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Abstract: Executive function deficits are documented in many neurodevelopmental disorders and
may contribute to clinical complexity or rehabilitation resilience. The present research was primarily
aimed at presenting and evaluating the feasibility and effectiveness of a telerehabilitation program
used during the pandemic period. MemoRAN (Anastasis), a computerised cognitive training to
improve executive control during visual-verbal integration tasks was used in a sample of 42 children
(5–11 years old) with specific learning or language disorders. The MemoRAN training was based
on exercises of inhibition, cognitive flexibility and updating in working memory for three months,
with a frequency of approximately three sessions per week. Afterwards, a comparison between
a subgroup of children using Memo-RAN and an active control group, using a tele-rehabilitation
program directed on reading was conducted. Effect size analysis in pre-post measurements suggests
an average effect of MemoRAN in measurements that require control processes, such as accuracy
in dictation, reading, inhibition and working memory testing. Comparison with the active control
group and the clinical utility implications of these types of treatment will be discussed.

Keywords: tele-rehabilitation; executive function; rapid automatized naming; computerised cognitive
training; working memory; learning disabilities; language disorder

1. Introduction

Through computerised cognitive training, tele-cognitive rehabilitation entails the
recovery and/or compensation of impaired cognitive and behavioural skills to improve
the patient’s quality of life in his or her family and social context. Attention, concentration,
verbal and visual working memory, processing speed and inhibition are among the skills
that can be improved by brain games [1]. Cognitive training programs demonstrated
performance improvements in various cognitive and working memory tasks after 20 h of
intervention [1,2], with sustained improvements observed over a six-month period [3,4],
using an adaptive model (i.e., activity increases or decreases in difficulty depending on
individual performance). Working memory deficiencies have been demonstrated to be
reduced over time by using n-back tasks (those that require persons to check if a stimulus
is the same as one shown earlier) that address parts of working memory [5].

Literature data show that tele-rehabilitation has been shown to be at least equivalent to
traditional face-to-face rehabilitation [6–10] and that the tool can be effective in different set-
tings with different patients, including intervention for the elderly [11], adults [12], children
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with neurological diseases [13], as well as for the treatment of motor [14], cognitive [15–17]
and language disorders [18,19]. Within the latter category, the use of tele-rehabilitation has
been shown to be effective in developmental disorders such as specific learning disorders
(SLD) and language disorders (LD) [20–22]. SLD and LD are caused by genetic and/or neu-
robiological factors that modify brain function by affecting one or more cognitive processes
connected to literacy. A developmental communication problem is language disorders.
Language disorders affect children’s ability to communicate and understand language.
They may have difficulty with written, spoken, or both languages. Children with language
disorders frequently employ short or simple sentences and jumble up word order. These
issues can affect literacy foundation skills such as reading, writing and/or calculating, as
well as cognitive abilities such as time management, abstract logic, long- or short-term
memory and attention.

According to the Diagnostic and Statistical Manual of Mental Diseases 5, SLD is defined
as having literacy difficulties in critical academy skills for at least 6 months, including slow
word reading, difficulty understanding what is read, spelling, written expression, number
sense, mastery of numerical processes or computation and fine logic, but no intellectual
or sensitive disabilities [23]. Processing of visual and audible information, which can
impact reading, spelling and understanding or use of written language; planning work,
with difficulty performing fine operations and following instructions; storing or retrieving
information from short- or long-term memory; awkwardness or difficulty with handwriting.
Attention (reaction time, information processing speed, selective or distributed attention),
memory (lower memory capacity) and executive functions (shifting attention, regulation
of interfering information) may all be affected in people with SLD [24]. Several studies
have shown that features of oral language can be used to predict learning impairments,
particularly in reading and writing [25]. The continuity between oral and written language
disorders is particularly relevant in languages with regular orthography, such as Italian.
Previous studies on Italian dyslexic children showed that those with a positive history for
oral language impairment displayed a much more complex profile of learning difficulties
in comparison with those dyslexics with a negative history for language delay or disorder.
Specifically, the former was characterised by a spreader deficit in orthography and text
comprehension, associated with the impairment of verbal working memory [26–30]. The
understanding of different functional sub-groups of the SLD disorder and the identification
of the main risk factors can help in choosing the intervention and in acting effective
strategies to prevent the disorder.

