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This article narrates my practice-based research in embodied
sonic meditation, as a Digital Musical Instrument (DMI)
designer, a vocalist, a composer, a media artist and a long-term
meditation practitioner. I define the concept of ‘embodied sonic
meditation’ in the context of electroacoustic sound art with the
augmentation by music technology and human-centred design.
I historically connect embodied sonic meditation to its roots in
Tibetan Buddhism and several inspiring music compositional
practices in the Western world from the second half of the
twentieth century. I argue that physicality and spirituality are
unified in an inseparable non-duality form, through sound,
body and mind. I develop a methodology for embodied sonic
meditation practice, built on fifteen design principles based on
previous research in DMI design principles, neuroscience
research in meditation, Csikszentmihalyi’s Flow Theory, and
the criteria of efficiency, music subjectivity, affordance, culture
constraints and meaning making. I then make reference to
three proof-of-concept case studies that use a
sensor-augmented body as an instrument to create sound and
sonic awareness. I argue that embodied sonic meditation
affords an opportunity for sound art to mediate cultures,
improve people’s well-being, and better connect people to their
inner peace and the outer world.

1. INTRODUCTION

Sound is a unique link that connects our body and
mind – we naturally move our bodies with the sonic
flow; we consciously or unconsciously convey our emo-
tions, feelings and moods through our bodily activities
according to different sonic stimuli; we can be instantly
caught off guard by a certain soundscape or even just by
a few notes. As a universal, yet ‘unsayable’ phenome-
nology, organised sound, which is often to be called
‘music’, connects people with diverse backgrounds
(Chagas 2014). We experience sound in a multisensory
form: through visual cues, sound waves’ energy
vibrations, and embodied experiences and memories
that can be recalled by a specific sonic event. Our bodies
guide, mediate and process sonic experiences with our
minds together to help us better navigate life circum-
stances and understand our inner and outer world.
Varela, Rosch and Thomspon (1993) coined the

term embodied mind, which suggests that our body
and mind are non-hierarchical and equally important.
Lakoff and Johnson (1999) also argue that high-level

concepts such as time, space, art and mathematics are
grounded in sensorimotor experience – a view that our
sensorimotor capacities, bodies and environment are
all central to shaping our mental processes. We expe-
rience and learn about the world through motor-based
exploration according to the limitations of our senso-
rimotor and perceptual system. Therefore, if we
wanted to give someone something to think about
(cognitive process), we should give them something
related to their bodily activities instead of something
abstract. This is what ‘embodiment’ means from the
embodied cognition perspective.
Relating embodied cognition to music and mediation

technology, Marc Leman suggests three specific levels
of ‘corporeal imitation’ experiences, in which sound
connects body and mind. For example, a synchronisa-
tion experience can be simply moving along one’s
body with the rhythm; embodied attuning synergises
‘higher-level features such as melody, harmony,
rhythm, and timbre, or patterns’ with one’s expressive-
ness, affects and feelings. The highest level of embodied
sonic experience, according to Leman, is empathy,
which means that a specific embodied sonic experience
can connect one person to another, ‘assumes participa-
tion, identification, and understanding, as if the other’s
state of experience is one’s own’ (Leman 2008, cited in
Hege 2014). Through exploring new music expressions
and technologies, we hope to better understand and
connect with others and ourselves.
As a vocalist, a composer, a Digital Musical

Instrument (DMI) designer, and meanwhile, being a
Tibetan Buddhist who has been practising the
Jonang, Nyingma and Kagyu traditions with the
H. H. 17th Karmapa Ogyen Trinley Dorje, the
voluntary Khenpo Sodargye Rinpoche, Tulku Tashi
Gyaltsan Rinpoche and Chakme Rinpoche for twenty
years, I have been developing a methodology to exter-
nalise my realisations of the embodied mind and
ancient Tibetan contemplative philosophy through
my work in music composition, vocal and multimedia
performance, as well as technology development. I call
this method ‘embodied sonic meditation’. It combines
Tibetan contemplative arts with sensing technology
and human sensibility.
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During an embodied sonic meditation practice, sens-
ing technology augments one’s physical body, and a
properly designed audio system creates an intuitive
body-sound mapping relationship. Visuals or other
human-sensory feedback can be applied to augment
the person’s embodied experience. Thus, a person
can generate, compose and shape sounds by using
one’s own body movement as a real-time controller.
By listening to these sonic events that the person is cre-
ating at the same time they are moving and navigating
in a physical space, this person experiences a highly
focused state of mind, thus regulating their attention
and helping them bring back their focus to their
own body and mind, at this present moment.

To accomplish this, I design, develop and evaluate
novel DMIs, which implement interactive intelligent
tracking systems that capture and identify the body
movement of a vocalist or user, and I used these
DMIs to create a series of multimedia audiovisual
pieces and interactive art installations within the context
of Tibetan culture. These gestural data are then mapped
in real-time into audio events that activate electronic fil-
ters programmed according to the desired music. The
resulting audio signals are transmitted to multiple spa-
tialised amplifiers for stage performance or interactive
sound installation, thus enhancing music expression
and sonic meditative experience in a bodily way. In
order to validate the systems’ usability and my hypoth-
eses on the relationship of body-sound mappings, from
the audience’s perspective, I also designed an evaluation
framework and conduct human subject research to
collect empirical evidence (Wu, Huberth, Yeh and
Wright 2016). These data can be used to further explore
how the highest level of corporeal imitation – empathy –
can be achieved between the audience and the artist, or
from one layperson to another.

