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Rhythm and movement in developmental age
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ABSTRACT
Coordination is the neurophysiological activity of regulating the synchronism and extent of contraction and
relaxation of the various muscles in order to achieve more or less complex movements in pursuit of set goals.
Coordinated gestures are characterised by a correct rhythm of movement. The relationship between
Movement and Rhythm, is of extreme importance for several reasons. On a biological level, rhythmic capacity
leads to a reduction in muscular fatigue, frees us from unnecessary effort, and optimises movement by
reducing energy expenditure. Furthermore, rhythmicity develops a series of motor and cognitive skills, which
are fundamental for improving the activities of daily life of everyone. The purpose of this work was to
investigate articles in the literature that explore the relationship between rhythmicity and motor and cognitive
development in school-aged children, and the benefits of improving this motor skill. It has been widely
demonstrated that rhythmic training improves coordination, sense of direction, laterality and organisation of
space and time, reading, language, logical and mathematical thought structure and socialisation. The
development of this special coordinative ability has also been shown to be crucial in children with learning
disabilities and in neurodevelopmental disorders. Therefore, education and training in Rhythm is fundamental
for learning motor and cognitive development throughout each child's developmental years.
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INTRODUCTION
Movement is defined as the ability to move different body segments in space. The combination of several
movements define a motor act, which is characterized by a purpose. The programmed sequence of motor
acts, characterized by a general purpose, is called motor action. Motor action are more efficient, Motor actions
are more efficient, the more the structures that execute them are developed. These structures, commonly
referred to as motor skills, are the physical qualities that each of us possesses that allow us to perform any
gesture. They allow the subject to express effective and conscious motor actions, the more complex the more
advanced the degree of development and performance achieved. Motor skills are divided into conditional
and coordinative skills (Casolo, 2002). The former are mainly determined by energy and metabolic processes,
and are Speed, Strength and Resistance. Coordinative skills, on the other hand, are those useful for the
organisation and movement control. These in turn are divided into General Coordination Skills (GCC) and
Special Coordination Skills (SCC). The first are: Motor Learning (which allows the subject to learn a motor
gesture by performing or observing it), Motor Control (which allows the subject to manage and regulate the
motor gesture according to the performance to be executed), and Adaptation and Transformation of
movements (which allows the subject to adapt his gesture according to external situations without altering
the result). The Special Coordinative Skills are: Balance, Orientation, Motor Imagination, Motor Combination,
Motor Differentiation and Rhythm.
In the first years of life, a child is able to perform basic movements, which are also called basic motor patterns
(Wickstrom, 1975). It is only later, between the ages of 6 and 11, that coordinative skills are developed. Since
these skills are not innate, they are closely related to children's experiences and how they move within the
environment. The correct development of coordination skills enables more effective learning of more complex
motor and cognitive skills (Weineck, 1983). Large differences have been noted between children who were
trained in coordination and those who were not, during the years before primary school (Pietsch et al., 2017).
A lack of coordination skills is due not only to negative genetic predispositions, but also to a lack of stimulation
during the early years of growth, which is why they need to be stimulated in the early school years (Montuori
et al., 2019; Palma and Tafuri, 2016; Sorrentino et al., 2019). Rhythmic abilities also depend on the state of
a person. Indeed with advancing age and in same pathological conditions (such as in Parkinson, multiple
sclerosis, Gaucher, Alzheimer and spastic paraparesis diseases) these abilities could be reduced (Agosti et
al., 2016; Jacini et al., 2018; Liparoti et al., 2019; Rucco et al., 2019; Sorrentino et al., 2016). The greater the
experience associated with rhythmic skills, the better can be the ability of the subjects to maintain a reserve
of these skills.
The learning of these skills can be observed either through the use of specific tests of the subjects' rhythmic
abilities, or through the use of sophisticated instruments, such as 3D motion analysis systems, capable of
measuring the ability to learn and improve rhythmic skill (Liparoti et al., 2020; Minino et al., 2020; Rucco et
al., 2020, 2018).
Rhythm
Rhythm can be defined as the organisation of temporal, periodic and non-periodic phenomena that follow
each other in their own duration and are perceived as a form of whole.
