
Orff-Schulwerk International
Volume 3, Issue 2

ISSN 2791-4763 (Online)

The Neuroscience of Sensory Embodiment in

Elemental Music/Movement Education and

Therapy

Wolfgang Mastnak

©2024 IOSFS

Published online: Nov 2024

Full terms and conditions of access and use can be found online at:

www.iosfsjournal.com

http://www.iosfsjournal.com


Orff-Schulwerk International 3.2 Winter 2024

21

The Neuroscience of Sensory Embodiment in Elemental Music/Movement
Education and Therapy
Wolfgang Mastnak

Introduction
AI-technologies increasingly dominate living spaces and penetrate individual lives, and while
a few decades ago CNC-machines [CNC is the abbreviation of ‘computer numerical control’]
were above all designed to facilitate industrial work processes and make workplaces safer,
today’s intelligent tools suggest complex diagnoses, coordinate energy supply chains, and
even create texts and pieces of art in stunning quality. By way of illustration, when the
AI-generated ‘painting’ Théâtre D’opéra Spatial by Jason Allen won a prize at the Colorado
State Fair's annual art competition, the New York Times (2/9/22), noted that ‘artists aren’t
happy’. Regarding these galloping developments the question arises - which human facets
will survive and in what areas of artificial intelligence will outrank human capacities?.

Nearly a century ago, Carl Orff referred to anthropological thought to design his principles of
elemental music education, emphasising that the child needs empathetic educational
support to develop genuine artistic talent. Being faced with today’s socio-cultural changes
and the rise of novel hybrid communities involving virtual communication and interaction
with intelligent robots, we need to revisit anthropology and readjust our views of what is
genuinely human. Considerations incline towards a new dualism consisting of outer and
inner worlds, in other words, production and perception. By way of illustration, AI-devices
analyse individuals’ aesthetic preferences and create playlists that can consolidate attitudes
towards musical genres and styles, trigger addiction-like behaviour and improve the
predictability of the economic growth of the music industry. Such dynamic reinforcement
loops connect the outer world of economy alongside its potential for political manipulation,
and the inner world of aesthetic awareness and its creative as well as addiction-prone
nature.

Akin to René Descartes’ scrupulous attempts to discover ultimate epistemological certainty,
which led to his famous solution ‘cogito, ergo sum’ (I think, therefore I am), our
considerations about the rivalry between AI-entities and the human mind suggest that
aesthetic features of human perception cannot be replaced by machines – brain-computer
interfaces (Peksa & Mamchur, 2023), which also provide enormous benefits in
neuro-rehabilitation, excepted. From this perspective, the title of the IOSFS convention 2024
‘embodiment through engaging the senses’ is completely in tune with the challenges of
modern times: while advanced technologies may outdistance a large share of human
capacities, they cannot replace the value of aesthetic senses and the embodied self.

Neurocognitive Construction of Embodiment
Ingenious minds such as Carl Orff and Émile Jaques-Dalcroze initiated arts-oriented
educational schools of thought which are nowadays confronted with a dual challenge: on
the one hand their potential ‘to make the world better’ (e.g. to contribute to the World
Health Organisation’s mental health programme, and calls for enhanced action), but on the
other hand their foundation on ideas and reflective practice that no longer satisfy empirical
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standards of educational and neighbouring sciences. Regarding theories of truth and
philosophy of science, the notion of evidence has to be reconsidered.

Taking into account that all aesthetic sensation, creative performance and artistic expression
is based on central nervous activities, neuroscience research has gained in importance in
elemental music and movement education, as well as various forms of rhythmic music
pedagogy (Mastnak, 2019). Such studies particularly relate to the brain mechanisms
underlying aesthetic experiences (Mastnak & An, 2023) and creative processes (Mastnak,
2018) such as in the course of creative interactions in group music activities (Mastnak,
2020a). Since interdisciplinary research has pointed out that elemental music and
movement education may considerably enhance personal growth, boost mental health and
improve resilience, practices integrating educational and therapeutic approaches are in the
ascendant (Mastnak, 2022) as well as novel models such as Music Rhythmic Therapy
(Mastnak, 2020b).

