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ABSTRACT
Background: the sector of motor development mediated by technologies in disabled subjects is growing. It is
becoming popular as subject of interdisciplinary studies in engineering, neuroscientific, psychological and
pedagogical fields. Nevertheless, only in the last few years scientific studies in motor development mediated
by technologies in disabled subjects are analysing and studying the neuropsychological effects of such
practices as well. Objective: the purpose of this work is the analysis of the scientific literature about the effects
of the employment of technologies in motor abilitation/rehabilitation in disabled subjects. It will identify and
track the research paths that scientific studies are following. The identification will be based on the scientific
production of the last decade. The target includes adults and children. Material and methods: this work started
researching combined words among the concepts of motor development, technology, disability and effects
in electronic databases. In order to be considered valuable, the studies must have the purpose to measure
the motivational, emotional and/or cognitive effects associated with motor development. Scientific papers
which don’t focus mainly on psychological implication were excluded from this review. Results: this work
observes that international scientific literature strongly focused on 4 macro-categories, related to the
technology used: 1) assistive robots, 2) brain-computer interface (BCI); 3) augmented or virtual reality; (3)
technology-aided support tools and interactive apps. These tools produce a recovery or improvement in
different fields: motor, social, cognitive, emotional and motivational. Conclusions: the research about motor
development mediated by technologies in disabled subjects has a wide reach in the recovery of neuromotor
deficit and in the acquisition or improvement of neuropsychological competences. The effects can generate
relapses not only in the field of neuro-motricity but also in educational and mental health field.
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INTRODUCTION
People affected by motor disability experience several challenges and disadvantages in their everyday
activities, not only in motor efforts but also in cognition, emotional and motivational fields. The concept of
embodiment proves the existence of a unity among mind, body and environment: the corporeality allows the
existence of the being related to the Self and to the Other (Gatta and Salerno, 2018; Limone & Toto, 2018).
The neuromotor rehabilitation technology has developed in the last decade, getting into clinical contests. It
was able to cause improvement in gait, posture, balance and functionality of the limbs. The rehabilitation
planning was also able to evolve along with more intense treatments, increasingly motivating and stimulating
environments, customized protocols, objective measurements of the answers and the improving of
rehabilitation projects effectiveness.
Yazıcı, M. et al have proved in 2019 that robotic motor rehabilitation causes a faster and more relevant effect
on motor development in children with hemiparetic cerebral palsy than standard physiotherapy.
There are several methodologies adopted in order to help motor development, nevertheless it is possible to
divide them in four macro categories: 1) assistive robots, 2) brain-computer interfaces (BCI), 3) virtual or
augmented realities, 4) technology-aided support tools and interactive apps.
Neuroscience has corroborated the thesis according to which motor neurocircuits are linked to cognitive,
emotional and motivational functions.
Yamauchi et al. research in 2019 suggested that the achievement of walking could facilitate the
cognitive/linguistic development in children with Down syndrome; data from Geertsen et al. (2016) also
demonstrate that motor capabilities are positively linked with cognitive functions and academic performances
in pre-teen children.
The relation between movement and emotions is instead supported by the existence of common cerebral
areas involved in emotions and movement. In Moseley et al. (2015) they hypothesize that the under activation
of the motor and limbic regions which elaborate emotional texts can be the reason for emotional language
difficulties in the autistic spectrum. Furthermore, by studying some pathologies (such as Huntington’s
