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ABSTRACT

Embodied Cognition emphasises the importance of the body in the
learning process and promotes the use of bodily experience as an
educational tool. The aim of this theoretical-argumentative study is
to provide a descriptive overview of the educational applications of
embodied learning, comparing studies and research that have
explored its implementation in various disciplines of preschool
education, and highlighting the opportunities and challenges that
have emerged from recent experiments.

L'Embodied Cognition evidenzia I'importanza del corpo nel processo
di apprendimento e promuove l'utilizzo dell'esperienza corporea
come strumento educativo. Lo scopo di questo studio teorico-
argomentativo & quello di fornire un quadro descrittivo delle
applicazioni didattiche dell'embodied learning, confrontando studi e
ricerche che hanno esplorato I'implementazione in varie discipline
dell'educazione prescolare, sottolineando le opportunita e le sfide
emerse dalle sperimentazioni recenti.
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Introduction: The importance of the Embodied approach in learning®

Learning is a multidimensional process that involves not only the mind but also the
body. Recent discoveries in the psycho-educational and neuroscientific fields show
that bodily involvement enhances learning, enriching the teaching and learning
process (Gamelli, 2012). The body acts as a 'sixth sense' (Berthoz, 1998), enabling
the individual to explore, learn about and interact with the world around him. Until
recently, the role of the body in understanding, cognition and mental processes was
often overlooked, and considered a secondary element. However, in the last ten
years, this perspective has radically changed: more and more research is
highlighting the crucial importance of the physical body in cognitive processes. A
new theoretical view has emerged that emphasises how we interpret and
understand expressions of natural language through the activation of specific brain
areas dedicated primarily to perception, movement, and emotion.

This theory, known as embodied cognition, states that the cognitive process is
closely linked to bodily characteristics, especially the sensory and motor systems.

Various empirical evidence (Gallese, 2003; Barsalou, 2008; Cottini & Rosati, 2008)
has corroborated this hypothesis while highlighting the growing need for a deeper
understanding of the link between teaching, bodily experience, cognitive process,
and action. This has brought to light the importance of integrating new conceptual
perspectives, enabling teachers to adopt a richer and more versatile approach in
their pedagogical practice. In this perspective, an education focused on corporeity
and movement assumes a crucial role in ensuring the effectiveness of individual
education. Bodily education thus represents an opportunity to develop
fundamental cognitive skills through sensory and motor experiences (Russo, 2011).
The embodied approach maintains that cognition is embodied in our physical being
and depends on our perceptual, motor, and emotional experiences. This enactive
approach to education emphasises the cognitive component of the body and
action, expanding the cultural and pedagogical consideration of corporeality.
Through the body, we can understand and connect with others, facilitating
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emotional and relational synchronisation. Emotions and bodily well-being directly
influence thinking, decision-making, and motivation, emphasising the importance
of considering the body as an integral part of the cognitive process (Gomez Paloma
& Damiani, 2021). Adequate body and movement education is fundamental to
effective learning, as it allows for enriched understanding and experience through
direct interaction with the physical and social world.

This theoretical-argumentative study aims to provide a descriptive framework, in
terms of educational declinations of the embodied learning approach, through the
analysis and comparison of studies and research that have tested its educational
implementation in different disciplines (mathematics, second language, pre-
reading skills, and word-reading skills) at pre-school age.

1. Methods

The study, through an argumentative theoretical approach, after a selection and
analysis of studies based on the embodied learning approach (both quantitative
and qualitative experimental studies) in the field of education, intends to reflect on
the implemented interventions by highlighting their perspectives and limitations.

2. Analysis of scientific literature

Within the framework of neuroscientific studies on human movement, the concept
of embodied cognition plays a relevant role, as it supports the idea that mind and
cognitive processes should be examined within the context of mind-body
interactions (Caruana & Borghi, 2013). The embodied approach indicates a
theoretical and methodological approach hinged on the dependence of mental
processes on the body (Palmiero, 2018).

The analysis of the link between teaching, corporeality, cognition and action is an
important scientific foundation to promote the development of individual potential
in education, outlining neurobiological mechanisms, psycho-
methodologiespedagogical approaches and different existing teaching approaches.
By virtue of this sudden evolution in neuroscience, it is necessary to enrich the
knowledge of psycho-pedagogical theories, especially those related to corporeity,
by integrating new concepts and knowledge that allow the teacher to acquire a new
forma mentis in didactic methodology (Gomez Paloma, 2009). And this is even more
fundamental if we are talking about pre-schools, where corporeity becomes the



subject of learning, "the original substratum on which to base formative processes,
the humus that facilitates the use and interaction of different intellectual forms"
(Gomez Paloma, 2004, p. 236).

