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1 INTRODUCTION

“The prevalence of musculoskeletal symptoms is high among professional musicians
(73-88%) ... Symphony orchestra musicians experience nearly twice as much muscu-
loskeletal symptoms of the neck and upper extremities as others their age” (Viljamaa,
Liira, Kaakkola & Savolainen, 2017). My assumption is that the low focus on develop-
mental stages of motor skills, multisensory development, and issues according to the
playing-related problems in learning environments contributes to the results of the
above study. With the development of medicine and physiotherapy focusing on treat-
ment and rehabilitation of the musician’s musculoskeletal problems, a gap in the lit-
erature related to the prevention is to be found. According to the Kokko and col-
leagues’ study (2019), the range of importance of physical activity (PA) has narrowed
and just over a third of Finnish children and young people exercised according to the
recommendations. (Kokko et al., 2019) The above study is the component in the core
of the problem. “Governmental support for PA promotion among school-aged chil-
dren and youth in Finland during past few years has been stronger than ever before.
Nevertheless, the proportion of Finnish children and youth who achieve the recom-
mended levels of daily PA and screen time is still low. Facilitating a population level
change in PA among children and youth requires wide collaboration and contribution
of different sectors and actors.” (Kamppi et al., 2018). The negative development in
the general lack of exercise will likely increase the prevalence of musculoskeletal prob-
lems among musicians and worsen an already existing problem. The recent theory of
embodied cognition recognizes human cognition being actively integrated to sensory
and motor systems (Leman, Maes, Nijs and Van Dyck, 2018). By my assumption em-
bodied cognition could enable understanding of the cause-and-effect relationships of
musculoskeletal problems considering cognitive, sensorimotor, and environmental
factors related to the meaning of the movement and growth, in which case they can
be considered in the planning of preventive musical practice and diversifying the so-
cietal meaning of movement.



1.1 Research Design

The thesis has an inductive study design and is informed by the theory of embodied
cognition. The thesis is conducted as a mixed method integrative literature review
design analyzed and synthesized with thematic, constant comparative and content
analysis as the critical interpretive approach and narrative summary suitable for
mixed method research synthesis (MMRS). (Toronto and Remington, 2020; Haevert,
Hannes, Onghera, 2017). The thesis is structured under the five main sections. The
tirst section consists of the methodological (1.1) and the conceptual (1.2) frameworks.
Methodological framework consists of the description of the methods used and the
relevant philosophical and theoretical basis for the work. Conceptual framework in-
cludes the preliminary review to survey the research problems and questions, back-
ground factors and the gaps in the literature. The second section presents the search
strategy and analysis including the processing stages (2.1) of data screening, selecting
and extraction and explanation of the analysis process and the analysis methods used
(2.2). The section three (3.1, 3.2) synthesizes findings from the data extraction stage
with the purpose to create theoretical and practical tools for developing preventive
pedagogical practices and understand the preventive and embodied value of the mu-
sic for a society. The fourth section includes conclusion reviewing the issues, limita-
tions (4.1) and implications (4.2) raised from the thesis. The fifth section presents the
major findings. An integrative review is a suitable method for the thesis because the
topic includes recent, fragmented, and multidisciplinary information. Bringing the
fragmented information together can serve as a basis for practical application.

An integrative review is a part of the systematic reviews and synthesizes empirical
and non-empirical information and usually has broadly defined purpose sometimes
including interdisciplinary approaches. It can also be part of the integrated mixed-
method research. A large proportion of integrative reviews do not contain theoretical
and conceptual framework to guide the structure and analysis and in many cases the
framework is based on the results (Toronto and Remington, 2020). Toronto and Re-
mington (2020) states that “IRs provide synthesis on: (1) empirical research (review of
quantitative and/or qualitative empirical studies on a particular topic), (2) methodo-
logical (review and analyses of designs and methodologies of different studies), and
(3) theoretical (review of theories on a particular topic) (Whittemore et al. 2014; Soares
et al. 2014) ... The IR method enables a reviewer to address: (1) the current state of
evidence of a particular phenomenon, (2) the quality of the evidence, (3) gaps in the

literature, and (4) identify the future steps for research and practice (Russell 2005).
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(Toronto and Remington, 2020). Whittemore and Knafl (2005) states an integrative lit-
erature review being the only scientific approach allowing combination of experi-
mental and nonexperimental research. It also allows using theoretical and empirical
literature. Integrative research provides a basis and ideas for practical development
and application of knowledge. Integrative reviews include a wide range of purposes,
such as defining concepts, reviewing theories, reviewing evidence, and examining
methodological issues (Whittemore and Knafl, 2005).

The second section (2) describes narratively processes of the search and analysis. The
sections of the search strategy (2.1, 2.1.1, 2.1.2, 2.1,3) describe the processes and tools
for screening all the literature and analysis process by using figures and tables. The
objective is to decide about the texts to be included for the full-text retrieval. Initial
screening entails screening titles and abstracts of potentially relevant literature using
identified criteria. Then, the full text of the remaining literature is evaluated to deter-
mine the inclusion. The reviewer will next document this process and the reasons why
an article was excluded in a search flow diagram.” (Toronto and Remington, 2020).
The second section’s search strategy includes an condensed description of the process
according to eligibility criteria, screening and selecting of the searched data and criti-
cal appraisal of the included data as well as the analysis tools. The stage includes a
discussion and evaluation of the eligibility criteria (2.1.1) that will be justified. The
eligibility criteria open and justify the inclusion and exclusion criteria for the searched
data. The inclusion and exclusion criteria should identify whether inferior studies will
be included or excluded after the appraisal process. According to Toronto and Re-
mington (2020) “Some suggest that all studies should be considered in the review,
despite low-quality ratings to allow for more diversity among the sample, whereas
others suggest that synthesizing studies of high quality with those of lesser quality
may lead to inaccurate conclusions” (Toronto and Remington, 2020). Screening and
selecting (2.1.2) describes the inclusion process with the flow diagram of the data. In-
clusion and exclusion criteria are necessary that the amount of the literature is more
manageable and required literature is easier to identify. Examples of inclusion criteria
are the phenomenon, characteristics of the population being studied, language of the
publications, time etc. (Toronto and Remington, 2020).

The stage of critical appraisal (2.1.3) is for assessing the value and reliability of the
included literature and has justified statements for decisions. Many appraisal tools are
checklist with response format. For the better quality in future research the numerical
or qualitative ratings of the appraisal could be included in tables and matrices for
comparing the quality of findings. More than 100 appraisal tools have been identified
to appraise methodological quality of primary research. (2020). Examples of
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commonly used critical appraisal tools are Critical Appraisal Skills Program (CASP),
Joanna Briggs Institute (JBI), Johns Hopkins research evidence appraisal tool and
Rapid critical appraisal checklists. Results of the appraisal are documented in the ma-
trixes. Theoretical literature has own critical appraisal tools.” The author of a theoret-
ical article presents a new theory, analyses an existing theory, or elaborates a theoret-
ical position. These articles do not contain existing empirical information unless it ad-
vances the theoretical issue (American Psychological Association 2010).” (Toronto and
Remington, 2020). The stage of data extraction (2.2) describes the analysis methods
and tools used narratively and, in the tables, as well as how the analysis was per-
formed using different methods by ordering, coding, and categorizing data from mul-
tiple sources. To assist with coding and analysis, coding can be done manually or by
using tools like NVivo or similar tools. Abstracting process takes place by tabulation,
which reveals how the phenomenon has developed and what is known or unknown
(Toronto and Remington, 2020). “The descriptive data extraction process consists of
four steps: (1) deciding which data will be extracted and developing a preliminary
data extraction form and coding guide, (2) piloting the extraction form and the coding
guide, (3) conducting the data extraction, and (4) identifying and discussing differ-
ences in extraction between review authors.” (Haevaert, 2017).

Thematic analysis is common in integrative reviews and qualitative research. It helps
to identify and organize the most important and recurring themes and concepts. The
themes are formed based on research questions. Toronto and Remington (2020) pre-
sent the six-phase process for thematic analysis that include familiarizing yourself
with your data, generating initial codes, searching for themes, reviewing themes, de-
fining, and naming themes, and producing the report. The steps include coding the
initial data to generate initial codes to identify the interesting information. Then the
codes are made into themes and subthemes with the help of visual representations
like tables, mind maps and theme piles. After that, some themes will be condensed
and expanded, and a candidate map (s) will be created. Candidate themes define what
the story and information content of the themes are. The final themes should give an
idea of the subject. Finally, a narrative report is made across themes and sufficient
evidence is provided to support the themes. Constant analysis synthesizes the litera-
ture and consist of data reduction, data display, data comparison, conclusion drawing
and verification. Data reduction includes the search for different subcategories to
match the research questions and the data display compress the data into matrices.
According to Toronto and Remington, assembling the different matrices to align with
the subcategories may be necessary during data reduction to help the to see the rela-
tionships and patterns emerging from the data. The data comparison stage searches



patterns, themes, commonalities, differences, and relationships including clustering,
counting, making contrasts and comparisons. (Toronto and Remington, 2020.)

According to Toronto and Remington (2020) the discourse of an integrative review
emerged in the 1980s in the fields of education, psychology, and nursing and has de-
veloped slowly due to the need to combine different methodologies. Combining dif-
ferent methodologies can challenge the making of conclusions and syntheses, but it
has become popular precisely because of the use of versatile data sources and through
the opportunity to answer the narrow questions that appear in systematic reviews
more broadly. (Toronto and Remington, 2020) Inductive analysis approach involves
interpreting data to develop themes, concepts, or model for interpreting the data and
reaches general conclusions from a specific problem. Strategically, the thesis pro-
gresses from the whole to the details and back, i.e., it follows the so-called hourglass
model. (Toronto and Remington, 2020). Creswell and Clark (2011) describe “Mixed
methods research originated in the social sciences and has recently expanded into the
health and medical sciences including fields such as nursing, family medicine, social
work, mental health, pharmacy, allied health, and others. In the last decade, its proce-
dures have been developed and refined to suit a wide variety of research questions”.
(Creswell and Plano Clark, 2011). These procedures include advancing rigor, offering
alternative mixed methods designs, specifying a shorthand notation system for de-
scribing the designs to increase communication across fields, visualizing procedures
through diagrams, noting research questions that can particularly benefit from inte-
gration, and developing rationales for conducting various forms of mixed methods
studies.” (Wisdom and Creswell, 2013). The use of the chosen methods is rationalized
since the mixed method research has become more interdisciplinary and the thesis
data contains multidisciplinary and health practice-developing content.

The section three consists of the synthesis of the analysed data and describes the qual-
ity of the analysed data by starting with the presentation of the results of the analysis.
It describes the findings emerged from selected analysis methods and briefly what the
results mean. The analysis and synthesis answers questions about how the research
results respond to the research questions and which topics emerged during the anal-
ysis.” Synthesis involves (a) comparing (finding similarities), (b) contrasting (finding
differences), (c) finding discrepancies (incompatibilities), (d) critically evaluating, and
(e) interpreting the contents of the pieces accumulated for the review (Taylor, ca.
2006).” (Toronto and Remington, 2020). Synthesis entails interpreting the analysis re-
sults and explaining its significance related to research questions and placing analysis
results in the context to each other. The analysis evaluates agreement and disagree-
ment, complements to the topic or its aspects, or whether alternative perspectives can
be found. The purpose is to recognize and resolve the contradictions and tensions in
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the literature while recognizing consensus and general agreement. (Toronto and Re-
mington, 2020).” Boote and Beile (2005) recommended that a high-quality literature
review will move from analysis through synthesis to evaluation; it will, respectively,
(a) discern the main points of each paper in the pile and (b) weave them together into
new understandings, replete with (c) a critical evaluation of the ideas. This movement
equates to higher and higher levels of critical engagement with the material found in
the literature search ...” (McGregor, 2018).

Content analysis refers to quantitizing the qualitative data into the different categories,
themes, or narratives. Critical interpretive synthesis method aims to deconstruction of
research traditions and theoretical assumptions. (heyvaert et al., 2017). The analysis of
the thesis tests the applicability of the research of embodied cognition to the topic and
the framework it is based. After the analysis phase the phenomenon is evaluated, and
the conflicting characteristics of the perspectives are examined. The integrative review
proceeds from analysis to evaluation and continues the evaluation regarding method-
ological limitations and evaluates the implications for the research, practice, education,
theory, and policy of the found information. In the fourth section the information is
identified and interpreted for the reader and on behalf of the profession and provide
context and meaning to the results.” Review results can be displayed in a table or di-
agram to assist the reader in clearly seeing the details of included sources and the
linkages to synthesized results (Whittemore and Knafl 2005) ... Comparisons and con-
trasts are made of the findings of the review with background literature, and work of
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others...” (Toronto and Remington, 2020). The fifth stage consist of the “take home
message”; the concise summary of the major finding and key contributions to the state
of science. (Toronto and Remington, 2020). The study of embodied cognition, embod-
ied music cognition as well as cognitive sciences in general has mainly based on inter-
disciplinary research and the scope of the thesis lies in the knowledge emerged from

it.

1.1.1 Research Framework

Suzuki Shin’ichi developed the Suzuki teaching method after World War II in the
1940s. The method was based on the idea of rebuilding and helping families with ed-
ucational matters after the war. Suzuki’s basic philosophical idea serves an inspiration
for the topic of this thesis. In retrospect Suzuki’s teaching methods seem to have sim-
ilarities to the concepts of learning emphasized today, such as Piaget's constructivist
concept of learning or enactivism later emerged from the research of embodied
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cognition. Holton's (2010) paper describes the connection between constructivism and
embodied cognition. According to constructivism, the learner is not passive, but his
or her experience is built on participation and emphasizes the student-centeredness of
the learning environment. Proulx (2008) has suggested that one might view enactiv-
ism as an extension of constructivism, although there are significant differences, as
well. (Proulx, 2008). According to the article (2010), the potential benefits of enactivism
in education includes understanding the role of the student through embodied notion
of empathy and the role of embodied notion in learning and in understanding the
significance of the embodiment of teaching and learning as well as the idea of growing
as a human instead just citizen. (Holton et al., 2010) Suzuki's teaching practice also
includes a lot of exercises which could be called sensorimotor skills training, which
closely refers to aspects of enactivism. Suzuki's philosophy emphasizes the im-
portance of the individual and the exceptionally progressive educational idea for the
time when the method was created according to which every individual can learn,
and the importance of learning music lies in growing into a balanced adulthood and
not taking technical skills to the extremes. The philosophy of Suzuki’s doctrinal struc-
ture emphasizes a holistic conception of human. The concept of holistic health consid-
ers multidimensional aspects of wellness.

According to constructivism the truth and the knowledge construct actively and can
change in time. According to constructivism learning is usually discussed through so-
cial constructivism which suggest learning being socially situated. (Gergen, 1992) Ar-
guments in the embodied cognition theory highlight several internal and external fac-
tors playing a role in the development of cognitive capacities and bodily actions being
influenced by mental constructs. (Wilson and Foglia, 2011) The philosophy of phe-
nomenologists Edmund Husserl, Martin Heidegger and Maurice Merleau-Ponty
served as the basis for what later became known as the embodiment thesis based on
which also embodied cognition has developed. The phenomenological understanding
of embodied cognition suggests that cognition is embodied, interactive and embedded
to dynamically changing environments. Based on this belief, an enactivist understand-
ing of cognition emphasizes the biodynamics of the organism, which participates in
the construction of cognitive abilities through perception-action relation, and there-
fore understanding cognition requires a more detailed study of the body's sensory and
motor mechanisms. (Shapiro and Spaulding, 2021) According to Wilson (2002), “suc-
cessful behavior in real-world scenarios demands the integration of several sen-
sorimotor and cognitive (as well as affective) capacities of an agent. Thus, cognition
emerges in the relationship between an agent and the affordances provided by the
environment rather than in the brain alone.” (Wilson, 2002). The motivation for the
thesis reflects the idea which argues the world of perception and the functioning of
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the senses being the part of consciousness could be seeing to be having the greater
importance for well-being.

The ontological basis of cognitive science and research of embodied cognition is cor-
respondingly divided into different views and their connections about the nature of
reality, partly due to the ‘difficult problem” of consciousness. In the journal published
in Scientific American (2019), Galen Strawson describes consciousness as the only
thing in the universe whose ultimate intrinsic nature we can claim to know. (Shino-
zuka, 2019) In the scientific research, consciousness is divided into several areas and
can be approached in many ways, of which Strawson's philosophy of approach to the
mind is one of many. Science term bank (2021) defines consciousness as a subjective
experience having different forms. Between physical, functional, and neurological ex-
planations and subjective knowledge is the ‘difficult problem” coined by David
Chalmers in the year 1966. (Tieteen termipankki, 2021) Solving a “difficult problem’
seems to be most the fundamental issue for the study of consciousness in several dis-
ciplines. A wide variety of questions related to research of consciousness are built on
top of this problem. While understanding cognition which requires considering and
studying the sensory and motor mechanisms which are seen to be part of the function
of consciousness through enactivism, the research emerged from the embodied cog-
nition includes also differentiating discourses related to ultimate questions of con-
struction and existence of consciousness and those elusive discourses can affect to the
validity of the studies of embodied cognition. The elusive nature according to those
ultimate questions unites the whole field of the scientific study of cognition.

According to Descartes' Cartesian dualism, the mind is separate from the body while
embodied cognition rejects this view by thinking that the body and the mind are one.
(Yazici, 2020) According to the view from embodied cognition consciousness is largely
a continuous flow of bodily experiences and sensations (Karunamuni, 2015). Encyclo-
pedia of consciousness (2009) describes the construction of consciousness so that rea-
soning clothed in the form of language is only the tip of the iceberg of the construction
of consciousness referring to a metaphor that is allegedly considered to have arisen
from the Freudian theory of mind. (Banks, 2009) In my opinion, mention reflects an
unattainable knowledge, to the understanding or possibly the achievement of which
the study of embodied cognition might provide some comprehension. Along with the
discussion of embodied cognition, the discussion of the “difficult problem” moves to-
wards the mind-body problem, which for example raises the question of what ex-
plains mental events in the possible entity of mind and body. (Georgiev and Danko,
2020) Correspondingly, some proponents of embodied cognition such as Shaun Gal-
lagher, Dan Zahavi and Evan Thompson see the mind-body problem as solved
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because we are integrated with the experienced phenomena and our own and others'
minds are just as observable as other features of the world and thus the mind-body
problem only includes illusory problems. (Stanford encyclopedia of philosophy, 2021)

There are also concepts and proponents of embodied cognition, which at the same
time challenge the easy solution of the mind-body -problem. Combining ontological
realism and epistemological idealism has traditionally been solution of the famous
philosophy Immanuel Kant (Pihlstrém, 2014). According to idealism the basic struc-
ture of reality is a product of the ability to know. Epistemological idealism sets the
conditions for knowing and ontological realism accepts what we do not know and
argues a matter of knowledge being somehow due to external unattainable realities
and remain unattainable, because knowledge is created only by synthesizing ideas
constructed by senses. (Guyerr and Horstmann, 2015) According to transcendental
idealism, experience is constructed in the mind and reality is ontologically dependent
on the mind. According to Kant, the entities formed by our senses are empirically real,
determined by the abilities of thinking and intuition, and thus Kant is seen to be an
empirical realist at the same time. (Adorno, 2018) According to Berendze (2023) Mau-
rice Merleau-Ponty's early thought can be seen to arrive at ontologically similar results
with Emmanuel Kant's transcendental idealism, although once he criticized idealism
with aspects that are not seen as mandatory for idealism. According to Merleau’s em-
bodied idealism: “the body itself is the primary site for knowing the world, and per-
ception as the medium and the pre-reflective foundation of experience.” (Berendze,
2023).

Regarding Kant's point of view of incongruent counterparts, he struggled to explain
the difference between our experience of an empirically real space has been discussed
afterwards and according to Mensch (2019) philosopher Berkeley has said that the so-
lution to the problem cannot be achieved without embodied cognition and sees Kant
as having understood this point. Experiential realism is seen as a neo-Kantian creation.
Experientialist position refers to a form of relativism where truth is truth in relation to
an understanding that accepts the existence of alternative conceptual systems. Lakoff
and Johnson have created philosophical positions that they call experiential realism,
experientialism, or embodied realism. They are the following perspectives : “ (R1) a
commitment to the existence of the real world, (R2) a recognition that reality places
constraints upon concepts, (R3) a conception of truth that goes beyond mere internal
coherence, (R4) a commitment to the existence of stable knowledge of the external
world but conflicts on several points with views affirmed by the dominant traditional
views... Experientialism (in contrast with the dominant traditional view) holds (E1)
that human reason is made possible by the body (E2) it grows out of the nature of the
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organism and all that contributes to its individual and collective experience: genetic
inheritance, nature of its environment, how it functions in that environment, the na-
ture of its social functioning, etc. Hence it differs from traditional philosophy, which
tends to hold that, TP1) human reason is just a limited form of transcendent (e.g., di-
vine) reason TP2) the functions of human reason are merely a) to provide access to
abstract concepts b) to provide a biological means of mimicking patterns of transcen-
dental reason and c) to place limitations on possible concepts” (Mensch, 2019).
(Mensch, 2019)

If embodied knowledge is a subjective understanding of the world based on an indi-
vidual's personal observations, which is a product of the ability to know, in other
words, there is no unequivocal truth, and for the same reason it is difficult to exclude
an idea of the truth that cannot be accessed. This basis can be seen to mean in the study
of embodied cognition that it creates the ground for understanding the individual's
relationship with his consciousness and if it is the most reliable truth of the world, it
is worth learning to understand and appreciate it further. By augmenting awareness
of a detached realities, the only reality we can claim to know is in our (embodied)
mind. According to Hardcastle (2020) the Radical thesis of cognition, which claims
that cognition and consciousness are the same thing, has also been proposed to be
connected to embodied cognition. However, the radical thesis has been criticized for
the fact that identifying cognition and consciousness as the same would indicate that
consciousness exists at multiple levels of organization in the universe, and with this,
conscious cognition would have to be separated from other synergies. However, the
view can be seen as offering Insights related to phenomenal experience, since neuro-
psychological research can provide answers precisely related to consciousness per-
spectives. (Hardcastle, 2020)

1.1.2 Embodied Cognition, Learning and Music

Embodiment thesis offers different claims and observations for cognition. According
to Margaret Wilson (2002), cognition is situated, time-pressured, we off-load cognitive
work onto the environment, the environment is part of the cognitive system, cognition
is for action and off-line cognition is bodily-based. She states that while the first three
of the claims appear to be partly true, the fourth is problematic because factors that
affect the system are not necessarily seen as part of the system and the sixth claim is
significant, but the least researched. According to Wilson, sensorimotor functions fall

into the categories of working memory, episodic memory, implicit memory, mental
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imagery and reasoning and problem solving. (Wilson, 2002) Some examples of the
findings about body's role in cognition are that the position of the body can affect the
felt feeling or remembering the role of the body in the experienced situation helps to
remember the situation afterwards. Also, it is found that certain action verbs activate
the muscles and as a result, the language is seen to be embodied rather than symbolic.
(Duclos, 1989; Tversky and Hard, 2009; Glenberg, 1997) In scientific research utilizing
embodied cognition and music, music can act as a tool for identifying these different
bodily processes or as a tool for interaction with the help of perceptional or techno-
logical research in developing the educational or therapeutical practice.

Cognition is defined through embodied cognition firstly through sensorimotor capac-
ities and secondly as embedded in the biological, psychological, and cultural context.
According to it, activity and environment shape our experience, and this has been re-
vealed, for example, in studies investigating mirror neurons. The theory suggests that
our sensory experiences shape our thoughts and actions, and through this the physical
aspects of teaching methods also affect learning. (Sullivan, 2018; Wilson and Foglia,
2011) A challenge in embodied cognition research is the overlap of different views in
research for example related to extended cognition and situated cognition. Embodied
cognition is closely related to the extended mind thesis, situated cognition, and enac-
tivism. Because of this, embodied cognition can be seen more as a research program
than unified theory. Acquiring information by utilizing the perspective of embodied
cognition requires understanding adaptive behavior, which is also called autopoiesis,
as well as understanding information processing in relation to the environment and
exploring and modifying the environment. (Wilson and Foglia, 2011) Extended mind
thesis refer to the expansion of cognitive processes outward into the agent’s world, i.e.
the mind extends into the physical world, while situated cognition draws attention to
the cognitive processes taking place as part of the cultural and social environment,
where changing interactions with the environment play an important role. (Shapiro,
2019)

Research on embodied cognition and the theory of enactivism have found that sensory
behavior and cognition are connected, if not inseparable. (Holton, 2010). As men-
tioned, enactivism has emerged from embodied cognition: “For the enactivist the
body is the ultimate source of significance; embodiment means that mind is inherent
in the precarious, active, normative, and worldful process of animation, that the body
is not a puppet controlled by the brain but a whole animate system with many auton-
omous layers of self-constitution, self-coordination, and self-organization” (Wither-
ington, Heying, 2013) Enactive thinking includes the concepts embodied, embedded,
extended and enactive. All concepts provide explanatory models for cognitive pro-

cesses. Enactivism is divided into trends such as radical enactivism, sensorimotor
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enactivism and autopoietic enactivism. (Anttila, 2022) Embodied as a concept refers
to cognition involving the entire body of the living system and not just the brain. Em-
bedded describes the stratification of physical, social, and cultural aspects in the cog-
nition process. Enactive as a concept describes an active interaction process through
cognition. (Schiavio and Schyff, 2018) In radical enactivism, predictive processing
plays major role and cognition is based on the idea that representations are not an
essential constituent of cognition. (Gartner and Glowes, 2017) According to sen-
sorimotor enactivism, experience is not seen to be formed by extraperceptual interac-
tions and the affective dimension of perception lies in the perceptual engagement. Au-
topoietic enactivism claims that there is a necessary and constitutive relationship be-
tween conscious experience and autopoietic processes or their background capacities.
(Degenaar and O'regan, 2017)

According to Leman, Maes, Nijs and Van Dyck (2018) embodied music cognition sug-
gests that music processing is based on corporeally mediated interactions with music.
Man has been found to be incapable of perceiving the state of the world directly, and
the true still unknown state must be inferred from the information that proprioceptive
and exteroceptive corporeal mediators provide. An article by Leman and colleagues
(2018) reveals how the perception of the body’s involvement in perception has
changed from the idea that bodily involvement is part of the perception to bodily in-
volvement shaping the way we perceive. “Embodied music cognition draws attention
to the fact that the predictive model is largely the result of the constraints of the me-
diators and the listener’s own corporeal states (Leman, 2007).” (Leman, Maes, Nijs and
Van Dyck, 2018) The study of embodied cognition helps to understand the underlying
causes and consequences of bodily interaction, distinguishing between skills and
knowledge, bodily mediators, and states of being. Musicology has considered the sub-
jects according to embodiment before from the different perceptions and theories but
studying embodied processes from the perspective of embodied cognition, we can
simplify our understanding of the nature of the body and become more aware of the
factors and goals that affect learning and being. (Leman, Maes, Nijs and Van Dyck,
2018) I believe that by understanding the nature of the body in being, we can also
understand more diversely the causes and consequences influencing the occurrence
of musculoskeletal problems and motivational factors preventing them.