disease), it has been proved that basal ganglia (Florio et al., 2018) and the cerebellum (Schmahmann et al.,
2019) adjust both motor capabilities and affectivity.
Moreover, the association between motor function and motivation has been proved thanks to the work of
Felger et al. (2017): they demonstrated that motivational and motor functions deficit are associated with
alterations of the same neurocircuit, the corticostriatal.
The reached cognitive goals open to a brand new question: does there exist a positive correlation between
disabled people’s motor development and improvement of cognition, motivation and emotion? Can the motor
training be the mediator of a multi-domain improvement?
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MATERIALS AND METHODS
In order to accomplish the goal of the paper, it has been used a Rapid Evidence Assessment (REA) instead
of a complete, systematic review. This choice was determined by the need to produce a sudden response
and by the shortage of available scientific production about the object of study.
The REA was born from the need to produce timely reviews in order to make decisions about cures and
medical treatments (Varker et al., 2015). The rapidity of the REA is an advantage for knowledge and for the
questions which need fast answers.
Although it is a tool used for lack of time, it does not imply that the rigor in identifying, evaluating and
summarizing or the details of the work selected are of lower quality than a systematic review.
It is conceivable that the reduced time for the research could an effective availability and could lead the
researchers to run into publication bias (Jolliffe et al., 2007), which occurs when the outcome of an experiment
or research study influences the decision whether to publish or otherwise distribute it: research with significant
findings have more probabilities to be published rather than research with null findings.
Inclusion and exclusion criteria
The REA has been conducted on studies published in English. The purpose was to identify the works which
experimented the effects of motor development in cognitive, emotional and motivational fields, mediated by
technologies in disabled people.
All the selected abstracts, following the question of the REA, have been subject of discussion, although some
of those papers were not fully accessible.
Studies without implications on cognitive, emotional and motivational effects in response to motor
development were excluded.
Research strategy
The research has used combined terms for every principal concept of motor development, disability,
technology, motivation, cognition, emotion. It took into account only studies published between 2010 to 2020,
searching the electronic databases of Scopus, Web of Science and PubMed.
Each reference has been evaluated for potential relevance and then the research has applied the inclusion
criteria. The research has identified for macro-categories: 1) assistive robots, 2) brain-computer interfaces
(BCI), 3) virtual or augmented reality and 4) technology-aided support tools and interactive apps.
RESULTS
The research has identified 246 papers, which became 24 after the exclusion following the chosen criterion.
After deepening those 24 papers, other 12 were excluded, because they focused on the rehabilitation of
motor functions, cognitive, motivational and emotional at the same time, or because they focused only on
motor therapy without a contemporary psychological deepening. From the 12 papers left after the application
of the exclusion criteria, for 7 of these only the abstract was available.
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Table 1 represents the classification of the four macro-categories emerged from the REA procedure. The
four categories are: 1) assistive robots, 2) brain-computer interfaces (BCI), 3) virtual or augmented realities,
4) technology-aided support tools and interactive apps.
Table 1. Macro-categories of the applied technologies.
BCI (computerAugmented or
Paper
brain interface)
virtual reality
Rogers, J.M., et
x
al. (2019)
Buitrago, J. A.,
et al. (2020)
Kokkoni, E., et
al. (2020)
Cappagli, G., et
al. (2019)
Lancioni, G. E.,
et al. (2019)
Pulay, M. Á.
x
(2015)
Taherian, S., et
x
al. (2016)
Coutinho, F., et
al. (2017)
Cook, A., et al.
(2010)
Cook, A. M., et
al. (2012)
Wei, W. (2018)
x
x
Burridge, J.H.,
et al. (2017)