In the past two decades, I have been conducting field-
work at the monasteries in the Tibetan autonomous
region, Qinghai Province and Sichuan Province in
China, andNepal to study Tibetan Buddhist meditation
and its splendid contemplative cultural arts. Many
studies have been done in Tibetan cultural arts from
ethnomusicological, anthropological and social science
perspectives (Crossley-Holland 1967; Snellgrove
Richardson, Richardson and Snellgrove 1968; Kolas
and Thowsen 2011). However, most of the research
focuses on a level of understanding and documenting
the ancient forms of Tibetan arts. Given the disadvan-
taged situations that Tibetan people in the marginalised
community have to face, it is difficult for Tibetan cul-
ture to survive and grow in the new century without
innovation and connecting its core values to the posthu-
man era in a digital form. Through this work, I transmit
Tibetan culture from its ancient form to a digital one,
imbue it with new energy, and make it more approach-
able to new generations around the world. At the same

time, it is my hope that embodied sonic meditation prac-
tices can bring benefits to increase people’s well-being in
this overwhelmingly technology-augmented posthuman
era (Hayles 2008), where on the other side, our spirits
are craving nutrients and meaningfulness.
In the next section, I will explain core concepts of

Tibetan Buddhist philosophy and its embodiment
practices that anchor embodied sonic meditation, as
well as three Western composers’ work that inspires
the design of this practice. Given that some of the
Tibetan Buddhist teachings are considered ‘secret
dharma’ and, to the best of my knowledge, might
not have been translated into English by Western
scholars yet, I therefore extract knowledge from study-
ing with my Buddhist teachers in the last two decades
as needed to explicate the concepts.

2. TIBETAN BUDDHISM AND SONIC
AWARENESS

Tibetan Buddhism and its contemplative cultural arts,
which uniquely embrace the legacy of both Indian
and Chinese Buddhism (Stein 1972), includes stunning
arts such as the Mandala Sand Art (Bryant and Dalai
Lama 1992), monastic throat-singing (Smith, Stevens
and Tomlinson 1967) and Cham dance (Pearlman
2002) as well as clinically proven effective contempla-
tive techniques to improve well-being (Rajagopal,
Mackenzie, Bailey and Lavizzo-Mourey, 2002;
Kabat-Zinn 2003; Ospina et al. 2008; Loizzo et al.
2010). Tibetan cultural arts are a crucial part of
Tibetan Buddhism, which exteriorise the profound
and abstract philosophy into tangible metaphors and
forms. Practising Tibetan cultural arts is an example
of embodied cognitive practice in Tibetan Buddhism.
Tibetan Buddhism, or broadly speaking, the

Vajrayāna Buddhist tradition, includes somatic practi-
ces that engage a practitioner’s physical body and
their six sensory consciousness (eyes, ears, nose, tongue,
body and mind) as a vehicle to reach enlightenment
(Baker 2018). For example, a mantra or a dharani prac-
tice is a sonic meditation practice that lets practitioners
experience their minds through sounds. Through recit-
ing specific sacred utterance (e.g., ‘Oṃ Āḥ Hūṃ’), a
numinous sound (e.g., throat-singing), a seed syllable
Bīja, phonemes, a group of words or phrases in
Sanskrit that are believed to have psychological and/
or spiritual powers practitioners can achieve different
stages of self-awareness and consciousness depending
on their understanding in the ultimate Buddhist view
of emptiness, which sometimes is interchangeable with
the concept of ‘non-self’ or ‘non-duality’ (Lingpa,
Mahapandita and Rinpoche 2006; Lowe 2011).
Another example of embodiment practice in

Vajrayāna is Mudras meditation. This method
requires practitioners to perform specific symbolic
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ritual finger/hand/arm/gestures to materialise a
specific dharma doctrine. Sometimes whole-bodied pos-
tures and internal actions (e.g., controlling diaphragm,
abdomen and other parts of the internal body to
regulate the energetic flow of ‘praṇā vāyu’ – the essence
of breathing and vitality) (Gyatso 2007; Nair 2013).
Most of the time, specific ritual musical instruments
and chants are performed to accompany the medita-
tion. Depending on the purpose of the meditation,
sometimes the human thighbone trumpet (‘Kangling’)
and/or drums made of two skull halves (‘Damuru’)
are used to sonify/materialise the ultimate wisdom of
Buddhist philosophy – non-duality and emptiness
(Vandor 1974).
Similar to Mudras meditation, Cham dance also can

be seen as an embodied cognitive practice. The main
Cham dancer usually is an accomplished Buddhist
teacher who performs a lively masked and costumed
Yidam1 dance with sacred music ensembles and chants,
while conducting an intense meditation in their mind at
a grand ritual gathering (Figure 1). During the event,
other monks perform as backing dancers, wearing
masks of deities, humans or animals. The dancers use
their body expressions and meditative mind coupled
with the auditory stimuli to help them embody the
supreme power and eventually become enlightened
beings (Samuel and David 2016). These physical-
to-spiritual Tibetan contemplative practices through
sounds, visuals and bodily activities anchor the philo-
sophical root and provide rich multisensory design
inspirations for embodied sonic meditation.
Besides Tibetan Buddhism, there are three Western

composers’ works that are highly relevant to embodied
sonic meditation practice. The first one is Pauline

