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Abstract
Various studies show how movement establishes relationships with the environment and how this relationship is
decisive in the learning process of each individual. The body is the first means by which the individual experiences
the environment, it is the first channel of communication between him and others and will continue to be the privileged intermediary in the relationship with others, between the inner and outer world (Federici, Valentini, Tonini
Cardinali, 2008, p.85).
The present article stems from the need to describe an intervention proposal that provides for the integration of the
Terzi method with exergames, with the aim of enhancing visual-spatial skills and promoting the improvement of
writing skills in children with dysgraphia. In particular, the aim of the work was to test the value of didactic practices
centred on a conscious and intentional use of the body and its motor potential in order to propose possible didactic
paths that use movement in the learning process of writing.
Diversi studi dimostrano come grazie al movimento si instaurino rapporti con l’ambiente e come questa relazione
sia determinante nel processo di apprendimento di ogni individuo. Il corpo è il primo mezzo con cui l’individuo
sperimenta l’ambiente, è il primo canale di comunicazione fra lui e gli altri e continuerà ad essere l’intermediario
privilegiato nella relazione con gli altri, tra il mondo interno e quello esterno a sé (Federici, Valentini, Tonini Cardinali, 2008, p.85).
Il presente articolo nasce dall’esigenza di descrivere una proposta di intervento che prevede l’integrazione del metodo Terzi con gli exergames, con lo scopo di potenziare le abilità visuo-spaziali e favorire il miglioramento delle
abilità di scrittura nei bambini disgrafici. In particolare, obiettivo del lavoro è stato sperimentare la valenza di prassi
didattiche incentrate su un uso consapevole e intenzionale del corpo e delle sue potenzialità motorie al fine di prospettare possibili percorsi didattici che utilizzino il movimento nei processi di apprendimento della scrittura.
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1. Writing: a complex activity
Writing is a complex skill that is acquired as a result of a long learning process and involves
specific stages that encompass both cognitive skills and sophisticated graphomotor skills. Writing requires skills related to mnemonic, attentional and space-time coordination processes; it
also involves the ability to organize in sequence a series of fine movements. For this reason, the
writing process involves different neural networks, both cognitive and motor, which, by integrating with each other, allow and promote the development of such skills. Learning to write is not a
simple and intuitive activity but is based on the skills of orthographic coding, letter and syllable
memory and fine motor skills. Writing is therefore the point of arrival in a long cognitive path,
which is based on the integration of cognitive skills with orthographic-graphic-motor skills.
Writing is a combination of eye-manual coordination, movement and language that is translated into graphic signs with meaning and is a motor act that requires skill, speed, fluidity and
precision in the production of the written sign (Olivaux, 2014). A fundamental stage in the
process of learning to write is the balanced integration between space, shape and movement of
the hand, which in normal conditions and in the absence of difficulty in writing, allow the child
to write in a straight line, orient himself on the page and control the force to be applied to draw
harmonious and fluid lines (Manetti, 2018; Pratelli, 2019). The process of learning to write also
involves the force of the hand, spatial definition and coordination (above-below; left-right). A
healthy development of the writing process is the first, indispensable step towards the ability to
write skilfully and appropriately. Memory, ready reflexes, processing and cognitive connections
combined with motor activity, contribute to a healthy development of writing ability, which is
essential to achieve better school performance. These aspects of a more instrumental nature,
related to the ability to skilfully process a written text, are fundamental because they play a
propaedeutic role with regard to the ability to laboriously produce a written text (Longcamp et
al., 2011; Wamain et al., 2012; Gainotti, 2014; Sim et al., 2014; Sabatini, 2016). The quality of
children’s graphic ability is significant in their developmental path because it has repercussions
on their school performances, written compositions and other important aspects related to the
emotional and relational sphere.
2. Dysgraphia
Dysgraphia is a specific learning disorder characterized by a motorial deficit that causes a
rigidity of the limbs during the act of writing (Smits-Engelsman et al., 2001). Authors such as
Smits-Engelsman associated the cause of dysgraphia with a possible lack of coordination of the
general motor-control system (Smits-Engelsman et al., 2001). Recent studies conducted with
functional magnetic resonance imaging have shown that the learning of graphomotor sequences
involves many interacting networks of different neuronal regions, which subsequently contribute to the formation of different mental images of graphomotor trajectories (Del Grosso Destreri