Early intervention is critical, but it comes with a number of drawbacks, including high
health-care expenses, long waiting lists and delayed therapies, as well as geographic and
economic challenges for persons living distant from rehabilitation centres (e.g., rural areas).
The pandemic situation of the last two years has further created the need to find different,
more practical and usable solutions also for remote prevention and treatment situations.

Currently, few treatments for SLD are available, mainly to improve the reading speed
and the writing accuracy, as well as the related cognitive components [31]. Current ap-
proaches to SLD focus primarily on specific processes [32,33], neglecting that at the basis of
SLD there is a “multifunctional deficit model” [34], meaning that learning requires complex
interactions between different specific processes and general cognitive abilities. Cognitive
training for SLD, according to Zampolini and colleagues (2008, [35]), allows for continuity
of treatment, reducing the time and financial demands on families and institutions. Fur-
thermore, recent research on transparent spelling, such as that of the Italian language, has
demonstrated the effectiveness of software tailored to help children and young people
with SLD at home [31,36,37]. The very recent study by Maggio and colleagues (2021, [38])
shows how, even in a sample of adolescents, the use of tele-rehabilitation that combines the
training of specific instrumental deficits and executive functions can provide valid support
for the improvement of weak cognitive abilities in SLD. In this study, the adolescents used a
60 min telerehabilitation program for five days a week for four weeks. The results showed
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improvements in selective and sustained attention, shifting, interference control, memory
and processing speed.

Computerized cognitive working memory training is shown to increase academic
skills including reading [39,40] and math [39,41]. Transfer effects (from working memory
training to academic achievement) vary in effectiveness depending on factors such as
training duration [42], starting performance [40], supervision during training [42], adding
play elements to training tasks [40], motivation [43] and types of measured academic
skills [39,44].

The use of tele-rehabilitation in SLD has been present for some years because the
guidelines defined by the Consensus Conference (2011, [45]) recommend interventions in
three-month cycles based on two or three meetings a week and this can often be feasible only
considering the use of tele-rehabilitation. This kind of intervention has had an exponential
increase with the arrival of the COVID-19 pandemic, which has forced everybody into a
prolonged lockdown [46].

There are various types of cognitive rehabilitation software, each with its own set of
features and exercises that allow the therapist to tailor the level of difficulty to the patient’s
abilities, allowing for simultaneous activation of multiple cognitive areas [31,36,37].

Few studies have been conducted on the telerehabilitation of executive functions in
school-age and preschool children with speech and/or SLD disorders [38,39,47].

The objective of this experimental study is to evaluate the efficacy of a tele-rehabilitation
application (MemoRAN [48]), aimed at strengthening executive functions and rapid au-
tomatized naming in school-age and preschool-age children with language disorder (LD)
and/or SLD. Specifically, it is a program aimed at improving the ability to inhibit the
automatic response and to control the interference and the cognitive flexibility of the infor-
mation kept in working memory, in a modality that requires the integration of multiple
visual-verbal stimuli. The main hypothesis of the study is that this type of training can give
specific improvements in terms of executive function and minor improvements in terms of
academic abilities. Through the second objective, it is hypothesised to find differences in
terms of improvements between a training based on the processes (MemoRAN) compared
to a training based on the task (reading training). Indeed, a secondary aim of the present
study is to compare the performance of rapid automatized naming, text reading (speed and
accuracy) and verbal fluency of a group of school children with SLD (N = 27) who used the
tele-rehabilitation program on EF, MemoRAN, with a group of children with SLD (N = 16)
that used a tele-rehabilitation program on reading automatization (reading trainer, RT).