A common scientific discussion between the embodied music cognition paradigm and
the classical cognitive paradigm is that the classical cognitive paradigm is said to ne-
glect the effects of sensory processing in tonality perception. In the embodied cogni-
tion for example processing like anticipation needs to be conceived in terms of
schemes that combine perception-related issues with sensorimotor-related issues.

This connection and the sensorimotor effect in the interaction are called enactment.”
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Enactment may be seen as a method for realizing an intentional outcome. Basically,
this means that corporeal interactions determine prediction models for the ongoing
and future interactions with music, so that music can be conceived in terms of goals,
directions, targets, values, and reward.” (Leman, Maes, Nijs and Van Dyck, 2018). Ex-
ample of the sensorimotor effect is the study of subjective effectors. “...predictions can
be based on particular bio-mechanical properties of the bodily effectors, such as the
propensity for 2 Hz resonances...” (Leman, Maes, Nijs and Van Dyck, 2018). The sec-
ond common concept in embodied music cognition is entrainment, which refers to the
activating effect of music. For example, in the Leman and others study (2013) music’s
expressive and acoustic properties were seen to affect to the speed of walking in which
the binary and ternary arrangements plays an important role in music’s effectiveness.
(Leman, Moelants, Varewyck, Styns, van Noorden and Martens, 2013)

According to Kang and Tversky (2016), gestures convey spontaneous movement and
can represent or resemble action. In addition, gestures can describe a wide range of
meanings more directly than language, describing concepts congruently. (Kang and
Tversky, 2016) In the study of musical gestures, decoding (expression-responding ges-
tures) refers to events during listening and encoding (expression-supporting gestures)
action during music performance. In both situations, expression is seen to move from
gesture to music or the other way around, and it implies a mirroring between qualities
of the sound and movement patterns. (Leman, Maes, Nijs and Van Dyck, 2018; Leman
and Jan-Maes, 2014) In studies combining learning with embodied cognition, an em-
phasis on gesture research seems to be a prominent trend. According to Sullivan (2018),
Shapiro and Stolz (2019) and Kosmas and Zaphiris (2019) learning methods combin-
ing learning and embodied cognition can be divided into human-centered or technol-
ogy-centered methods. Human-centered methods can include a gesture study empha-
sizing the use of dynamic descriptive gestures, exercises related to thinking with ges-
tures or metaphorical gestures. In addition, self-organization, visual stimulation, imi-
tation, active object manipulation or motor involvement are common concepts in the
context. In technology-centered studies virtual reality or embodied games and arti-
facts are emphasized. (Sullivan, 2018; Shapiro and Stolz, 2019; Kosmas and Zaphiris,
2019)

The educational questions from the perspective of embodied cognition can focus on
the socio-material perspectives emerged from enactivism. According to the socio-ma-
terial approach, learning is the interweaving of non-human and human activities, and
thus knowledge is also built into the surrounding reality through materiality and so-
ciality. Sociomaterial theories focus on explaining the described interaction. Emer-
gence is a concept used in the approach to describe the unpredictable events of inter-
action and learning as a continuous process of exploring and inventing. (Anttila, 2022)
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Lesaffre's (2018) article emphasizes the multidisciplinary possibilities of embodied
music cognition in the field of health and well-being, for example in connection with
various health disorders, aging, disability, for example in music therapy interventions.
(Lesaffre, 2018) According to (2018; 2016; 2017) studies combining music, learning and
embodied cognition can focus on the emotional component of music education
through concepts like sensorimotor exploration, expressivity, motor adaptation,
skilled coping, motor simulation (reproduction in movements and gestures) or rela-
tional system and expressive gestures. Learning can be seen as a long-term process
through interactive, improvisational, and informal musical learning. Methods which
are seen emphasizing enactive aspects are, for example, Dalcroze, Orff, Kodai and Co-
hen. (Schiavio and Schyff, 2018; Maes, 2016; Nadyrova, 2017) Based on the mentioned
studies about music and learning, I see that the prevention of musculoskeletal disor-
ders could be suitable for the field of multidisciplinary health and music research
through embodied cognition, considering also the more comprehensive support of
motor skills and growth, learning motivation, and psychosocial and cognitive load
factors.

1.2 The Current Study

Based on section 1.2.1.1, the need for inclusion of clinical research and the need for
prevention interventions and programs has taken attention away from the learning
environment and a clear gap regarding research related to the learning environment
and prevention can be concluded. According to Agostini and Francesconi (2021),
"What is still missing, however, is a solid reflection of the encounter of embodied cog-
nition and educational science within a phenomenological perspective. So far, only a
few attempts to elaborate a theory in this sense have been made" (Agostini and Fran-
cesconi, 2021). Based on the preliminary search, it is also possible to find useful points
between prevention of musician's musculoskeletal problems and embodied research
on learning, especially when focusing on playing-related causes. According to my
evaluation prevention can be developed with the help of ideas emerging from the the-
ory of embodied cognition. Research of the embodied cognition can help to under-
stand the autonomy of the body and experience as a part of the socio-cultural envi-
ronment and its role in the causes and consequences and in the mentioned proposals,
and thereby understanding the emergence of attitudes towards the overall well-being.
The results of the studies suggest cautiously that embodied cognition can be a good
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basis for examining the preventive role of music from a perspective that is closer to a
music professional who is not a professional in the health field.

The challenge finding studies combining the three themes of the thesis was prominent
based on the preliminary review and because of this, it remained to be evaluated how
the topic is combined or can be combined. The studies of the tables in section 1.2.1.2
are united by the message of openness towards the body's sensorimotor and autopoi-
etic nature when developing teaching and learning. Prevention could be taken as a
part of self-organizing activities and with this, an understanding can be created about
how prevention could be approached through self-organizing activities, for example
through adaptive stability or openness to examining internal and external factors from
the perspective of prevention. According to section 1.2.1.3 and finding main categories
that require a more detailed breakdown has been found and the results were able to
point out themes that could be included in the development of preventive practice
with the embodied cognition thesis. Based on the findings of the preliminary review
section 1.2.1.1 and 1.2.1.2 major topics of prevention of musician’s playing-related
musculoskeletal problems is divided into eight main sections; 1) The Role of Move-
ment and Ergonomics 2) Relaxation, 3) Aspects related to Cognitive Functioning 4)
Psychological, Social and Sociocultural Factors 5) Growth and Development and 6)
Embodied and Enactive Methods and Preventive Programs.

1.2.1 The Preliminary Review

Section 1.2.1 explores and charts the background factors of musician’s musculoskele-
tal problems and how embodied science is applicable in educational practice develop-
ment and the role of embodied science in the development of preventive musical prac-
tices. The preliminary review describes and defines the problems, gaps in the topics
of the different sections with the aim of creating a basis for synthesis. The description
of the symptoms of musician’s musculoskeletal problems in the first section 1.2.1.1
shows the direction of how the subject has been treated in the past few years and
which factors educators working with music could pay attention to in the future. The
second section 1.2.1.2 gives a picture of how embodied cognition has been seen in the
learning environment and in interpretations of the concept of learning. The third sec-
tion 1.2.1.3 examines the prerequisites for how the first and second sections may meet
when developing the whole; embodied cognition in prevention of musician's muscu-
loskeletal problems in learning environment.
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1.2.1.1 Prevention of Musician’s Musculoskeletal Problems

(zara and
Farewell, 1997)

(Rotter, Noeres,
Fernholz, Willich,
Schmidt and Berg-
hofer, 2020)

(Cruder, Bar-
bero, Koufaki,
Soldini, and
Gleeson,
2020)

(Foxman and Burger,
2006)

Symptoms

PRMD typically
affect the neck,

Performance-re-
lated hand prob-

psychosocial
stress

performance anxiety,
tinnitus, noise-

tors, abrupts in-

crease in practice

time, playing-re-
lated behaviors

tice time, disabili-
ties, physical and
mental health indi-
cators, radiological
abnormalities in the
temporomandibular
condyle, disorders
of the locomotor
apapratus, flexor
muscle behavior, el-
evated arm posi-
tion, high somatiza-
tion

master’s stu-
dent, years
experience
extertion af-
ter 45 min
without
breaks

back, upper ex- lems, temporoman- | symptoms induced hearing loss,
tremities, and fa- | dibular disorder fatigue, circadian
cialmusculature (TMD), facial pain, rhythm disruption,
neck pain, disorders wrist tendonitis,
in upper extremity, tenosynovitis of the
chronic pain, me- digits, carpal tunnel
dian and ulnar neu- syndrome, soft tissue
ropathies, func- and nerve entrapment
tional disorders, an- conditions
atomical abnormali-
ties, shoulder im-
pingement syn-
drome, occupa-
tional injury
Risk factors | women gender, gender, age, first or sec- awkward posture,
subjective fac- chinrest type, prac- | ond year postural stress, under

report symptoms for
fear of a career-end-
ing disability
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Suggestions | farming up, tak- (TMD) related to targeted in- Some musicians ac-

ing breaks and musician’s perfor- terventions, cept musculoskeletal

prevention pro- mance anxiety prevention pain as a normal and

grams (MPA), lack of stud- | and treat- necessary, biom-me-
ies related effective- | ment strate- | chanical training,
ness of the preven- | gies farming exercices,
tion or treatment of Secondary prevention
MCD, cohort studies measures including
and randomized early diagnosis and
confirmatory inter- aggressive treatment,
vention studies Alexander technique,
needed Feldenkrais -method

for relaxation, body
awareness, optimal in-
strument condition,
proper seating and
lighting, neutral pos-
ture, Breaks of 10 to
15 minutes should be
takenevery 30 to 60
minutes during prac-
tice sessions

Table 1 Prevention of Musician’s Musculoskeletal Problems

In terms of symptoms, the general validity of the results and the level of detail in re-
lation to the year in which the study was performed are noteworthy. The study (1994)
addresses the problem of upper extremities, which plays a major role in the clinical
diagnosis of the most common musculoskeletal problems later identified, and prob-
lems in upper extremities. For example, overuse syndrome which referres to upper
extremities dominates the symptoms and risk factors of all four studies. Although the
studies in the table can only serve as a guide to the phenomenon at hand due to their
scarcity, none of the studies comparing these studies had a greater emphasis on psy-
chosocial factors, although mental factors were noticed in the risk factors. According
to the Leman and others study (2018) addressed in the earlier sections, embodied mu-
sic cognition, which is rooted in motor behavior, is composed of many sensorimotor,
affective, and cognitive systems and is influenced by many environmental factors.
(Leman, Maes, Nijs and Van Dyck, 2018) Embodiment is such a multidimensional and
intimate component of a physical existence that I see consideration of its connection
to the subject as important in research and practical development that prevents mus-
culoskeletal problems as the other suggestions. As mentioned in section 1.1.2, I see
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embodied cognition potentially a considerable tool for developing understanding
about psychosocial stressors in musician’s learning environment.

Time is also a dispensable part of music entirety and in receiving information from
the outer world. Between the research articles presented in the table related to musi-
cian’s musculoskeletal problems are a strong connection in the results indicating to
factors related to timing in practicing. Ambit of “now” in the present seems subjec-
tively variable. (Clarke and Clarke, 2011, s. 8) According to article of Droit-Volet,
Ramos, Bueno and Bigand (2013), music perception and emotional valence has con-
nection in time perception. (Droit-Volet, Ramos, Bueno, Bigand, 2013) Time percep-
tion could be a theme that is brought from classical cognitive theory to embodied sci-
ence. When addressing psychophysical and psychosocial factors in the development
of preventive practices, it could also be useful to consider time perception for under-
standing the subjective (for example related to personality) relationship between time
perception and habits of time use. It could be justified in this context to assess endog-
enous and exogenous embodied effects for time perception in the context of embodied
cognition. The concept of exogenous embodiment refers to embodied effects that have
an exogenous origin. The concept of engenous embodiment refers to embodied effects
from the endogenous origin. (Kelly-Irving and Delpierre, 2021) Exogenous embodi-
ment includes studies related to subjects such as teacher's gestures and imitation. Both
perspectives necessarily influence each other in perception, which partly describes the
scope and essence of embodied cognition.

Playing-related musculoskeletal disorders often referred to by the acronym PRMD are
the most common of the musicians playing -related problems. Studies often differen-
tiate between playing-related and non-playing-related symptoms. The musicians' dis-
eases can be divided into organic and non-organic problems. “In organic problems,
there can be tenosynovitis, hypermobility syndrome (HMS), arthritis and so on. On
the other hand, non-organic problems such as overuse syndrome and focal dystonia
are more work-related. These lack of specific treatment and are generally treated con-
servatively. ” (Lee, Park, Yoon, Kim, Chun, Aminata, ... and Jeon, 2013) Rotter and
colleagues (2020) refer to the problem in terms of complaints and disorders (MCD),
musculoskeletal problems are referred to both (MSKP) and (PRMD). (Rotter, Noeres,
Fernholz, Willich, Schmidt and Berghofer, 2020). In the development of specific pre-
ventive practice, the challenge is to identify the diversity of terminology and to distin-
guish the underlying causes of a particular symptom, so that practical exercises also
serve more specifically but also, above all, do not cause problems due to targeting. In
this context, a holistic perspective is valuable, so that the extent of cause-and-effect
relationships and the diversity of clinical terminology can be made aware, and on the
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other hand, the topic can be narrowed down and targeted to serve the field of educa-
tion as the preventive embodied policy is developed.

The study by Zara and Farewell (1997) already saw the need to investigate the rela-
tionship between psychological and physical problems in relation to musculoskeletal
problems, for which there was a gap in the literature on the whole and which could
be said to still exist. Occupational medicine also provides answers related to risk fac-
tors, as many of the problems of musicians are common in other fields as well. “Ex-
tensive research on several groups shows that force, repetition, and posture are asso-
ciated with an increased risk of work-related musculoskeletal disorders (Moore et al.,
1991; Armstrongand Silverstein, 1987; Stock, 1991). “(Zara and Farewell ; 1997) The
Alexander technique emphasizes bodily awareness learning. (Foxman and Burger,
2006) As mentioned in a clinical study (2006), the pursuit of neutral movements and
postures is important for exercise. (Foxman and Burger, 2006) I see that the study of
embodied music cognition could help to understand subthemes like body awareness
as well as striving for neutrality in the development of preventive exercises. Clinical
research helps to understand diagnoses and areas of influence in the body from the
inner causes, and I see that embodied music cognition can also be used to understand
the emergence of diagnoses from the perspective of developing diverse creative edu-

cation.
(Lee, Park, Yoon, Kim, Chun, (Russell and Benedetto, 2014)
Aminata, ... & Jeon, 2013)
Symptoms overuse syndrome, muscle- experience of discomfort

tendon syndrome, focal dys-
tonia, hypermobility syn-
drome, and compressive neu-
ropathy, nerve compression
syndromes, degenerative
conditions, tenosynouvitis, hy-
permobility syndrome (HMS),
arthritis, osteoarthritis, tho-
racic outlet syndrome and
rheumatoid arthritis, muscle-
tendon strain (most com-
mon), cubital tunnel syn-
drome

Risk Factors

isotonic and isometric move-
ments, overuse syndrome
(most common cause), hyper-
mobility syndrome, old

lower graders had more dis-
comfort related to higher
grades, too early use and too
repetitive use of techniques
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injury, accumulative physical | requiring relaxation and fluid-

stress, inflammation condi- ity, gender was not a significant
tions

Suggestions 'Groningen Exercise', abso- relationships between the en-
lute rest joyment of the instrument

playing, stress about playing,
string class frequency to re-
ported discomfort, physical and
musical exercises

Table 2 Prevention of Musician’s Musculoskeletal Problems (2)

Between the studies presented in the second table related to string players muscu-
loskeletal problems are found a strong connection in the results indicating to the con-
nection between relaxation and stress. The studies are not validly comparable in the
sense that one study deals with symptoms and the other with discomfort. Study of
Russell and Benedetto (2014) sample was from adolescents and children while Lee and
colleagues study (2013) sample was from professional musicians. It is noteworthy,
however, that the 2014 study (2014) did not find very serious experiences about dis-
comfort, but in adulthood the symptoms may already be severe. This indicates that
the symptoms develop over a long period of time and it is justified to examine the
possibilities of prevention from the perspective of addressing the symptoms at an
early stage and before them. The research was conducted as a survey and in this case,
too, the student's knowledge of his own body played an important role. (Russell &
Benedetto, 2014 ; Lee, Park, Yoon, Kim, Chun, Aminata, ... and Jeon, 2013) The study
of Lee and others (2013) was the only one of the studies in the tables that presented a
special exercise in addition to the rest in its results, although the study Foxman and
Burger (2006) offered mentions about the Alexander method as well as the Feldenkrais
method. For future work, it could be useful to bring together the developed exercises
and evaluate their priorities from the perspective of embodied music cognition. (Lee,
Park, Yoon, Kim, Chun, Aminata, ... and Jeon, 2013; Foxman and Burger, 2006)

About future implications of the research articles in the tables, the need for preventive
strategies and interventions is considerable. Based on both tables, it could be esti-
mated that it may be desirable to consider subthemes such as body awareness, natural
movement and physical requirements when developing embodied music education,
distinguishing between playing-related and other causes when assembling symptoms
and causes, and include and combine psychosocial and physical factors from the view
of the embodied music cognition. Of the studies in the tables, the study of Russell and
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Benedetto (2014) is the only one considering social factors separately in the phenome-
non. Although it specifically addressed discomfort, social factors are also involved in
the emergence of musculoskeletal problems. It can be inferred from the tables that
there is an overlapping between symptoms and risk fac tors., For example an inflam-
matory condition may be a cause or a consequence. This should also be taken into
account when justifying the practice. Finally, when dealing with prevention, in syn-
thesis it is good to distinguish between suggestions that refer to primary, secondary
and tertiary prevention even they would not be named by these terms in the studies.

Based on the studies selected for the preliminary review, the most common risk factors
from organic background for musculoskeletal problems are hypermobility syndrome,
radiological abnormalities in the temporomandibular condyle, disorders of the loco-
motor apapratus, flexor muscle behavior, high somatization, physical and mental
health indicators, gender, age, disabilities, subjective factors. (Lee, Park, Yoon, Kim,
Chun, Aminata, ... and Jeon, 2013; Rotter, Noeres, Fernholz, Willich, Schmidt and
Berghofer, 2020; Zara and Farewell, 1997). The non-organic factors emerging from the
studies were too early use and too repetitive use of techniques requiring relaxation
and fluidity, isotonic and isometric movements, overuse syndrome (most common
cause), old injury, accumulative physical stress, inflammation conditions, awkward
posture, postural stress, under report symptoms for fear of a career-ending disability,
first- or second-year master’s student, years experience extertion after 45 min without
breaks, elevated arm position, chinrest type, practice time, women gender, abrupts
increase in practice time, playing-related behaviors. (Russell and Benedetto, 2014; Lee,
Park, Yoon, Kim, Chun, Aminata, ... and Jeon, 2013; Foxman and Burger, 2006; Cruder,
Barbero, Koufaki, Soldini, and Gleeson, 2020; Rotter, Noeres, Fernholz, Willich,
Schmidt and Berghofer, 2020; Zara and Farewell, 1997). Rewiewing the selected stud-
ies, the amount of the non-organic factors is larger. The factors in themselves are not
comparable in terms of effectiveness, because organic factors can be more difficult to
determine and can be the cause of more symptoms than non-organic. However, in
terms of validity, it is more justified to focus on non-organic factors in non-clinical
studies.

Due to the small number of selected reviews, generalizability is not possible. However,
how the latest studies shift the focus to the need for inclusion of clinical research and
the need for prevention interventions and programs can be instructive for understand-
ing the shift away from the learning environment in focus in general. In my opinion,
some of the selected research's suggestions and outcomes can serve as justification for
the need to consider also the benefits of embodied cognition for the development of
preventive practices for learning environment. For example the proposals referred to
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the attitude towards pain, enjoying music, the necessity of methods arising from em-
bodied study, neutrality, rest and body awareness. (Russell and Benedetto, 2014; Fox-
man and Burger, 2006). Research of the embodied cognition can help to understand
the autonomy of the body as a part of the socio-cultural environment and its role in
the causes and consequences and in the mentioned proposals, and thereby to under-
stand the emergence of attitudes towards the overall well-being. In my opinion, the
results of the studies suggest that embodied cognition can be a good basis for exam-
ining the preventive role of music from a perspective that is closer to a music profes-
sional who is not a professional in the health field.

1.2.1.2 Embodied Cognition in Learning Environment

Embodied (Sullivan, 2018) (Shapiro and Stolz, 2018) | (Kosmas and Zaphiris,
cognition / 2019)
Learning
Orientation teaching and education and psychology | technology, education
psychology and pedagogy
Subjects human-centered meth- | gestures, self-organiza- embodied interaction,
ods : visual stimulation, | tion, discordance and embodied learning, kines-
gestures and imitation, | concordance, thinking thetic learning, applica-
active object manipula- | with gestures, dynamic tions : tangibles, ki-
tion, motor involvement | depictive gestures nect/wii, embodied arti-
/ technology-centered facts, biosensor, embod-
methods : critical study ied games
needed, virtual reality
Approaches | learning environment historical overview, edu- | integration of the embod-
(embodiment in the cational implications for ied research methods and
classroom), exogenous | teachers technologies to learning
embodiment, student contexts
experience
Benefits explicit and implicit physical experience en- gestures attract attention
memory, elaborative hance learning concepts, | from learners and stimu-
memories, later struc- gestures contributing in- | late thinking, movements
turing and recognition | formation, discordance also help to attract atten-
of the learned refers to openness for tion, encode information,
learning, body being sup- | and facilitate
plement or substitute for | the communication and
knowledge and a tester of | interaction between
ideas learner, technology and
environment
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Suggestions | implementing under- gesture—speech and cues | cognition is affected from
and standing from human of mismatches, encourag- | different systems : clear
implications | methods to passive ing to imitate and pro- separation of cognitive
forms of learning duce gestures, catego- areas, more theorethical
razing the gestures, em- approaches
bodiment for measuring
conceptual understand-
ing / interdisciplinary
studies
Table 3 Embodied Cognition in Learning Environment

The definition and interpretations of learning have changed with the research on em-
bodied cognition and it has an impact on educational settings. In the embodied ap-
proach to learning theory, cognitive mechanisms are linked to human interaction with
the environment. Although the studies in the table were conducted in close years,
there are differences in terminology and perspectives related to the topic. However,
the subjects are all united by educational and gesture-related perspectives. The articles
also include an understanding of the effect of the body on information processing. The
functions of the body can support memory, stimulate thinking, and act as a supple-
ment to information, a substitute and a tester of ideas. Sullivan's (2018) article presents
human-centered and technology-centered methods. Shapiro and Stolz (2018) has a hu-
man-centered perspective and article from Kosmas and Zaphiris (2019) focuses on the
technology perspective. These differences reflect the multiplicity and diversity of in-
terpretations within the topic of embodied cognition and learning. Based on the arti-
cles, the goals in studies dealing with embodied cognition and learning may be related
to the development of multidisciplinary research, bringing human-centered methods
and an understanding of embodied cognition into a passive learning environment,
handling gesture research separately from the perspective of the learner and the
teacher, a more precise understanding of different areas of cognition through embod-
ied cognition, and the development of theory. (Sullivan, 2018 : Shapiro and Stolz, 2019 :
Kosmas and Zaphiris, 2019)

The study of Maturana and Varela (1987) sees importance in learning in integrating
tirst- and second-hand knowledge and describes the learning ; “learning is contingent
upon the cognitive activity that is triggered by the environment and is determined by
the dynamic nature of living beings engaged in the self-organizing activities by which
they sustain themselves” (Maturana and Varela, 1987). Shapiro and Stolz research ar-
ticle (2018) adress recent educational implications of embodied cognition and names
the area as embodied education. Research suggests that embodied cognition signifi-
cance in education is a perspective on, for example, how a teacher intuitively
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recognizes the contradictions in a child’s gestures. « Discordance is a sign of readiness
to learn because it indicates the presence of an idea that is not quite available to the
subject’s conscious awareness... teachers who display discordance benefit student
learners because they expose them to a range of strategies in the gestural modality,
thus teaching them how to “think with gestures’» (Shapiro and Stolz, 2018) Other im-
portant aspects based on gesture research were, for example, encouraging to gestures,
as it helps in the ability to communicate information and promotes learning. (Shapiro
& Stolz, 2018).

Embodied cognition research on learning emphasizes the concepts according to dy-
namic interplay, sensorimotor experiences as an example of the meanings of the word
linked to sensorimotor experience and the idea whereby everyone can learn through
imagination, demonstration and testimony. The methods used in learning research
are related for exmaple to learning subjects, tools, learning outcomes and effective in-
tegration of body in learning environments. Embodied cognition theory alone gives
rise to different concepts of learning for different educational goals. These include em-
bodied learning, kinesthetic learning and embodied interaction. Embodied learning
refers to the idea that people have a reflective mind, sensorimotor bodies and are so-
cial beings. Kinesthetic learning refers to a learning environment where the learner
physically interacts with the learning experience and perception includes sensory and
motor processes. Kinesthesia refers to the movement sense. From the previous century,
Montessori education included methods that were used to promote learning through
kinesthetic engagement. Embodied interaction refers to interactions between body ob-
jects and space, and context usually occurs in research of human-computer interaction.
(Kosmas and Zaphiris, 2019) "application areas of embodied and HCI are: a) Educa-
tional and online systems, b) Cognitive design and robotics, c) Autonomous Agents
and, d) Cognitive Interfaces." (Kosmas and Zaphiris, 2019).