The more we go into the bio-physiology and microbiology of elemental dance and
movement education, the more we discover its complexity involving interconnections
between aesthetic evaluation and physical abilities (Cross et al., 2011), neuroscientific facets
of embodiment in expressive and healing dances (Mastnak, 2023) or molecular dynamics
modulating the interplay between proprioceptive and vestibular sensory systems and
locomotion (Turgay Akay's Lab, 2021). An immense wealth of single studies on these topics
makes it difficult for practitioners to sense the rationale behind them, hence this article and
the Convention keynote on which it is based.

Human beings tend to assume that their perception of the world equals the perceived world
as it is. Pragmatically seen, this assumption is plausible, however from an epistemological
point of view it is erroneous. This contradiction gave rise to various constructivist theories
such as evolutionary epistemology (Slijepcevic, 2018) and its crucial hypothesis that as much
as the organism changes due to the influence of the environment, the organism's responses
to induced changes affect the environment and subsequent organism-environment
interactions. In this context, neurosciences elucidate a double qualitative change within the
‘triple jump’ stimulus–processing–awareness, that is firstly, the transition from physical
stimuli to their biochemical representation in the nervous system, and secondly the
transition from neural information to sensory perception. By way of illustration in music, the
first conversion from the sound wave into its neural encoding is effected by the organ of
Corti (Urata et al., 2019) in the inner ear, the second relates to activities in the auditory
cortex (Chang & Kanold, 2021).

Such transitions play a crucial role for ‘embodiment through engaging the senses’ as well.
While specialised units in the skin such as Meissner’s corpuscles, Merkel’s disks or Pacinian
bodies transform tactile data for the sense of touch, proprioception relates to basic
information about movement and posture alongside associated processing, and is merged
with vestibular information about equilibrium and the environment (Ferrè & Haggard, 2015)
to generate primary input for holistic embodiment. While lab-based research provides
fundamental insights, applied research such as on robot-aided somatosensory training to
improve proprioception and motor function in stroke survivors (Yeh et al., 2021) enhances

Copyright©2024 IOSFS



Orff-Schulwerk International 3.2 Winter 2024

23

the holistic understanding of our body-self, as well as distinct features of embodiment.
Moreover, different from former views about a certain ‘one-way’ construction of body
awareness and sensory embodiment, recent studies have elucidated complex dynamics and
highlighted that the ‘awareness of embodiment enhances enjoyment and engages
sensorimotor cortices’ (Moffat & Cross, 2024). Such findings are of fundamental importance
for dealing with embodiment in elemental music and movement education and shed light on
extended application such as the promotion of mental health, as well as amelioration of
depression or body-dysmorphic issues in children and adolescents.

Considering that embodiment through engaging the senses requires qualitative changes of
external and internal stimuli for neural processing and conscious awareness, we are faced
with the complexity of sensorimotor facets of the self, and association as well as integration
cortices. While information integrating functions of the sensory and motor association
cortices are well known in neuroscientific circles, recent studies (Luo et al., 2024) highlighted
that functional connectivity development along the sensorimotor-association axis enhances
the cortical hierarchy. Such findings substantiate the importance of sensory embodiment in
elemental music educational contexts, while genetic research emphasises that sensorimotor
integration and holistic self-perception are intertwined with specific gene expression
(Vaissière et al., 2023). In other words, these abilities depend on the human genome and the
way it determines personal growth and human features.

Embodiment-relevant stimulus integration goes hand in hand with aesthetic processing and
associated dynamics between the anterior insular cortex and the orbitofrontal cortex, as
well as the ventral basal ganglia (Brown et al., 2011). These interconnections shed light on
aesthetic embodiment in elemental music/movement education, as well as embodied
aesthetics as discussed in cognitive sciences: ‘aesthetic experiences are grounded in the
embodied simulation of the actions, emotions, and corporeal sensations represented in
artworks’ (Ticini et al., 2015). Moreover, sensorimotor integration plays a crucial role in
paediatrics, e.g. in childhood dystonia and dystonic cerebral palsy (McClelland & Lin, 2021),
and together with the beneficial functions of music and dance on both brain plasticity and
holistic personal development, curative facets of elemental music and dance education
encourage promotion of this domain. Figure 1 shows the complex connectivity of the insular
cortex:

Fig 1. courtesy of Elsevier Creative Commons Attribution CC-BY 4.0, (in Gogolla, 2017)
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While numerous studies elucidate facets of body image and embodiment alongside their
clinical relevance (Vankerckhoven et al., 2023) in a behavioural or phenomenological way,
there is still a lack of research focussing on the interconnection between embodiment and
cortical midline structures, which play a crucial role in self-representation, self-identity and
self-awareness (Feng et al., 2018). On the basis of translational and meta-synthetic
reasoning, the present article suggests profound connections between holistic embodiment
and cortical midline structures such as the ventromedial prefrontal cortex, which is also
essentially involved in self-generated episodic social cognition (Konu et al., 2020), reward-
and value-based decision making (Hiser & Koenigs, 2018) and self-relevant emotion
processing.

Regarding embodiment through engaging the senses, this article started with the discussion
of single sensory stimuli and neural transformation of encoded information, leading to
complex processing and functional integration of neuro-cognitive data in the brain. The
more I was dealing with higher cerebral functions, the more I approached the individually
significant phenomenon of embodiment. Considering how creative activities are intertwined
with dynamic network connectivity (Beaty et al., 2016), we finally suggest that embodiment
through engaging the senses has to be considered a vital factor of elemental music and
dance education with its multiple benefits for the development of healthy people as well as
individuals with special needs. Addressing children with autism spectrum disorder, a
Canadian study highlighted that music improves social communication and auditory-motor
connectivity (Sharda et al., 2018), and cross-cultural studies emphasised the importance of
culturally sensitive adaptations of Orff music therapy in the same clientele (Mastnak & Rong,
2021). Figure 2 shows the rich brain inter-connectivity.

Fig 2. courtesy of nature research Creative Commons Attribution CC-BY 4.0
(in Passamonti et al., 2019)
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Conclusions and Prospects
There is an inner logic behind the three keynotes of the IOSFS Convention 2024, namely the
synergetic potential of the three complementary aspects they focused on:
phenomenological perspectives on embodiment (Marja-Leena Juntunen), cognitive-scientific
approaches to embodiment (Robyn Staveley), and neuroscientific mechanisms underlying
embodiment (Wolfgang Mastnak). Moreover, each of the three key notes raised questions
inspiring discussions within subsequent focus groups. The neuroscientific keynote proposed
to exchange views and reason about

● What is the difference between mere body perception and embodiment?
● How can we argue that embodiment through engaging the senses is important for the

development of the self?
● In which way is elemental music and dance education unique for the promotion of

sensory embodiment?

While the discussion circles were time-limited, issues relating to neurosciences,
embodiment and elemental music and movement education call for in-depth discussion, as
well as for action. In this context the author encourages the following steps and measures:

● Orff-Schulwerk institutions in different countries explore culturally typical features of
embodiment involving relevant myths, philosophies, artistic practices and behavioural
customs alongside their relevance to elemental music and movement education.

● Orff-Schulwerk experts compare genuine benefits of elemental music/movement
education with local health statistics and epidemiological distributions relevant to
embodiment. On this basis they promote networking to enlarge beneficial
implementation such as in inclusive education, paediatric oncology or health-promotion
oriented classroom education.

● Orff-Schulwerk practitioners seek interdisciplinary research on elemental music and
movement education, neuroscientific approaches included, and promote translational
and applied sciences to enhance specific benefits in practical areas. This idea also
inspired coining the term ‘translational elemental arts education’.

● Orff-Schulwerk educators encourage the establishment of new academic programmes
that particularly focus on culturally sensitive and cross-cultural Orff-Schulwerk as well as
its health promoting, therapeutic and rehabilitative potential. This also includes novel
syndromes such as post-corona typical communication issues, retreat into virtual worlds
and inclination towards body-dissociation and pathological embodiment.
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