Regarding the theoretical applications of embodied cognition in education,
numerous scholars have suggested integration strategies and methodologies to
illustrate how embodiment can influence teaching and learning contexts.

In the educational field, the most interesting aspect is represented by the fact that
physical education, and therefore the body in movement, can become an
extraordinary vehicle for the transmission of interdisciplinary knowledge and skills.
A transversal educational program based on proposals aimed at playful learning
and motor character, allows the child to find the motivational drive needed to
know, experience, discover, and develop, the appropriate skills for harmonious
psychophysical growth (Farnese, 2016).

A recent review by Forte et al. (2023) examined studies that identified and tested
didactic approaches based on embodied cognition in the school context, aimed at
fostering learning of other disciplines through movement and corporeality.

School-based interventions involving bodily movement have indeed been
recognised as a possible strategy to reinforce school learning in children and
adolescents (Alvarez-Bueno, 2017; Donnelly, 2016; Macdonald, 2018) and the
scientific literature highlights how physical exercise and the use of materials, can
facilitate the learning of complex skills in children such as mathematics and foreign
language (Pouw, 2014; 2016).

The body, in accordance with the fundamental principles of perception and action
outlined by the theory of embodied cognition, acts as a biological and cultural
mediator in the learning process. This transcends it from its previous conception as
a mere object of evaluation to a central entity of cognition. This renewed
understanding of the body forms the basis for future research in the field of
educational neuroscience (Ledoux, 2002).

Our cognitive activities are therefore not abstract, centralised, or confined to the
purely mental sphere: they are deeply rooted in our motor and sensory processes.
Recent studies and experimental applications have shown how the embodied
cognition approach can aid and stimulate learning (Pesce, 2019). Indeed, bodily
experience is a significant element in learning processes: physical actions and
interactions with our surroundings can facilitate the understanding of concepts and
imprint them in our minds in a deeper and more lasting way. Active engagement,



experiential learning, and other teaching methodologies involving the body
promote better understanding, memorisation, and processing of information
(Mavildi, 2021).

2.1. Effects of embodied learning on children’s pre-reading and word
reading skills

Sensory and motor experiences, which help children learn words, will also influence
their future thinking and remembering of these concepts (Reggin, 2021). Embodied
learning has been used to foster understanding of sounds and letters through
motor and sensory activities, such as body movement while identifying letters and
pronouncing the corresponding sounds. This approach enabled children to fully
develop reading and writing skills.

The integration of movement into teaching sessions has been confirmed as an
effective strategy for enhancing learning and improving reading skills (Mavilidi et
al., 2020). Despite this, few studies have investigated the effects of body movement
on speech recognition and spelling in children.

Bara and Bonneton-Botté (2018) studied the effect of a six-week visuomotor
intervention with six sessions of 45 minutes each on the learning of cursive writing
in five-year-old children. They observed a significant improvement in letter
recognition after the motor intervention compared to an intervention based solely
on the visual component.

A study conducted by Botha and colleagues in 2020 investigated the effect of a
perceptual-motor intervention on the correlation between motor skills and letter
knowledge, with the aim of understanding which specific skills influence reading
and writing skills in children. The intervention focused on the optimisation of
perceptual-motor skills. During these activities, letters and shapes were introduced
to facilitate letter recognition and learning. The study showed that this intervention
significantly improved both fine and gross motor skills, as well as reading and
spelling, indicating that integrating movement into academic activities is an
effective method for promoting motor and learning skills in children. Furthermore,
it was confirmed that the perceptual-motor intervention led to a significant
improvement in reading and writing skills.



Similarly, research by Damsgaard (2020) on first-grade pupils investigated whether
fine- or gross-motor enrichment during a letter 'b' and 'd' recognition session could
improve performance compared to practice without movement. The aim was also
to explore the children's motivation in tackling the assigned tasks. Participation in
these motor activities increased their ability to recognise and differentiate the
letters 'b' and 'd' in comparison to children who performed static tasks. In general,
an advancement in letter recognition was observed with motor enrichment
compared to the control group. Both fine- and gross-motor activities had a positive
impact on the children's intrinsic motivation to complete the tasks (Damsgaard;
2022).

A study was conducted to explore the effects of embodied learning on pre-reading
and reading skills in 5-6 year old children through the PLAYMORE programme,
focusing on learning letterforms with the aim of evaluating the impact of two
embodied teaching methods on reading skills, using movements with different
motor modalities related to the teaching content.

2.2. Effects of embodied learning on mathematical concept

Learning mathematics is a complex and multifaceted process in which various
components come into play. One form of numerical knowledge is constituted by
children's motor and gestural experiences. Indeed, when they perform actions or
games of movement, such as, for example, pointing, wiggling their fingers, or
climbing stairs, they can integrate motor and gestural experience with linguistic,
symbolic or non-symbolic modes of numerical representation, which constitutes an
additional way of enriching mathematical skills (Bove, 2023). The importance of
experience, the significant role of the body in the processing of mathematical
thinking, and the variety of opportunities and ways of experiencing constitute three
fundamental elements that have led both individuals and researchers to become
interested in embodied mathematical cognition (Hall & Nemirovsky, 2012).