Embodied (Schiavio and Schyff, (Maes, 2016) (Nadyrova, 2017)
cognition / 2018)
Learning /
Music
Orientation interdisciplinary, music, | interdisciplinary, music, teacher education
learning, behavioral learning, psychology
science
review article review article book chapter
Research 4E principles of cogni- dynamical system theory | enactivism of music
perspective tion: embodied, embed- | (assembly, self-organiza- | education and training,
ded, extended, enactive | tion, stability, situated activity of
/ self-organization, constraint- and
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autopoiesis (enactive) /
interaction theory, hy-
brid extended cognitive
systems /

processes-based),
predictive coding

“teacher-educa-
tor/teacher-researcher”,

helps to understand the
contingent and creative
nature of musical devel-
opment /music educa-
tion environments as
self-organizing and au-
tonomous systems /
learning music: bidirec-
tional dynamic where
action and perception
are coupled

thesis to music cognition
and interaction: music
perception and
performance lie in
sensorimotor dynamics
and predictive processing

Subjects creativity, collaboration, | emergent timing expressivity, emotional
the role of movement system, the Bayesian component of music edu-
and the situated body brain, internal model, cation, motor simulation
for learning / sen- prediction, (reproduction in move-
sorimotor exploration, error-correction, and ments and gestures), em-
skilled coping, interac- motor adaptation, role of | bodied simulation (rela-
tive, improvisational long-term processes tional system and expres-
and informal musical involving learning and sive gestures), enactive
learning prediction approaches: Dalcroze,

Orff, Kodai, Cohen

Approaches | 4E and autopoiesis “radical” embodiment multidisciplinary conver-

gent analysis and synthe-
sis: highlights the role of
student’s gestures involv-
ing, gesturing for to em-
body the nature of music
style and phrasing, from
speculative approach to
experience of active ac-
tion

Suggestions
and

general principles for
development, bio-ethi-

practical research, time-
dependent changes,

active recognition of
enactivism and mirror

implications | cal implications for variability, and non-linear | mechanism in music
pedagogy, understand- | complexities with education, experimental
ing empathic processes | dynamical systems research carried out by
through affective inter- | analysis teachers in practical
activity development
Table 4 Embodied Cognition in Musical Learning Environment

Studies involving embodied cognition, learning and music often process learning

through exogenous environment and mirror neurons according to teacher's repre-

sentative gestures, visual stimulation, imitation, grounding knowledge in motor ex-

perience in active learning and suggests examining sensorimotor information in de-

velopment of instructional methods. (Sullivan, 2018) The article of Schiavio and Schyff

(2018) offers a fair number of explanations of practical and related concepts and theo-

ries for study of learning and embodied cognition such as functionalism to 4E
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Cognitive science, interaction theory, self-organization (autopoiesis), brainbody-
world system, hybrid extended Cognitive systems, expert-intuitive performance (note
not unconscious), flow, skilled coping, sensorimotor exploration, proto-musical ac-
tions, M4M and Cognitive ecology. In the article empathic processes are explored first
in terms of embodied affective interactivity that allows for shared understandings to
develop between autonomous agents. (Schiavio and Schyff, 2018) The concepts in em-
bodied cognition related to learning are diverse and identifying in which context they
are being referred to is necessary. The article focuses on utilizing the body's autono-
mous functions in teaching. « an open horizon of relationships and possibilities is dis-
closed and enacted: the body does, the body feels, the body predicts and anticipates;
it has certain layers of autonomy that can lead to new meaningful interactivities with
the musical instrument, without involving mental plans, rules, or normative domains”
(Schiavio and Schyff, 2018).

In addition to perceptual factors, a distinction must be made between internal and
external factors affecting the learning experience, such as cognitive states or teacher’s
gestures. In Sullivan’s study (2018), the embodiment from the view of practical devel-
opment has been addressed from the perspective of external and physical factors af-
fecting mental experience and this is referred to as the exogenous embodiment while
Schiavio and Schyff’s (2018) article conveys the learning experience from a perspective
where music education environments should be considered as self-organizing and au-
tonomous systems and it emphasizes situated cognition in learning. The scientific
message of the Schiavio and Schyff article (2018) is that if learning is a self-generating
activity, that develops and adapts sensorimotor engagement models to understand
the world, then the role of the sociocultural environment must be taken seriously in
developing pedagogical strategy. (Sciavio & Schyff, 2018 ; Sullivan, 2018) Although
the distinction is important for the sake of clarity, in the learning environment external
and internal perceptual factors are mixed in the learning experience. For example, ac-
cording to Wilson's article (2002), the role of the environment can also be seen as part
of the cognitive strategy in offloading the work, and the article describes the natural
human need to use rotation and translation movement rather than mental computing
to simplify the problem to be solved. (Wilson, 2002) From the autopoietic perspective,
a wide variety of biological and non-biological entities and devices can help in per-
forming cognitive functions and in active sense-making. (Schiavio and Schyff, 2018)

The prerequisite for the utilization of autonomous functions is the integration of the
different sensorimotor and cognitive (as well as affective) capacities of an agent and
taking into account the relationship between an agent and the affordances provided
by the environment. Hybrid extended cognitive systems also refers to implications for
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teachers as a way to explore 'hidden' relational aspects of the music and creating novel
ways to express the practice starting with interactive, timbral and improvisational as-
pects. In the article, the skill in which a learned musician uses his intuitive knowledge
is called skilled coping. (Schiavio and Schyff, 2018) In terms of developing the embod-
ied music education, it can be useful to deal with these components separately in
terms of understanding the whole and to understand the differences and possible
points of convergence between the concepts and to find influential subthemes in the
components. According to Crawford (2022) sensorimotor processing includes effects
of external physical stimuli, feeling internal sensations, evaluating the senses and pro-
ducing a motor response. Sensorimotor exploration as a concept refers, for example,
to the fact that a musician finds interpretation possibilities that go beyond imitation.
Sensorimotor skills (2022) involve receiving sensory messages through our sensory
system, which includes sight, hearing, smell, taste, touch, vestibular and propriocep-
tion. According to Kiely (2014) cognitive capacities refers to skills related to infor-
mation processing, such as learning, attention, perception, memory, decision making
and language abilities (Crawford, 2022 ; Schiavio and Schyff, 2018 ; North Shore Pedi-
atric Therapy, 2022 ; Kiely, 2014) It could be useful to consider motivational means
familiar to music pedagogy, such as metaphors and imagination, through the perspec-
tive of autopoietic enactivism.

According to Nadyrova (2017) the idea of enactivism has been intuitively used in de-
velopment of many methods born in the last century, as is evident in Vetlugina's (1968)
description of various exercises in his book, such as free conducting, plastic intonation,
the reception of musical mirrors, the game « echo », imitation, etc., which refer to those
born from enactivism to thoughts. (Nadyrova, 2017) These mentioned exercises have
a lot in common with the exercises of Shin'ichi Suzuki's method born in the 1940s. In
both and many other methods mentioned in this thesis, such as Dalcroze, Orff, Kodaly,
Cohen, Alexsander and Feldenkrais the teaching is based on the child's different forms
of motoric participation in music in perception and experience processes. According
to Nadyrova (2017) motor simulation and use of gestures are common practices in
music pedagogy. Nadyrova's research deals with the same theme and states that en-
activism can help to verbalize the ideas and practices behind these methods and many
times the previously developed practices have bypassed scientific research. The per-
spective of the enactive approach can also help to better understand the physiological
and psychological mechanisms of students. Nadyrova emphasizes that the under-
standing of methods among teachers is facilitated by clear scientific justification and
the presentation of concepts and methods connected to enactivism. (Nadyrova, 2017)
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Concepts that are close in meaning when referring embodied cognition and learning
such as unconscious, subconscious, and intuitive knowledge or processes, can be mis-
leading in a scientific text. The possible connections to theories linked to embodied
cognition are interesting and according to preliminary research, little discussed. "Em-
bodied cognition is related to conditioning because it operates at a subconscious level
and is automatic" (Colloca and Howick, 2018). According to Rosenblatt and Thickstun,
intuition represents an unconscious cognitive activity the results of which will become
known later (Rosenblatt and Thickstun, 1994). Subconscious processing, on the other
hand, is seen as belonging to the area of consciousness, but we are not actively aware
of its operation, and intuition is the ability to access information processed by the sub-
conscious mind. (Rosenblatt and Thickstun, 1994; Sobkow, Traczyk, Kaufman, and
Nosal, 2018) Unconscious processes has been discussed in Shiavio's and Schyff's arti-
cle (2018) with enactivism, urging to be careful not to call the autopoietic processes of
learning unconscious, but rather a situation-specific way of coping. (Schiavio and
Schyff, 2018) Maes's article (2016) again refers to unconscious behavior when teacher
immediately learns to understand something while evaluating a student. (Maes, 2016)
Nadyrov discusses intuition in connection with skilled coping and autopoietic enac-
tivism. (Nadyrova, 2017) Subconscious processes are not referred to in the studies in
the table. In other words, Colloca and Howick's (2018) description of embodied cog-
nition could suggest that it operates at subconscious and unconscious level. According
to my opinion, mentioned terms relating to autopoietic processes could be referred to
in practical work as a skill to help understand complex and demanding issues and to
make quick decisions. Before that clear differences between concepts must be ensured
or use concepts which better describe the autopoietic nature of embodied processes.
(Colloca and Howick, 2018)

The themes covered by the studies in the table to be developed in teaching from the
perspective of embodied cognition include creativity, improvisation, skilled coping,
expressivity, motor simulation (reproduction in movements and gestures), embodied
simulation (relational system and expressive gestures), methods of enactive perspec-
tive, interactivity, collaboration, the role of movement or long-term processes and pre-
diction. Schiavio and Schyff's article (2018) is based on situated cognition, according
to which knowledge is situated in action that is tied to social, cultural and physical
context, while Maes's article (2016) is based on a radical embodiment view, which ac-
cording to Raja (2021) is based on rejection of the use of computational mechanisms
and representations to pursue explanations and cognitive processes are best under-
stood in terms of dynamical explanations. (Schiavio and Schyff, 2018 ; Maes, 2016 ;
Raja, 2021) Consideration's to the development of practices in the studies of the table
include mirror mechanisms or the role of interactivity in understanding empathic
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processes, active recognition of enactivism, general principles for development, bio-
ethical pedagogic implications, practical or experimental research, time-dependent
changes and variability. (Schiavio and Schyff, 2018: Maes, 2016: Nadyrova, 2017)

‘All doing is knowing, and all knowing is doing’ (Maturana and Varela, 1987: 26). (Sul-
livan, 2018)

The quote above is a clear description of the autopoietic nature of the body. The stud-
ies of the tables are united by the message of openness towards the body's sensorimo-
tor and autopoietic nature when developing teaching and learning. It can affect the
teacher's role in such a way that the environment becomes more balanced and equal.
Depending on the developmental state of the student the teacher can provide an un-
derstanding of the autopoietic nature of the body with the help of intuitive exercises
without unnecessary explanations or enlightening the student of the underlying
mechanisms affecting to it. According to Nadyrova (2017) the teacher can help the
student to maintain their adaptive stability and flourish as autonomous musical be-
ings. (Nadyrova, 2017) Just a change in the attitude towards learning and teaching can
change the attitude towards the fundamental questions of the meaning of learning
and being human, in addition to increasing the teacher's readiness to develop new
perspectives more openly on teaching and what kind of internal or external factors are
fruitful to utilize in terms of development. Everyone is united by the idea of moving
from a speculative nature of teaching to an understanding of cognitive function of the
body and active participation.

1.2.1.3 Embodied Cognition in Preventive Practice Development

According to Black (2012) the richer the perceptual environment is using multiple sen-
sory modalities (e.g., using visuals, voiceovers, and movement) during initial learning
the better the student learning, understanding and motivation is. (Black, 2012). The
perspectives of the previous section aim to understand the contingent and creative
nature of musical development and in practice the utilization of the perceptual envi-
ronment in creative ways is emphasized. I evaluated the possibilities of teaching pre-
ventive practice in learning environment as part of the meaningful learning which

29



utilizes insights from embodied cognition. The parts of the tables I created describe
the most important background factors related to the prevention of musculoskeletal
problems, and I would see that it is useful to divide the subject into parts to under-
stand the whole. The table also presents various theories and concepts behind the
practice that combines bodily cognition and teaching. I divided the table into the fol-
lowing areas based on section 1.2.1.1: 1) The Role of Movement and Ergonomics 2)
Relaxation, 3) Aspects related to Cognitive Functioning 4) Psychological, Social and
Sociocultural Factors 5) Growth and Development 6) Embodied and Enactive Meth-
ods and Preventive Programs. The table contains the risk factors and suggestions of
the section 1.2.1.1 tables and the subjects from section 1.2.1.2 tables. Same line contains
topics that could possibly be examined in the same context according to my evaluation.
My goal is to present the topics of the preliminary review by evaluating them in the
context of music pedagogy and backgrounding needs and orientation options for the
future that have arisen through the processing of the subject group formed for the
thesis that combines embodied cognition, musician’s musculoskeletal problems and
learning environment. As appeared through section 1.2.1.1 of the preliminary review
about the musician’s musculoskeletal problems, topics directly related to theory of
embodied cognition didn’t appear, but the topics were related to cognitive functioning
in general. The actual search in section 2 aims to find research for the synthesis which
combines prevention of musician’s musculoskeletal problems as well as the embodied
cognition.

A gap in the literature can also be found in the fact that prevention has received less
attention than treatment and rehabilitation, especially in the studies related to teach-
ing environment and in the fact that the theories created from concepts of prevention
and embodied cognition have not met in scientific field. According to my assumption,
teaching preventing musculoskeletal problems could benefit from the perspective of
embodied cognition in preventive practice development, paying attention to the im-
portance of movement and growth through embodied cognition. My estimation from
preliminary review is that the development of practice may benefit from paying at-
tention to cognitive, adaptive, sensorimotor, and environmental factors related to
movement and growth, as well as multisensory and development, and how the con-
sideration of the mentioned areas means in the planning of movement and motivation.
In addition to that, it is possible to assess which tendencies of the embodied cognition
theory are relevant for this entity, so that they can be tested. For example, what is the
role of embodied music cognition in the whole. According to the preliminary review,
the risk factors and proposals can be roughly divided into aspects related to move-
ment and development. Based on the preliminary review, no sources directly related
to the topic could be found, so the hypothesis has not been tested as such, and my goal
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is to present how the topic has been treated or ignored so far. According to my figures,
sections 1, 2, 3, and 6 can help to identify and evaluate the experientiality and signifi-
cance of the movement, and sections 4 and 5 concern developmental aspects. Embod-
ied cognition can help to understand aspects related to the role and development of
movement through cognitive-sensorimotor development and function and the mean-
ing of the environment. In practical work this whole can be evaluated with the help of

various methods and exercises created based on embodied cognition.

Risk factors and suggestions for mu-
sician’s musculoskeletal problems
(1.2.1.1)

(Russell and Benedetto, 2014; Lee et
al., 2013; Foxman and Burger, 2006;
Cruder et al., 2020; Rotter et al.,
2020; Zara and Farewell, 1997)

Subjects of embodied cognition in
learning environment (1.2.1.2)

(Sullivan, 2018; Shapiro and Stolz,
2018; Kosmas and Zaphiris, 2019;
Schiavio and Schyff, 2018; Maes,
2016; Nadyrova, 2017)

The Role of
Movement and
Ergonomics

playing-related behaviors, physical
health indicators, neutral posture,
accumulation of physical and pos-
tural stress, strain, importance of
strength, upper extremities, ergo-
nomic optimization (optimal instru-
ment condition, biomechanical train-
ing, sitting position, lightning,
chinrest type, acoustic factors), awk-
ward posture, too isotonic and iso-
metric movements, too early and re-
peated use of a technique requiring
relaxation and fluency, sudden in-
crease of training time, ease, natural
movement, elevated arm position,
flexor muscle behavior, excessive in-
correct repetition, postural stress

human-, and technologycentered
methods, gestures and imitation, ac-
tive object manipulation, dynamic
depictive gestures, metaphoric ges-
tures, kinesthetic learning, creativity,
emergent timing

Relaxation

practice time, breaks (of 10 to 15
minutes should be taken every 30 to
60 minutes during practice), absolute
rest, farming up, warm-up exercises,
physical and musical exercises, ab-
rupts increase in practice time, years
experience extertion after 45 min
without breaks

visual stimulation, thinking with ges-
tures, creativity and embodied simu-
lation

Aspects related to
Cognitive
Functioning

body awareness, attitude towards
pain (Some musicians accept muscu-
loskeletal pain as a normal and

motor involvement/grounding
knowledge to motor experience,
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necessary), understanding the use of
force, metacognitive thinking, enjoy-
ment of music, concept of

balance

self-organization, motor simulation,
exogenous embodiment

Psychological,
Social and
Sociocultural Fac-
tors

psychosocial stress,

psychosocial factors, stress related to
playing instrument, string class
frequency, social factors, mental
health indicators, high somatization,
fear of a career-ending disability,
temporomandibular disorder (TMD)
related to musician’s performance-
anxiety (MPA), targeted interventions

collaboration, situated learning, sit-
uation-specific way of coping,
improvisational and informal musi-
cal learning, expressivity and emo-
tional component of music educa-
tion

Growth and
Development

cognitive development, the effects of
growth on muscle

development, women gender,
(gender was not a significant (...)
women gender was significant (...),
subjective factors, age, disabilities,
first- or second-year master’s stu-
dent, accumulative physical stress,
grade (lower graders had more dis-
comfort related to higher grades; ...)

gestures, sensorimotor exploration,
the Bayesian brain, prediction, error-
correction and motor adaptation,
role of long-term processes involving
learning

Embodied and
Enactive Methods
and Preventive
Programs

Feldenkrais Method,

Alexander technique, prevention pro-
grams, prevention and treatment
strategies, primary and secondary
prevention, 'Groningen Exercise'

technology-centered methods
(embodied interaction, virtual real-
ity, videos, applications: tangibles,
kinect/wii, embodied artifacts, bio-
sensor, embodied games), interac-
tive musical learning, enactive ap-
proaches (Dalcroze Eurhythmics,
Orff Approach, Kodai, Cohen Body-
Mind Centering)

Table 5

Embodied Cognition in Preventive Practice Development

The first section considering ergonomics and movement is broader in content than the

other sections and the less considerations for the factors outside of physical function-

ing is noticeable. In the section ergonomics and the role of movement, I included top-

ics from section 1.2.1.1 that considered ergonomics and movement through the factors

related to playing-related behaviors, causes and consequences related to musculoskel-

etal problems, and factors preventing the occurrence of problems in playing practice.

Teachers could benefit from multidisciplinary developed indicators of physical func-

tioning, which could be used to understand the student's risk factors for developing
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some kind of musculoskeletal problems or needs related to physical functioning and
improve the possibilities of applying teaching utilizing the preventive and cognitive
dimension more individually. Based on the preliminary review, the problems usually
focus on the upper extremities, and the risk factors appearing in playing practice are
accumulation of physical and postural stress, strain, awkward posture, postural stress,
incorrect flexor muscle behavior, too isotonic and isometric movements, too early and
repeated use of a technique requiring relaxation and fluency, sudden increase of train-
ing time, elevated arm position and excessive incorrect repetition. Preventive factors
in playing practice are neutral posture, strength, ease, natural movement, and ergo-
nomic optimization, considering, for example, optimal instrument condition, biome-
chanical training, sitting position, lightning, chinrest type and acoustic factors. I
would see it meaningful to focus exercises on the mentioned risk factors with the help
of preventive factors and evaluate them through the concepts emerged from embod-
ied cognition.

According to the National Research Council (2001) biomechanics evaluates the move-
ment of a living organism and the internal and external forces such as loads originat-
ing from the external environment and their effect on tissues and fluids. According to
the article, work-related musculoskeletal disorders are caused by complex events and
one model to explain this is the cumulative trauma model, where internal tolerances
of tissues are exceeded through the accumulation of load caused by long-term expo-
sure or repeated exposure. (National Research Council. 2001) A musician's work in-
cludes both a lot of repetition and long periods of exposure almost necessarily. Basic
knowledge of biomechanics could be useful for teachers and work together with the
studies and experiential knowledge from musician’s studies. Biomechanical training
could be a part of optimizing ergonomics, focusing for example on sitting position,
lightning, and acoustic factors. According to Bagnara and Pozzi (2015) already con-
siders cognitive and physical dimensions by dividing into cognitive and physical er-
gonomics. However, the explanatory level could take both into account at the same
time, and these questions can be examined through the connection between the body
and communication or linguistics. (Bagnara and Pozzi, 2015) Ergonomics could be ap-
proached through embodied cognition by trying to understand the role of movement,
the effect of the state of mind on the body's functions and by considering how acoustic
factors, like the individual sound of an instrument regarding to loudness or other fac-
tors affect and how acoustic factors could be approached overall.

In exercises supporting ergonomics and playing practice (neutral posture, strength,
ease, natural movement, and ergonomic optimization), the cognitive dimension could
be assessed, for example, with the help of embodied cognition practices from section
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1.2.1.2, such as human-, and technology-centered methods, gestures and imitation, ac-
tive object manipulation, dynamic descriptive gestures, metaphoric gestures, kines-
thetic learning, creativity, and emergent timing. In my opinion, the embodiment in
ergonomic learning environment could be approached with the help of human-cen-
tered methods. Human-centered methods include gestures and imitation, active ob-
ject manipulation, motor involvement (Sullivan, 2018). Dynamic descriptive gestures
refer to motion-based representation of a concept through multiple body states.
(Khatin-Zadeh, Farsani, Eskandari, Marmolejo-Ramos, 2022) Dynamic gestures could
be climbing, swimming, painting, porridge soup or similar mental images that com-
bine movement to describe healthy movement. Dynamic gestures like this are popular
in the Suzuki Method. Metaphorical gestures describe abstract concepts that have no
spatial instantiation in the world using physical space (Casasanto and Lozano, 2007)
For example metaphorical gestures as part of understanding the physiology of play-
ing in the learning environment could be metaphors related to healthy physiology to
dynamically describe a person as a physiological being that is affected by the environ-
ment in different ways.

Kinesthetic learning refers to physical interaction with the learning experience, and it
utilizes the body, senses, kinetic perception, and sensorimotor experiences together.
(Kosmas and Zaphiris, 2019) In this context, it could be useful to evaluate kinesthetic
learning closer to with the concept of embodied learning, which consider more closely
the connection of cognitive and sensorimotor activity to the environment and its sig-
nificance to the factors affecting the body's physiology and physiological performance
in the learning environment. Embodied learning is a broad concept, which is affected
by different sub-areas. I also connected the concept of creativity to the first section,
because I think it would be useful to examine the student's creative potential through
health in the learning environment, considering external musical issues that also affect
preventive playing, for example by considering the role of the body and the im-
portance of exercise from the perspective of playing. According to Malinin (2019) em-
bodied creativity is divided into two streams:" The first stream involves experimental
examination of embodied metaphors associated with creative thinking. These studies
typically assess effects on ideational productivity of enacting metaphors through spe-
cific bodily movements. For example, free walking might enact the embodied meta-
phor thinking outside of the box... The second stream examines creativity from a dy-
namical systems perspective as an emergent phenomenon that is distributed between
people and artifacts of the material environment. For example, musical creativity is
examined as a system of emergent, dynamic interactions among musicians and instru-
ments" (Malinin, 2019).
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Based on my vision related to analysis emergent timing concept considered in Maes
study (2016), or more broadly timing strategies, which belongs to the trend of radical
enactivism could be considered in connection with out-musical issues in relation to
movement. According to study (2014) movement-based expertise using timing strate-
gies like music or sports requires accurate knowledge of movement timing and the
capacity to anticipate timing events based on, for example, to event-based or emergent
timing. Emergent timing refers to controlling continuous movement which is empha-
sized in sports and event timing to discrete movements which is emphasized in music.
According to study music training refines both discrete and continuous rhythmic
movements. (Janzen, Thompson, Ammirante and Ranvaud, 2014). (Janzen, Thompson,
Ammirante and Ranvaud, 2014) It can be significant to study the relative importance
of timing in the development of preventive and motivating practice. For example, how
timing strategies can be used to improve physical activity, motivation and under-
standing of musical movement. For example, what significance does different timing-
based movement have for recovery or can learning timing strategies encourage move-
ment and reduce the pressure of planning it. Also considering what is the importance
of repetition in continuous unplanned movement or whether timing strategies can be
used to help observe health indicators could be useful. Overall, the table is a sketch of
the topics and possible connections while considering targeting developing exercises
the role of movement and ergonomics is an area where the topics of embodied cogni-
tion mentioned in other parts are suitable to be considered as well.

Comprehensive relaxed embodiment is a condition that prevents musculoskeletal
problems. Thinking through embodied cognition, relaxation should be approached
through cognitive and sensorimotor activity and their relationship to the environment
and development. According to section 1.2.1.1, factors related to warm-up and time
use are relaxing preventive factors in the playing environment. These include, for ex-
ample, breaks (of 10 to 15 minutes should be taken every 30 to 60 minutes during
practice), meaning of absolute rest, farming up, warm-up exercises, physical and mu-
sical exercises, abrupts increase in practice time as well as years of experience of ex-
tertion after 45 min without breaks. I considered connecting visual stimulation, think-
ing with gestures, creativity, and embodied simulation with the relaxation-related
subjects. According to Sullivan (2018) active learning requires visual stimulation. For
example, the visual stimulation in education can refer to situation where the move-
ment helps the student to focus his attention on the information being learned. (Sulli-
van, 2018) In the case of relaxation, visual stimulation could be realized through re-
laxing images, supporting the skills of emotional regulation, and the connection of this
to relaxation could be possibly explored further. Visual stimulation can be used to stay
in the right position or to find smaller movement trajectories, and it can also help with
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relaxation with, for example, boards, learning cards or a video model. According to
Song and others study (2018) forest images were found to cause "(1) a significant de-
crease in oxy-Hb concentrations in the right prefrontal cortex and (2) a significant in-

nn 1 au

crease in Perceptions of feeling "comfortable," "relaxed," and “natural.””. (Song, Ikei
and Miyazaki, 2018) I see that the possibilities of the environment for achieving relax-

ing atmosphere should not be underestimated.

According to Gallese (2006) embodied simulation refers to a situation where, through
the sensory description of a social stimulus, internal representations associated with
actions, emotions, and sensations are evoked in the observer as if the observer were
experiencing the same situation. (Gallese, 2006) I consider the relational system and
expressive gestures mentioned by Nadyrova (2017) in understanding the construction
of music using embodied simulation. In such a situation, the practice would focus on
the relative elements of the music, combining expressive gestures and embodied sim-
ulation, and the approach to the relativity of music brings a relaxed atmosphere to
learning. Learning by thinking with gestures was discussed by Shapiro and Stolz (2018)
through examining the relationship between gesture and speech used by children and
its effects on learning to think with gestures and teachers who display discordance
benefit learners by exposing them to different strategies in gestural modality (Shapiro
and Stolz, 2018). Gestures can contain information that a person does not necessarily
know knowing and gestures can be used to guide thinking. According to my assump-
tion, a student could also learn to recognize the need for relaxation through gesture
knowledge, and the effectiveness of gesture knowledge in connection with relaxation
could be empirically tested. Relaxation and creativity have been examined in several
different studies in the same context. For example, according to study (2014) related
to recovering in work the results suggest that creative activities help in recovery
(Eschleman, Madsen, Alarcon and Barelka, 2014). In this context, creativity would be
approached as a means of relaxation, considering cognitive and sensory motor func-
tion, development, and the concept of environment and creativity in its scope, in this
context, deserves its own study and could lead to many interesting exercises to sup-
porting frameworks.