Assistive
robots

Technology-aided support
tools and interactive app

x
x

x
x
x

x
x
x
x

We will now explore the experimented technologies in the selected papers.
The Elements adopt virtual reality to improve neuroplastic recovery in stroke patients. It aims to the creation
of an enriched environment which should solicit the patient to interact with a display through motor activation;
it provides constant informative feedbacks about the performance and it adapts itself to the patient’s
capacities and needs. Improvements at motor level have been evaluated through the Box and Blocks Task
(BBT), and cognitive level with several tests, such as the Montreal cognitive assessment (MOCA). In the
experimental group the motor and cognitive recovery is transferred to everyday life and it is two or three times
higher than the recovery of the control group, which has been treated with a conventional physiotherapy
therapy (Roges et al., 2019).
La Grounded Early Adaptive Rehabilitation (GEAR) is a cyber-physical system, implemented as a
technological playground, made by: a body weight support (BWS) tool, assistive robots and data collection
and management software. The enriched hybrid environment allows the perceptive, cognitive, linguistic,
motor and cognitive development in children. The projected space is addressed to children with mobility
problems or delays in development.
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Kokkoni et al in 2020 tested the systems with a Down syndrome 24 months old subject. Collected data
showed the protocol potentiality in motor, cognitive and social rehabilitation.
Audio Bracelet for Blind Interaction (ABBI) is a wearable technology with audio system, motion sensor and
Bluetooth to connect with a smartphone. The bracelet produces an auditory feedback monitoring body
movement, to build motor skills. The patients were visually impaired children aged between 6 and 17 years,
who have acquired improved consciousness of body-space, improving spatial mobility and cognition
(Cappagli et al., 2019).
Technology-Aided Programs are tools to support people with significant disabilities, such as motor
disabilities, so that they can build a satisfactional interaction with the environment. This way promotes general
results, such as increasing life quality, social and cognitive capabilities (Lencioni et al., 2019; Toto & Limone,
2021). Lancioni et al. 2019 work focused on patients forced in a wheelchair by motor disabilities. The group
installed the MacroDroid app on their smartphones, which works as a stimulation tool and sensor for a
technological device installed on their wheelchairs. The app can monitor and promote two motor functional
responses. Using this tool induced higher motor responses and indices of happiness in the participants of
the experiment.
LifeCIT is a support program for stroke patients who use Constraint Induced Therapy (CIT) at home. The
increase in motivation was detected but is dependent to the presence of the therapist during the distance
treatment. One of the tools adopted is the C-Mitt (glove with sensors) which is able to detect upper limb
movement data and send them to the operator remotely connected (Burridge et al., 2017).
Brain-computer interface (BCI) is a recent technology with great rehabilitative potential. Using the motor BCI,
electronic registration of motor cortex in paralysed subjects are decoded by a computer and used to guide
robotic limbs or to restore the movement of a paralyzed hand stimulating muscles (Rosenfeld et al, 2017).
It has been noticed a positive effect from the Human Body Posturizer (HBP), a rehabilitative exoskeleton, in
mood modulation in institutionalized elderly subjects (Verrusio et al., 2018).
A similar result emerged from McGibbon et al, in 2021, a study on the effects of an exoskeleton in multiple
sclerosis subjects: they observed an emotional wellness increase besides benefits in physical functioning.
Table 2. Effects of motor development.
Article
Cognitive effect
Rogers, J.M., et al. (2019)
x
Buitrago, J. A., et al. (2020)
Kokkoni, E., et al. (2020)
x
Cappagli, G., et al. (2019)
x
Lancioni, G. E., et al. (2019)
Pulay, M. Á. (2015)
x
Taherian, S., et al. (2016)
Coutinho, F., et al. (2017)
Cook, A., et al. (2010)
x
Cook, A. M., et al. (2012)
x
Wei, W. (2018)
Burridge, J.H., et al. (2017)

