure C.3 Frisson Concert II. Questionnaire Page 3
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Frisson Concert No. 2 Seat Number & &

[Section only if you were wearing a neckband

BFOE7avErsd N\ FEBRALEADAEEZZE L de]

16. | experienced more frisson than in a normal concert performance.

BEQIAVH—FTOERLYD. U/ EEZARRLE,

1 2 3 4 5 6 7
Disagree Neutral/ Agree
Strongly Mixed Strongly

16. | found the neckband decreased my enjoyment of the performance.

FYINVERRICETERERLO CENBRLVHLL o,

1 2 3 4 5 6 7}
Disagree Neutral/ Agree
Strongly Mixed Strongly

Figure C.4 Frisson Concert II. Questionnaire Page 4
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Sharing frisson at a music performance
BRRETIVYIVOHE

FRISSON
WAVES
ONCERT II.

J)y g r—Javy—hk

Fri, Jun.25, 2021 17:00 open 17:30 start
Kawasaki Symphony Hall Assembly Room

Director: Yan He
Pianist: Muyu Liu

Performers: Danny Hynds/ Yuehui Yang / Ragnar Thomsen / Yan He

Technical director: George Chernyshov Technical support: Lady DingDing Zheng
Chief director: Jingyi Yang / Ziyue Wang / QianQian Mu / Ragnar Thomsem

Audio engineer: Danny Hynds / Zhaoyue Wang Data analysis: Jiawen Han
Videographer: Jingyi Yang / Qiangian Mu / Matsuda Kento

Product designer: Yulan Ju Graphic designer: Kinga Skiers

Supervisor: Kouta Minamizawa / Kai Kunze / Junichi Yamaoka

Research Lab: Keio Media Design - Embodied Media x Geist

Special thanks Kai Kunze / Jamie Ward / Yun Suen Pai / Mengchen Shi / Reiya Horii /
J.Y.PLANNING / Studio Apollon / Matsuken / Qing Zhang / Kanyu Chen / Christopher Kim
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Performance Program

Beethoven: Sonata No.30 Op.109
7 E30HREIERT09

“This sonata, composed by Beethoven in 1820, is very compact both spiritually and

grace, and sometimes r

which begins with a r d romantic theme and consists of six varia

expl rious human emotions skillfully such as deep love and conflict hidden in
Beethoven's innermost. It is one of Beethove

with my own feelings rious memories in my life.

Chopin Nocturne Op.27 No.1

3l I o5 — BTE ER27-1

“This nocturne, composed in 1835, is written in a deeply sorrowful tonality in C sharp
minor. A theme consisting of a wide-range left-handed distributed chord and a simple
melody that echoes ab it. Chopin's delicacy has d from the mysterious grace
to the dramatic appearance of Mazurka in the middle part and the sudden appearance
of Mazurka as if to express the national feelings towards Chopin's home country

Muyu Liu Poland, and the quiet return of the theme. It makes me feel his love of homeland, and
the resentment and anxiety that dwells somewhere in his heart. "

Chopin Preludes Op.28 No.18~24
=7 HiZEd 5518-24%

" This prelude which was completed on Mallorca in 1838 was influenced by Bach's equal temperament and was composed one piece
each using all 24 tonalities. The length and difficulty of each piece. Although there is no unity in the songs, the characters of each
tonality are expressed in a delicate, g ul, and bold way of thinking that is typical of Chopin, and the harmony of the songs before
and after is well maintained. And each piece, which is a straightforward projection of Chopin's music and feels for life, seems to
appeal to our hearts straight from each note, and r f, my daily life. song S its every situation in my life often
reverberates in my head. Itis a collection of preludes that skillfully expri s human emotions. Chopin composed this pieces to cover
the travel expenses for his escape to Mallorca with George Sand. ”

---- Pianist: Muyu Liu

Reflections on Chopin Preludes Op.28 No.15

"This original piece is also performed by Muyu 5+ A in the prev frisson conc
Our reflection on this piece changes all the time just like this piece, going up and do eling gloomy and rel

time we would like to bring the audience implicitly together with us to complete this pi

"This piece is also for our

dear honored, Tintin, Kiku.”

| : :
\ 4 Slvee ".\\z%

Composed and performed by Danny Hydns Yuehui Yang Ragnar Thomsen
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Kavuuzqwa Intemataonal Youth Concert
% "*’

S
7

10/

2021 3 14:00 BSE (13:30mm)

"y BHRAER—IL

% Efl : LS LY. PLANNING / P—E> KEit 7aFa—y—: 888 #F-75<L29— REBHF
J7 i : Karuizawa Music Family HawEl: AR D FoLyy— AF-YTE—Yr— Anna Litvinova/ R
WP AR FLYy SV RO - RT3 Y (MRTN—ES-RERES YRy MUREE) [T BE . BRES  @AN ¥ 88 aRE/eTE/0ER ) BREN - TEE/EEE

Fgh: g#RAER—L/FHROVERSH T WA : Anna Litvinova/ R0/ R/ BZ0 R/ HEH
e mimiah  REBRBAPRERATA P LHRN FREE/ 18/ 22X/ GN0/ REN/ 20,/ 800 /88
BBR S5 SAAY A I ARRS] S T UFVLT - FrE TS A Rxapyy=ife: 2R (320 BURTF RFLyb SRR/ NE

Figure D.1 Karuizawa Interdlational Youth Concert Flyer
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