In section 1.2.1.1, preventive suggestions referring to cognitive functioning were body
awareness, understanding the use of the necessary force, developing metacognitive
thinking, understanding the enjoyment of music and the concept of balance. Risk fac-
tors related to cognitive functioning were harmful attitude towards pain. According
to Fisher, Chacon and Chaffee study (2019) cognitive functioning refers to different
mental abilities including learning, thinking, reasoning, remembering, problem solv-
ing, decision making, and attention. (Fisher, Chacon and Chaffee, 2019). I evaluate the
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mentioned concepts of the section 1.2.1.1 being related to cognitive functioning. I con-
sider if the development of various cognitive skills could play a role in the prevention
of musculoskeletal problems. According to my evaluation motor involvement
(grounding knowledge to motor experience), self-organization, motor simulation and
exogenous embodiment could be tools to consider in development of cognitive skills
in the context. The study of Sullivan (2018) process gestures through explicit and im-
plicit memory and elaborative memories and how gestures play a role in later struc-
turing and recognition of the learned. According to Shapiro and Stolz (2018) physical
experience enhances learning concepts, gestures contribute information, discordance
refers to openness for learning and body being a supplement or substitute for
knowledge and a tester of ideas (Shapiro and Stolz, 2018). Kosmas and Zaphiris (2019)
discuss gestures by introducing how gestures attract attention in learners and stimu-
late thinking and how movements help to attract attention, encode information, and
facilitate the communication and interaction between learner, technology, and envi-
ronment. (Kosmas and Zaphiris, 2019)

Motor involvement or grounding knowledge to motor experience is processed in Sul-
livan's (2018) research in the context of combining mathematical concepts and physi-
cal movement. The article stated that understanding increased when motor involve-
ment was added to the subject being learned. (Sullivan, 2018) I think this could be
used to help understand the structure of music with different body movements, for
example by moving to the music while focusing on balanced, healthy movement with
small ranges of motion. In this way, body awareness, balance and increasing the un-
derstanding of the structure and content of the music would be combined, and this
could reduce excessively isotonic and isometric movements during the performance.
Sullivan (2018) describes self-organization as part of the learning process, where cog-
nition is triggered by the environment and learners sustain themselves. (Sullivan, 2018)
Through the understanding of adaptive behavior, teaching could develop new per-
spectives on practice that would consider the importance of self-constitution, self-co-
ordination, and self-organization processes in playing practice that supports and de-
velops health. In this context, it could be considered teaching to intuitively recognize
one's own needs or correcting bad posture without having to consciously think about
certain tasks. Teacher could consider teaching recognition of information that can be
found already from the movement. Developing metacognition was a preventive factor
in section 1.2.1.1. Metacognition is referred to, among other things, as follows: "...
awareness of one's own thinking, awareness of the content of one's conception, as ac-
tive monitoring of one's cognitive processes, an attempt to regulate one's cognitive
processes in relationship to further learning..." (The Psychology Notes Headquarters,
2020) According to Skulmowski and Rey (2017) physical effort and cues also develop
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metacognitive thinking (Skulmowski and Rey, 2017). This supports the idea that lis-
tening to the body's cues can be important in the development of preventive practice.

According to O'Shea and Moran (2017) motor simulation theory aims to explain how
action-related cognitive states relate to actual motor execution states and examines the
effects of imagining an action without executing the movements involved on learning.
In the described situation, similar brain areas are activated, and the activity can be
practiced in the mind via a putative simulation mechanism (O'Shea and Moran, 2017).
According to Schiavio and Schyff (2018) exogenous embodiment refers to utilizing the
environment in cognitive functions or things where the source is the environment, e.g.
the teacher's gestures. Hybrid extended cognitive systems refers to the exogenous em-
bodiment and tools for integrating the body to the environment or to the part of the
cognitive strategy. Exogenous embodiment includes studies related to subjects such
as teacher's gestures and imitation. Utilizing the hybrid cognitive systems enables ex-
ploring the 'hidden' relational aspects of the music and creating novel ways to express
the practice starting with interactive, timbral and improvisational aspects. (Schiavio
and Schyff, 2018) I think the area of the embodied language would also be useful to
examine through relaxation, for example more specifically related to the use of meta-
phors or regarding the understanding of the use of force. It would be meaningful to
find out in which ways the environment can be utilized in music learning as a supple-
ment or substitute for cognitive functions or a tester of ideas.

The importance of psychosocial factors in the occurrence of musculoskeletal problems
has been recognized in Finland in recent years. The Finnish Association of Music Med-
icine has considered the importance of psychosocial factors in the development of mu-
sician’s musculoskeletal problems by establishing a psychosocial division in 2021. Ac-
cording to the association, psychosocial factors play a significant role in the develop-
ment of musculoskeletal problems, describing that somatic ailments often have a psy-
chosocial dimension. (Smuly, 2021) According to the Finnish Institute of Occupational
Health (2023), psychosocial factors can refer to excessive workload, conflicting de-
mands, ethical burden, monotony of work, threat of violence. (ttl.fi, 10.4.2023) Accord-
ing to the announcement of the Finnish Occupational Safety and Health, the content
of the work and the social functioning of the community related to psychosocial work
load factors (Tydsuojelu, 2023) The University of Turku's (2022) study mapping the
effect of psychosocial factors in childhood on cognitive development in adulthood
dealt with psychosocial factors such as the family's socioeconomic status, emotional
atmosphere, stressful life events, parents' health behavior and the child's adaptability
and self-control, of which the child's adaptability and self-control had the greatest im-
pact on memory and learning in later life. (Raitakari, Rovio, Nurmi, 2022) According
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to Rasanen and Sauvola (2023), somatic symptomatology is always a comprehensive
experience that combines physiological phenomena, emotional reactions, cognitive
perceptions of the symptom and the effects of all of these on behavior. (Rdsdanen and
Sauvola, 2023) A music teacher regularly participates student's life, and awareness of
the psychosocial dimensions and cognitive load factors related to playing an instru-
ment or from broader perspective is useful from the perspectives of holistic support
and prevention.

In the section 1.2.1.1 risk factors for musculoskeletal problems regarding to psycho-
logical, social, or sociocultural factors were psychosocial stress or stress directly re-
lated to playing instrument, string class frequency, different social factors, fear of a
career-ending disability temporomandibular disorder (TMD) related to musician's
performance-anxiety (MPA) and high somatization. According to Orthopedic and
Spine Center (2023), stress can worsen the symptoms of many musculoskeletal dis-
eases, for example by increasing pain sensitivity and worsening musculoskeletal
symptoms and preventing recovery. (osc-ortho.com, 10.4.2023) Stress was also one of
the risk factors in the table 1.2.1.1 mentioning that problems arise in techniques that
require the most relaxation. (Russell and Benedetto, 2014) The problem could be due
to the notion that these techniques are stiffening in a situation where holistic relaxation
is especially important, and problems arise because of the bodily contradiction where
a person tries to relax himself mechanically without a genuine experience of relaxation.
I wonder if some exercises for embodied cognition could be used as an effort to resolve
the contradiction and to consciously target the exercises when practicing challenging
techniques. According to section 1.2.1.1, preventive measures were the identification
of mental health indicators and targeted interventions. I wonder if embodied cogni-
tion could give a perspective of cognitive-sensorimotor development and function
and the importance of the environment to social, socio-cultural and psychological fac-
tors in the learning environment, for example by evaluating the role of collaboration,
situated learning, situation-specific way of coping, improvisational and informal mu-
sical learning, expressivity and emotional component of music education in the devel-
opment of preventive practice related to this context.

In the article of Schiavio and Schyff (2018) empathic processes are explored first in
terms of embodied affective interactivity that allows for shared understandings to de-
velop between autonomous agents. The emotional components of interaction can be
understood through affective interactivity with sensorimotor exploration, expressiv-
ity, motor adaptation, skilled coping, motor simulation (reproduction in movements
and gestures) or relational system and expressive gestures. (Schiavio and Schyff, 2018)
A conscious practice of skilled coping in a learning environment could support the
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achievement of easier relaxation and flow and the combination of the two. According
to a study (2021), in which the connection between the well-being of university re-
searchers and flow state was investigated during the Coronavirus Diseases-19, it was
found that there is a significant positive connection between subjective well-being and
flow state. (Wu, Xie, Lai, Mao, and Harmat, 2021) I see it as meaningful to investigate
in the teaching environment what kind of meaning teaching and achieving a flow state
can bring to preventive teaching. The fun element of improvisational and imitative
exercises can be in creating an relaxed and accepting atmosphere and the mentioned
orientations could be built around warm-up exercises and an understanding of the
body awareness around relaxation also in group lessons. Group lessons could focus
on improvisation, where elaboration technique would be used with music. In individ-
ual interventions, elaboration through discussion could be part of the joint search for
solutions. The development of prevention from the point of view of collaboration and
interaction could also be related to, for example, the development of a group program
where attention is focused on healthy movement or performance anxiety and the prac-
tice could be built around synchrony and affective interactivity between the group
and this could be a kind of targeted intervention through teaching.

In the section 1.2.1.1 risk factors for musculoskeletal problems regarding to growth
and development were women gender possibly, subjective factors, age, disabilities,
first- or second-year master’s student, accumulative physical stress, grade (lower
graders had more discomfort related to higher grades). In prevention, factors related
to cognitive development and the effects of growth on muscle development must be
considered and in general identify things that affect development and growth in a
way of developing musculoskeletal disorders. I wonder whether this point of view
could be addressed through the theory of embodied cognition, for example discord-
ance and concordance, gestures, sensorimotor exploration, the Bayesian brain and
Prediction models, error-correction and motor adaptation and the role of long-term
processes involving learning and prediction. According to the Shapiro and Stolz study
(2018), discordance and concordance were processed by assessing the student's level
of understanding and readiness to learn. Discordance, which refers to a mismatch be-
tween speech and gesture, was a sign of readiness to learn new things (Shapiro and
Stolz, 2018). The use of gestures, for example descriptive or metaphorical gestures,
could be considered especially in relation to things affecting development and growth.
According to Schiavio and Schyff (2018), sensorimotor exploration refers to a mecha-
nism in learning that has been shown to be primary for humans. According to the
research, the focus on interactive, improvisational, and informal kinds of musical
learning has grown among scholars in educational sciences, and in these ways of
learning music, sensorimotor exploration and other forms of bodily engagement are
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emphasized. (Schiavio and Schyff, 2018) The teacher's creativity is the limit of what
can be invented by considering the sensorimotor engagement and self-producing ac-
tivity perspective and it could be used by considering long-term development and
growth.

Factors related to growth and development include, for example, factors related to
cognitive development as well as identifying and considering muscle growth stages
from a long-term perspective in teaching. Educational implications emerged from
neurobiology research are diverse and they can be used to understand the stages of
the learning process and the above-mentioned possible subjective risk factors such as
disabilities or causes in the background of accumulative physical stress. The Bayesian
brain hypothesis discussed by Maes (2016) is based on the "radical" embodiment thesis
where music perception is a dynamic process rooted in the natural disposition of
sounds and the human auditory and motor system. The perception dominates the
tield of psychology and neuroscience in explaining brain's functions like sensory per-
ception or high-level cognition. (Maes, 2016) According to Gopnik and Tenenbaum
(2007) processing children's causal learning, they solve problems related to inductive
inference routinely and effortlessly. (Gopnik and Tenenbaum, 2007) According to
study (2020) the results show a predictive connection between multi-sensory benefits
in simple detection and higher-level cognition in schoolchildren. The study shows that
childhood low-level multisensory processes predict higher-order memory and cogni-
tion. (Denervaud, Gentaz, Matusz and Murray, 2020) From the healthy cognitive de-
velopment view, multisensory aspects in learning are useful and different explanatory
models behind the learning of abilities can help to understand learning in a more age-
specific way and to utilize abilities that are suitable for behavior and abilities that are
natural, enabling combining preventive teaching and age-specific abilities. The music
learning environment is multisensory in nature, and for this reason it can be useful to
also understand the importance of the nature of the learning environment for devel-
opment and growth.

Perspectives related to development and growth in the development of preventive
education could focus on generalizable and individual perspectives. The importance
of muscle growth stages in the development of musculoskeletal problems could be
considered. The study (1995) describes muscle growth in young people as follows:
"Periods of arm muscles growth are 12 and 15 years and that is 13 and 15 years for leg
muscles. Most significant growth speed for both groups fall on the age of 15. By 16
years growth speed reduces both for body and limb muscles weight. However, by 17
years growth speed increase for body weight and leg muscles only.” (Tambovtseva,
1995) The above study reflects the non-linear nature of development. My assumption
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is that incorrect positions and incorrect playing technique are particularly harmful in
phases where the growth of muscles and height is rapid, and in teaching, special at-
tention could be paid to these phases. In the case of young children, in the early stages
of their playing practice, attention could be paid to taking the children's age-specific
gross motor skills into account. According to Foxman and Burger (2006); "Primary
prevention of playing-related musculoskeletal disorders, through identification of in-
trinsic and extrinsic risk factors, should be initiated at the beginning of music educa-
tion. "(Foxman & Burger, 2006) Perhaps using motor simulation for young people
could be an option to reduce extra strain. For example, The Suzuki Method utilizes
different types of gross-motor skills combined with musical movement and imagery
and according to my notion the method resembles the emphases of the embodied cog-
nition theory supports motor development.

The sixth section is related to embodied or Enactive teaching methods and preventive
programs. According to section 1.2.1.1 Feldenkrais Method, Alexander technique is
used in preventive teaching. According to review (2015) Feldenkrais Method focuses
on learning how to learn through improving awareness, health and ease of function
guided through a series of movement and sensation-based explorations individually
or in a group. The review provides evidence of the benefits of the method as a preven-
tive approach and in reducing pain or discomfort. (Hillier and Worley, 2015) Alexan-
der technique is a posture-modifying method, like Feldenkrais focusing on kinesthetic
re-education and the process is called constructive conscious control (Foxman and
Burgel, 2006) In addition to the mentioned, individual preventive programs and strat-
egies have been developed in different settings concerning primary and secondary
prevention. One of the mentioned targeted programs was the Groningen exercise. Ac-
cording to study of Groningen Exercise Therapy for Symphony Orchestra Musicians
(GETSOM) program (2003), which emphasizes relaxation, postural exercises for the
shoulder, neck, and lower back considering physical workload and mental stress was
shown to be efficacious in decreasing playing- related musculoskeletal diseases.
(Greef, Wijck, Reynders, Toussaint and Hesseling, 2003) Developing similar targeted
programs and measuring their effectiveness could be considered at an earlier stage,
targeting, for example, music students. The perspective of embodied cognition related
to different programs and strategies includes, for example, to technology-centered
methods and interactive musical learning applications or different enactive ap-
proaches like Dalcroze Eurhythmics, Orff Approach and Cohen Body-Mind Centering.

Dalcroze Eurhythmics focuses on developing an understanding of the essence of mu-
sic through exercise, singing, tuning and improvisation. (Juntunen, 2019) Orff Ap-
proach also includes improvisation and different ways of participating in making
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music by singing, playing, dancing, or speaking by developing a person's natural mu-
sicality. The approach emphasizes the connection of language, music and listening
(Blair and McCord, 2015) Cohen Body-Mind Centering embodied application using
anatomical, physiological, psychophysical principles utilizing movement, touch,
voice, and consciousness. It is applied in many fields such as physical and occupa-
tional therapy, psychotherapy, child development, education, music, art, meditation,
dance, yoga, bodywork athletics and other body-mind disciplines. (bonniebainbrid-
gecohen.com, 2024) According to my notion possibilities of technology for music ed-
ucation can be examined for example in the sudden situations of the need for distance
teaching, and in educational research exploiting different embodied interaction with
virtual reality, videos, or applications. (Sullivan, 2018) These different programs that
consider cognitive-sensorimotor development and functioning and the importance of
the environment could be considered from the perspective of developing preventive
education. Based on this preliminary review, there can be many different perspectives
related to practice. I think it is meaningful to look at how the field of health and well-
being has considered the areas emerged from embodied cognition or embodied music
cognition. The enactment perspective presented in the introduction could consider the
biomechanical effects of the body's effectors and their role in future brains or other
health. Entrainment could take the perspective of how the activating effect of music
can help to use the body preventively. Gestures research can focus on including cog-
nitive elements and considering information processing related to the environment
and studying its role in maintaining health. It could be meaningful to examine how
exploring and modifying the environment can be included in preventive practice.

1.2.2 Research Questions and Objectives

The objective of the thesis is to synthesize literature related to embodied cognition in
the learning environment and prevention of musician’s musculoskeletal problems and
to explore the perspectives for preventing musician’s musculoskeletal problems in the
learning environment from that point of view. My assumptions are that the consider-
ation of the sensorimotor and cognitive functions is essential in the development of
preventive practices and that learning musical instrument could be seen supporting
psychophysical development holistically and preventing injuries as much as doing
sports are seen to accomplish. The hypothesis of the thesis is that the embodied cog-
nition considering sensorimotor and cognitive factors and the self-organizing nature
of them in the learning environment, can be a worthwhile tool developing the
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prevention of musician’s musculoskeletal problems and increase societal appreciation
towards learning music and on how we perceive the meaning of movement essentially.
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2 METHODS

This section contains the description of progress of the analysis including search strat-
egy 2.1, eligibility criteria, 2.1.1, screening and selecting 2.1.1.1, critical appraisal
2.1.1.2, data extraction and analysis 2.2. The thesis is conducted as a mixed method
integrative literature review design analyzed and synthesized with thematic, constant
comparative and content analysis as the critical interpretive approach including nar-
rative summary suitable for mixed method research synthesis.
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2.1 Search Strategy

The data search was conducted 11.10.2023 using five databases including computer-
assisted databases and gray literature including Web Search Engine Google Scholar
and manual search. Databases included Scopus, PubMed (Medline), ERIC, Web of Sci-
ence, DOA]J. The inclusion criteria for the initial search were English as the publication
language. The publication date in DOAJ were between the years of 2014-2024 and in
other sources between the years of 2018-2024.

data publication search terms / document type / subject area
sources date

Scopus 2018-2024 (prevent* OR musculoskeletal* OR playing*) AND ("embodied cogni-
tion" OR "embodied music cognition") AND ("teaching" OR "learn-
ing") AND ("music"

document type:
limited to article, book chapter, review, and conference review

subject area:
Arts and humanities, multidisciplinary

PubMed | 2018-2024 (prevent® OR musculoskeletal* OR playing®) AND ("embodied cogni-
(Medline) tion" OR "embodied music cognition") AND ("teaching" OR "learn-
ing") AND ("music"

ERIC 2018-2024 (prevent* OR musculoskeletal* OR playing*) AND ("embodied cogni-
tion" OR "embodied music cognition") AND ("teaching" OR "learn-
ing") AND ("music")

Web of 2018-2024 (prevent* OR musculoskeletal* OR playing*) AND ("embodied cogni-
Science tion" OR "embodied music cognition") AND ("teaching" OR "learn-
ing") AND ("music"

Google 2018-2024 embodied cognition, learning, teaching, music, prevention, playing-

Scholar related*, musculoskeletal*

manual 2018-2024 prevention of musician's musculoskeletal problems and embodied
search cognition

DOAJ 2014-2024 '‘embodied music cognition* OR embodied cognition' AND 'musculo-

skeletal* OR playing-related*"

Selected subjects: music and music books

Table 6 Data sources
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Based on the preliminary review, the subject area formulated for the thesis and syn-
thesis was somewhat unknown. Therefore, the purpose was to conduct the wide as
possible data search within the scope of the set schedule and within the limits of a
single review with the aim of finding research sidestepping or processing the formu-
lated objectives in the manner discussed within the scope of the topic or in a specific
way, from which a general understanding describing the practice and the state of the
topic could be formed. The goal for the initial search was to find research content com-
bining the learning environment, the prevention of musculoskeletal problems, and
music as a topic. I conducted some testing with different search terms and ended up
to recorded terms above as the ones that could best answer my research questions. In
relation to musician’s musculoskeletal problems, the limitation to search term play-
ing* in search can give answers related to playing- related musculoskeletal symptoms,
-problems, - disability, -injuries or other terms referring to changes in health and di-
vide the search into musicians. Limitation to search term musculoskeletal* can also
refer similarly to terms referring to various musculoskeletal problems. I noticed that
often the musculoskeletal problems of musicians are referred to in the text with
phrases that start with the mentioned terms. The eligibility criteria (2.1.1) contain de-
scriptions and justifications for the inclusion criteria for the initial phase of the thesis,
as well as the inclusion and exclusion criteria for the screening phase. In the screening
and selecting phase (2.1.1.1), I describe the flow of the information search using the
PRISMA flow diagram and describe, justify, and evaluate the inclusion criteria for the
screening and full-text phase.

The References of the studies identified were imported to Zotero and uploaded into
Covidence for review. According to Zotero Website (2024) Zotero is a citation man-
agement software for managing research materials and bibliographic data. It was cre-
ated for the Center for History and New Media at George Mason University and since
2021 developed by the non-profit Corporation for Digital Scholarship. (Zotero, 2024)
I didn't use all the potential that Zotero offers, but it helped me read the articles. Ac-
cording to Covidence Website (2024) Covidence is a tool for conducting systematic
reviews assisting in screening and data extraction process. (Covidence, 2024) I used
the free version of Covidence, which helped to organize the data in the initial phase
of the PRISMA table, removing duplicates and clarifying the progression of the screen-
ing phase. According to Toronto and Remington (2020) PRISMA is used in integrative
and systematic reviews. The PRISMA guideline was developed to increase quality and
transparency in reporting of the systematic review and minimizing bias in the report-
ing and to facilitate time management and search reporting. The abbreviation consists
of the words Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(Toronto and Remington, 2020). According to Toronto and Remington (2020)
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sometimes the volume and quality of published literature are insufficient to address
the review question, then gray literature may provide a rich source of data and context
to the review (Toronto and Remington, 2020) In the case of my thesis, I justify the need
to include gray literature with the small amount.

I used the CASP (Critical Appraisal Skills Program) checklist to help planning the as-
sessment. According to CASP (Critical Appraisal Skills Program) Webpage (2024) the
CASP is used in healthcare research for the critical evaluation of research and the
trustworthiness, relevance, and results of published papers. (CASP, 2024) I did not go
through the entire checklist for all studies, because I do not see mutual comparison
and scoring adding value to thesis more than a shorter assessment of the possibilities
of the content, since the number of included studies is small and without clinical prac-
tice future implications. It is also difficult to make a comparison between the reliability
of the texts because the studies concern different methods, results and even topics on
purpose. Eight from eleven included articles were peer-reviewed. I chose the rest be-
cause they considered perspectives important to the subject, which were not encoun-
tered among the peer-reviewed articles processing the development of research, the
importance of language and healthy interpretation. I appraised the studies by supply-
ing a short assessment of the possibilities in relation to the question of whether em-
bodied cognition is a worthwhile basis for development of preventive pedagogical
practice in music learning environment and the significance of my thesis in terms of
the overall picture of the subject, as well as limitations in relation to the interpretation
of the results of the thesis. The limitation of conducting the search is that embodied
cognition is a comprehensive umbrella term for extensive scientific research, which
can direct the search to research being far from the topic of the thesis. In turn my pur-
pose is to get a broad picture of the literature considering my topic, but the mentioned
limitation can affect the reliability of the overall picture created from the results.

The free trial of qualitative data analysis software NVivo was used for searching and
outlining the basis for the search themes and recurring concepts in the included stud-
ies. NVivo has been developed to help with the organization and in-depth analysis of
unstructured qualitative data. (McNiff, 2023) Data extraction stage consisted of ex-
tracting the content from the included studies. The included studies clearly formed
two categories, where the studies of the first category considered the prevention of
musician’s musculoskeletal problems in musicians, learning and music pedagogy, in-
cluding an emphasis on cognitive aspects. In the second category, the perspective re-
ferring to health, learning and music pedagogy was emphasized, including an empha-
sis on theory of embodied cognition. The reason for the two categories is the object of
understanding what the categories can give each other in terms of healthier music
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environment and also the fact that when combining the sources, embodied cognition,
prevention and music environment were not found. More precisely, the goal was to
understand whether the data considered the theory of embodied cognition can bring
a deeper perspective to the prevention of musculoskeletal problems in musicians in
the field of music pedagogy or, more broadly, to a healthy playing environment, or
whether there are connections to the theory of embodied cognition in the content of
the sources processing prevention, which could strengthen the metalevel emphasis of
embodied cognition in the studies combining cognition and prevention. It can be val-
uable to recognize the variability of the concepts and to recognize the extent of the
treatment of the subject at the meta-level, so that fresh ideas can be integrated to be
more easily utilized in practice and research combining health and music.

The subject areas of the categories are divided into four codes connecting both catego-
ries, which are perspective or prevention, embodied cognition or relations to cognitive
aspects, pedagogy and learning. Synthesis methods were content, thematic content
and constant comparative analysis. In the synthesis, I examined the connections be-
tween the two categories by comparing them, and in addition compiled the results of
the thematic and content analysis and created a narrative summary of the results.
Based on the preliminary review, data extraction, and content analysis, the synthesis
was divided into two high-level themes in which the first theme emphasizes behav-
ioral control processes in relation to cognitive strategies and functions, including the
role of senses and internal representations, as well as concepts of being, knowing and
embodiment. The second theme processed the importance of information arriving
from outside of the body and environmental factors in cognitive strategies and teach-
ing. The reference framework for the synthesis formed from the two themes, which I
think contains application possibilities, clarifying a wide subject area. The themes help
to examine the subject from the perspectives of the teacher and the student, as well as
conscious control and unconscious activity in relation to the environment and inter-
action during learning. During the discussion section, I examine the mentioned per-
spectives, especially from the perspective of preventive pedagogy and learning, and
outline what it may contain based on an integrative review and my assessment. Dis-
cussion goes through how the topic appears even more precisely in preventive peda-
gogy in the frameworks of the synthesis and preliminary review, so that the evalua-
tion of the development of the topic becomes possible and possibility for evaluating
what bringing together the results of the preliminary review and the actual search
gives to the topic.
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2.1.1 Eligibility Criteria

I selected English as the publication language for the initial search, because the lan-
guage of my thesis is in English. A search combining Finnish and English would have
been challenging to implement, even though finding research on the subject in Finnish
would also be valuable. During the application period, I noticed that the research-
related concepts and their translations of some studies considering embodied research
seemed to be in the development stage. The reason for setting the publication date to
recent years is that, based on the preliminary review, none or presumably only recent
research is found on the subject. My goal was to include databases containing multi-
disciplinary studies, music studies and health-oriented studies, and therefore data-
bases included Scopus, PubMed (Medline), ERIC, Web of Science, DOAJ, Web Search
Engine Google Scholar and manual search. In Scopus the used document type was
limited to article, book chapter, review, and conference review. The subject area Sco-
pus was Arts and humanities and multidisciplinary. Selected subjects in DOA]J were
music and music books. The reasons for the limitations were the large amount of the
data in those databases and the need to limit the topic to studies considering music as
the part of the research content. In other data sources, it was possible to process the
amount of data to be evaluated, the intended content remained somewhat within the
topic, and therefore no additional restrictions were needed.