Motivational effects

Emotional effects

x
x

x

x
x
x
x
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Table 2 represents psychological effects associated with motor development.
Table 2 shows that the most studied and detected effects are cognitive and motivational, mostly associated
with improvement of lifestyle and adherence to treatment. In the research emotional effects emerged only in
Lancioni et al.’s paper.
We may suppose that emotional effects are more present but not studied. This trend could be linked to the
complexity of evaluation of patients’ emotional states and difficulty of the latter to be aware and to verbalize
their emotions. Nevertheless, scientific literature has proved the connection between physical activity and
increased mood. Mikkelsen et al., in 2007 confirmed the positive effects of physical activity on anxiety, stress
and depression.
These results are attributable to the correlation between physical activity and increase in synthesis and
release both of neurotransmitters and neurotrophic factors. These increases can be associated with
neurogenesis, angiogenesis and neuroplasticity, which are fundamental processes to treat psychiatric
pathologies, neurodegenerative diseases and acquired or congenital disabilities. Table 3 is an overview
about the content of the selected papers.
Table 3. Overview of reviewed studies.
Authors Type
Summary and key points
The Elements system uses virtual reality to rehabilitate upper limbs in
Rogers,
Randomized
stroke patients. This integration of this training with a conventional
J.M., et
controlled trial
physiotherapy treatment produced a motor and cognitive recovery
al. (2019)
significantly greater than the control group one.
Buitrago,
The social care robot NAO supports a physiotherapy program addressed
J.A., et
Case report
to children with cerebral paresis. It has been observed facilitation in
al. (2020)
walking, participation and motivation.
The GEAR system is a hybrid paediatric learning environment meant for
Kokkoni,
Methodological
motor development through robot-child social interaction. Preliminary
E., et al.
paper
results support its potential to improve motor, cognitive and social
(2020)
systems.
ABBI training protocol is centred on motor-audio associations in order to
Cappagli,
induce an improvement of spatial capacities in visually impaired children.
G., et al. Clinical trial
The observed strengthening is related both to mobility and to spatial
(2019)
cognition.
The microswitches linked to computer systems promote the development
Lancioni,
of body functional movement in subjects with intellectual and motor
G., et al. Review
disabilities.
(2019)
An observed effect is motivational and communication improvement.
Augmented reality allows to develop relevant motor experiences in
Pulay,
children with great physical disabilities. The motor experiences in turn
M.A.
Review
promote cognition. However, this review also detects cognitive
(2015)
dysfunction cases.
A patient with tetraplegic spastic cerebral palsy was trained to use BCI
Taherian,
based on EEG through a game which involved upper limbs. The learning
S., et al. Case report
produced an improvement of communicative capacities mediated by an
(2016)
app and a motivation increase.
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The use of iPad apps to develop visual-motor skills in rehabilitation for
children aged between 4 and 7 years with special needs is associated
with an increase of motivation and interest in therapy.
Using robots to assist in game and academic activities children with motor
Review
disabilities has a direct impact on the development of their cognitive,
social and linguistic abilities.
Assistive robots mediate an augmented manipulation and communication
in children affected by motor disabilities. Using this technology allows
Review
children to independently explore and interact with the environment, also
determining the development of cognitive capacities.
Virtual reality used in function of the robotic exoskeleton in stroke patients
with hemiplegia, aims to the restoration of upper limb motor function. The
Chapter of a book
rehabilitation project can potentially motivate the subjects to execute
exercises for longer times.
The innovative model of telemedicine has generated the implementation
of LifeCIT program. The use of wearable sensors which monitor
Conference article
movement in stroke patients can increase motivation and adherence to
rehabilitation programs.
Randomized
controlled trial

CONCLUSIONS
This research focused on the 2010 decade, however the majority of papers selected were written in a recent
and short period of time. Studies related to neuropsychological effects in motor development seem innovative
compared to the previous literature.
It has been proved that motor rehabilitation/qualification induce recovery or acquisition of different capacities
compared to the ones in the treated target. Cognitive and motivational domains are particularly studied and
their improvement is evident in neuro motricity centred therapies mediated by technologies. The emotional
sphere also seems relevant, but there is few evidence.
Cognitive, motivational and emotional effects emerge with more evidence in protocols mediated by
technologies rather than conventional treatments. In the perspective of future research, it is also essential to
deepen the relationship between subjects and machines, especially in terms of resistance and acceptance
(Toto & Limone 2020; 2021).
Being aware about the correlation between these effects and the motor system means taking charge of the
patient in an effective and complete way, ensuring a better standard of living.
Future research are needed to further support the effectiveness of motor rehabilitation on improving cognitive,
emotional and motivational functions. There is a need to validate the use of specific technologies and their
effects, improve knowledge of therapeutic processes, collect further evidence on outcomes on other domains
and formulate personalized goals and sessions.
We would like larger and more controlled studies to identify the characteristics of subjects who have the best
chance of benefiting from the use of new technologies and specific guidelines on how to use them.
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