Oliveros’s practice of ‘deep listening’. In 1974,
Oliveros composed a series of works called ‘Sonic
Meditations’. Through this work, she disrupted tradi-
tional Western music by practising an ancient eastern
philosophical concept – meditating through sound.
More than 2,500 years ago, meditating through sound
has been called ‘experiencing Sonic Vedanā’ in
Buddhist practice (De Silva 1995). This ancient prac-
tice encourages practitioners to treat the sound as is,
with no difference between like and dislike, and this
non-duality way of thinking can be implemented to
all aspects in life to achieve a ‘non-self’ emptiness with-
out any attachment (Dalai Lama and Berzin 1997).
Oliveros adopted this concept and further developed

it into a contemporary artistic practice of improvising,
composing and teaching experimental music. She advo-
cated a deep listening2 practice that trains our ears and
mind to consciously appreciate all sounds to increase
sonic awareness, thus creating an open space for music
making and listening (Oliveros 2005). Actual sound
making in Oliveros’s sonic meditations was ‘primarily
vocal, with sometimes hand clapping or other body
sounds. Occasionally, sound-producing objects and
instruments are used’ (Osborne 2000). Her work mainly
focused on sound and mind.
Another female composer, Éliane Radigue, is well

known as an electronic musician using ARP2500
modular synthesisers and magnetic tape to sonify her
lifelong Tibetan Buddhist contemplative practices,
insights and reflections. Her electronic music composi-
tions demonstrate how electronic musical instruments
and abstract sounds have the ability to vividly narrate
different meditative states of mind. Although Radigue
has shifted gears to acoustic music composition during
the past two decades, her mainmusic vocabulary rooted
in Tibetan Buddhism has never changed. Her work in
Trilogie de la Mort (Radigue 1998) is a musical materi-
alisation of one of the most important Tibetan Buddhist
teachings in Bardo, which is the deepest meditative
practice that guides people through their next inevitable
stage of life – the death (Fremantle 2000).
Phillip Glass’s Symphony No. 5, Requiem, Bardo,

Nirmanakaya (Glass 2000), tells the sonic story of
Saṃsāra – a cyclic view of time, life and the universe.
This Buddhist view is commonly demonstrated in the
mother nature: in the rhythm and energy of the orbits
of the heavenly bodies, the changing of the seasons,
and the in and out of human breath. As we live our
lives, we navigate these cycles, a wheel of time between
birth and death, as we already have for millions of
years, without beginning or end. Although Glass has
been a Tibetan Buddhist practitioner since the late
1960s, he rarely talks about the relationship between
his spiritual practice and creative work. His

Figure 1. A Cham dance meditation with sacred music
ensemble in Garzê Tibetan Autonomous Prefecture.

1Yidam is the main deity of a specific meditation practice. 2http://deeplistening.org.

From Physical to Spiritual: Defining the practice of embodied sonic meditation 309

https://doi.org/10.1017/S1355771820000266 Published online by Cambridge University Press

http://deeplistening.org
https://doi.org/10.1017/S1355771820000266


Symphony No. 5 is perhaps the most well-known work
with explicit references to Tibetan Buddhism. However,
it could be argued that his minimal music practice is
always meditative and delivers an experience of Sonic
Vedanā. It is also notable that he strives to avoid
cultural appropriation and authentically conveys his
internal experiences only through music itself.

There are many other influential composers’ works
that have been built upon Tibetan Buddhism or culture,
such as musique concrète pioneer Pierre Henry’s
Le voyage (1962) and Zhang Xiaofu’s Nuo-rilang
(1996). While these practices treat Tibet as a source
of inspiration, they are rather an artistic exploration
instead of contributing to the contemplative culture.
For example, Henry’s musical narrative of the stages
of transcendence after death is undoubtedly splendid.
However, without any meditative practice or opportu-
nities for close contact with Tibetan Buddhism in his
lifetime, Le voyage is a musical journey of pure fantasy.
Similarly, despite the stunning soundscape that Zhang
created using both electric sounds, percussions, and
Tibetan Buddhist ritual instruments, Nuo-rilang is
named after a male God of Bön, a primitive Tibetan
religion that is self-distinguished from Tibetan
Buddhism. Therefore, I argue that while both Zhang’s
and Henry’s creative perspectives focused on exploring
the beauty of the Tibetan cultural mysteries, they
inhabit a creative space separate from the practice of
embodied sonic meditation. In other cases, many com-
posers use mind-expanding drugs to help recreate a
meditative mind that generates transcendent sounds.
These creative works also exist in a separate space, as
the stages of mind are completely different between
using drugs versus self-induced experience through
long-time meditation practice. It is like comparing
organic food with artificial flavours and they are never
the same, from both cause and effect. Indeed, it is
difficult for either a Western or an Eastern mind to
comprehend this meditative journey without dedicat-
edly practising it.

3. BODY AS AN INSTRUMENT

As a vocalist, my body is both a musical instrument
and an instrument for expressing my emotions and
intentionality on the stage. I can position the body
and manipulate the vocal system in a way that
improves tone quality and/or conveys non-verbal
communication to the audience. In the sonic world
of electroacoustics, these natural body expressions
and gestures can be adapted, tracked and implemented
as a three-dimensional human interface to control
real-time audio processing parameters, thus enriching
vocal expressions, computer-generated sounds or
pre-recorded samples in an intuitive way.