Scopus is database of peer-reviewed literature and includes research in the fields of
science, technology, medicine, social sciences as well as arts and humanities. (Scopus,
2022) According to Lindsey and Olin (2013) PubMed is a database for Biomedical and
life sciences literature maintained by the National Center for Biotechnology Infor-
mation (NCBI). (Lindsey and Olin, 2013) PubMed (Medline) is limited to articles in-
dexed with MeSHe (Medical Subject Headings) and curated with funding, genetic,
chemical and other metadata (PubMed, 2023) ERIC, or Education Resources Infor-
mation Center, is a digital online library and full-text database related to educational
research and is sponsored by the Institute of Education Sciences of the US Department
of Education. (ERIC, 2014) According to Birkle (2020) Web of Science (WoS) is the
world's oldest and most widely used research database, covering multidisciplinary
and field-specific information in different forms and it is currently maintained by Cla-
rivate Analytics. (Birkle, 2020) The Directory of Open Access Journals (DOA]J) is a
website that contains a large number of research journals and is maintained by Infra-
structure Services for Open Access. (Morrison, 2017) The databases are deliberately
emphasized in different ways to the health-oriented information, research with an
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emphasis on arts and humanities as well as education and to widely used database
considering many fields. I chose DOA]J, Google Scholar and manual search on the as-
sumption that I would possibly find scientific literature other than scientific articles
related to the topic and possibly new perspectives to in accordance with the integra-
tive review methodology which emphasizes a broad perspective and an overview of
the state of the subject.

Eligibility criteria

Inclusion criteria (initial search) publication language: English

publication date: 2014-2024 (DOAJ),
2018-2024 (Scopus, PubMed (Medline), ERIC,
Web of Science, Google Scholar)

Inclusion criteria (screening) all studies including two out of the three:

1) music

2) embodied cognition and learning

3) prevention of musician’s musculoskele-
tal problems

Exclusion criteria (screening) clinical studies, rehabilitation studies, off topic,
not suitable for wide perspective, game studies,
machine learning, computer science, digital
space, dramatic literature, Spanish or Slovenian
as the publication language, music analysis, tal-
ent research, only processing music as the sub-
ject, ethnographic studies, social and societal
studies, only processing perception as the sub-
ject, excessive specificity, wrong object/subject,
wrong design, some dissertations (wrong de-
sign), books

Table 7 Eligibility Criteria

The inclusion criteria of the screening phase were to include all studies considering
two of the following three topics: 1) music, 2) embodied cognition and learning, 3)
prevention of musician's musculoskeletal problems. Based on the preliminary review,
it seemed that no sources could be found that would combine all three of the men-
tioned themes, and there is a gap in the literature regarding to that, and for that reason
I took as a criterion that the studies would combine at least two of the three themes.
According to Toronto and Remington (2020) the inclusion and exclusion criteria
should identify whether inferior studies will be included or excluded after the ap-
praisal process. Some suggest that all studies should be considered in the review,
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despite low-quality ratings to allow for more diversity among the sample, whereas
others suggest that synthesizing studies of high quality with those of lesser quality
may lead to inaccurate conclusions (Toronto and Remington, 2020). In the case of my
thesis and due to the elusive nature of the topic, I emphasized the topic more than the
level of scientific writing in the screening. I ended up including eleven studies includ-
ing three dissertations. Described in more detail, in the screening phase I automati-
cally included studies considering prevention and musicians, as well as studies com-
bining movement, learning and music in one way or another. I excluded 44 out of 136
studies in the screening phase.

I excluded studies that focused on clinical studies, rehabilitation studies, game studies,
machine learning, computer science, digital space, dramatic literature, Spanish or Slo-
venian as the publication language, music analysis, talent research, ethnographic
studies as well as social and societal studies. In addition to those mentioned, I ex-
cluded studies that focused only on music or perception or otherwise contained ex-
cessive specificity not suitable for formulating as wide perspective. An exception to
the subject of music analysis is the one study in which the grounds for inclusion are
found and assessed. In addition, I excluded studies, books, and studies with the wrong
object, design, or subject. A large part of the subsidies excluded in the screening phase
were studies based on clinical treatment. Excessive specificity is part of an exclusion
criterion because I am aware that using only an umbrella term distorts the results, so
the focus must be on achieving a superficial overall picture and thus also the sources
must have as broad perspective as possible. There is also a possibility that sources
could be found if it were possible to find out the terms that are most found under the
shadow term embodied cognition related to studies dealing with prevention and mu-
sicians. This thesis, with its broad perspective, aims to find out the overall picture and
what aspects relates to it.
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2.1.1.1 Screening and Selecting Process

Records identified through Additional records identified
database search through other sources
(n=94) (n=51)

Records after duplicates removed

(n=136)
Records screened Records excluded
(n=136) (n=44)

A

Full-text articles
excluded with reasons
(n=81)

Full-text articles
assessed for eliglibility
(n=92)

Out of scope (=76)
Full-text not available
(=5)

A 4

Studies included in
qualitative synthesis
(n=11)

Figure 1 PRISMA chart

During the stage of full-text appraisal, the existence and scope of teaching methods
considering cognition as a main theme came to notice. At the same stage it became
apparent that the research articles or dissertations considering teaching methods and
cognition were closer to the thesis subject than articles considering other subjects.
These articles combined the learning environment, healthy or preventive playing and
cognition without considering theory of embodied cognition. Decision to include ar-
ticles considering music related methods was justifiable even though the methods
were not directly related to the embodied cognition theory. Through including them
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it could be possible to observe the overall phenomenon and connections between the
subjects matters. The view of practical applicability of the content, different teaching
methods related to music and diversity of research methods and types were evaluated
in the full text appraisal. The full text criteria were the estimated applicability regard-
ing subject of the thesis and the possibility of getting an overall picture of the subjects
and trends related to it. The goal was a diverse picture of methods and research styles,
and due to the fragmented nature of the topic, I included a small number of disserta-
tions. Inclusion criteria for dissertations were the freshness of the topic and the effort
to understand the practice closely and the detection of intersections between practical
and scientific work. The research style that combines scientific and practical
knowledge is methodologically suitable for integrative reviews. The fact that the dis-
sertations among the articles in the full-text phase contained more of the desired in-
formation in relation to other scientific articles can indicate the subject being fresh for
the moment or it being difficult to conduct empirical research related to the subject.

The number of excluded texts in the full-text phase was 81. At this stage, I still found
some texts that were not suitable for my topic, the content of which was not clear in
the screening stage, and some of the screening stage's exclusion criteria were also in
use at this stage. Most of the excluded studies were studies based on clinical care or
rehabilitation. At this stage, I excluded more studies whose topics only concerned mu-
sic analysis or digital space and all books. I also excluded research articles that had the
wrong design, subject, topic or where the full text was not available. As an exception
for clinical studies, I included Détari's study (2023) because the article had the holistic
disruption-oriented approach with the discussion of prevention and learning on a
practical level. (Détari, 2023) The References of the studies identified were imported
to Zotero and uploaded into Covidence for review. I used Zotero to outline the subject
areas and made the free version of Covidence to help in the screening phase and to
create the PRISMA chart. The free version of Covidence enabled initial screening and
the creation of a PRISMA chart. In the full-text phase, I found some similar studies,
but I wanted to limit the final analysis to 11 sources, which form a versatile overall
picture of the subject within the framework of the single review, with the possibility
to manage the subject more profoundly. During the screening and selecting process,
it was difficult to find studies regarding to my research questions, let alone a broader
perspective regarding the inclusion criteria of the screening phase.

I included 11 studies, of which 8 are research articles and 3 are dissertations. In the
methods of the included studies, emphasis was placed on mixed-method and experi-
mental designs and versatile research methods and techniques. The methods and re-
search techniques included surveys, specifically designed curricula and interventions,
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movement-based analyses, qualitative content analysis, interviews, methodological
and theoretical frameworks, motion capture, instructional animations, and observa-
tional analysis. Experimental design included in the articles of Davies (2020), Détari
and Nilssen (2022), Rader (2023), Massie-Laberge (2019), Mierowsky, Marcus, Ayres
(2020), and Stevanovic (2021). Articles of Détari and Nilssen (2022) as well as Rader
(2023) were intervention- based. Articles of Kongpakpaisarn (2020) and Papa-
zachariou-Christoforou (2022) considered practical applications, with a particular em-
phasis on movement-based analysis. In terms of methods, Van der Schytf, Schiavio,
Elliott (2023) including critical discussion, Détari (2023) processing practitioners'
knowledge and Sabo, Comeau, Guptill, Dvorkin and Russell (2023) processing meth-
odological framework stood out individually from included articles. The reason why
the number of these methods is highlighted in the included sources is due to the goals
of this thesis, which are aimed at understanding the overall picture, also from the
viewpoints of the teacher's work and practice, and in experimental studies these seem
to be highlighted. In addition to that, it may be possible that in the subject area, which
is fragmented including recent theory, experimental studies may be highlighted as a
trend when the theory or its parts are tested in different ways.

Studies included for qualitative synthesis

Research article (8) | (Davies, 2020): designed AT-classes and questionnaire

(Détdri, Nilssen, 2022): Timani- intervention and mixed-methodology
design

(Sabo, Comeau, Guptill, Dvorkin, Russell, 2023): methodological framework
through qualitative content analysis and analysis of “biomechanical
language”

(Détari, 2023): interview

(Van der Schyff, Schiavio, Elliott, 2023): critical ontology

(Mierowsky, Marcus, Ayres, 2020): observational design and questionnaire
(Stevanovic, 2021): conversation analysis from video recordings
(Papazachariou-Christoforou, 2022): practical considerations and discussion

Dissertation (3) (Kongpakpaisarn, 2020): music analysis and video observation
(Rader, 2023): quasi-experimental design
(Massie-Laberge, 2019): exploratory study and experimental design

(=11) (=11)

Table 8 Included Studies

The 11 sources selected for their content focuses on the processing of cognitive func-
tion and factors in the context of musical environment. The sources combine either

cognition, musical environment and prevention or embodied cognition and musical
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learning environment from angles that are especially interesting for the thesis. In the
mentioned contexts, the studies considered somatic method (5), symptom-specific
clinical treatment and prevention (1), movement-based analysis (1), observational
analysis (1), embodied cognition ontology (1), embodied cognition and cognitive load
theory (1) and Cognitive linguistics (1). The sources can provide a comprehensive
overview of cognitive activity in a musical learning environment. This basis can help
to understand the prevention of future problems more holistically or the possibilities
of cognition around prevention and teaching. None of those processing teaching
methods considered embodied cognition theoretically, but cognitive elements in an-
other way. Eight of the eleven articles were peer-reviewed. Five of the ones connecting
cognition, prevention and teaching were related to some somatic method, which is
interesting in itself from the point of view of the overall picture, describing the fact
that it seems that cognition in relation to my thesis topic has so far been considered
mainly within the framework of the somatic methods. The final results highlighted
various pedagogical practical applications and discussions with the goal of reforming
teaching, taking into account cognitive elements, in a way that benefits the well-being
of teachers and students.

It is interesting that two of the five studies considering the somatic method were dis-
sertations. Emphasis on the topic in dissertations may be due to the fact that there is
not much other research on the topic so far, and in addition, practice may be empha-
sized in a more in-depth manner in dissertations. The two articles concerning somatic
methods as Konpakpaisarn (2020) and Sabo, Comeau, Guptill, Dvorkin and Russell
(2023), were instrument-specific and both processing the Taubmann approach. About
the instrument-specific articles, all focused on piano playing and these were articles
by Konpakpaisarn (2020), Sabo, Comeau, Guptill, Dvorkin and Russell (2023), Massie-
Laberge (2019) as well as Mierowsky, Marcus and Ayres (2020). The articles by Massie-
Laberge (2019) and Konpakpaisarn (2020) are different from the others, and they com-
bine the musical interpretation dimension with health or healthy interpretation. It is
interesting that the piano was emphasized in the articles more than other instruments,
and there may be a need for a broader treatment of the subject. Articles considering
several instruments were articles from Davies (2020), Détari and Nilssen, (2022), Rader
(2023), Détari (2023), Stevanovic (2021). Processing the topic with an individual per-
spective, Van der Schyff, Schiavio, Elliott (2023) concerning music teacher education
and Papazachariou-Christoforou (2022) concerning pre-school music classes differed.
Embodied cognition is clearly discussed in 5 articles, where gestures, language, ontol-
ogy, and movement analysis were emphasized. All the articles are united, and they
emphasize interdisciplinary research and its need in the future implications.
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2.1.1.2 Critical Appraisal

In the studies of Davies (2020), Kongpakpaisarn (2020), Détari and Nilssen (2022),
Rader (2023), Sabo, Comeau, Guptill, Dvorkin and Russell (2023) and Détari (2023)
combination of the main themes of the thesis as music and prevention of musculoskel-
etal problems and cognition occurred without the theory of embodied cognition as a
basis and related to that reason form a sort of research category. The value of the Da-
vies study (2020) from the point of view of the thesis is in understanding the practical
application of an already existing preventive teaching method and how the processing
cognition and its importance can be seen in the application of the method and how it
is connected to the theory of embodied cognition theory. The interest about the Alex-
ander technique is the focus, in addition to violin technical issues, on the importance
of the balance of the body's functions. The strength of the research is in targeting the
method to certain tension problems and the demonstration of playing-related and
non-playing-related pain. The weakness is the general problems of non-blinded sur-
vey studies, where respondents' answers can be biased. (Davies, 2020) In the
Kongpakpaisarn study (2020) the confluence of music analysis and the somatic
method according to the theory of embodied cognition is interesting. The thesis helps
to understand more closely the embodied factors occurring in music and the holistic
nature of combining health and playing practice. (Kongpakpaisarn, 2020) Assignment
in theses usually requires using articles from peer-reviewed journals and dissertations
are not part of them. However, I evaluated the practical perspective of my thesis being
as relevant reason including some dissertations as well. It is meaningful to get an un-
derstanding of the topic from the different investigative dimensions of the whole pic-
ture related to the topic. Détari and Nilssen's study (2022) is included because the Ti-
mani method they discuss is very recent and the study also contains a recent under-
standing of exploratory research combining cognition, teaching, and music. (Détari
and Nilssen, 2022) The limitation of the work as stated in the study, considering the
perspective of the thesis, is that when processing the results, the risk of bias related to
self-reports must be considered. I think the discussion in the study regarding implica-
tions was comprehensive.

The dissertation of Rader (2023) is included because it discusses how preventive ped-
agogy can be understood and incorporated especially from the beginning of musical
study and is therefore closely related to the topic of my thesis. (Rader, 2023) This study
has the same criteria for inclusion and limitations as other dissertations. Study (2023)
processes transferring pedagogical knowledge into scientific knowledge by
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transforming the pedagogical language of Taubmann approach to the biomechanical
language. The strength of the study can be seen as the first inquiry produced in the
way presented in the research, which can help transforming pedagogical knowledge
more reliably in the future. Weaknesses include factors related to the individual inter-
pretation of pedagogical language, which can bring limitations. However, a wide
range of perspectives is a strength. (Sabo, Comeau, Guptill, Dvorkin, Russell, 2023) It
is interesting in the work in which ways prevention has been tried to be developed
based on the promotion of scientific knowledge and the facilitation of interdiscipli-
nary research, especially because my own perspective focuses on converting scientific
knowledge into pedagogical knowledge. I see it as useful to understand the transfor-
mation of pedagogical knowledge into the benefit of science to understand the trans-
formation of scientific knowledge into pedagogical knowledge. Détéri's study (2023)
is the last study of the first category, and it is particularly interesting how aspects of
cognition have been studied from a disorder-oriented perspective. The focus of the
research is on treatment and rehabilitation but consider prevention from a holistic
perspective. (Détari, 2023) Trying to understand a holistic perspective on prevention
is also the goal of my thesis. Research can open connections related to treatment and
prevention and the psychophysical background of disease development and symp-
toms by examining the influence of psychological characteristics, emotional states,
and habitual behaviors. Weaknesses include results related to individual characteris-
tics cannot be over-looked and the possibility of possible bias related to self-reports
may be present.

In the studies of Van der Schyff, Schiavio and Elliott (2023), Massie-Laberge (2019),
Mierowsky, Marcus, Ayres (2020), Stevanovic, (2021), and Papazachariou-Christo-
forou (2022) combines musical environment, learning and embodied cognition, but
the perspective directly on the prevention of musculoskeletal problems is missing and
related to that reason form a sort of research category. In my opinion, however, the
perspectives of the mentioned studies combine possible applicability around preven-
tive teaching and healthy playing, including bodily engagement, movement-based
and meaningful learning. In the study of Van der Schyff, Schiavio and Elliot (2023),
the aim to critically understand enactive pedagogy based on theory is emphasized.
My purpose is to understand how embodied cognition theory is reflected in practical
applications or prevention strategies, and based on the preliminary review, not so
much research could be found in relation to the assumption, and therefore the im-
portance of the ontological basis of the theory related to terms of my thesis is high-
lighted. (Van der Schyff, Schiavioa and Elliott, 2023) As in the section related to re-
search design, theoretical research has its own evaluation tools, but I do not consider
it relevant for my thesis, which emphasizes practice, to evaluate the theoretical article
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that is its individual supplement. The perspective of Massie-Laberge's dissertation
(2019) focuses on the need to understand the body in relation to the musical structure
and expression, physical and acoustic strategies. The point of view opens a more
deeply described relationship, which may not be integrated in somatic methods as
mentioned in the dissertation. (Massie-Laberge, 2019) Limitations are the same as
those in other dissertations.

The study of Mierowsky, Marcus, Ayres (2020) considers embodied cognition, obser-
vational learning, and cognitive load theory from the perspective of optimizing music
pedagogy and the learning environment. The research can provide a perspective on
the connection between embodied cognition and music pedagogy, which is not di-
rectly addressed by research in the second category. In addition, the perspective to
motor, cognitive and sports skills development can be applied to the area of preven-
tive teaching development. In addition, it is interesting to try to understand what re-
ducing the cognitive load means for music pedagogy and what opportunities it can
provide for learning and concentrating energy. The disadvantages are that using sub-
jective measures hinders the generalizability of the results, and as mentioned in the
study, gestures could also have larger role in the future in relation to task complexity.
(Mierowsky, Marcus, Ayres, 2020) Stevanovic's (2021) research considered the role of
language in the body and musical environment through cognitive linguistics. The con-
nection between music and language is an important topic in music science and it is
meaningful to get to know a topic combining understanding the use of language
through the role of language in embodied experiences and responses and body
knowledge as well as music pedagogy. The study stands out from the others with its
subject-specificity without a holistic perspective, which can on the other hand be a
strength in terms of the goals of an integrative review. (Stevanovic, 2021) The study of
Papazachariou-Christoforou (2022) process Laban's movement framework and fo-
cuses strongly on the role and interpretation of movement through aspects of embod-
ied cognition. The strength of the work in terms of my thesis is the mentioned focus
combined with learning and music and the effort to understand how movement and
more specifically a movement-based framework is seen from the perspective of learn-
ing and whether the topic can be addressed from the perspective of preventive teach-
ing. (Papazachariou-Christoforou, 2022) I also see it as important that motivation was
in one way or another part of the aspects of the included studies.
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2.2 Data Extraction and Analysis
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(Rader, 2023)
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Table 9 The First Category of Included Studies

In the first table of the included studies, the gaps addressed in the studies combined
the needs with the applicability of prevention information. Rader (2023) and Davies
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(2020) emphasized the importance of earlier introduction of prevention. Rader (2023)
considers it important to pay attention to injury prevention tools in primary preven-
tion and Davies (2020) considers prevention education and body awareness in more
detail to proprioception and interoception, especially mentioning the gap in the study
of interoception. Kongpakpaisarn's (2020) and Détari and Nilssen's (2022) studies
were combined by increasing knowledge of body mechanics and biomechanics. Ac-
cording to Kongpakpaisarn (2020), in addition to intuitive experiential knowledge, a
detailed study of techniques is needed, while Détari and Nilssen (2022) emphasize
focusing on the efficiency of transmitting and utilizing information, highlighting so-
matic methods, which are usually focused on position and alignment instead of spe-
cific muscle groups. Sabo and the colleagues (2023) pointed out the paucity of gener-
alizable knowledge in studies. According to Détari (2023), the role of musicians and
teachers participating in the development of healthy practices, increasing understand-
ing of specific problems and non-motor symptoms, is significant. (Davies, 2020;
Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo, Comeau, Guptill,
Dvorkin, Russell, 2023; Détari, 2023) Since all studies are recent, a temporal compari-
son in the change of focus is difficult to accomplish. According to a recent study, ear-
lier implementation of prevention and more specific awareness of playing technique
or biomechanical factors as well as symptoms and problems are emphasized in ap-
plicability. In the most significant gaps in the literature described by the studies, only
body awareness factors and mentions of somatic methods can be connected to aspects
of embodied cognition.

The first table of the studies focuses mainly on somatic methods, and they combine
more specific perspectives related to unresolved playing-related musculoskeletal dis-
orders risk factors, considering instrument-specificity, the relationship between the
body and the instrument, as well as body mechanics and psychological factors. Ac-
cording to Davies (2020) muscle tension and stress being identified as primary predic-
tors developing playing-related musculoskeletal problems. Kongpakpaisarn (2020)
deals in detail with the physiology and risk factors of piano playing, which according
to the Taubmann approach mean that tension occurs from co-contraction, awkward
positions, excessive force and static muscular activity, and more precisely six causes
of injury as described in approach are isolating (fingers lose connection with others
and a static grip causes pain, fingers in contact with other parts of the hand), curling
(hand position), twisting (wrist), stretching (assistance from the forearm is needed),
collapsing (when nail joint, knuckle or wrist support disappears) and keybedding
(suitable weight for the string). Détari and Nilssen (2022) emphasize the correction of
body mechanics in dynamic performance context with the instrument and Rader (2023)
opens that imbalance between areas of the body is a risk factor, especially for string
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players. Sabo stresses the importance of biomechanical factors and the use of incon-
sistent scientific language among teachers. According to Détéari (2023), the struggle
with technical issues often takes years before the symptoms start. (Davies, 2020;
Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo, Comeau, Gup-till,
Dvorkin, Russell, 2023; Détari, 2023)

Four of the studies in the first table focus on preventive methods, which are the Alex-
ander technique developed in turn of the 20th century, the Taubmann approach in the
latter half of the 20th century, the Timani method since 2007, and the Body Mapping
technique developed during the 1970's. One study focuses on the application of the
Taubmann approach, and one is focused on symptoms, but with a connection to pre-
vention in the learning environment. The Taubmann approach is focused on piano
pedagogy. However, all methods emphasize their applicability. Alexander technique
focuses on specific tension issues associated with playing and the lessons are sched-
uled in advance. Taubmann-approach is a specific system of movements based on
kinesthetic awareness and biomechanics and combines prevention and tools for ex-
pression, and in biomechanics the load is thought to be evenly distributed between
skeletal muscles and joints. The Timani approach includes instrument-specific body
mechanics. In the body mapping technique, the focus is on primary prevention edu-
cation utilizing the senses, movement, and attention. (Davies, 2020; Kongpakpaisarn,
2020; Détari, Nilssen, 2022; Rader, 2023; Sabo, Comeau, Guptill, Dvorkin, Russell, 2023;
Détari, 2023) In the screening phase were noticeable that among the instrument-spe-
cific studies, the studies addressing piano pedagogy were highlighted in addition to
the clinical studies. According to Kongpakpaisarn (2020) other methods suitable or
developed for pianists are: “Ortmann’s The Physiological Mechanics of Piano Tech-
nique (1929), The Lister-Sink Method (Freeing the Caged Bird: Developing Well-Co-
ordinated, Injury-Preventive Piano Technique... Sandor’s Technique (On Piano Play-
ing: Motion, Sound, and Expression... and Alan Fraser’s Technique (The Craft of Pi-
ano Playing: A New Approach to Piano Technique... Alexander Technique (Body
Learning: An Introduction to the Alexander Technique... and the Feldenkrais Method
(Awareness Through Movement: Easy-to-do Health Exercises to Improve Your Pos-

7

ture, Vision, Imagination, and Personal Awareness...” (Kongpakpaisarn, 2020).