Movement, in all its expressions, is characterised by temporal sequences that, depending on how they are
experienced, highlight harmonious or awkward attitudes. Having good coordination in terms of movement is
a condition that we find in many moments of our daily life. For example, chewing or walking, which are
activities that we perform daily, are voluntary rhythmic motor behaviours.
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Perceiving a stimulus, processing it and producing a response in terms of motor actions, is a process that
every human being carries out to produce an adequate movement with a specific purpose. We can find this
difference in movements in everyday life as well as in sports. It has been widely demonstrated that an acoustic
stimulus is able to improve static and dynamic balance in adults in physiological conditions, as well as in
some pathologies (Troisi Lopez et al., 2021; Minino et al., 2020).
The relationship between Movement and Rhythm, especially during a sport activity, is of extreme importance
in the acquisition and execution of motor gestures. Rhythmic education is presented as movement education,
developing coordination, sense of orientation, laterality, organisation of space and time, reading, logical and
mathematical thinking and socialisation. Therefore, rhythm education and training is fundamental for the
motor and cognitive development of each child.
Weineck, in his training manual, first defines the general capacity of coordination according to which it is
determined above all by the processes of control and regulation of movement and which allows each
individual to manage motor actions during predictable or unpredictable situations (Weineck, 1983). At the
same time, these actions can be performed more economically in terms of energy and motor skills can be
learned more quickly.
Among the first researchers of Rhythm Pedagogy, Emile-Jacques Dalcroze, a teacher and musician, devised
a new method of music education through Rhythm Education (Jaques-Dalcroze, 2014). Dalcroze stated that
the most effective way to achieve full understanding of music is to make rhythm through kinaesthetic
activities. The body is therefore what enables the interiorisation of sound. His didactic method was oriented
towards the development of creativity and improvisation through the use of percussion instruments, the voice
and the body, motivating students to actively participate in his didactic proposals, thus encouraging a greater
awareness of themselves and their bodies (Seitz, 2005). Dalcroze brought this new way of teaching also to
dance, taking an interest in the emotional interpretation of dancers, in addition to technique.
Therefore, through the choice of some motor proposals, it is possible to develop the perception of rhythm
through the organisation and agreement of personal body rhythms with those of one or more companions,
with or without the use of instruments, on a musical theme. The aim of this paper is to investigate the
importance of the development of these special coordinative skills in children, in order to improve cognitive
and motor development.
METHODS
A literature search was conducted to identify articles potentially relevant to the purpose of this work, related
to the importance of rhythm in children in order to develop cognitive and motor skills useful in daily life. The
databases used were PubMed, Scopus and Google Scholar, using the following keywords: motor skills,
coordinative and conditioning skills, children, rhythmicity and movement. The total number of articles included
in the work was selected through the following inclusion criteria: 1) Articles referring to a population of children
of school age to adolescence; 2) Children without any hearing impairment and musculoskeletal or
neurological diseases.
RESULTS
The search of the databases considered for this work found a total of 127 articles (Thirty-one on PubMed,
twenty-eight on Scopus and sixty-nine on Scholar).
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After an initial phase of eliminating duplicate articles, a further sorting phase followed, after reading the titles
and abstracts of the papers. After reading the full texts of these articles, other thirty-three papers were
excluded due to non-compliance with the inclusion criteria.

Figure 1. The Flow chart of literature screening.
DISCUSSION
Rhythm plays a fundamental role in education, both as a highly socializing moment and because it
encourages the control of psychomotor skills, constituting the initial support for every activity.
A key role in learning rhythm and motor coordination is played by music. Like motor activity, music plays an
important role in a child's development (Hyde et al., 2009; Schlaug et al., 2005). The benefits of sport for
children are frequently spoken about (Boreham and Riddoch, 2001), but music has also been shown to have
a positive influence on cognitive skills, listening and the sense of rhythm (Hallam, 2010). Thanks to music,
children are more responsive to new information and have faster learning times than those who have never
attended music classes.