2. Materials and Methods
2.1. Sample

For the experimentation of this tele-rehabilitation program, two groups of children
were selected according to their age (preschool and school), to whom specific test protocols
were administered, before and after the treatment. This is a sample collected through a
multicentre study in which participants came from different centres of north and centre Italy.
Foundation IRCCS Stella Maris acted as leader and participated tougher with the Research
and Treatment Centre Stuttering and Voice and Language Disorders S.r.l., Fondazione
Don Carlo Gnocchi ONLUS, UONPIA AO Lodi, ASST Lecco, Niguarda Hospital, CCNP
San Paolo, NPI Verdello and NPI ASSTBGOVEST. A multidisciplinary team that includes
a child neuropsychiatrist, a psychologist and a speech therapist performed a cognitive
and learning assessment to check for a language or learning disorder. The assessment
was carried out through standardised tests adapted to the age of the children and which
assessed language, learning, cognitive and executive function skills.

The sample consists of 42 valid cases, of which 24 were recognised with a diagnosis
of SLD (57.14%) and 18 with a diagnosis of language disorders (42.86%). Eleven belong
to the group of preschool children and consequently attend preschool; the remaining
31 were primary school children (1 first, 4 second, 14 third, 9 fourth and 3 fifth grade).
Characteristics of the sample in terms of age and IQ are presented in Table 1.
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Table 1. Age, perceptual reasoning Index (IRP) and intellectual quotient (IQ) of the participants,
based on numerosity (N), mean (M), standard deviation (SD), maximum value (MAX) and minimum
value (MIN).

N M (Months) SD MAX MIN

AGE 42 103 42 137 59

IRP 38 99.47 12.81 132 78

IQ 37 90.43 10.53 108 70

Inclusion criteria to participate in the trial were: children of age from the last year of
kindergarten until the last year of primary school; the presence of a specific disorder in
oral language and/or reading/writing learning processes; the presence of comorbidities
such as attention deficit or motor coordination disorders was not a criterion of exclusion; a
neuropsychological profile suggesting the need for a strengthening of working memory
skills and control of visual-verbal information.

A secondary aim of the present study is to compare the performance of a subgroup
of school children with SLD (N = 27) who used the tele-rehabilitation program on EF,
MemoRAN, with a group of children with SLD (N = 16) that used a tele-rehabilitation
program on reading automatization (Reading Trainer, RT). Children have a mean age of
M = 108 (34) and attend third (8), fourth (6) and fifth (2) grade.

2.2. Assessment Materials

Regarding the assessment instruments, specific protocols were developed to be ad-
ministered to children before and after the MemoRAN tele-rehabilitation treatment. A
distinction was made between a pre-school protocol, developed for younger children and
a school protocol, which includes more advanced tests, including school reading and
writing skills.

2.3. Preschool Protocol

A measure of cognitive control was collected, related to the cognitive abilities of
children involved, through WPPSI-III [49]. This test represents the main instrument for
the assessment of intelligence in preschool children from 2.6 to 7.3 years of age; it is used
for the assessment of total intellectual quotient (TIQ), verbal intellectual quotient (VIQ)
and performance intellectual quotient (PIQ). The battery consists of 14 subtests: 7 verbal,
5 performance and 2 processing speed subtests.

− Digit span forward (BVN 5–11 [50]): it is a task in which the child is asked to repeat,
in the same order, an increasing series of numbers.

− High-frequency bisyllabic word list repetition test [51]: this is a test to be performed
on the PC, which allows for assessing the auditory-visual working memory. The child
is presented with audios, referring to concrete objects and after listening a series of
figures are presented on the screen; the child will have to indicate the figures that s/he
has heard, in order of presentation. The exercise is made up of a series of 5 audios each,
in which the number of objects named in each series increases progressively, starting
from 2 elements; if the child indicates correctly at least 3 out of 5 trials, s/he goes on to
the next series, increasing the number of named figures. The auditory-visual memory
span is given by the number of objects correctly named, within a series, in which the
named figures are at least 3.

− Inhibition (NEPSY-II, [52]): it is a test in which shapes are presented (squares and
circles or arrows in different directions) and the child must name the shapes, first
correctly (conditions A—naming) and then invert them inhibiting automatic responses
(condition B—inhibition) and finally following different criteria of naming (condition
C—switching). At preschool age, only conditions A-B are administered, calculating
time spent and errors/self-corrections made.
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− Verbal fluency (NEPSY-II, [52]): the child is given a semantic category or phonological
cue and is asked to produce as many words as possible in one minute.