According to Détari's study (2023), it is important to understand that there is some-
thing bigger behind the specific symptoms and prevention should focus on the fol-
lowing: "(1) Learning environment, psychological support, and rapport (2) Somatic
approaches (3) Focus, habits, and nomenclature.” (Détéri, 2023) The learning environ-
ment includes a safe environment including holistic conversations, addressing anxiety
and perfectionism, rapport, and shared experiences. In somatic methods, you must
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focus by enhancing general body mechanics, reducing the fear of movement, and im-
proving breathing mechanisms and considering musicians' previous experiences. The
last point focuses on attentional focus and generating new experiences. According to
Détari, channeling the focus of attention away from the affected body part can im-
prove the motor symptoms and reduce the excessive need for control. Détari (2023)
takes a stand on the contradiction of targeting focus away from the dividing line ex-
ternal and internal by introducing the somatic focus, which refers to targeting the sen-
sations resulting from the interaction with the instrument (i.e., resonance) within the
body, also mentioning that there is no literature available on the role of attentional
focus and it could be worthy of detailed exploration. In addition, the research high-
lights the implicit body memory effect of the mention, which means that there are not
only uncontrollable movement patterns, but the technique can also evoke habitual
posture and breathing patterns and accompanying negative emotive states. (Détéri,
2023)

In somatic education methods relation to cognitive aspects and conscious focusing of
attention during learning in some way is common. In Davies' (2020) research on the
Alexander technique developed by Frederick Matthias Alexander, attention is focused
on the conscious alignment of focus to body functions, and it is described as the ability
to recognize harmful neuromuscular patterning associated with tasks, and the con-
scious quieting of those responses, beginning with the neck muscles. Method high-
lights the "good tension", which refers to effectively support compressive forces both
from gravity and various activities. Holistic thought is in the inhibition of stressful
reactions and the development of constructive thought and movement patterns.
Kongpakpaisarn's (2020) research Taubmann approach focuses on kinesthetic aware-
ness, and it describes healthy movement with the help of descriptive language and
mental images and that the healthy movement is ultimately instinctive and automatic.
Détari and Nilssen (2022) talk about awareness factors by expanding movement op-
tions through enhancing proprioception, conscious awareness of a body part, muscle,
or movement, while Rader (2023) by utilizing the senses, movement, and attention
when body awareness is as a function of interoception. Sabo and colleagues (2023)
talks about extrapolation of knowledge, concepts like embodied experience and em-
bodied knowledge, opening that teachers try to evoke embodied experience in their
students with subjective language and this can cause problems. In Détari's (2023)
study, objectives in motor movement exercises are intertwined in objectives regarding
cognitive factors using terms like "embodied and mental self-awareness", "embodied
sense of self", "somatic focus" and "self-talk". According to the research, musicians'
mental state cannot be separated from somatic learning and movement execution, and
the relationship with the instrument and how the instrument is approached during
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practice must also be considered. (Davies, 2020; Kongpakpaisarn, 2020; Détari, Nilssen,
2022; Rader, 2023; Sabo, Comeau, Guptill, Dvorkin, Russell, 2023; Détari, 2023)

Recent studies and dissertations on methods highlight the need for approaches that
combine preventive activities with playing practice, as opposed to the 'Timani' ap-
proach (2022), where the exercises are firstly carried out away from the instrument
and immediately integrated into the playing or singing. Differences in methods in
pedagogical perspectives are caused by instrument-specificity, connection to musical
aspects and details related to the emphasis on social context, teacher's and student's
roles, mental state, and the meaning of focus. In Davies' study (2020), the pedagogy is
focused on communicating with hands and the effects are visible in tone, technique,
poise, and musicality. In Kongpakpaisarn's research (2020), the Taubmann-approach
pedagogy developed by Dorothy Taubman is divided around the six risk factors men-
tioned, which are isolating, curling, twisting, stretching, collapsing and keybedding
and aims to combine the interpretive and preventive factors of music. The most fun-
damental principle is bodily alignment, where the focus is to finger, hand, and arm
functioning as a synchronized unit. The 'Timani' approach developed by Tina Mar-
gareta Nilssen, presented by Détari and Nilssen (2022), differs from the Alexander
technique in that it emphasizes the usefulness of undetermined lessons, emphasizing
the importance of dynamic performance context, and in it the pedagogy is divided
into seven parts such as musician's anatomy, movement analysis, the fascia system,
healthy natural breathing, ground force reaction, brain-body connection and aware-
ness, also focusing on rebalancing self with the instrument and performance context.
As an addition, the study mentioned that the method is also suitable for online ses-
sions. (Davies, 2020; Kongpakpaisarn, 2020; Détari and Nilssen, 2022)

The Body Mapping technique of Rader's study (2023) was developed in the 1990s by
Barbara and William Conable based on the principles of the Alexander technique. The
motivation for developing the method was the observation that music students did
not move their bodies according to anatomical actuality, but instead how they per-
ceived their bodies to be, i.e., they moved according to their body maps. Body Map-
ping is movement education for changing musician's body maps and the focus is in
primary prevention and it aims to utilize the senses, movement, and attention. Peda-
gogical perspectives of holistic disruption-oriented approach of Détari's research
(2023) on prevention focus on carefully selected nomenclature, "provoking experi-
ence", situation-specific alignment of internal and external focus, effort-based praise,
educators' awareness of re -learning strategies, task-specific awareness, and accessible
tasks (breathing), emphasizing that somatic learning and mental state cannot be sep-
arated. Situation-specific alignment of focus means that internal focus when you the
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work is focused on tensions, and external focus while performing must be taught.
Recognizing mental state refers to understanding a situation where the emotional
state affects motor activity. For example, a highly emotional interpretation can in-
crease the load. By "provoking experience" the study refers to a practice in which the
student affects the course of the teaching while exercising willpower. (Rader, 2023;
Détari, 2023) Rader's research is the only one focusing on methods that clearly focuses
on primary prevention.

The attitude towards movement aspects in learning differs in emphasis between dif-
ferent methods. In the Alexander technique presented by Davies (2020), the goal is
ease of movement, whole-body coordination with 'neck release, head forward and up,
back lengthen and widen' and the ability to learn the messages of the body's internal
functions and thereby neuromechanical coordination and reducing excess muscle ac-
tivation. Learning is part of the rehearsing activity and holistically targets the whole
body and all movement activities including sitting, standing, and playing. Kongpak-
paisarn's (2020) Taubmann approach emphasizes the instinctive use of bodily coordi-
nation and movement and the interpretation of movement through musical and tech-
nical challenges, and body movement has been applied specifically to musical require-
ments. Movement requirements are divided into strategies based on biomechanical
and physiological principles, covering seating and posture, hand position, forearm
rotation, in and out arm movements, walking hand and arm (referring to flexibility in
movement), shaping (curvilinear and circular movements), grouping (mental breaths),
leaps, interdependence (awareness of the relationship between the two hands and
how they work together, one hand sends a movement to the other hand), fingering (to
prevent injuries) and enslavement of notation (releasing the note). Problem points are
illustrated using well-known musical works and their points with the help of a DVD.
Détari, Nilssen (2022) and Détari (2023) deal with the importance of breathing mech-
anisms in connection with movement and that knowledge is constructed as part of
social activity. Rader (2023) emphasizes the identification of body size structure and
function as the time of movement. Finally, Sabo and colleagues (2023) sees movement
learning as problematic if the scientific language used by the teacher is inconsistent.
(Davies, 2020; Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023; Détari, 2023)

Embodied Perspective Embodied Pedagogy Learning
cognition / coghnition
Musical

environment
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and expressive competency and
movement, flow developing

and nonlocomo- stylistic

tory movement, performance,

locomotor experiencing

movement with music in overt

stylistic ‘whole body’,

interpretation developing
musical

understanding
and beat com-
petency

Table 10 The Second Category of Included Studies

In the second table of the included studies, the gaps addressed focuses on the perspec-
tives of more effective utilization of embodied cognition theory in music teaching and
learning. The differences are related to the perspectives of the studies and the table
describes the multidisciplinary and diverse perspectives. According to Van der Schyff,
Schiavio and Elliott (2023), ontological education is presented as a reference frame-
work for understanding primordial ways of being, including the self-organizing or
'autopoietic' nature of the embodied musical mind, and this enactive perspective is
combined with the introduction of possibilities that support the well-being of music
socially. (Van der Schyff, Schiavio and Elliott, 2023) According to Massie-Laberge
(2019), the gap is related to the fact that somatic perspectives less often integrate the
body in relation to the musical structure and expression, physical and acoustic strate-
gies and the instrument is seen as a natural extension of the musician's body. Kine-
matic, kinetic and perceptual analyzes have been used as research tools. (Massie-Lab-
erge, 2019) The study of Mierowsky, Marcus and Ayres (2020) a large part of gesture
research is related to the topic of musician's listening to music and sees a gap in com-
bining gesture research and observational learning related to cognitive load theory
and gesturing (mimicking) strategies. According to the study, mimicking was useful
for the less experienced, while the experienced had no benefit or even harm for some.
(Mierowsky, Marcus and Ayres, 2020) Both Stevanovic (2021) and Papazachariou-
Christoforou (2022) discuss the role of language in learning. Stevanovic (2021) dis-
cusses instructive use of noun metaphors and metonymies and Papazachariou-Chris-
toforou (2022) Laban movement framework introducing the “effort elements” of time,
space, weight, and flow and proposing that experiencing the components of those el-
ements the movement vocabulary internalizes by fostering expressive music perfor-
mance. (Stevanovic, 2021; Papazachariou-Christoforou, 2022)
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In my opinion, the sources combine ways of thinking, being, the naturalness of play-

ing, music, and health in a closely integrated way. The sources also emphasize the

idea of the meaning of effort through cognition, natural movement or expressiveness

and movement. The importance of age and playing level is also considered. More spe-

cifically, in relation to cognitive aspects, the sources combine ways of exploiting expe-
riential embodied knowledge and embodied interaction through active bodily en-

gagement in varying ways. In studies of bodily cognition, ways to utilize primal and

reactive consciousness and ways to become aware of its operation as part of learning
are emphasized. Van der Schyff, Schiavio and Elliot (2023) present life as self-orga-
nized and this basis causes profound effects on ontological, pedagogical, and cogni-
tive perspectives. (Van der Schyff, 2023) According to Mierowsky, Marcus and Ayres

(2020) primary knowledge means knowledge that has developed over time and is

available fairly easily with only a small cognitive load, and observational learning

consists of primary knowledge skills. An example of this is facial recognition and im-

itating others. (Mierowsky, Marcus and Ayres, 2020) Stevanovic (2021) considered the

role of language in embodied experiences and responses and describes how metaphor

creates connections between music, emotion and bodily experiences, for example by

describing the relationship between body position and an object, for example by

words " tree" or "birdnest", while metonymy can refer to body parts given the status

of the entire person for example "playing fingers" or "playing feet". (Stevanovic, 2021)

Papazachariou-Christoforou (2022) discusses active physical participation and flow in

movement in relation to learning in pre-school children. (Papazachariou-Christoforou,
2022) In three of the five studies, the special target group is small children and children,
and I see it as important from the point of view of preventive practice to recognize the

basis of being and learning, the understanding of which can possibly also serve older

students.

In Van der Schyff and Elliott's (2023) study, the pedagogical perspective wraps around
enactive music pedagogy related to the factors of possibility, imagination and rela-
tionality and encourages the perspective of pedagogy to consider a more self-reflec-
tive perspective relating to the meaning of presence. The study considers how a mod-
ern perspective can obscure the ethical, ontological and epistemological aspects of
teaching possibilities. (Van der Schyff, Schiavio and Elliott, 2023) Massie-Laberge's
(2019) study concerns piano pedagogy and present piano pedagogy often focusing
specifically on arms and hands being in the heart of learning instrumental technique.
According to Massie-Laberge, other types of body movements, which coexist with the
gestures involved in the production of the sound, should be included in the develop-
ment of a more systematic pedagogical practice that supports musical communication
ability. (Massie-Laberge, 2019) Mierowsky, Marcus and Ayres (2020) suggest that the
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pedagogical perspective would develop by considering in addition to gestural
knowledge, learning environment optimization where visual and motor experience of
human movements is further considered. (Mierowsky, Marcus, Ayres, 2020) Steva-
novic (2021) presents a pedagogical perspective through metaphor and metonymies
as a resource for the teacher to evaluate and monitor the level and development of the
student's body knowledge and metaphor being encouraging tool and more broadly
maintaining playfulness, imagination and creativity are the most important motivat-
ing factors. (Stevanovic, 2021) Papazachariou-Christoforou (2022) describes Laban's
framework as follows: "1. Time refers to how sustained or quick the movement is. 2.
Weight refers to how strong or gentle the movement of the body is. 3. Space refers to
the direction of movement. 4. Flow refers to how free or bound the bodily tension is.”
Framework utilizes Imaginary scenarios framing the movement, focusing specifically
on locomotor movement activities. (Papazachariou-Christoforou, 2022)

In my opinion, the perspectives combine the teacher's role, which is based on self-
reflection and considering human movement more broadly as a part of cognitive ac-
tivity, considering the free and easy activity of the student and the effects of motivat-
ing factors in a constantly changing environment. Van der Schyff, Schiavio and Elliott
(2023) discusses learning, describing it as a self-reflective process through the contex-
tual sensorimotor interactions. They see "being-as-learning" through more primordial
and situated understanding of learning and how basic sensorimotor intelligence de-
velops into a rich understanding of a self. In the study embodied, adaptive, situated
and contextual knowing is seen to develop in an active environment collectively and
individually. (Van der Schyff, Schiavio and Elliott, 2023) Massie-Laberge (2019) con-
sider learning through a more holistic movement analysis and how the nuances of
body movements connect to specific structural aspects in music. The benefit of learn-
ing is seen as the ability to compare one's own movements with those of experienced
ones and to become more aware of the effect of movement on one's musical commu-
nication ability. (Massie-Laberge, 2019) As mentioned, Mierowsky, Marcus and Ayres
(2020) see observational learning strategies as particularly useful for beginners. (Mie-
rowsky, Marcus and Ayres, 2020) According to Stevanovic (2021), alternative ways of
dealing with the world, problem solving, ear playing, creativity and movement learn-
ing develop with the help of metaphors, and according to evidence in Papazachariou-
Christoforou study (2022), business vocabulary has a fundamental meaning in foster-
ing beat competence. Free-flowing movement as part of musical engagement removes
tension in the body. Papazachariou-Christoforou's research describes musical engage-
ment as "musical thinking being an internalized form of movement" or saying that
"we listen to music with our muscles" (Stevanovic, 2021; Papazachariou-Christoforou,
2022) In my opinion, the studies combine different forms of communication and
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interaction factors, especially from the point of view of learning, as part of more pri-
mordial movement or movement awareness.
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3 FINDINGS

3.1 Summary and Search Results

During the content and comparative analysis, the synthesis developed around two
high-level themes from the perspective of developing preventive practice: 1) Embod-
iment and Embodied Self-Regulation and 2) Environment in Cognitive Strategies.
Based on the content analysis, the first section was shaped into subthemes related to
the possibilities in terms of body movement and cognition, endogenous attention and
senses in cognitive strategies, embodied knowledge and embodiment as well as inter-
nal representations. The second section considered environmental aspects of learning
and cognitive strategies related to environmental factors. I discussed the results of the
integrative review in the reference framework developed during the preliminary re-
view with the aim of outlining the possible role of embodied cognition combined with
the literature related to prevention of musician’s musculoskeletal problems in learn-
ing environment in the section 4.1. Based on the synthesis results, research program
of embodied cognition could bring added value to the development of prevention of
musician’s musculoskeletal problems in the learning environment by considering em-
bodied and environmental cues, embodied music cognition, ontological questions re-
lated to embodiment and several environmental practical aspects in relation to the
sensory and attentional control-focused perspectives of somatic methods.
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3.2 Analysis and Synthesis

Based on the internal comparison of the first category, the sources are united by the
review of already existing somatic or preventive methods, and they are related to the
roles of the senses, mainly interoception combined with body awareness, motion
senses, proprioception, and body and biomechanics and sensorimotor aspects in a
preventive learning environment. The studies are distinguished by their emphasis to
the level of conscious control of embodied functions, instrument specificity or appli-
cation to several instruments, and factors related to the target group of prevention.
(Davies, 2020; Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023; Détéri, 2023) In the internal comparison of
the second category, the variation of topics as music, environment, and imagery are
emphasized particularly in the embodied experience. The distinguishing factors were
the differences in the focus related to movement, senses, music or imagery and their
utilization in learning. (Van der Schyff, Schiavio, Elliott, 2023; Massie-Laberge, 2019;
Mierowsky, Marcus, Ayres, 2020; Stevanovic, 2021; Papazachariou-Christoforou, 2022)
A comparison of the categories shows that the factors connecting the sources include
understanding the role of embodied in being, moving and self- -regulation in the
learning environment, as well as the importance of the environment and its utilization
in cognitive strategies. Second category emphasizes more exogenous attention and
unconscious aspects of learning as well as the roles of language, music and environ-
ment. In the first category attentional control and movement senses are more empha-
sized. (Davies, 2020; Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023; Détari, 2023; Van der Schytf, Schiavio, Elliott,
2023; Massie-Laberge, 2019; Mierowsky, Marcus, Ayres, 2020; Stevanovic, 2021; Papa-
zachariou-Christoforou, 2022).

According to embodied cognition, motor, sensory and cognitive systems are in close
interaction. (Sullivan, 2018) Specifically in sections considering learning and cognition,
different emphases on sensory, motor and cognitive aspects appear, as well as empha-
ses related to movement, sensory experiences or the part of the body with attentional
control and their importance in learning. In the studies considering preventive educa-
tion, attentional control, perception, directing attentional focus, knowledge of the
body (interoception), and posture and movement sense (proprioception) were empha-
sized. Davies (2020) emphasizes the sensorimotor control being as basis for cognition
and sensorimotor skills as part of getting to know the environment, and the ability to
pay attention is connected to sensorimotor control and global coordination. According
to Sabo, Comeau, Guptill, Dvorkin and Russell (2023) embodied knowledge and
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experience are discussed and Détéri (2023) discuss somatic focus and embodied sense

of self and self-awareness. Kongpakpaisarn's (2020) connection to the senses is related

to kinesthetic awareness and instinctive use of movements, while Détari and Nilssen's

(2022) sense-activity through proprioception and conscious awareness. Rader (2023)

also focuses on conscious awareness, emphasizing interoception. (Davies, 2020;

Kongpakpaisarn, 2020; Détéri, Nilssen, 2022; Rader, 2023; Sabo, Comeau, Guptill,

Dvorkin, Russell, 2023; Détari, 2023) Research therefore approaches preventive learn-

ing through control of the “‘whole body’, directed attention or instinctive action. In the
studies of embodied cognition of the second category, music was more closely part of
the cognition, as in the studies of Massie-Laberge (2019) and Papazachariou-Christo-
forou (2022), as well as self-organizing activity, gestures and primary knowledge.

Compared to the studies of the first category, less conscious control can be observed

being part of the learning, for example in relation to the connection between language

and body awareness, primary knowledge and self-organizing activity. (Van der Schyff,
Schiavio, Elliott, 2023; Massie-Laberge, 2019; Mierowsky, Marcus, Ayres, 2020; Steva-

novic, 2021; Papazachariou-Christoforou, 2022)

The studies in the first category considers more closely the body or healthy movement
through the comprehensive approach, such as with whole-body coordination, under-
standing the meaning of the body's structure and function in movement with the help
of mental images or focusing on controlling the upper extremities, or internal repre-
sentations can be utilized in musical requirements as part of healthy movement. (Da-
vies, 2020; Kongpakpaisarn, 2020; Détari, Nilssen, 2022; Rader, 2023; Sabo, Comeau,
Guptill, Dvorkin, Russell, 2023; Détéri, 2023) In the second category, the role of lan-
guage and social environment in the movement was emphasized. Stevanovic's (2021)
research considers the role of language in the whole uniting movement and senses, or
metaphors as an aid to learning movement and problem solving (Stevanovic, 2021).
Papazachariou-Christoforou (2022) consider experiencing music in overt 'whole body'
with movement vocabulary. (Papazachariou-Christoforou, 2022) Challenges related
to language and social activity in knowledge construction were also discussed (Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023; Détari, 2023) Primary knowledge, on the
other hand, refers to information that we utilize quickly and effortlessly and is the
utilization of information that is not actively controlled. (Massie-Laberge, 2019) In the
research, the structural features of music have been brought into the equation of cog-
nition and movement, or in such a way that the nuances of body functions are com-
bined with the structural features of music. (Mierowsky, Marcus, Ayres, 2020) All in-
cluded studies emphasize bodily alignment, but Papazachariou-Christoforou's (2022)
study deepen the definition of active bodily alighment and embodied interaction with
music. (Papazachariou-Christoforou, 2022)
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More precisely, the pedagogical goals of the studies were approached through specific
tension issues and communicating with hands, as in Davies's (2020) study or as in
Kongpakpaisarn's (2020), combining prevention, biomechanics and expressiveness.
Détari and Nilssen (2022) emphasized functional instrument-specific body mechan-
ics, Rader (2023) primary prevention and Sabo, Comeau, Guptill, Dvorkin and Russell
(2023) interdisciplinary research and Détari (2023) the holistic disruption-oriented ap-
proach for embodiment. In the second category, pedagogy emphasized ontology, pos-
sibility, imagination, and relationality in Van der Schyff, Schiavio, Elliott study (2023)
body in relation to the musical structure and expression, physical and acoustic prop-
erties in Massie- Laberge's study (2019). In Mierowsky, Marcus, Ayres study (2020)
emphasized observational learning and cognitive load theory, optimizing learning en-
vironment through experience. Stevanovic (2021) emphasized the teacher's language
use and Papazachariou-Christoforou (2022) Laban movement framework and "effort
elements" of time, space, weight, and flow with non-locomotor and locomotor move-
ments. Variation in the included studies in whether the movements are considered
through conscious control or instinct, and in what ways information is acquired, and
how the activity is embedded in the environment, or the body is noticeable. Searching
for difference’s demonstrates how embodied cognition and research not related to it
have been done with otherwise the same subject emphasis. There are differences be-
tween the categories in the approach to the level of control, in which senses are em-
phasized and whether movement senses are combined or the activities of movements
and other senses in teaching. There are differences in discussion about environmental
factors and their role, or in the utilization of internal representations in teaching. In
the first category, the attentional control is more focused on body parts or bodily sen-
sations in the space, while in the second category emphasize the environmental as-
pects related to directing attention or to the exogenity of the attention. Through the
comparison, the emerged questions related to level of approach to the control of bod-
ily functions and what kind of attentional control is justified for the student's learning
in terms of health or development.

Body movement and cognition
"sensory-motor control and global coordination” (Davies,
2020) “incorporate...movements in such a way that they be-
come invisible to the eyes”, “principles... become instinctive
and automatic” (Kongpakpaisarn, 2020) “conscious aware-
ness of a body part, muscle, or movement” (Détari, Nilssen,
2022) “body movement alters interoception” (Rader, 2023)
“The body can be a site of knowledge production” (Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023) “targeted move-

ment exercises...directing attentional focus” (Détari, 2023)
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“when a focus on techné obscures the other three elements
(poiésis, theoria, phronésis) all connection to praxis is lost.
(Van der Schyff, Schiavio, Elliott, 2023) “normal, deadpan, ex-
aggerated and immobile conditions” (Massie-Laberge, 2019)
“gesturing techniques”, “body knowledge” (Mierowsky, Mar-
cus, Ayres, 2020) “metaphors and metonymies of body posi-
tion” (Stevanovic, 2021) “incorporating a gesture using a
combination of locomotor and nonlocomotor movements”
(Papazachariou-Christoforou, 2022)

n u ” u

“kinesthetic learning”, “thinking with gestures”, “grounding

7« ” u

knowledge to motor experience”, “motor simulation”, “ex-
n n u

pressivity”, “situated learning”, “metaphoric gestures”, “dy-
namic depictive gestures” (1.2.1.3)

” u

"conscious quieting”, “primary control” (Davies, 2020) “body
mechanics... interpretation and musical expressiveness”
(Kongpakpaisarn, 2020) “bodily sensations”, “conscious
awareness of a body part, muscle, or movement” (Détari,
Nilssen, 2022) “interoceptive awareness”, “proprioception”
(Rader, 2023) “biomechanical language” (Sabo, Comeau,
Guptill, Dvorkin, Russell, 2023) “external focus... internal fo-
cus” (Détari, 2023)

“enactive relational autonomy”, “participatory sense-mak-
ing” (Van der Schyff, Schiavio, Elliott, 2023) “motion cues”
(Massie-Laberge, 2019) “gesturing while observing” (Mie-
rowsky, Marcus, Ayres, 2020) “body knowledge through met-
aphors and metonymies” (Stevanovic, 2021) “musical think-
ing as an internalized form of movement” (Papazachariou-

Christoforou, 2022)

Endogenous attention and senses
in cognitive strategies

“sense of optimal functioning in gravity” (Davies, 2020) “the
instinctive use of bodily coordination and movements”
(Kongpakpaisarn, 2020) “embodied knowledge” (Détari,
Nilssen, 2022) “body awareness dynamical interactive pro-
cess”, “embodied experience” (Rader, 2023) “the body can be
a site of knowledge production” (Sabo, Comeau, Guptill,
Dvorkin, Russell, 2023) “broader sense of their body mechan-

ics, i.e., embodiment”, “embodied and mental self-aware-
ness” (Détari, 2023)

“self-organizing or ‘autopoietic’ nature of the embodied mu-
sical mind”, “coordinating action through dynamic adaptive
processes”, “self-reflective understandings...” (Van der Schyff,
Schiavio, Elliott, 2023) “embodied music cognition” (Massie-
Laberge, 2019) “primary knowledge” (Mierowsky, Marcus,

Ayres, 2020) “metaphorical concepts as cognitive constructs

Embodied knowledge and
embodiment
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can also emerge independent of language” (Stevanovic,
2021) “explicit musical representational knowledge”
(Papazachariou-Christoforou, 2022)

” u
’

“endogenous embodiment”, “self-organization”, “Bayesian
n

brain and predictive coding”, “error-correction and motor
”n u ” u

adaptation in learning”, “the role of long-term process”, “ex-
ogenous embodiment” (1.2.1.3)

"faulty internal body schema (‘body maps’) are... retrained”
(Davies, 2020) emphasis on internal senses and representa-
tions (Kongpakpaisarn, 2020) “avoided abstract language or
metaphors” (Détari, Nilssen, 2022) “neural representations”
(Rader, 2023) “biomechanical language” (Sabo, Comeau,
Guptill, Dvorkin, Russell, 2023) “self-talk” (Détari, 2023)

“phronésis” (Van der Schyff, Schiavio, Elliott, 2023) “emo-

tional intentions” (Massie-Laberge, 2019) “mimicking ges-
tures” (Mierowsky, Marcus, Ayres, 2020) “mimicking ges-

tures”, “metaphor may add to the experience of movement
an affective component” (Stevanovic, 2021) “imaginary sce-
narios to embody” (Papazachariou-Christoforou, 2022)

“embodied simulation”, “creativity and embodied meta-
phors” (1.2.1.3)

Internal representations

" tension and stress... identified as primary predictors”,
“gravity... proprioception”, “use of whole self” (Davies, 2020)
relation to instrument, “a “profound sense of rest, like rest-
ing intimately with the instrument.”” (Kongpakpaisarn, 2020)
“demonstrations and visual aids”, “dynamic performance
context” (Détari, Nilssen, 2022) “dynamical interactive pro-
cess”, “primary prevention” (Rader, 2023) ... (Sabo, Comeau,
Guptill, Dvorkin, Russell, 2023) “socially prescribed perfec-

tionism”, “need to control”, “Instructing... to direct their at-
tentional focus” (Détari, 2023)