As early as 1984, Michel Waisvisz (1985) built a
three-dimensional, gestural-control, human interface
called ‘Hands’ to explore the body–sound–mind rela-
tionship. He observed: ‘My work has been trying to
bring back a unity between physical and mental
activities : : : There is a kind of physical excitement
: : : Moving my hands apart is definitely showing that
things (sounds) are going bigger and wilder’ (Chadabe
1997). Many musicians, such as Laetitia Sonami,
Pamela Z and Imogen Heap have been using
body-controlled human interfaces to communicate
their identities in gender, race, nation and digital
culture. At the beginning of the twenty-first
century, Cadoz and Wanderley (2000) established
the field of ‘gesture-music’, which investigates the
body–sound–mind connections in computer music
and how we can treat the technology-augmented body
as an instrument to better convey musical ideas to the
audience through gesture-sound mapping strategies.
Indeed, the cognitive perceptions of body-sound

mappings and sensory-motor couplings are naturally
embedded in us, so we can read body language, voice
and other sonic events and apply meanings to them.
This begins at infancy and is refined to an art by adult-
hood (Darwin and Prodger 1998). Furthermore,
clinical research has supported that auditory cues
(sonic sense) can effectively regulate a person’s atten-
tion (mind) and modify the gait of a person with
Parkinson’s disease, thus enhancing the patients’walk-
ing performances (motor/body) (Howe, Lövgreen,
Cody, Ashton and Oldham 2003). Scientific study also
explored the role of valence and arousal in the cross-
modal bias, in the context of dance movements and
music stimuli. It was found that the audience’s emo-
tional experiences to dance were enhanced through
music (Christensen, Gaigg, Gomila, Oke and Calvo-
Merino 2014). These auditory sensory-motor coupling
studies provide evidence to support the potential of
sound–body–mind integration not only in music-mak-
ing but also in personal training and daily practice.
Marshall McLuhan ([1964] 1994) stated that media

and technology extend the human body. The machines
we built have augmented us, so we can see, hear,
touch, taste, smell and feel what we previously could
not. From computer-assisted algorithmic composition
beginning in the 1950s to the 1960s biofeedback
experiments; from VR DMIs and wearable interfaces
to intersections between music and artificial intelli-
gence, the music technology that we have been
designing and using gradually become a part of our
bodies and have changed our collective musical behav-
iours. In other words, we have become augmented
musical post-humans (Cecchetto 2013). Therefore,
the sonic events we create and the technology-
augmented post-human bodies we possess work
together to form our sonic minds.
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4. DESIGNING EMBODIED SONIC
MEDITATION

DesigningDMIs for embodied sonic meditation is both an
instrument design and a meditative cultural experience
design process. Therefore, I divide the design thinking
process of ‘embodied sonic meditation’ into three individ-
ual parts, each backed by interdisciplinary research, from
STEM to social science and humanities perspectives.
These three components are embodiment, sonic empathy
and the meditative experience. Fifteen design principles
are proposed to guide the design process.
First, the word ‘Embodiment’ has been broadly used.

The following four meanings are most relevant: 1) a
sound being heard and ‘seen’ simultaneously with the
performer’s body; 2) cognition that is grounded in sen-
sorimotor experience such as bodily activities and
senses; 3) ownership: having, controlling, possessing –

the instrument is acting like a part of the performer’s
body; 4) a performer learning the subtleties of playing
an instrument partly due to the feedback that they
receive while playing. ‘Embodiment’ in this DMI design
context is a combination of the above meanings: the
DMI is working seamlessly with the performer and aug-
menting the performer’s voice or generated-sound so
well that it becomes the performer’s extended body/
voice; the sound must be heard and morph simulta-
neously with the performer’s body movement being
seen; the gestural control and mapping design must
be based on our cognitive capacity grounded in our
bodily activities, environment and learned knowledge.
Wessel and Wright (2002) advocate designing DMIs

in a metaphorical ‘embodied’ intimate way, so that
users can better understand the designed features, effec-
tively adapt the instrument and feel good about using it.
Fels (2004) defines his ‘embodiment’ as achieving a
‘high degree of intimacy such that [she or] he embodies
the instrument’. From the multisensory design perspec-
tive, sonic, visual, tactile and kinesthetic feedback has
been studied and used to achieve embodiment. Wang
proposes ‘human-centred’ design principles in visual
feedback for computer music, such as ‘induce [the]
viewer to experience substance, not technology; hide
the technology’ and ‘be whimsical, organic: glow, flow,
pulsate, breathe: imbue visual elements with personal-
ity’ (Wang 2014). Essl and O’Modhrain (2006)
underscore the significance of ‘the embodiment of spe-
cific knowledge’ and ‘how the musician’s working
model of the dynamics of a system as complex as a
musical instrument is built up’.
As such, the following principles are proposed to

achieve ‘embodiment’:

• Low latency for control intimacy.
• Ensure software/hardware’s reliability and

predictability.
• Ergonomic and intuitive control (so the DMI

becomes the performer’s extended body).
• Hide the technology and make it natural yet

magical.
• Engage in multisensory interactions.