N. et al., 2000; Delazer M. et al., 2002; Swett Ba et al., 2010). The cause of dysgraphia, therefore, is related to a poor regulation of fine motor skills and space-time perception that prevent
the accomplishment of short and precise motor activity within delineated spaces (Rosenblum
et al., 2010; Bara & Gentaz, 2011; Meulenbroek & Van Galen, 1988). Dysgraphia is made up
of two subtypes, one of which is visual-spatial-perceptual and the other of postural-motorial
character. The first encompasses all aspects related to selective and sustained visual attention,
right/left orientation of the writing, the size and distance between the letters in the page layout;
the second includes all aspects related to motor memory and motor control of the written sign
on the page. The subtypes of dysgraphia are related to different etiological factors that can still
be co-present in the same person, albeit with profiles of marked heterogeneity.
The Guidelines for Learning Disorders (SINPIA), in complete harmony with previous research, describe dysgraphia as a difficulty related to linguistic and visual-spatial factors, the
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cause of which is related to the presence of difficulties in motor performance. For the dysgraphic child, who in Simeti’s vision (1986) is also dyspraxic, it is difficult to put simple movements
in an orderly sequence and for this reason the handwriting of dysgraphic writers is difficult
to understand. In most cases they have irregular handwriting and a rigid grip that leads to fatigue and further worsens the quality of their handwriting; there is also the interference of the
non-writing hand when it is disengaged from the task of keeping the sheet stable (Blason L. et
al. 2008).
These children may also present a crossed or undefined laterality and a certain disposition
to confuse right and left (Pratelli M. 1995; Smits-Engelsman BC. et al. 2001; Rosenblum S. et
al. 2010).
Dysgraphia, in addition to having a neurobiological origin, is characterized by developmental stages and integration of biological and environmental factors, which actively interact in the
onset of the disorder (Specific Evolutionary Learning Disorders - Recommendations for Clinical Practice defined by the Consensus Conference method, Consensus Conference, 2007, p.5).
The dysgraphic child, however, thanks to proprioceptive and motor training aimed at general coordination of movement (Farath et al., 2016) is able to improve motor control and therefore
the written sign on the page (Chiappedi et al., 2016). This evidence is also confirmed in Italy.
Here, programs have been proposed based on the correlation between learning disorders and
praxis-motor difficulties. These have offered exercise/practice experiences to achieve significant improvements in reading/writing (Lodi et al., 2014).
3. Exercise, writing and cognitive functions
From early childhood growth processes are greatly conditioned by the interrelation between
body and mind. In interacting with the world, the child puts his biological nature into action and
builds the tools to interpret and organize the reality around him (Bruner, Shewood, 1997). It is
through the movement of his body that the child learns to relate to the environment and his fellow human beings (Minetti, 2009; Fasting, 2009): the moving body is the first means by which
the individual experiences the environment, it is the first channel of communication between
him and others (Federici, Valentini, Tonini Cardinali, 2008, p.85). Running, jumping, moving
freely allow the child to experience the limits and possibilities of his own physicality. Some
studies have shown that physical exercise positively influences many cognitive processes, such
as speed (Dustman et al., 1994), performance control (Kramer et al., 1999) and visual-spatial
abilities (Shay, Roth, 1992). Through movement it is possible to perform every kind of action,
both imaginary and concrete. Doing, intended as movement of one’s body to explore and get to
know the surrounding world, generates knowledge and enhances motor skills, essential requirements to harmonise the physical, cognitive and social development of the child. The balance between them, provides the basis for the development of future processes such as symbolization,
identification and socialization, learning to read, calculate and write.
Writing is a motor activity which, if based on the movement of the body, supports the child
in the construction of fundamental concepts for learning such as the notion of space and time
(Barbeau, 1990, pp. 20-22). The movement of the body helps to strengthen some of the cognitive aspects that are deficient in dysgraphic children and the surrounding environment is for
their body what the paper is for the hand: the environment, in this sense, becomes a graphic
space and is configured to concretize and spatially represent temporal elements such as sequentiality, rhythm and length of time necessary to discriminate individual letters, not to confuse
them, to understand their correct order and to avoid inversions, omissions or substitutions. In
this perspective, it is through specific motor exercises that the child performs movements, in