“dynamic adaptive processes”, “forces that shape identity

”

and consciousness”, “a primordial embodied way of contex-
tually situated knowing”, “phronétic practices”, “autopoiesis
as a guiding principle” (Van der Schyff, Schiavio, Elliott, 2023)
“guides... to connect their movements to the structural and
stylistic features of a piece”, “is not concerned with the inter-
nal or external forces that cause the movement” (Massie-
Laberge, 2019) “primary knowledge”, “gesturing” (Mie-
rowsky, Marcus, Ayres, 2020) “metaphors and metonymies
as interactional resources” (Stevanovic, 2021) “focus on me-

ter and rhythm, melodic contour, form, dynamics, and the

The environment and
exogenous attention in cognitive
strategies
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expressive qualities of music” (Papazachariou-Christoforou,
2022)

n

“situation -specific way of coping”, “improvisational and in-
formal musical learning”, “exogenous embodiment”, “sen-
sorimotor exploration”, “human- and technologycentered

n ”n n o

methods”, “active object manipulation”, “gestures”, “imita-

. n ” ” u

tion”, “visual stimulation”, “collaboration”, “emotional com-
n

ponent of music education”, “interactive musical learning”,
“enactive approaches” (1.2.1.3)

Table 11 Table of Content Analysis

Based on a comparative and content analysis, the synthesis studies took shape around
two high-level themes, one of which emphasizes questions and cognitive strategies
related to being, the student's perspective and aspects related to self-regulation. In the
second theme, the factors related to the environment, the cognitive strategies related
to the utilization of the environment and the teacher's role in them are emphasized.
Regarding the first section, the topic is divided into sub-topics considering the rela-
tions between body movement and cognitive functions, endogenous attention and
senses in cognitive strategies, embodied knowledge and embodiment as well as topic
related to exploiting internal representations. The second section considers topics re-
lated to environment and exogenous attention in cognitive strategies. According to
my assessment, the cognitive functions divided into the mentioned two themes clarify
practical understanding of the experience of the teacher and the student in the learn-
ing situation. The dividing line is also justified based on the preliminary review be-
cause the important preventive factors are divided into cognitive strategies and other
external factors. The dividing lines of the synthesis continue to develop to understand
the role of internal cues, self-regulation and the environment in cognitive strategies,
as well as the role of external factors in cognitive functions and in comprehensive
movement that supports health and growth during learning, and furthermore empha-
sizes how cognitive functions are an inseparable part of preventive psychophysical
development. In my opinion, the added value of embodied cognition for synthesis
considering cognitive functions as part of the environment and in relation to external
factors in learning, can also be used to understand and develop themes emerged from
research regarding prevention of musician’s musculoskeletal problems.
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3.21 Embodiment and Embodied Self-Regulation

As stated in the preliminary review, cognition in relation to my thesis topic has so far
been considered mainly within the framework of the somatic methods, where the con-
nection between body movements, body use and cognition is emphasized. Therefore,
connections of other subjects than somatic methods related to body movement and
cognition can only be tentatively evaluated in connection with preventive learning
environment. In the included studies, possibilities in terms of movement and cogni-
tion have been approached from a variety of perspectives, which could have added
value for the development of movement principles of preventive teaching in addition
to the perspectives offered by somatic methods. The included studies consider the
connection between images and movements, which is an important theme in many
studies, but especially in Papazachariou-Christoforou (2022) and Stevanovic (2021)
studies, as well as expressiveness by discussing the relationship between movement
and interpretation in the study of Massie-Laberge (2019). The body as a producer of
information is emphasized in several studies. The body is treated as a storage of infor-
mation in Sullivan (2018) research and emphasizing the benefits of unconscious activ-
ity emerge in Kongpakpaisarn (2020), Stevanovic (2021), Massie-Laberge (2019), Rader
(2023) Mierowsky, Marcus, Ayres (2020) and Détari (2023) studies and the focus on
conscious action and attentional focus emerge in Détari (2023) and Davies (2020) and
Détari, Nilssen (2022) studies. In addition, the studies of Massie-Laberge (2019) and
Rader (2023) specifically discuss the fact that movement changes cognition. In this
context, the use of gestures is emphasized, such as metaphoric in Stevanovic (2021)
and Kongpakpaisarn (2020) study or dynamic descriptive gestures in Massie-Laberge
(2019) study and the concept of thinking with gestures in Shapiro and Stolz (2018)
study. Discussion about cognition being used for controlling movement in a healthier
way, for example with the help of motor simulation emerged in preliminary review.
In connection with body movement and cognition, the concept of situated learning
discussed by Van der Schyff, Schiavio and Elliott (2023), where the active use of the
body plays a role in learning, is emphasized.

The study (2016) describes technical knowledge as follows: "when a focus on techné
obscures the other three elements (poiésis, theoria, phronesis) all connection to praxis is
lost." In the study (2016), the Greek concept of techné is intertwined with the terms
poiésis or being-as-production and is enmeshed in the process as a continuous system
where technical knowledge is not an end in itself but a wider part of human flourish-
ing and the term phroneésis as follows: "fundamentally caring way we orient our-
selves... The knowledge (and action) associated with phronésis is therefore inherently
embodied and affective; it includes the ongoing development of pragmatic 'knowing-
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how' that takes relevant circumstances into account (Van der Schyff, Schiavio, Elliott,
2023) More precisely, relation of conscious awareness and movements is discussed by
Détari (2023) with targeted movement exercises and directing attentional focus, by
Davies (2020) with sensory-motor control and global coordination, where the focus is
on the overall state of the body and by Détari, Nilssen (2022) with conscious awareness
of a body part, muscle, or movement. On the one hand, attentional control with im-
agery and metaphors can be seen as important, especially in primary prevention, in-
fluencing imagery by incorporating a gesture using a combination of locomotor and
nonlocomotor movements (Papazachariou-Christoforou; 2022) or movement with
metaphors and metonymies of body position (Stevanovic; 2021). In Détéri (2023) re-
search, directing attentional focus is used by aiming at something or away from some-
thing to achieve a healthy technique and mind. In turn, giving up the goal of control
and utilizing unconscious activity or primary knowledge in the implementation of
healthy movements is emphasized. In Kongpakpaisarn (2020) study goal where move-
ment principles become instinctive and automatic is seen as important and Sabo,
Comeau, Guptill, Dvorkin and Russell (2023) mentions that body can be a site of
knowledge production. Mierowsky, Marcus and Ayres (2020) emphasizes the use of
intuitive primary knowledge related to facial recognition, where gesturing techniques
are combined with a reduction in cognitive load and hence time efficiency.

In the preliminary review, the topic including the effects of movement on cognition is
highlighted in the Shapiro and Stolz (2018) study with the mention of thinking with
gestures, which refers to the skill of recognizing information hidden in gestures. In the
studies of Massie-Laberge (2019) and Rader (2023), the effects of movement on cogni-
tion were discussed through the knowledge of movement changing cognition. Massie-
Laberge (2019) stated the effects of movement on cognition by becoming aware of the
effect of the movement on the communication of expressive and structural parameters.
Based on Massie-Laberge's (2019) research, I would see that expressivity principles
can play a role in healthy movement planning, which was examined in the study using
normal, deadpan, exaggerated and immobile conditions. The study (2019) emphasizes
that kinematics is not concerned with the internal or external forces that cause the
movement and the emphasis is on what kind of gestures could help in planning
healthy movement and interpretation. In the study (2016) it was mentioned, for exam-
ple how movement was found to have a more precise effect on the ability to listen,
with the mention that while restricting the movements the focus was put on listening
to the performance or how the role of the pelvis in the whole was decisive. In addition,
the strategies emphasized the connection between body movement and timing and
weight compensation strategies in relation to structural parameters. Rader (2023), on
the other hand discussed the effects of movement on cognition by body movement
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altering interoception affecting not only awareness but also the ability to change
movement. According to Rader (2023) the mention is significant for learning because
the development of interoception was found to be effective for self-regulation, atten-
tion regulation, and body listening. Healthy movement and achieving healthier move-
ment through cognitive activity are presented in Sabo, Comeau, Guptill, Dvorkin,
Russell (2023) study with Taubmann approach, Détari and Nilssen (2022) study with
Timani method, Rader (2023) study with Body Mapping and Papazachariou -Christo-
forou (2022) study with Laban movement framework, more detailed in section 3.2.2.
Findings related to body movement and cognition in included studies suggests that
the connection between movement and cognition in practice is related to healthier
playing technique and development.

The perspective of the included studies for embodiment of learning is illustrated
through various concepts that describe being, knowing, factors affecting learning,
physicality of cognitive functions and abilities, ways of processing information and
experiencing. As Shapiro and Spaulding (2021) stated, understanding embodied cog-
nition requires a more detailed study of the body's sensory and motor mechanisms.
According to Leman and colleagues (2018), with embodied cognition we can simplify
our understanding of the nature of the body and become more aware of the factors
and goals that affect learning and being. Cognitive functions include for example func-
tions affecting perception, memory, learning, attention, decision-making, and lan-
guage processing. (American Psychological Association, 2018) As data extraction
showed, internal representations and sensory information were emphasized in the
processing of perception in the included studies, especially proprioception and inter-
oception. The embodied role of memory and learning was reflected in topics by con-
sidering reducing working memory load, in the role of body memory in the acquisi-
tion of movements and emotional states and in the comprehensiveness of movements
as supporting memory. Sullivan's (2018) research evaluates how explicit and implicit
memory are better when input presentation is embodied and how the gestures can
help form more elaborative memories. Explicit memory refers to long-term memory,
where previous experiences and concepts are deliberately remembered, while implicit
memory refers to the unconscious use and acquisition of memory (Sullivan, 2018) Mie-
rowsky, Marcus, Ayres (2020) study shows how the load of working memory is re-
duced when primary knowledge and imitation are utilized and how its importance is
highlighted especially in cognitively more difficult secondary knowledge acquisition.
In Detari's (2023) study, implicit body memory was treated in the rehabilitation of
musician's focal dystonia. The concept refers to the fact that, in addition to involuntary
movements, the technique can evoke habitual posture and breathing habits and re-
lated negative emotional states, and in the case of a triggering task, it can be said that
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the hand remembers something. Kongpakpaisarn (2020) presents the concept of in-
terpedence by discussing alternating hands and hands working as one well-function-
ing duo and how related exercises strengthen memory.

The studies consider knowing and the body as a source and developer of knowledge
through feelings and bodily sensations. Détari, Nilssen (2022) combines the develop-
ment of the concept of embodied knowledge as one of the benefits of the Timani
method, and this refers to embodied feelings such as feelings at more ease or
grounded or feeling of more space or capacity to breathe. In Rader's (2023) study on
Body-Mapping informed pedagogy, important themes emerged as communities sup-
porting music, classroom development, somatic awareness, and understanding of the
embodied experience. By embodied experience the study refers to descriptions of bod-
ily sensations. Sabo, Comeau, Guptill, Dvorkin and Russell (2023) describes how the
body can be a site of knowledge production. According to Papazachariou-Christo-
forou's (2022) research, early participation in music-making with meaningful move-
ment activities helps in generating explicit musical representational knowledge and
with it, children teach themselves music when emerged in music play. In Massie-Lab-
erge's (2019) study, embodied music cognition is treated as a perspective relevant to
the development of pedagogy, because it recognizes the instrument as a natural ex-
tension of the body, integrating body movements other than those inspired by virtu-
oso technique, which occur in parallel with gestures in sound production. In some of
the studies, the considering embodiment can be seen as going beyond the concept of
kinesthetic learning. Détéri (2023) approached embodiment being broader sense of
body mechanics and presenting the concepts embodied and mental self-awareness.
By broader sense the study refers to cognitive element of the therapy where move-
ments are approached from a holistic perspective taking into account larger structures
of body and the rehabilitation of the motor function being inseparable from the reap-
praisal of the accompanying emotions. Rader (2023) presents body awareness being
dynamical interactive process. In the study of Van der Schyff, Schiavio and Elliott
(2023), the perspective can be seen through the concepts self-organizing or 'autopoiet-
ic' nature of the embodied musical mind, coordinating action through dynamic adap-
tive processes as well as self-reflective understanding what means to be and become
a learner and teacher. The concepts endogenous embodiment, self-organization,
Bayesian brain and predictive coding and exogenous embodiment from the prelimi-
nary review are part of the conceptual framework referring to the understanding of
embodied being.

Endogenous attention refers to attentional control, i.e. conscious attention and deci-
sions about what to pay attention to and what to ignore. (Astle and Scerif, 2009) The
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theme summarize the understanding of how the studies consider conscious control
related to learning and practice related to it. Van der Schyff, Schiavio and Elliott (2023)
mentioned that embodied cognition theory emphasizes how the student learns how
to teach himself and in this context the concepts enactive relational autonomy and
participatory sense-making are used, which refer to the dynamical and ontological
nature of the group's difference. In my opinion, teaching conscious bodily control and
attention could be assessed as appropriate to the mentioned philosophical viewpoints,
and as Rader (2023) stated, self-regulation is a preventive factor for musculoskeletal
problems. Détari's (2023) concepts external, internal and somatic focus are related in
therapeutic use to consciously directing the focus of attention. External focus can be
used, for example, when performing, while internal focus can be emphasized while
working with tensions. Somatic focus is referred to in the study as follows "... targeting
the sensations resulting from the interaction with the instrument (i.e., resonance)
within the body, and found that this condition was superior to both internal and ex-
ternal conditions in terms of movement effectiveness" (Détari, 2023) . The physicality
of information processing and the ways to utilize endogenous attention vary in stud-
ies. In the preliminary review, an example of the embodied information processing
was the use of representations, for example through embodied simulation or simulat-
ing experience while listening. Davies (2020) consider attentional control by con-
sciously quieting responses beginning with neck muscles and the relationship with
the environment can be seen in the goal to sense optimal functioning in gravity. This
control of the entity is described by the term primary control. Kongpakpaisarn's (2020)
emphasis is distinguished by the goal of instinct use of body. Détari and Nilssen (2022)
deals with directing attention to bodily sensations or conscious awareness of a body
part, muscle, or movement. In Massie-Laberge's (2019) study, attention is directed to
motion cues, and Mierowsky, Marcus, Ayres (2020) to gesturing while observing. In
Papazachariou-Christoforou's (2022) study musical thinking is seeing as an internal-
ized form of movement and it is mentioned that we listen to music with our muscles.
Rader (2023) describes focusing attention through interoceptive awareness and pro-
prioception. All studies consider the allocation of attention through embodied experi-
ence to some extent.

Information is also processed with the help of gestures that make use of the body's
position and relationship to the environment. The embodied nature of language was
emphasized in studies of Stevanovic (2021) and Sabo, Comeau, Guptill, Dvorkin, Rus-
sell (2023) regarding body knowledge through metaphors and metonymies or biome-
chanical language. According to Stevanovic (2021) "embodied experiences, such as us-
ing one's body to navigate space, motions, and balance, give rise to more abstract cog-
nitive concepts, such as time and causality, while language plays an active role in these
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concepts. Both metaphor and metonymy are part of this mechanism, which involves
language both as grounded in lived human experiences and as reflecting how we per-
ceive, understand, and interact with these experiences". In addition, Stevanovic men-
tions that metaphorical concepts as cognitive constructs can emerge independent of
language. Similarly, Sabo and colleagues (2023) approach the use of metaphor criti-
cally from the perspective of biomechanical language. The emphasis in introducing
biomechanical language emphasizes that using metaphors requires a better extrapo-
lation of information in order to make the language biomechanically clear. Language
is one of the triggers of internal representations. In all studies, the utilization of inter-
nal representations and the embodied nature in them were emphasized in one way or
another. According to NLP World (2021) internal representations refers to the content
of our thinking or the confirmation of information which includes pictures, sounds,
feelings, tastes, smells, and self-talk. (NLP World, 2021) The research program of em-
bodied cognition also includes the concept of grounded cognition: "Grounded cogni-
tion is still about mental representations, just ones that are shaped by the body. The
key move is the grounding, shaping internal content with external, modality specific
factors. Embodied cognition replaces representations with our activity in a richly per-
ceived world.” (psychsciencenotes.blogspot.com, 2013)

In Kongpakpaisarn (2020) study, the embodied nature of language and the goal to
minimize the movement or by imagining external spontaneous images was shown,
for example, as follows: "holding lightly...(feeling of hovering)...sound and feel
smooth... profound sense of rest , like resting intimately with the instrument... the
feeling of falling into a hole while walking... feel “down” on each note... the glimmer-
ing candle-end before the frightening creature vanishes into the night sky.” (Kongpak-
paisarn, 2020) In the included studies, the importance of internal representations was
seen in several ways, combining images and movement, utilizing the surrounding
space and imaginary scenarios to embody, as in Laban's movement Framework pre-
sented by Papazachariou-Christoforou (2020), or neural representations, which refers
to dynamical interactive process of body awareness and representations of embodied
experience in the body mapping informed pedagogy introduced by Rader (2023). Dé-
tari, Nilssen (2022) study avoided abstract language or metaphors. In Davies' (2020)
study, representations occurred by retraining faulty internal body schema, i.e. body
maps. As mentioned in Kongpakpaisarn's (2020) study, internal representations focus
on descriptions of the connection between musical parameters and body movements
and the environment. In Détar's (2023) study, there is a reference to repeated self-talk,
which is described as follows: "It's like a little devil sitting on your shoulder [the fear
and anxiety], and it is talking into your ear. And if you recognize: oh, hello, it's you,
there you are (makes plucking noise, imitates flicking something away). You're not
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necessary!". (Rader, 2023) Massie- laberge's (2019) study mentions the study of how
emotional intentions were conveyed through musician's movements. Mierowsky,
Marcus and Ayres (2020) and Stevanovic (2021) discussed mimicking gestures and as
Stevanovic (2021) mentioned that metaphor may add to the experience of movement
an affective component.

According to Van der Schyff, Schiavio and Elliott (2023), mental images are part of the
ontological concept of being: "phronésis embraces the deep continuity between em-
bodied action, imagination, and thought; between movement, empathy, affectivity,
feeling and motivation, and how we frame the world in rational and ethical terms... It
enables "knowing how to negotiate our way through a world that is not fixed and pre-
given but that is continually shaped by the types of actions in which we engage"". (Van
der Schyff, Schiavio, Elliott, 2023) In the preliminary review, learning was approached
through error-correction, motor adaptation in learning, the role of long-term process,
and the concept of emergent timing and flow. Overall, in studies considering embod-
ied cognition, the influence of unconscious patterns and habits on learning seems to
be emphasized because they are usually embodied. All studies reflect the role of em-
bodiment in learning environment, and its role from the perspective of developing a
healthier environment which could be useful to consider because the mentioned per-
spectives aim to clarify the forces affecting learning and knowing while taking self-
regulation into consideration. Questions emerged in the included studies considering
how directing, broadening or limiting attentional focus to internal sensations or body
parts, movement or other senses, motion cues or environmental aspects helps in cre-
ating healthy movement and a motivating environment as well as questions consid-
ering the ways to exploit the relation of cognition to musical aspects, dynamical envi-
ronment or embodied internal representations are relevant for preventive pedagogy.
According to Schyff, Schiavio and Elliott (2023) examining forces that shape identity
and consciousness and what it means to be and become a learner and teacher deserves
insufficient amount of attention in enactive teaching. The embodied nature of natural
behavior of human and its knowledge, which is emphasized in philosophical and clin-
ical studies, can also be useful for the development of the practical area of teaching
and learning, as well as preventive movement architecture.

3.2.2 Environment in Cognitive Strategies

The role of environment in cognitive strategies can be seen in many ways in the in-
cluded studies, such as in the processing of conscious attention directed to the
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environment or bodily sensations in relation to the environment, such as in relation to
proprioception and exteroception, and in the processing of unconscious attention that
can be guided by the teacher, which is related to cognitive load theory and exploiting
gestures in different ways. Related to this theme, embodiment can be seen in questions
according to interactivity while considering the relationship with the instrument, the
structural parameters of music or the help of technology, as well as in relation to ques-
tions related to development, growth and age-specificity, and thus to psychological,
social and socio-cultural questions, as well as to the interactive elements of somatic
and enactive methods and the role of the teacher in preventive teaching. It is worth
noting that the emphasis on interactional active involvement is emphasized in the in-
cluded studies even in those that do not specifically consider aspects of embodied
cognition. As mentioned above, the emphasis on understanding, attention and deci-
sion-making varies according to what kind of attention control or language use is seen
to be beneficial for learning in the included studies. The processing of attention, which
refers to the utilization of the environment, emphasizes concepts such as propriocep-
tion and exteroception, and the emphasis on intuitive decision-making is referred for
example to concepts like situation-specific alignment or situation-specific way of cop-
ing from the preliminary review. In a large part of those considering embodied cogni-
tion more closely, the focus is considered on the least amount of conscious control.
According to Schyff, Schiavio and Elliott (2023), enactive pedagogy should better con-
sider autopoiesis as a guiding principle and learning as a dynamic adaptive process
taking place through a primordial embodied way of contextually situated knowing,
as well as understand the forces shaping identity and consciousness and building
teaching around phronétic practices. (Schyff, Schiavio and Elliott, 2023)

According to the preliminary review, concepts relating to the utilization of the learn-
ing environment were improvisational and informal musical learning, exogenous em-
bodiment, sensorimotor exploration, human- and technology-centered methods (em-
bodied interaction, virtual reality, videos, applications: tangibles, kinect/wii, embod-
ied artifacts, biosensor, embodied games) , active object manipulation, gestures, imi-
tation, visual stimulation, collaboration, emotional component of music education, in-
teractive musical learning and enactive approaches. Regarding the emotional compo-
nent of music education, the importance of relationality in teaching, situated learning,
affective components of movement and cognitive processes in the organization of so-
cial interaction were discussed. The relationship of the included studies considering
prevention and environment can be seen in a holistic perspective in relation to the
body, the instrument, focusing attention and dynamic interactivity, considering it in
relation to body awareness, and by considering age-specificity in relation to primary
and secondary prevention. They discussed maladaptive behavior, need to control,

86



socially prescribed perfectionism and anticipatory anxiety in relation to the social en-
vironment, considering the role of the body in proprioception, and the idea of use of
whole self and relation to gravity. The teacher's role is emphasized in them for in-
structing the direction of attentional focus and they used demonstrations and visual
aids and body-oriented methods. (Davies, 2020; Kongpakpaisarn, 2020; Détari,
Nilssen, 2022; Rader, 2023; Sabo, Comeau, Guptill, Dvorkin, Russell, 2023; Détari, 2023)
The second category of research considered the importance of cooperation and inter-
action and how to see metaphors and metonymies related to space and as interactional
resource. The teacher's role was built for guiding students to connect their movements
to the structural and stylistic features of a piece for example, to meter and rhythm,
melodic contour, form, dynamics, and the expressive qualities of music. In addition to
that, the teachers utilize use of gesturing, primary knowledge and cognitive load the-
ory. (Van der Schyff, Schiavio, Elliott, 2023; Massie-Laberge, 2019; Mierowsky, Marcus,
Ayres, 2020; Stevanovic, 2021; Papazachariou-Christoforou, 2022)

In addition to technology- and human-centered methods, the methods presented in
the preliminary were Dalcroze Eurhythmics, Orff Approach and Cohen Body-Mind
Centering and Groningen Exercise. The methods of the included studies are Taub-
mann approach (Kongpakpaisarn, 2020; Sabo, Comeau, Guptill, Dvorkin, Russell,
2023), Laban's movement framework (Papazachariou-Christoforou, 2022), Timani ap-
proach (Détari, Nilssen, 2022), Body Mapping (Rader, 2023), Alexander technique (Da-
vies, 2020). In addition, there were mentions of numerous piano pedagogy- related
methods and Détari’s (2023) mentions of Feldenkrais Method and Dispokinesis.
Laban's movement framework was the only one of the methods from the second cat-
egory, in which ontology, applications for enhanced pedagogy, mimicking gestures
and cognitive load as well as metaphors and metonymies played the main role. (Van
der Schyff, Schiavio, Elliott, 2016; Massie-Laberge, 2019; Mierowsky, Marcus, Ayres,
2020; Stevanovic, 2021) Generalizable methods related to prevention include the
awareness of gaining global sense of release before moving to the exercises targeting
fine motor control and attention to the motor output being extremely vulnerable to
the psychological and emotional states by appearing both in the postural (antigravi-
tational) muscles, which carry the static load and in muscles contributing to the move-
ment. In other words, the musician's mental state cannot be separated from somatic
learning. (Détari, 2023) The effort to understand the psychological and emotional fac-
tors related to the performance of musicians in relation to music and movement can
be related to the examination of effective or Instrumental gestures which are respon-
sible for the direct control of the quality of the sound and changes applied to the in-
strument or ancillary or sound- accompanying gestures which are not necessarily re-
lated to sound production and are mainly the result of ergonomic, structural or
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interpretative factors. Examining gestures in relation to the use of time and the coar-
ticulated and compensatory features of movement offers perspectives on the effects of
the musician's mental state. (Massie-Laberge, 2019)

In order to address forces shaping identity and consciousness, Van der Schyff,
Schiavio and Elliott (2023) present Kincheloe's ideas to ground the case as follows:
"...to move beyond mechanistic metaphors of selfthood, to appreciate the autopoietic
(self-producing) aspect of the "self" in order to gain a more sophisticated capacity to
reshape our lives... to understand the importance of socio-historical consciousness
concerning the production of self... to recognize dominant power's complicity in self-
production vis-a-vis ideologies, discourses, and linguistics... to conceptualize new
ways of analyzing experience and apply it to the reconstruction of selfhood... to move
schools to examine the ontological realm of self-production and the Myriad of forces
that affect it... to become cognizant of the Cognitive act as the basic activity of living
systems — the process of establishing relationships and new modes of being... to grasp
the notion that this ontological process of cognition constructs the world rather than
reflecting an external world already in existence... to realize that the nature of this
world, the meanings we make about it, andour relationships with it are never final —
thus, humans are always in process... to see that the self is not pre-formed as it enters
the world —that it emerges in its relationships to other selves and other things in the
world... to realize that the nature of the interactions in which the self engages actually
changes the structure of the mind..." (Van der Schyff, Schiavio and Elliott, 2023). Ac-
cording to my opinion, the ideas reflect the objectives from the included studies in
relation to the need to understand the dynamic nature of the learning environment
and through the holistic aspects related to learning environment and combine both
categories and could serve as a basis for developing preventive pedagogy. On a prac-
tical level, regarding embodied cognition- informed studies, it could be discussed
about how cognitive load theory could be applied to preventive practice or perhaps
discussing the use of metaphors and metonymies to give the teacher ways to better
evaluate the student's disadvantageous postures. (Mierowsky, Marcus, Ayres, 2020;
Stevanovic, 2021)

The role of music was seen as a tool in the studies using healthy movement and cog-
nitive strategies by using music melody as an aid for understanding and interpreting
the musical structure, studying how the dynamic shape, melodic and rhythmic pat-
terns of music affect movement or its experience, or discussed the connection of move-
ment related to structural and stylistic features of the peace. Based on the perspectives,
the research could be continued, examining what kind of interpretation increase the
risk for musculoskeletal problems and how the structural features of music can be
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compared to intuitive knowledge and ergonomics. In addition, considering the em-
bodied relation to the instrument, for example through internal representations and
imaginary, could be useful from the view of preventive teaching. The movement ar-
chitectures of the methods from included studies considered concepts such as coordi-
nation in relation to minimum effort, acquisition of knowledge of anatomy, gravity,
breathing exercises, getting to know natural movement learned during developmental
stages, brain-body-connection, awareness-related aspects , global sense or under-
standing the size, structure, and function of the body in parts and as a whole through
the student's senses, movement, and attention and also around time-, space-, weight-
or flow-related aspects for movement. (Davies, 2020; Kongpakpaisarn, 2020; Sabo,
Comeau, Guptill, Dvorkin, Russell, 2023; Détari, Nilssen, 2022; Rader, 2023; Papa-
zachariou-Christoforou, 2022) Among the methods, the Laban movement framework
presented by Papazachariou-Christoforou (2022) stands out because it utilizes music
as a close part of the cognitive strategy. The teacher’s ways of utilizing the environ-
ment more precisely in cognitive strategies were reflected in external cues, which the
student reaches for without consciously directing attention, such as the teacher's ges-
tures, instructions for directing attention in reducing cognitive load, instructions for
gesturing or the use of space and metaphors in language use. I wonder whether em-
bodied cognition-informed studies could bring added value to aspects of somatic
methods, for example by including more music, environment and embodied language
in cognitive strategies.
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4 DISCUSSION

4.1 Embodied Cognition in Preventive Pedagogy

The objective of the thesis was to combine theoretical and practical research, to bring
sensory and cognitive aspects together with physiological strategies and try to under-
stand how they can be related and how the many dimensions of growth and develop-
ment affect to the development of musculoskeletal problems as well as to find out how
the synthesis could create the groundwork or practical themes for more comprehen-
sive health- and risk-aware teaching. In addition, the goal was to outline the reasons
why this comprehensiveness is necessary. The goal was to find out whether embodied
cognition is a valuable tool for development of preventive pedagogy. There is an over-
lap between the results of the preliminary review and the synthesis, as well as the
studies of both categories, and this represents a possible useful role of embodied cog-
nition in prevention of musician's musculoskeletal problems in the learning environ-
ment. Various musculoskeletal problems develop due to several different reasons and
holistic thinking could be useful in the teaching environment. The perspectives
brought by the synthesis for embodiment, what it is to be and to know in the learning
environment creates a foundation for a more holistic teaching. I see that if something
can be justified as an activity that supports development and health, it can also con-
tribute to the prevention of some specific problems, even if it is difficult to demon-
strate. Demonstrating cause-and-effect relationships is challenging, and for this rea-
son, looking at a broad perspective from different aspects can give teachers the tools
to come up with creative solutions according to their own assessment and the needs
of the students. The included studies considered the main topics from symptom or
disease-specific, instrument-specific or method-specific view, but studies from a

broader perspective concerning all musicians and the theory of embodied cognition,
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combining embodied cognition, prevention of musician's musculoskeletal problems
and music pedagogy, were not found through the search. Taking it to consideration I
included the studies which were somewhat related to the topics that could possibly
create a basis for the research according to the initial topic criteria with the help of
synthesis.