Second, from the ‘sonic’ perspective, Roads’s ‘selection
of economy’ in musical decision-making and aesthetic
pursuit (2015) is aligned with Wessel and Wright’s
DMI design suggestion of ‘parsimony’, which means
using the simplest method to produce and not compro-
mise a specific musical result. Simon’s studies in
decision-making and in designing artificial systems also
address the concept of ‘efficient strategy’ (Simon 1996).
An example of applications of this in technology
development is the recent trend in the reduction of
Size, Weight, and Power consumption as well as of cost
(SWaP � cost), especially in the area of designing
sensing technology and embedded systems.
Furthermore, a designer, composer or performer’s

sonic mind can be really divergent. Building on
Peirce’s (1902) philosophy of semiotics, Cumming
(2000) studied music subjectivity from a performer’s per-
spective. She argued that music contributes to its own
subjectivity. This ‘sonic self’ can be negotiated and
shaped by performer through the instantaneous way
of playing a note (short-time scale), the musical gestures
created during a phrase (mid-time scale) and the ‘willed
direction’ to which a performer intends to lead the whole
piece (long-time scale). Eventually, the negotiation
between the composition and the performer leads to a
non-dual music subjectivity (Legg 2002). If we follow
Cumming and expand her perspective, the sonic subjec-
tivity between the designer, performer/user, DMI and
music itself should be negotiable and fluid. Therefore,
it is vital for the designer to engage both the performer,
users, audience, engineers or other important stakehold-
ers during the DMI design and validation process.
Moreover, the sonic affordance of the DMI deter-

mines its design. First coined by Gibson (1966),
‘affordance’ in design refers to the capacity of under-
standing by the design’s observers/users and based on
this capacity, the perceived function that this design
could potentially offer to the observers/users, depend-
ing on their current intentions. Tanaka (2010)
summarises a series of research in affordance in com-
puter music. He points out that the studies of music
affordance should concern ‘not just the primary user,
the performer, but also the audience as observer and
perceiver’, because music affordance is ‘situated in
music as a social, public activity’. This suggests that
the gesture-sound mapping strategies should be intui-
tive and transparent to the audience, the performer
and whomever intends to use it.
Meanwhile, Magnusson (2010) suggests that the

affordances of a DMI change when they are examined
within different cultural scopes. Indeed, culture is
essential and fluid. From the anthropological approach,
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culture is the total way of life of ‘a people, a period, or a
group’. It is a way of thinking, feeling and believing
(Swidler 1986). From the literary perspective, culture
is defined as ‘a general process of intellectual, spiritual,
and aesthetic development’ (Williams 2013). From the
social science perspective, Geertz used the metaphor of
‘spinning webs of significance’ to relate how we human
beings search for, make and impose meaning through
the webs of culture to create a sense of belonging,
inclusion and significance in society (Geertz 1966).
Since meaning can be constantly created, renewed
and adapted through one’s body and mind, I commu-
nicate my understanding (meaning-making) of Tibetan
contemplative philosophy and its way of life to people
cross-culturally through a shareable musical, physical
and spiritual experience by implementing my DMIs
to compose proof-of-concept pieces. The goal is to
create sonic empathy and awareness, as well as make
authentic connections between people and with oneself.
As a powerful form of digital cultural arts, embodied
sonic meditation carries ideologies, projects
identities, creates symbolic meanings and embodies
social implications.

As a result, the following principles are proposed to
createmeaningful sonic interactions and sonic empathy:

• Achieve aesthetics through efficiency.
• Consider dramatic and obvious gestures and

intuitive mappings to achieve transparency.
• Tailor the DMI to the specific piece and fit the

selected cultural context of the piece.
• Create abstract visual and sonic stimuli to make the

piece meet the general audience’s contemplative
needs from diverse cultural backgrounds.

• Validate the DMI from the performer, user and
audience perspectives.

Third, for designing meditative experience, there are at
least eight stages of meditative states before a
practitioner can reach the first state of enlightenment
in Tibetan Buddhism. Most of them are highly
advanced and have not been scientifically studied.
Currently, embodied sonic meditation focuses on
designing multisensory bodily activities that facilitate
the entrance-level Focused Attention (FA) meditation
that promotes calm, improves attention function and
induces self-consciousness with far-reaching goals
such as a heightened sense of well-being and the culti-
vation of empathy (Lutz, Slagter, Dunne and
Davidson 2008). FA meditation entails voluntary
focusing attention on a chosen object in a sustained
fashion, such as a visual object, a visualised image,
breath sensations and auditory stimuli. From a top-
down perspective, training in core cognitive processes
using FA meditation has been shown to cause
increased performance in smaller processes and it

may also produce lasting changes in mental function
that translate to novel contexts (Slagter, Davidson
and Lutz 2011).
On the other hand, Csikszentmihalyi’s Flow Theory

(1975) describes ‘a state of peak enjoyment, energetic
focus, and creative concentration’ when people are
doing highly engaging bodily and creative activities
such as sports, dance and music composition/perfor-
mance. This described state of ‘flow’ is very similar
to FA meditation. Studies using Flow State Scale-2
(FSS-2) questionnaire (Jackson and Marsh 1996) in
music performance suggest that high flow can be
achieved especially when: 1) the challenges of perform-
ing this activity and the performer’s skill is well-
balanced; 2) the experience of performing the task is
highly intrinsically enjoyable; and 3) the performer
has a sense of control over this activity (Wrigley
and Emmerson 2013).
The above scientific evidence and the nature of med-

itation indicate that designing a meditative DMI
should first focus on attention regulation and user
experience optimisation, especially for the general
users who have no previous meditation experience.
Cook (2017) proposed his DMI design principle in
‘Everyday objects suggest amusing controllers.’ In this
case, this principle can be translated into ‘enjoyable
movements/activities suggest high-flow, meditative
gestural control mechanisms’. I also use the metaphor
of a hook to describe clever DMI feedback features
(e.g., sonic, visual, tactile and kinesthetic) that can
either optimise the user’s experience to encourage
the user to stick with the DMI or help the user and
the audience to focus on or even ‘fall in love’ with
the experience. By analogy to pop music, the hook is
a catchy, memorable melody. An example of a good
hookwould be a set of natural mappings from the sing-
er’s bodily interactions with her microphone stand to
real-time vocal processing in Hewitt’s Emic (Hewitt
and Stevenson 2003). I define hook from the perspec-
tives of both DMI design and compositional process
design. For instance, a beautiful acoustic sound, a
visually beautiful performance practice and a unique
audio effect can all be considered as hooks. In brief,
a perfect hook contains a variety of control feedback
and/or engaging features so the design can hook in
both the user and audience to create sonic empathy.
Subsequently, to design a meditative DMI, the

following principles can be applied:

• Enjoyable movements/activities suggest high-flow,
meditative gestural control mechanisms.

• Create a hook.
• Strike a balance between challenges and skills, as

well as easy-to-use and virtuosity.
• Set up a safe environment that allows users and

audience to have a sense of control.
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• A ‘shut-down’ or ‘off’ gestural mechanism that
allows the performer to have total control of the
overall volume and density of the ongoing sound.

As we can see that the first five design principles for
embodiment are also critical for designing meditative
experiences to ensure a smooth high-flow state and
user stickiness/engagement. It is clear that physicality
(embodiment) and spirituality (meditation) are unified
in an inseparable non-duality form through sound arts
in embodied sonic meditation practice and designing
its DMIs.

5. EMBODIED SONIC MEDITATION
PRACTICES

Significant embodied sonic meditation practices have
been done in the area of integrating bio-feedback
techniques in meditative compositional environments
since the 1960s, such as those famous bio-music pieces
from Alvin Lucier, Richard Teitelbaum, David
Rosenboom and Pauline Oliveros (Joseph 2011).
These practices mainly focused on meditating with
one’s brain activities using electroencephalography
(EEG) or other bio-data monitoring devices in a
musical way. Body movements are prohibited except
the performer’s intense brain labour was monitored
and processed by machines. A recent work that carries
out this tradition isMusic Re-Informed by the Brain by
Alex Chechile (2007). While Chechile developed
this bio-feedback interactive music system, he and
Oliveros held sessions of listening, meditating and per-
forming music together while recording their
brainwaves. This interactively changed their perform-
ances together as a whole. Chechile also experiments
with other bio-feedback monitoring such as tracking
heartbeat using an electrocardiogram (EKG) to create
sonic meditation sessions.
On the other hand, meditation is never and should

never only be static. Buddhist traditions encourage
practitioners to meditate through walking, sleeping,
eating and doing mundane daily activities (Hanh
1990). From this perspective, Tomie Hahn and
Bryan Kip Haaheim’s works specifically explore the
relationship between bodily activities and sonic medi-
tation. Particularly, Hahn’s (2007) work focuses on
using sensing technology to track a dancer’s body
motions that externalise her sensational knowledge
and meditative states through Japanese Zen and
culture. On the other hand, Haaheim’s Knowing as
Feeling: Creating Meaningful Experience Using the
Adaptive Use Musical Instrument (AUMI) (Stewart,
Tucker, Williams and Haaheim 2018) takes advantage
of the camera on an iPad and use this platform to
develop an interactive music system that tracks a per-
former’s partial body movement and real-time sonifies
these body motions as a group meditation practice. In

2019, I participated in his group performance in
Kansas City, where six identical AUMI systems were
used by our ensemble. One of his pieces requires per-
formers to move their bodies to initiate a sonic event
only when a piece of thought is arisen. This embodied
sonic meditation method is inspired by the ancient
Dzogchen Tibetan Buddhism, which I find very
engaging and effective.
To further investigate the potentials offered by embod-

ied sonic meditation that engages body movement and
sensing technology, I designed three DMIs and com-
posed a series of interactive pieces using these DMIs.
The backbone technologies of this work were developed
based on the fifteen proposed design principles.
For the first case study, I simulate theMandala sand

arts with musical expression and aesthetically explore
the ancient Buddhist philosophy of impermanence.
The Virtual Mandala is composed of 4.5 million par-
ticles, directed by arm motions using a physical
computing and motion-tracking system called ‘the
Expressionist’. The Expressionist (Wu 2015) is com-
posed of a two-handed, magnetic, motion-sensing
controller and a computer program that processes
real-time sonic input and recorded sounds based on
the performer’s body movements. The mapping
between my hands and the models in the computer
graphic simulation is performed using a technique
called workspace expansion, which relies on progres-
sively relocating the physical workspace of the
devices mapped inside of the virtual environment
towards the operator’s area of activity without dis-
turbing my perception of the environment (Conti
and Khatib 2005). This approach allows the performer
to interact with high accuracy in a considerably large
virtual environment while moving their arms within a
comfortable small workspace, ensuring a smooth
embodied experience when performing the piece.
Virtual Mandala was dynamically simulated and

choreographed with the compositional improvisation
for voice and electronic instruments. The piece includes
three movements: Construction, Climax and
Destruction. At the beginning of the piece, hand/arm
motions from the vocalist were directed to initiate the
Construction of the virtual Mandala. Mixed sounds
of electronic guitar, rhythmic drumming, Buddhist
mantra, synthesised sounds and abstract celleto started
to create and build up a world from tranquility to inten-
sified passions. During the Climax, musicians were
focusing on improvisation while the virtual Mandala
presented rotation, twisting and glitter effects.
Granular synthesis, along with audio spatialisation that
are real-time controlled by arm motions created bursts
of variously pitched pieces of sound fractions. In the
Destruction, which underscores the eternal nature of
impermanence, experimental low-tone throat singing
and explosions of violent soprano interjections come
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to symbolise duality – the extreme conflicts and ecstasy
in life, the extraordinary highs and lows, the sharp rises
and falls of life as it is experienced, ending with a sharp
fade out into the deconstruction of the mandala. At the
end, the virtual Mandala was brushed into emptiness,
symbolizing the non-dual truth of the universe.
Figure 2 shows the improvisation piece’s premiere at
Stanford University. I also realised a fixed audio-visual
piece based on these live performances, which can be
viewed in Movie example 1.