− Sustained attention (AS) test (Leiter-3, [53]): it is a “barrage” test in which there are
animal figures that the child must identify and cross out in 30 s; it is divided into
4 parts and the number of targets found is measured.

− Ranette (BIA, [54]): it is an activity that requires auditory sustained attention skills,
selective attention and inhibition of motor response. It is a go/no-go type task, in
which the child must inhibit the motor act, required in the presence of a specific go
sound, when the sound presented is slightly different from the previous one (no-go
sound); the number of correct answers is scored.

− Test of rapid automatized naming of colours and figures (RAN, [55]): the test consists
of matrices of figures and colours, two matrices for each condition and the child must
name them aloud, in left-right order (such as reading), noting the time taken and
errors/self-corrections made.

− BRIEF-P [56]: it is a questionnaire that allows evaluating in depth the EFs through
parent perception, to detect the behaviour of children between 2 and 5 years; it
provides scorings for 5 clinical scales: inhibition, shift, emotion regulation, working
memory and planning/organisation, besides a global composite score.

2.4. School Protocol

Even at school age, a measure of cognitive abilities of children was collected through
WISC-IV [57]. This test represents the main instrument for the assessment of intelligence in
school children and adolescents from 6 to 16.11 years of age; it is used for the assessment
of total intellectual quotient (TIQ), verbal comprehension index (VCI), visual perceptual
reasoning index (PRI), working memory index (WMI) and processing speed index (PSI).
The battery consists of 15 subtests: 5 verbal, 4 visual perceptual, 3 working memory and
3 processing speed subtests.

− Digit span forward and backward (BVN 5–11 [50]): in addition to the forward test,
in which the child is asked to repeat in the same order increasing series of numbers,
the backward version requested the child to repeat in reverse order with respect to
the presentation.

− Listening span test elementary (LSTE [58]): the test consists of a series of elementary
sentences, at the lexical, syntactic and meaning level, for the assessment of working
memory in children aged 8–11 years. Sentences are organised in 4 blocks, each
preceded by an example. The task is to judge the semantic correctness of each sentence,
i.e., whether it is true or false, and to remember the last word of each sentence heard.
The elements investigated in this test are the number of last words remembered, the
possible intrusions, the inversions of order in remembering the words and finally
errors of judgement.

− Inhibition and verbal fluency (NEPSY-II, [52]): these subtests were the same proposed
for pre-schoolers. For Inhibition, in addition to conditions A-B, condition C (switching)
is also administered, always examining time spent and errors/self-corrections made.

− Test SD4 (PRCR-2, [59]): the test required searching a sequence of letters. It is presented
as matrices of sequences of letters, progressively less spaced between them, in which
the child must mark on the paper all the strings “TOC” that identifies; the clinician
investigates the time taken, the errors made and the number of targets found.

− Test of rapid automatized naming of figures and numbers (RAN, [55]): the same as
the preschool protocol, but with figures and numbers as stimuli.

− Text reading and comprehension (ALCE, [60]): text reading (text 1 in the T0 assessment
and text 2 in the T1 assessment), assessing reading speed in syllables per second and
error rate, together with comprehension of the text read (through ten open questions)
were analysed.

− Words dictation (DDE-2, [61]): a word dictation test has been included, in which the
number of errors made is investigated.
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− BRIEF-2 [56]: like the preschool protocol, a questionnaire that allows evaluating in
depth the EF through parent perception.

2.5. Tele-Rehabilitation Program

MemoRAN consists of 8 different exercises, to be carried out on a PC or tablet, which
involve the exposure and timed naming of stimuli, such as various figures that are presented
in matrices. The program tends to exercise, singularly or in interaction, the skills of
inhibition, cognitive flexibility and updating in working memory. The exercises, organised
by increasing difficulty, provide specific instructions that are presented on the screen,
at the beginning of each activity, based on the naming, following different rules, of a
series of 5 figures (overall about 400), drawn in black and white, attributed to various
libraries according to word structure and lexical complexity and length, and type of stimuli
(colours, figures).