response to stimuli from the external environment, fundamental to develop proprioceptive experiences that promote knowledge of the world and learning (Terzi, 1995).
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4. The Terzi method and exergames
The Terzi Method highlights the essential role of the relationship between the body in motion and the surrounding environment, emphasizing the results that this relationship brings to
the cognitive and metacognitive processes that influence the learning of reading, writing and
calculation at school. The Terzi method places the individual, who acts in the environment
through the body creating cognitive representations, at the centre of the learning process. The
exercises proposed by the Terzi Method highlight the concept of embodied cognition, that is,
cognition rooted in the body, so as to highlight that cognitive development evolves from perception of the body, in parallel with the development of its motor functions and control.
The external world is therefore a factor that influences the learning process. However, the
child’s concept of the external environment is gradually changing as it is enriched with new
content and new transformations that make it richer, more sophisticated and full of stimuli.
The motor experiences proposed through the exergames encourage an interaction between the
player and the game that is not limited to the use of manual controls such as the keyboard, but
allows movement involving the entire body (Staiano, Calvert, 2011; Sgrò, 2014; Vernadakis et
al., 2015; Sgrò, Bar- resi, Lipoma, 2016). From a cognitive point of view, these videogames improve school performance because they allow the transfer of skills acquired through motor play
into educational activities. The most stimulated cognitive aspects are for example spatial awareness, attention, general co-ordination, understanding cause and effect (Fery, Ponserre, 2001),
and eye-manual coordination (Drew, Waters, 1986). Moreover, the games encourage more precise responses to visual stimuli by creating increasingly refined cognitive maps (Höysniemi,
2006). Exergames are a valuable tool for the improvement of performance skills in elementary
school children (Best, 2010; Da- vis et al., 2011; Best, 2012).
The coordination of the body in its immediate environment, alongside the stimuli offered
with exergames, make it possible to achieve fine motor skills that are more fluid, harmonious and
coordinated in time and space. Accustoming the child to skilfully orient his or her body in relation
to objects and in a specific well-defined space, allows him or her to develop good visual-spatial
orientation skills, which are then necessary to refine his or her graphomotor ability on a page.
5. The research
The objective of the research was to assess whether training focused on the enhancement
of visual-spatial skills, incorporating motor exercises both in the traditional sense and through
the use of technological tools, could bring significant improvements to the quality of writing of
the children in the sample. Specifically, the aim was to investigate whether the effectiveness of
the training adopted was directly proportional to the age of the children and whether, therefore,
it was the youngest children who benefited most from the effectiveness of the programmes
developed. A third aspect that we wanted to investigate concerned the motivational sphere and,
specifically, how much motivation had benefited the emotional state of the child and therefore
the process of improving the written language.
5.1. Target population
The research was carried out at seven educational institutions in the municipality of Palermo. There were 20 children involved in the experiment who attended the second, third, fourth
and fifth year of primary school. The age of the children ranged between 7 and 10 years. The
total sample was made up of 10 boys and 10 girls, with an official diagnosis of dysgraphia, 15
of whom exhibited other specific learning disorders. The different ages of the children was the
criterion for the choice of the sample. Out of the 20 children, 10 represented the control group
and 10 the experimental group. The experimental group, unlike the control group, carried out
the activities designed for the research.
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5.2 Description of the activities carried out
The research took place in the school year 2018-2019, lasted 9 months and was carried out
during two ninety- minute meetings per week In the first meeting both groups were given the
Right-Left Awareness Test (Piaget-Head, 1980), to observe processes of lateralization, through
movement in the immediate environment and the TRC (Test of Relational Concepts, Edmonston and Thane, 1988), to assess the knowledge of general concepts in relation to space-time.
In the first meeting the children from both groups were asked to perform three types of writing
exercise: free composition of a text, dictation and copying from the blackboard. These three
tests evaluated whether any of the visual-motor, visual-spatial and visual-spatial-mnemonic
aspects was deficient and at what level of seriousness. At the end of each phase (see Table 1) the
three writing activities were presented again to monitor the effectiveness of the training offered.
The training described below was proposed only to the experimental group and provided
the following phases:

First phase

First stage:
some playful motor activities were
carried out in a room that involved
the free use of the body in order to
develop coordination of the limbs;

Second stage:
recreational motor activities that involved
the use of technological tools to develop
coordination of the limbs were carried
out;

Second phase

First stage:
There is the integration of motor
games, experimented in the previous phase, with technological tools
to develop proprioceptive and visual
skills;

Second stage:
Includes activities through the use of
technological tools to enhance motor
memory, visual attention and selective
attention;

Third phase

First stage:
was focused on the enhancement of
fine motor skills through manual activities and with materials that were
different from each other in shape,
size and consistency;

Second stage:
was focused on the enhancement of fine
motor skills through technological tools;

Fourth phase

First stage:
was dedicated to the enhancement of
attention and speed in the carrying
out of an activity, through materials
tested in previous phases.

Second stage:
was dedicated to the enhancement of attention and speed in the execution of an
activity, through technological tools.

Table 1Training

At the end of the phases listed above, both groups were again subjected to initial tests to note
the improvements achieved by individual children and, overall, by the two groups.
5.3 Results obtained
The results obtained in the final tests showed a significant improvement for the children
who had taken part in the experimental trial, while the children belonging to the control group
obtained almost the same results that they had achieved in the first administration of the tests.
In particular, it was found that children aged 7 and 8 years obtained even more satisfactory
results than children aged 9 and 10 years.
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Right-Left Awareness Test Results (Piaget-Head, 1980):
CONTROL GROUP

child

age

Pre-test

Post-test

1
2
3
4
5
6
7
8
9
10

7
7
7
8
8
8
9
9
10
10

7
8
11
12
9
6
8
3
10
5

11
12
16
16
13
9
11
4
12
7

EXPERIMENTAL GROUP

child

age

Pre-test

Post- test

1
2
3
4
5
6
7
8
9
10

7
7
8
8
8
9
9
9
10
10

6
10
8
12
10
9
7
4
13
11

6
9
7
13
10
10
9
6
12
11

Table 2 Results

The three writing activities done at the end of each phase acted as historical evidence of the
effectiveness of the activities undertaken.
Motivation was the third aspect that provided the framework for the proposed activities and
it was noted how motor activities involving the whole body are in themselves stimulating and
enjoyable for children. In fact, they all participated with great enthusiasm. Combining motor
activities with the exergames further added to levels of motivation. Indeed it was a pleasant
surprise for the children to have been able to play video games in the classroom context.
The role of motivation was fundamental because it facilitated, albeit unconsciously, the
learning processes and therefore helped the strengthening of graphomotor skills and the underlying cognitive processes.
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Conclusions
This research is intended to address the difficulty dysgraphic children face in the writing
process, with the aim of improving their relationship between space and time, two essential
variables whose relationship also determines the speed with which a task is performed.
The basic idea that has marked the entire path of investigation was to highlight the close
correlation that exists between movement of the entire body in its immediate environment and
movement of the fingers, since it is the ability to move in one’s surrounding space that makes
one competent in the most minute of actions, characteristic of writing.
In consequence of the results obtained, it can be assumed that encouraging motor activity as
a method to work on the difficulties of children with disability is a strategy that helps improve
the written sign in writing, coordination on the sheet, focus on keeping to a straight line and
memory to remember the words to write.
The results obtained suggest that a teaching approach focused on the body is an engaging
and particularly stimulating and productive pedagogical method to stimulate learning.
It is also possible to think that if the 9 and 10 year- old children had been trained for a longer
time, they would have obtained higher scores. However, in a future experiment, we intend to
investigate the influence that the duration of a course has on learning processes.
In conclusion, it is possible to encapsulate the meaning of the research presented as the need
to integrate physical exercise and writing. These two skills, apparently distinct, can be equated
using a comparison that on the one hand sees motor activity as a series of individual movements
that are joined together in an ordered sequence to form a gesture and, on the other hand, writing
as nothing more than the succession of individual letters that together form the word to be written. Since writing is a sequential and therefore a motor activity, it is impossible to detach it from
a motor training and practice that progresses from movement of the entire body in its immediate
environment and then arrives at movement of the fingers.
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