The second case study, the Tibetan Singing Prayer
Wheel (TSPW), was dedicated to my esteemed
Buddhist teacher, the venerable Khenpo Sodargye
Rinpoche – one of the most influential Tibetan
Buddhist scholars. TSPW is a hybrid of a Tibetan spir-
itual tool called ‘prayer wheel’, a Tibetan singing bowl
and a wireless 3-dimensional sensor-based human-
computer interface that captures hand–arm motions
to enrich musical expressions. TSPW utilises the ‘spin-
ning the wheel’ hand motions to perform virtual
Tibetan singing bowls and process human voice in
real-time. It combines sounds and gestures, along with
voice modulation, physical modelling and granular

synthesis, using electronic circuits, sensors and cus-
tomised software (Wu, Yeh, Michon, Weitzner,
Abel and Wright 2015). The hook of this DMI is
the soothing and repetitive circular motion coupled
with the natural tactile/inertial force feedback. The
calming circular motion hooks both the audience
and the user while the enactive sensation hooks the
user. Figure 3 shows the two instruments and their
shared circular hand movements.
The performer gives the system three inputs: vocals

via a microphone, spinning and intuitive gestures from
a sensor-augmented prayer wheel, and button presses
on a four-button RF transmitter to toggle different
combinations of sound processing layers. The speed
of the spinning controls the size of the grains of the
vocal granulation – faster spinning results in a more
intense granular effect and vice versa; the up-and-
down movement of the wheel controls the pitch-shift
of the vocal processing and the virtual singing
bowl – higher hand gestures result in higher pitches
and vice versa. There is also a pressure sensor on
the wheel to simulate the sound effect of striking a
singing bowl. This DMI uses ‘one-to-many’ mapping:

Figure 2. Live performance of the Virtual Mandala premiere at Stanford Bing Concert Hall.
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using the same circular/spinning gestures to control
multiple sound-making layers enriches the vocalist’s
musical expression in a simple way; whereas the
button controller provides ‘one-to-many’ mapping
options and allows the performer to flexibly trigger
eight different combinations of sound processing
techniques during a performance.
The unit itself weighs less than 0.5 kg (1lb), which

made it portable and efficient. Figure 4 demonstrates
the inside of this wireless TSPWwith all of its electron-
ics fit within the cylinder of about 3.8 cm (1.5 inch)
radius and 3.8 cm (1.5 inch) height, leaving room
for the rod running through the middle. The hardware
and software systems are robustly designed to avoid
crashes or physical breakage. The DMI’s behaviours
are predictable and it produces the same results every
time. These factors create control intimacy and the
state of high flow that can lead to a successful embod-
ied sonic meditation session.
Based on my observations from four interactive

installations of the TSPW, with around 500

participants, using real-time body movement to manip-
ulate sound helps laypersons, especially children, to
experience sound in an intimate, fun and calm way, thus
enhancing their embodied sonic meditation experience.
Most of the participants seemed to be able to catch sub-
tle changes in the sonic events that TSPWproduces with
their own gestural control and physical interactions.
TSPW was also applied to a telematics concert named
‘Imagining the Universe’, held in honour of Khenpo
Sodargye Rinpoche at Stanford University, sponsored
byNASA and Stanford. The concert telemetrically con-
nected ameditative live performance betweenmusicians
at five research institutions and explored ways of con-
necting cultures, collaborative artistic partners and
the audience over long distances through embodied
sonic meditation. An illustration of the performance is
presented in Figure 5. A glimpse of the network medi-
tative concert from the location of Stanford University
can be viewed in Movie example 2.
For the third case study, I designed a DMI named

Resonance of the Heart. This DMI uses an infrared
sensing device and touchless hand gestures to control
a real-time tracking system producing various

Figure 3. Left: Spinning a prayer wheel (photo courtesy of Olivier Adam at www.dharmaeye.com).
Right: playing a Tibetan singing bowl.

Figure 4. The electronics inside of the wheel: (A) Arduino
Pro Mini, (B) Xbee Series 1 2.4GHz RF Module, (C) Flora
LSM9DS0Magnetometer, (D) Li-Ion 400mAh battery pack,

(E) charging port, (F) power switch.