Several studies since the Second World War have addressed the importance of music and rhythm in the
lives of each individual, especially children. In childhood, musical activities improve reading and word
recognition skills because using two hands activates the visual cortices of both cerebral hemispheres
(Moreno et al., 2009). Listening also offers advantages, as rhythm and melodies can have a positive effect
on concentration (Lardone et al., 2018). The Pillsbury studies were the proponents of a new field of research,
which at that time was still unexplored, studying spontaneous musical behaviour in pre-school children
(Moorhead and Pond, 1978). Zentner and Eerola et al., much more recently, investigated the ability of
children aged from 5 to 24 months to move spontaneously in the presence of music, even if not yet in time
(Zentner and Eerola, 2010).
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This ability improves over the years and is a useful process in the development of the child's motor and
cognitive skills. It has been shown that synchronization ability is closely linked to the development of language
ability. In fact, Woodruff Carr et al., show that an increased ability to synchronize a pre-school child's handclap
with a rhythm or acoustic stimulus is linked to increased speech processing patterns (Carr et al., 2014). And
it is precisely the clapping of hands in time to music that has been studied by the National Council of Teachers
of Mathematics, which can improve the learning of mathematical thinking, such as understanding fractions
and whole number ratios (Johnson and Edelson, 2003).
The development of coordination skills in children, especially rhythmicity, also leads to improvements in the
case of some neurodevelopmental disorders. Several studies have examined how rhythm and coordination
can help in the case of dyslexia (Menghini et al., 2011). The literature showing the benefits of music training
for the development of auditory skills in people and children with dyslexia is now quite extensive (Bishop‐
Liebler et al., 2014; Forgeard et al., 2008; Huss et al., 2011; Thomson and Goswami, 2008). Children with
dyslexia have difficulty with word sounds, and it has recently been shown that phonological difficulties in
dyslexia extend to other features, such as processing the rhythm of speech (Leong et al., 2011). The
development of temporal skills through music training can be an effective tool to improve the language and
literacy skills of dyslexic children (Overy, 2000). Bishop-Liebler et al., demonstrated that musical training of
a group of musicians has a positive effect on some auditory processing difficulties associated with
developmental dyslexia, and that musical knowledge could have beneficial effects in phonological
development, especially when the rhythmic and metrical structure in music is linked to the rhythmic structure
of language (Bishop‐Liebler et al., 2014).
The development of rhythmic skills can also be supportive in the case of behavioural disorders such as
Autism Spectrum Disorders (ASD) and Attention Deficit Hyperactivity Disorder (ADHD). In the case of ADHD,
it has been shown, for example, that music is rhythm and rhythm is structure, and it is precisely a structure
that can help a high-functioning brain. A structure is essential in order to strengthen attention, concentration
and planning. Rhythmicity therefore helps a child with ADHD to cope with difficulties and to stay on a linear
path (Jackson, 2003; Rickson, 2006; Zhang et al., 2017).
Rhythmic skills and musical listening can also help children with Autism Spectrum Disorder (ASD). In addition
to providing organization, rhythmicity and music are able to give the child support in interacting with objects
and people, encouraging communication (Gattino et al., 2011). Rhythm has also been shown to be a useful
tool for improving the motor skills of children with autism, as they are known to have innumerable motor
deficits, including movement coordination, motor planning deficits, gait abnormalities, and impaired
performance of skilled motor tasks (Findlay, 1995; Frego et al., 2004; Hurwitz et al., 1975).
CONCLUSIONS
Coordinative skills are not innate and therefore should be cultivated and stimulated from an early age.
Rhythmicity plays a key role among these skills and can improve various aspects of a child's everyday life.
Through teaching that improves rhythmic skills through music, cognitive development on the one hand, and
the development of motor skills on the other, are already evident in the early years. Furthermore, thanks to
its ability to regularize movement and increase the ability to coordinate simultaneous actions, rhythmicity
plays a fundamental role in stimulating cognitive and motor functions, even in people with disabilities. And it
is for the reasons mentioned above that from the earliest school years, the use of an alternative teaching
method that includes an improvement in rhythmic skills through music could be useful, in order to stimulate
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motor coordination and attention skills, encouraging communication and socialization in a creative and playful
way.
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