Based on the synthesis, many studies emphasized a holistic perspective in learning in
different ways, where developing a sense of embodied self-awareness and open mind
to explore possibilities in terms of movement are emphasized. In relation to attentional
control, the justification for comprehensiveness is that many aspects or set of tasks
related to learning are impossible to control in parts. With Rader (2023), the whole can
be seen in a thematic analysis, which was built around cognitive (understanding and
awareness), physical (re-mapping process), and emotional (state-of-mind) processes.
Comprehensiveness can also be seen when combining breathing, interpretation and
health related aspects. (Rader, 2023) As shown in Détari and Nilssen's (2022) study,
excessive focus on postural corrections affects losing sight of performance as the goal
of coordination and separated them from expression, and the study mentions the need
for a better understanding of dynamic performance context. (Détari and Nilssen, 2022)
I see that equally focusing only on proprioceptive or exteroceptive input in learning
can cause a similar loss of perspective, and I see that in part Rader's (2023) perspective
on interoception stems from this need and taking it into account in preventive teach-
ing can be useful. In my opinion, the embodied cognition research program can offer
a deeper understanding of the mentioned needs, because it aims to understand dy-
namic context and sees the themes mentioned by Rader as more closely related. The
human has the tendency to automate also the wrong kind of movements and embod-
ied patterns and I see that embodied cognition can give more understanding for un-
derstanding these automatic processes. In addition, the research program offers ways
for utilizing the environment in cognitive strategies in many ways, and they could be
added to the teachers' procedure in addition to knowledge related to somatic and at-
tention control, which partly makes the teacher's work more comprehensive.

While examining the connection between healthy movement and interpretation,
Massie-Laberge (2019) offers an insight into musician’s movements providing intui-
tive information about what kind of movement supports ergonomics and makes
movement instinctive, and how the structural features of music can be better consid-
ered from an ergonomic point of view, as well as what kind of interpretation increases
the risk of musculoskeletal problems, considering for example duration and flow of
performance. It was also noticeable that movements seemed to be localized to certain
body parts and their amplitude were reduced during technically challenging passages
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and this could potentially prevent injuries. The results of Massie-Laberge (2019) also
show how immobile condition was found to be easier to implement than exaggerated
or how deadpan affected for example to their sense of phrasing, tempo and dynamics.
The research opened both how harmonic tension and acoustic features can affect
movements. Massie-Laberge's research also describes how, in some cases, mental rep-
resentations were so deeply entrenched that their conscious reduction or elimination
was not possible. (Massie-Laberge, 2019) All the examples describe instinctive and
embodied cognition in different ways, which is useful information for the teacher, for
example, in terms of how encouraging exaggeration at the expense of healthy move-
ment can be treated with caution. The goal of instinct is justified from a health point
of view, if it presumably causes less cognitive load and therefore enables concentra-
tion on interpretive factors. In connection with the treatment of interpretation and
healthy movement, I think we could also look at the possibilities of cognitive load
theory, which appeared in the second category of studies to understand interpretation
more broadly as part of the environment, and the utilization of primary knowledge
and the possibilities of the theory from the point of view of interpretation or task-
specific awareness.

The results of the synthesis challenges my hypothesis regarding the fact that with an
integrative review I cannot prove the causal consequences of whether embodied cog-
nition-informed views are worthwhile for prevention and therefore causal conse-
quences can be studied better with other types of research methods. It would be ap-
propriate to be critical how embodied strategies are used in teaching and where the
focus of teaching should stand. The prominence of the topic, especially in recent dis-
sertations, and the overlap of the topic at least on the meta level is noticeable in both
categories and it can imply it being worthy for considering. According to my opinion,
the most important observations are a more precise awareness regarding questions
about the amount of necessary attention control, the use of the senses and environ-
mental cues, and several follow-up questions related to my subject area that arose as
a result of the thesis. Based on the preliminary review, one can further consider the
role of embodied cognition in the prevention of clinical studies or specific musculo-
skeletal diseases, as well as in relation to organic and non-organic problems, in ques-
tions related to the use and perception of time, and in understanding individual needs,
for example, in contexts connected to focusing attention. In addition, we can consider
how the embodied cognition view helps to develop an understanding of internal rea-
sons and to develop self-regulation-related aspects of preventive learning also in the
early stages of growing up. In addition, embodied cognition perspectives can offer
ideas for intuitive reasoning and exercises related to primary or unconscious activity
and awareness of in what kind of situations they are relevant. It is useful to consider
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how these perspectives or questions can be applied in general in teaching if no specific
embodied method is used and also how they can be applied specifically to specific
phases of learning or motor development. It is also possible to consider how the de-
velopment of practice and the consideration of enactive ontology in teaching guides
the understanding of the meaning of being, movement and motivation to move.

The studies provided valuable information and concepts as a basis for preventive ped-
agogy. Consensus was emphasized regarding the need for comprehensiveness and
addressed the body's role in cognitive activities in several ways. The embodied cogni-
tion perspective encourages deeper empirical and ontological understanding of the
relationship of psychological, social and emotional aspects to movement and somatic
learning. Based on the synthesis, preventive pedagogy exercises could be built on the
basis of holistic nature of philosophical and practical basis, active participation and
the embodied elements of cognitive functions, comprehensive motor alignment, un-
derstanding the learner through embodied self-regulation- related aspects and as part
of the environment helping the student with cognitive strategies that utilize exoge-
nous and endogenous attention, implicit memory, attentional control and movement
senses. The strategy can consider the interaction between movement and cognition,
the use of embodied internal representations, music cognition and the importance of
interpretation, music and body language in relation to the development or prevention
of musculoskeletal problems. In addition, the strategy can utilize gestural knowledge,
cognitive load theory, technology supporting embodiment, development-growth and
age-specific embodied perspectives and develop knowledge of various enactive and
somatic methods. Rader (2023) brought up the perspective of prioritizing identifying
ways to make prevention education the norm for all groups of musicians. (Rader, 2023)
According to my evaluation research is going to that direction, and the focus seems to
be moving closer to the importance of experientiality in learning and health. The im-
portance of the experience can be seen on a practical level in diverse ways of embodied
cue integration, which can be an important factor in increasing motivation, creating
meaning, reducing cognitive load, and freeing up focus on the world of music and
images. Preventive learning would consist of ways of utilizing awareness to support
healthy growth and learning, directing attention control and supporting adaptation
for finding embodied cues, support self-regulation and trusting intuitive reasoning.

When examining the most significant themes of the preliminary reference framework,
through synthesis, the reference framework can be developed to consider aspects re-
lated to cognitive functioning in all themes in diverse ways. In relation to the role of
movement and ergonomics factors in relation to playing-related factors and numerous
mentioned aspects and risk factors related to prevention (physical health indicators,

93



neutral posture, accumulation of physical and postural stress, strain, importance of
strength, upper extremities, ergonomic optimization [optimal instrument condition,
biomechanical training, sitting position, lightning, chinrest type, acoustic factors],
awkward posture, too isotonic and isometric movements, too early and repeated use
of a technique requiring relaxation and fluency, Sudden increase of training time, ease,
natural movement, elevated arm position, flexor muscle behavior, excessive incorrect
repetition, postural stress ; 1.2.1.3), could considered especially in relation to the per-
spectives of synthesis according to possibilities related to movement and cognition.
The effects of imagery for conducting the above-mentioned movements by examining
the relationship of the movement to internal sensations or by combining imagery with
movement exercises or conducting movement with specific imagery could be consid-
ered. Also the effects of movement on the interpretation in which the above-men-
tioned behaviors occur could be considered. In addition, examining what kind of in-
formation the body or movement can produce or store that would benefit ergonomic
behaviors could be useful. Also discussing of influencing cognitive functions with spe-
cial movements, for example in relation to gestures or thinking with gestures, and
considering what kind of gestures help in planning healthy movement or, similarly,
considering the effects of cognition on movement, for example with motor simulation
could be useful. Based on the mentioned aspects, targeted movement exercises can be
developed by directing attentional focus to global control or a specific movement or
part of the body. Sabo's (2023) mention considering potential biomechanical inaccu-
racy of metaphorical language, could be developed by considering the development
of language by increasing the number of different movement containing gestures. Of
which aspects are special about the physical requirements of musicians, for example
in relation to fine motor skills could be part of the discussion of musician’s movement
and ergonomics.

Relaxation plays an important role in psychosomatic development, and on that ac-
count in the preliminary review it took shape of its own section. Related to aspects
related to relaxation (practice time, breaks [of 10 to 15 minutes should be taken every
30 to 60 minutes during practice], Absolute rest, farming up, warm-up exercises, phys-
ical and musical exercises, abrupts increase in practice time, years experience exertion
after 45 min without breaks), I outlined how visual stimulation, thinking with gestures
and embodied simulation could be part of relaxing practices. During the synthesis,
the relaxation-related topic developed in a direction where the warm-up exercises
could be considered through exercises related to primary prevention. In my opinion,
the application of the exercises could also be considered in terms of secondary pre-
vention for the warm-ups and cool-downs without or with a musical instrument. Ac-
cording to Rader (2023) secondary prevention includes warm-ups or cool-downs
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before and after playing, breaks during playing periods, exercise, general health in-
formation, or other types of body or movement awareness, while primary prevention
focuses directly on the teaching situation. (Rader, 2023) The role of factors related to
growth and development (cognitive development, the effects of growth on muscle de-
velopment... subjective factors, age, disabilities, first- or second-year Master's student,
accumulative physical stress, grade (lower graders had more discomfort related to
higher grades; 1.2.1.3) could also be taken into account while planning the exercises.
In addition, various affective aspects underlying somaticity were considered (psycho-
social stress, psychosocial factors, stress related to playing instrument, string class fre-
quency, social factors, mental health indicators, high somatization, fear of a career-
ending disability, temporomandibular disorder (TMD) related to musician's perfor-
mance-anxiety (MPA), targeted interventions; 1.2.1.3), which affect muscle tension,
which were identified through synthesis with more emphasis on interactivity.

In the section regarding aspects of cognitive functioning (body awareness, attitude
towards pain [Some Musicians accept musculoskeletal pain as a normal and neces-
sary], understanding the use of force, metacognitive thinking, enjoyment of music,
concept of balance ; 1.2.1.3) a more diverse point of view was considered concerning
practices during the synthesis, related to focus and control and being aware of differ-
ent options related to it and, also related to the development of movement architecture
and relaxing exercises. The importance of music in this equation, how in a musical
experience, including expressivity and emotional components, the body not only
shape the perception, but its participation in the activity shapes the way of thinking
could be considered. Several enactive and somatic methods and techniques were iden-
tified partly as aspects of the topic, such as Dalcroze Eurhythmics, Orff Approach,
Cohen Body-Mind Centering, Alexsander technique and Feldenkrais method, Taub-
mann approach Laban's movement framework Timani approach, Body Mapping, Dis-
pokinesis, Groningen exercise, and related to the piano Ortmann's The Physiological
Mechanics of Piano Technique, The Lister-Sink Method, Sdndor's Technique, Alan
Fraser's Technique. In addition to those mentioned, the need for various prevention
programs, prevention and treatment strategies and primary and secondary preven-
tion were identified. In their implementation, one can evaluate the possibilities of tech-
nology-centered methods such as embodied interaction, virtual reality, videos, appli-
cations: tangibles, kinect/wii, embodied artifacts, biosensor, embodied games and in-
teractive musical learning. Traditionally learning musical instrument is not seen at
least primarily as promoting physiological health and preventive activity, but mainly
from the perspective of mental well-being. It might be useful if teachers familiarized
themselves with these different options, studying the relationship between somatic
methods and embodied cognition and evaluate the possibilities for reaching the initial
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role of the individual relation to their environment and to support development in a
natural, inspiring way and by recognizing embodied challenges and motivators re-
lated to learning.

4.2 Limitations

This thesis has potential limitations related to methodological factors, subject and
overall picture that impact the interpretation of the results. The integrative review
method has been criticized due to the possibility of bias and lack of discipline (Toronto
and Remington, 2020). There were a few factors involved in combining the thesis and
the integrative review method, which influenced the systematic progress of the inte-
grative review. The way in which I have collected information may have limited my
ability to analyze the results thoroughly, for example, in all integrative reviews there
is no predetermined theory or parts of the subject area or a preliminary review that
would partially guide the direction of the research. The effort to limit the number of
pages contributed to the thoroughness. On the other hand, I followed the structure
required by the thesis and tried to combine the method and the structure of the thesis.
According to comprehensive journal article of Hecker and Kalpokas (2024) the chal-
lenges of thematic analysis can be related to dependence on subjective interpretation,
the challenge of holding analytical rigor, data overload, strategies in validating the
findings. The mentioned factors can cause limitations for research. (atlasti.com, 2024)
According to Stewart (2024) constant comparison method is fluid and adaptable and
knowledge arises directly from the data and the realities it creates (atlasti.com, .2024)
A possible limitation related to the analysis method may be related to whether the
researcher remains flexible and allowing information to emerge organically from the
data. Integrative reviews are highlighted in clinical studies related to evidence-based
practice (EBP) and according to my observation, the method is used less often in re-
search in the humanities field, and I experienced some challenges connecting them.

According to Haevert (2017), limitations related to content analysis can be the follow-
ing:”... (a) that the approach is inherently reductive and tends to diminish complexity
and context; (b) that the approach is unlikely to preserve the interpretive properties
that underlie the included qualitative evidence; (c) that content analysis may fail to
reflect the structure or importance of the underlying phenomenon; (d) that the ap-
proach could treat the absence of evidence (i.e., nonreporting of evidence by primary-
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level authors) as evidence of absence (i.e., findings that are not important); and (e) that
content analysis results may be oversimplified and review authors using content anal-
ysis may be tempted to count only what is easy to classify and count rather than what
is truly important (Dixon-Woods et al., 2005).” (Haevert, 2017) According to Haevert
(2017) critical interpretive analysis has also potential limitations: “An issue with the
critical interpretive synthesis approach is that it remains unclear how exactly the qual-
itative, quantitative, and mixed evidence is integrated. For instance, the Dixon-Woods,
Bonas, et al. (2006) critical interpretive synthesis on access to health care by socioeco-
nomically disadvantaged people in the United Kingdom included 119 papers. How-
ever, it is not clear what the proportion of qualitative, quantitative, and mixed primary
studies included in the synthesis was; which types of studies or designs were included;
what the contribution of the retrieved qualitative, quantitative, and mixed data to the
end product of the critical interpretive synthesis was; and how exactly the qualitative,
quantitative, and mixed evidence was integrated. (Haevert, 2017)

There are some restrictions on keywords. Possibly, the search vocabulary related to
the topic could have included some other terminology related to the theory of embod-
ied cognition. According to my evaluation even a narrower search vocabulary could
have led to results with a wider perspective, and since it is difficult to prove the
uniqueness of the search vocabulary and it affects the generalizability of the results.
On the other hand, it wasn’t meaningful for taking the risk of narrowing down the
topic, because according to the preliminary review, it seemed the thesis part of the
topic emerged at the meta level in various studies and the desired variation between
the research topics could also have been too narrow. In the future, with the clarifica-
tion of the parts of the whole, a narrowed perspective can also give more profound
answers in terms of the whole. When the terminology around the topic is not univer-
sally recognizable, even the terms used, such as the umbrella term embodied cogni-
tion, can have different results than using, for example, the terms found under it. In
the future, it could be relevant to conduct a similar study with the terminology related
to the topic, which this study tried to identify. Lack of previous research studies on
the topic is a limitation in itself, which is also partly the result of this study, at least as
it is and with these search terms, but the results may vary if the search terms were
more specific. On the other hand, discovering a limitation can be considered an op-
portunity to identify gaps in research literature and to present needs for the further
development in the area of study. Lack of previous studies made it difficult to come
up with the best ways to proceed according to the method, the implementation of
which usually uses data that is already abundant. Based on the results, the research
could be continued in order to find clearer theoretical and conceptual dimensions or
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typologies about the connections between prevention and embodied cognition in
learning environments.

The small number of included studies was chosen due to the limited schedule, and
with this, the results can only be used as potentially indicative assessments or poten-
tially functional further ideas for research and practice. Again, recognizing topic being
fragmented and containing unclear terminology, increasing the amount of data would
not necessarily have served stated objectives. The amount of time required by the
method and the limiting the number of pages could also have contributed to the anal-
ysis of the study not reaching as in-depth aspects as it could have. However, under-
standing the overall picture of the subject was the main part. Integrative reviews are
usually conducted with the help of many authors (Remington and Toronto, 2020). I
discovered conducting the work alone within a limited time frame causing difficulties,
and it could be a limitation for the thesis, making it difficult to reach the necessary
depth during the analysis phase. Although based on the analysis it would have been
possible to do an even more in-depth content analysis, which would have been mean-
ingful in terms of the subject. However, the method of integrative review, which aims
for an overall picture, does not require it in itself. The violin teacher's qualification and
the musician's background may have guided for choosing subjects that feel intuitively
clos, thus affecting the reflexivity of the thesis. However, I aimed to avoid biased
views regarding my background and for this reason, among other things, I did not
limit the research only to violin- related topics. In addition, the inclusion of a wider
range of instruments turned out to be one of the gaps in the literature. I conducted the
beginning of the analysis with the free version of NVivo and the end without any
software’s. The limited access caused my analysis a few difficulties, but in the end, I
think they did not significantly affect the progress of the analysis.

4.3 Implications

My preliminary assumption regarding the low focus on the development stages of
motor skills, multisensory development and playing-related problems in the learning
environment being the long-term cause of musculoskeletal problems in musicians ap-
peared in many ways in the topics of the included studies concerning practical ways
to develop preventive teaching. The studies considered early education and the edu-
cation of more advanced musician’s regarding both primary and secondary preven-
tion. It indicates that the subject areas are seen to some extent as significant in
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preventive education. My assumption, according to which embodied cognition could
enable the understanding of the cause-and-effect relationships of musculoskeletal
problems, appeared in studies considering several dimensions in the background of
somatic functioning and the effects of environmental factors. I see that the subject area
has value in transferability, regarding social meanings related to movement and mul-
tidisciplinary applications. According to practical implications for the music industry,
the synthesis may serve potential basis ideas for preventive pedagogy, organizations
or other education that utilizes health-related and evidence-based health advice. The
long-term effects of possible outcomes may be reflected in socially reduced sick leave
and increased well-being. The synthesis method of critical interpretation aims to dis-
mantle research traditions and theoretical assumptions, and in an integrative review
a new kind of overall picture is created. In this work, the overall picture took shape
around acknowledging the nature of embodied human activity and cognitive strate-
gies in movement architecture development. A gap in the literature regarding reviews
and a general perspective regarding embodied cognition and prevention was notice-
able, and therefore the effort was to develop the research tradition and the importance
of integrative reviews in well-being research.

From the point of view of teaching practice, the synthesis provided evidence for a
critical examination of traditional teaching, which was also cited in other studies. In
the case of teaching methods, the connection to aspects of embodied cognition could
be seen in the conceptual ambiguity and the lack of a theoretical basis. In addition, a
gap in the integration of health research and the creative field in creating a general
framework that would help teachers to consider the factors affecting the health of mu-
sicians through creative activity was noticeable. Research frameworks and methods
could be developed to consider the mentioned connection, in order to obtain a more
reliable and systematically produced result from the research. Perhaps the created
framework can also help to plan teaching interventions or short trainings for teachers
or short training from teachers to students, by focusing on a certain area of preventive
teaching or include versatile cognitive movement strategies. In the synthesis, there
was a mention of how to conduct science based on pedagogical knowledge. In my
opinion, there is a need for translating scientific knowledge into pedagogical language.
In the future, my topic regarding a broad perspective could also focus on instrument-
or instrument-group-specific prevention in teaching. In addition, since the prevalence
of piano pedagogy in the area of preventive research was noticeable, research could
also be developed for other musical instruments. In addition to that, as it was stated
that embodied cognition is a potentially misleading term, being an umbrella concept
and also the name of research program, the research could be limited to more specific
research trends or theoretical perspectives of the research program. The possibility of
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prospective studies related to the subject area could also be considered in future re-
search. As far as clinical preventive teaching studies are concerned, the focus seems to
be on the functioning of the senses and less on the utilization of internal representa-
tions. I wonder whether the role of the internal representations and gestures could be
assessed in clinical studies. Future research should empirically demonstrate whether
the aspects of embodied cognition as part of preventive education support motor de-
velopment and the prevention of musculoskeletal problems.

Childhood physical education generally receives more state aid and has a better soci-
etal cultural position. The teaching environment in movement and music education is
also very different from time-related and interactive perspectives, which should be
considered also in terms of distance learning opportunities. I have been acquainted
with the extent of musician's musculoskeletal problems. There has been a lot of re-
search and discussion about recovery and music-related treatments and the focus on
primary prevention and long-term importance has remained less considered. Due to
the societal cultural status of music and the current uncertain state of the world, music
teachers could benefit from the creative applications of interdisciplinary health-re-
lated knowledge. Interdisciplinary embodied research literature could provide per-
spectives for the development of preventive instrument pedagogy and later increase
the value of music for public health. In my opinion, research in the subject area could
also be applied to social perspectives such as inclusiveness and the public health per-
spective. In addition, the benefits of some applications related to attention problems
could be considered. Also, the requirements of adaptive expertise, where teachers are
required to be skilled in a rapidly changing culture regarding, for example, regional
development, is a topic that could benefit from research examining embodiment and
its role in the learning environment. Future research could also be limited to specific
dimensions of growth and development that preventive research identifies. From a
broader perspective, technological and clinical multidisciplinary applications could
also be discussed. Also, for example, bioethical questions in the field of embodied cog-
nition in connection with the development of robotics and artificial intelligence may
concern aspects of my topic. And since the thesis topic mainly concerned non-organic
factors of musculoskeletal problems, also the perspective of organic problems of mus-
culoskeletal problems related to embodied cognition-informed clinical research could
be significant, so that living under the influence of organic factors could be better un-
derstood and developed for better well-being.
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5 CONCLUSIONS

The thesis explores the story behind the thematic synthesis and is addressed to various
professionals in the music field. The thesis conducts interdisciplinary basis of ideas
for preventive education and future applications around music field while recogniz-
ing meaning of the confluence of holistic health and instrument teaching environment.
Considering the confluence may grow curiosity towards the benefits of interdiscipli-
nary practice and review studies as well as the benefits of music culture for public
health resulting possibly by increasing motivation of the students and general
acknowledgement of more diverse ways of moving. A gap in the literature concerning
embodied cognition and the prevention of musician’s musculoskeletal problems were
identified, and based on the emerged themes of the synthesis, further research seems
necessary. Resulting of the synthesis consistent themes around the field of embodied
prevention can be found and refined with further studies. The most important obser-
vation regarding the thesis is acknowledgement of the diverse possibilities of holistic
teaching practice promoting music research considering questions about well-being
and effects of developmental stages and above all by recognizing the embodied and
primary nature of human activity.
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