Figure 5. Live performance using TSPW at the NASA-
Stanford ‘Imagining the Universe’ network concert.
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audiovisual results. I chose optical sensing technology
instead of wearable (e.g., gloves) because I aim to pre-
serve the flexibility of the hands/fingers motion as well
as the original beauty of the ancient barehanded
Mudra meditation. Using a small, touchless sensor
ensures that both the user/performer and the audience
can focus on the experience and perceive the sound-
body as a whole. The system uses supervised learning
algorithms and an artificial neural network for
tracking accuracy. Two novel electroacoustic vocal
processing techniques, which include a Tibetan throat
singing filter and a spectral-tilt filter, were
implemented to simultaneously process voice input
or recorded audio input based on the user’s fingers/
hands gestures with a one-to-one mapping strategy
(Wu, Smith, Zhou andWright 2017). I create the hook
of this DMI by designing visual feedback using
Mudras mapping to both real-time vocal processing
and 4-dimensional Buddhabrot3 fractal deformations.
Selected Buddhist Mudra hand gestures were mapped
to seven novel Buddhabrot deformations. Based on
the appearance of these newly discovered fractals in
the Buddhabrot family, I coin the five terms of
‘Aquarius’, ‘Vajra’, ‘Double Buddha’, ‘Keyūra’ and
‘Shrivatsa’ to describe the Buddhist metaphor accord-
ingly (in Figure 6: from the second left to the
right, from the top to the bottom) (Wu and Ren
2019). This abstract yet meditative visual hook

enhances both users’ experience and increases audi-
ence engagement.
In 2018, Resonance of the Heart was first used as a

pedagogical tool in teaching an upper-division, col-
lege-level course at the College of Creative Studies
at the University of California Santa Barbara and then
has been offered to students at the College of Arts and
Media at the University of Colorado. I encouraged
students to explore the abstract concepts of meditative
sound design using their bodily activities and sensing
technology. At the end of the courses, five groups and
five individual students showcased their own DMI
design and demonstrated their ability to use these
DMIs to communicate their sonic selves. The exit
survey indicates that fifteen out of eighteen students
enjoyed their embodied sonic meditation practice.
Moreover, two solo performance pieces at the IEEE
VIS and a2ru,4 coupled with a group improvisation
at Arizona State University, show the capacity of
the DMI as an expressive instrument that affords
virtuosity. The mapping relationships between my ges-
tures and the musical expressions are transparent both
to the audience and to my collaborators, so we can
share sonic empathy and a similar state of flow
through meditating, observing, listening and doing.
It is also worth mentioning that one of the six art
installations’ venues of Resonance of the Heart is the
National Museum of China, which is the second most
visited museum in the world. The piece was exhibited

Figure 6. Seven 4-dimensional Buddhabrot deformations real-time visual feedback.

3https://donghaoren.org/blog/2018/buddhabrot. 4www.a2ru.org/resources/resonance-of-the-heart/.
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there for a month. Public data shows that more than
3,000 people visited the museum every day (Figure 7).5

Through the series of high-trafficked exhibitions, the
system demonstrates significant reliability, robustness,
easy-to-use and setup, and portability. This solid tech-
nology helps participants focus on the current moment
and cultivating a first-level entry meditative state of
mind. The group improvisation at Arizona State
University using Resonance of the Heart can be viewed
in Movie example 3.

6. CONCLUSION

I have outlined what embodied sonic meditation entails
and my methodology of practising it through DMI
and user experience design, composition, interactive
art installations, electroacoustic vocal performance
and teaching in higher education. This practice sit-
uates its roots in embodied cognition, Tibetan
Buddhist philosophy and meditation practices, as well
as a series of Western music influences, musical and
social theories, and DMI design principles. To expli-
cate how body and mind can be unified through a
multisensory experience using music mediation tech-
nology to integrate our physical body with real-time
sonic events, I proposed fifteen design principles and
provided case studies of designing and sharing embod-
ied sonic meditation experiences with a broader
audience within the historical context.

As the engineer Richard Hamming pointed out, it is
insignificant if novelty and innovation make no cul-
tural impact on human history (Hamming 1997,
cited by Roads 2015). Through implementing my
DMI designs to compose proof-of-concept embodied
sonic meditation pieces, I aim to create intriguing work
that translates Tibetan contemplative philosophy and
culture to a musical, physical and spiritual experience,
bringing the full spectrum and richness of Tibetan cul-
ture and present its Eastern philosophy and aesthetics
to a broader audience. Through a number of large-
scale interactive art installations, performances and
pedagogical practices, embodied sonic meditation has
been creating positive user experiences, calm and hap-
piness among many thousands of people and thus has
the potential to benefit laypersons’well-being and help
people become more connected with themselves and
ripple out with a larger intent to connect in an open
way to others, building bridges across the world.
To conclude, I quote Richard Teitelbaum, a pioneer

in brain-wave music, that best envisaged the signifi-
cance of embodied sonic meditation, as well as its
theoretical groundwork, technological design, and
compositional practice:

Working with such systems seems to facilitate a process
of self-reflexive investigation that bears interesting simi-
larities to several classic spiritual and psychological
disciplines of self-examination and analysis. One might
even compare the relationship between the human per-
former and the interactive computer system with that
between a freely associating patient and a

Figure 7. A young audience experiencing embodied sonic meditation through Resonance of the Heart.

5www.chnmuseum.cn/yj/yjjg/zlghc/201903/t20190323_84724.shtml.
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psychotherapist who helps focus the awareness on the
nature and significance of the patient’s unconsciously
generated utterances, and helps him/her to enter into a
kind of dialogue with their unconscious source.
(Teitelbaum 2006)

Preliminary case studies and observations have shown
that people who have experienced embodied sonic med-
itation feel the positive effects in a direct way. It is
promising that we would be able to further test its effi-
cacy in the near future. In future research, it may prove
fruitful to work with neuroscientists, psychologists and
clinical researchers and patients to use embodied sonic
meditation systems, realising Teitelbaum’s vision.
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