The use of manipulative materials and motor activities enhances children's learning
of mathematical concepts. Indeed, through the use of tangible objects and the
physical manipulation of numbers, children were able to better understand
abstract concepts such as mathematical operations. A growing body of empirical
evidence has demonstrated the importance of motor experience and manipulation
of one's own body in supporting thinking while learning and performing
mathematical tasks (Abrahamson, 2020).



Recent research has revealed interesting positive correlations between
mathematical knowledge and motor functions in children between the ages of 3
and 10. These findings have been interpreted on the basis of the Decision Making
theory, which emphasises the importance of prior analysis and decision-making in
the execution of motor skills. Cognitive processes are closely linked to the
interaction of the body with the environment, and a statistical analysis showed a
positive link between learned mathematical concepts and motor skills, suggesting
promising prospects for the development of an integrated teaching approach (Rio,
Damiani & Paloma, 2015).

Goldin-Meadow and colleagues (2001) studied the effect of gestures during one
task (where children had to describe the solution to a mathematical problem) on
performance in another task (memorising words), showing that children (mean age
9.91 years) remembered more items when they gestured than when they did not.

A study by Have et al. (2016) investigated the impact of physical activity on the
mathematical performance of seven-year-old children. The intervention involved a
method of teaching mathematics that incorporated physical education in the
classroom as a teaching aid. Secondary objectives included the evaluation of effects
on executive function and the analysis of longitudinal correlations between physical
activity and creativity, achievement in mathematics, executive function, body mass
index and aerobic capacity. The results revealed that teaching mathematics with
the integration of physical activity is more effective than the traditional method.

A study carried out in Italy by Ferrari et al. (2023) examined the early learning of
numbers in five-year-olds, focusing on a specific approach with two types of
materials: a long strip of paper with different coloured sections to represent a
number line and the multi-touch iPad application, TouchCounts, which allows
children to explore numbers in an expressive and relational manner. This free app
is mainly used for counting, but also for subtraction and addition. Research has
revealed children's engagement in early number learning.

2.3. Effects of embodied learning on the second language

In the field of foreign languages, embodied learning has been used to promote
the learning of a second language by associating gestures and body movements
with the words and sentences to be learned, demonstrating that this approach
promotes the memorisation and application of language knowledge in practical
contexts (Jusslin, 2022).



Over the years, scientific literature has investigated through multiple research,
the use of gestures or hand movements, in addition to whole-body movements,
can have positive effects in the learning process (Botha, 2020).

Mavilidi et al. (2015) showed that children aged 4-5 years who performed full-body
movements while learning new foreign words achieved higher learning outcomes
than children who used gestures or no-body movements. In particular, a study
conducted by the same author (Mavilidi, 2018) involved 3-5-year-old children in
learning a new language using gestures and physical exercises for 4 weeks. The
results showed that the use of gestures and physical exercise, especially when
integrated into the learning task, had beneficial effects on learning new words,
supporting the importance of incorporating movement into learning activities to
improve learning outcomes.

The 2015 study by Toumpaniari, Loyens, Mavilidi and Paas analysed the effect of
combining gestures and physical activities in the classroom on learning foreign
language vocabulary in pre-school children. This educational approach proved
effective for several reasons. Firstly, it helps to improve recall of events, making the
mnemonic traces more complex and distinctive, facilitating their retrieval.
Secondly, physical activity has a positive impact on the brain's executive functions,
probably due to increased blood flow and oxygenation as well as optimised
neuronal processes (Hillman, Castelli & Buck, 2005). Finally, this method of teaching
is able to significantly motivate children, as it is fun, playful and positively affectively
connoted learning (Sibley & Etnier, 2003). This study contributes to the
understanding of the learning experience and suggests that the combination of
gestures and physical activities can be an effective educational strategy for learning
vocabulary in pre-school children.

3. Perspectives and limits

Body movement is a complex concept and the mechanisms that influence cognition
and learning vary widely depending on the characteristics of the physical activity. It
is therefore crucial, when studying the relationship between bodily movement and
school performance, to distinguish between different types of motor activities
(Hillman, 2008; Moreau, 2018). In recent years, numerous researches have
explored the link between physical activity, cognitive functions and school learning
(Tomporowski, 2008; 2015).

Experimental research has revealed that executive functions, crucial for the
development of spelling and language skills, can benefit from a single session of



physical activity. Physiological mechanisms responsible for the immediate effects
of exercise on cognition include a temporary increase in levels of catecholamines
(Skriver, 2014), steroid hormones, and growth factors (Budde, 2010), as well as
changes in brain oxygenation and blood circulation (Endo, 2013).

Despite growing evidence of a link between physical activity (PA) or fitness and
cognitive performance (Chaddock, 2015), few high-quality longitudinal studies have
examined the effect of physical activity on school performance (rather than
cognitive control or other educational outcomes) (Tomporowski, 2015; Hillman,
2014). Few studies have investigated the academic outcomes of integrating
physical activity in the classroom. A US study of primary school children showed
that those who participated in 90 minutes of moderate to intense physical activity
per week during school hours for three years experienced greater academic
improvement than controls (Donnelly, 2011). These results, however, were
secondary and based on a small subset of the study sample. Another small
randomised trial in the USA on third graders showed mixed results on academic
improvement with the supplementation of 30 minutes of PA three times a week for
three months, compared to controls (Reed, 2010). Finally, a more recent study
showed that academic lessons that included physical activity significantly improved
primary school students' performance in mathematics and spelling (Have et al.,
2016).

Specifically, it is easier to find experiments that assess learning almost exclusively
from a motor perspective. This is supported by a study conducted by Komaini and
colleagues (2021), which aimed to design and implement instruments for
measuring motor learning that exploit sensor technology in preschool education to
assess children's fundamental movements such as running, walking, and jumping.
This study aims to demonstrate that learning requires a dynamic interaction
between motor and cognitive skills. The effectiveness of learning should not be
limited to cognitive functions alone, but should also consider the importance of
experience and physical involvement. Neuroscientific research indicates that
physical activity and environmental interaction enhance neuroplasticity and that
experiential learning leads to superior outcomes. The embedded learning approach
could be expanded and applied in education to foster deeper and more stimulating
learning for preschool children. The scientific literature is generally based on
psychological and docimological parameters. It would indeed be interesting to
monitor physiological parameters that could provide important indications on the
level of children's involvement and stress during learning (cortisol, glutamate, heart
rate, respiratory acts, etc.).



A study conducted by Gersak and colleagues in 2020 investigated the relationship
between physical activity and learning outcomes in a school context through the
use of wearable devices. These devices allowed the researchers to monitor various
physical and physiological parameters as well as the behaviour of the children. The
research involved two groups of seven-year-old children from a primary school,
comparing and analysing their physical and cognitive activity during geometry
lessons.

The contributions of neurophysiology with the help of new technologies provide
important information underlying learning mechanisms. An extremely interesting
study conducted in Italy in 2015 by Gomez Paloma et al. scientifically analysed the
potential consequences of learning of two different teaching methodologies:
innovative and traditional. The study focused on various aspects of school learning,
such as learning environments based on the multisensory experience, the
reprocessing and memorisation of information, the cortisol level of students, and
its possible repercussions on learning. Research has shown that the adoption of
experimental didactics leads to an improvement in students' academic
performance, with a greater increase in long-term assessments, confirming the
effectiveness of innovative didactics on memorisation processes. Furthermore, it
has been observed that the learning benefits of introducing new teaching methods
are manifested in those students with not excessively high cortisol levels. In other
words, an excessively high cortisol level, indicative of excessive stress, can have a
negative influence on learning and student performance.

Conclusions

Studies in the field of education investigating the correlation between embodied
learning and embodied teaching from a qualitative perspective are manifold. It is
difficult to design and conduct research protocols that use neurobiological
parameters to better analyse and investigate human behaviour during a learning
process. Memory, attention, perception, action, learning, etc. are some of the
processes to be studied thanks to this progressively developing field of research
(Gallese, 2003; 2005). However, it is evident how crucial the role of the body is in
learning processes and how the paradigm of embodied cognition, promoting a
holistic view of the educational experience, is valuable in educational contexts to
understand how the mind-body interaction influences the way we learn and store
information. The embodied cognition approach reveals that cognitive activities are
closely intertwined with motor and sensory processes, and the studies presented
confirm that bodily experience fosters deeper and longer-lasting learning,



facilitating cognitive performance, understanding of concepts, memorisation and
information processing, offering the possibility of a more cohesive and dynamic
educational methodology (Gomez Paloma & Damiani, 2021).

Despite the fact that there are still limitations in understanding the lasting impact
of embodied learning on school performance over time, as well as the correlation
between physical activity, executive functions and school success, as outlined
above, it is crucial that the collaboration between neurophysiology educational
psychology and pedagogy continue to dialogue and explore through research how
deep and engaging learning can be facilitated for pupils, and that these studies are
disseminated in the educational sphere among those working in schools so that a
real change in vision and teaching approach can take place, less and less based on
lectures and more and more on active lessons where students have the opportunity
to learn in a meaningful way (Sweller, Chandler, 1991).
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