MemoRAN is part of the RIDInet platform [48], an online platform for remote rehabili-
tation of SLD in developmental age; it includes a series of applications that, thanks to the
algorithm of self-adaptive exercises, allows a form of progressive online training adapted to
the profile of each child. In detail, MemoRAN allows to perform an innovative intervention
on EF, increasing the difficulty of the task in three aspects simultaneously:

− the processing capacity of the system, dictated by the temporal rate at which stimuli are
presented (presentation time and inter-stimuli time) and the complexity of instructions;

− the integration of modalities, enhancing visual-verbal processing, going to modify
the parameters of the activity, reducing or enlarging the visual and verbal load,
manipulating figure size and/or word length and complexity;

− the components of EF involved, thanks to the gradual progression of each exercise,
which allows moving from the involvement of simpler to more complex components:
first exercises work mainly on inhibition, then intervenes the working memory and
finally an integration of the two EF until the introduction of cognitive flexibility.

In addition, MemoRAN is the first application of the RIDInet platform to provide, in
addition to the online program for the execution of exercises, a parent app for smartphones,
which requires parents to monitor the activities carried out by the child on the PC, and mark
the correct or incorrect answers, communicating directly with the online program, which
automatically sends a report including the number of errors, times of presentation of stimuli,
types of exercises performed and parameters used, which in turn will be monitored online
by the clinician. Therefore, a first session with the parent or with the adult accompanying
the child during treatment is necessary to explain functioning. Regarding the timing of the
treatment, the daily exercise needs to be carried out on a tablet or PC lasting 15–20 min, at
least 3–4 times a week, for a period of three months.

The theoretical principle on which MemoRAN is based is Diamond’s EF model,
according to which there are three basic components, related to each other: inhibitory
control, working memory and cognitive flexibility; to these are added complex components,
such as planning and problem solving [43,62]. The hypothesis is that the main components
to promote are working memory and inhibitory control, developed at preschool age, to
which is added cognitive flexibility at school age; moreover, being core elements for school
learning, it becomes essential to intervene early. Finally, another founding principle of
the program is the possibility to present activities with a certain level of difficulty, novelty
and diversity: some studies have shown that this postulate can be respected through
the forms of tele-rehabilitation and self-adaptivity, which allow weighting the difficulties
and integrating various neuropsychological elements in the activities, creating different
exercises according to the child performance [63,64]. MemoRAN is developed on these
theoretical lines. It consists of exercises of rapid visual naming (RAN) in which secondary
activities are inserted, involving the main components of EF. The stimuli are presented with
a time that starts from a specific value, identified by a first calibration exercise, presented at
the beginning of the program, and accelerated gradually depending on the correctness of
the naming during the temporised presentation. Time is therefore a fundamental variable,
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both for the capacity of visual-verbal integration, and for the ability of inhibition, updating
in working memory and cognitive flexibility.

In summary, MemoRAN is composed of 8 types of exercises, set in a narrative context,
which act in different ways on the various components of FE (see Table 2).

Table 2. Types of exercises presented in MemoRAN.

Exercise 1.
Inversion

This is an inhibition exercise that requires reversing the naming of two
stimuli, out of five that are presented; there is a preview phase, in which the
child sees which stimuli have to be named correctly and which to reverse.

The parent should report errors in the application, each time the child
omits or misses a name and each time s/he misses the reversal task.

Exercise 2. Cluster

In this exercise, several figures are presented or highlighted at the same
time, within a cluster defined by a yellow rectangle; the child is asked to
name only the stimuli highlighted by the red square (within the cluster).

We can define this exercise as an activity of attentional focusing with
shifting of visual and spatial attention. With each omission or error in

naming, the parent will report the error on the application.

Exercise 3. Ran
variable time

This task requires the child to quickly name all the stimuli s/he sees; the
peculiarity is that the figures are presented with a very variable exposure

and inter-stimuli time: sometimes very slow, sometimes very fast,
sometimes medium. Therefore, the child will have to inhibit his own

automatic rhythm and adapt to that imposed by the outside world, that is,
by the advance. With each omission or error in naming, the parent will

report the error on the application.

Exercise 4. Action

This is a dual-task activity, in which the child will have to name the figures
as they are, as well as having to perform an action at the same time as the

naming, for two specific marked stimuli. The aim is to encourage
integration between a visual-verbal task and a motor control task,

increasing the complexity of the processing/response mode.
An error is marked both when a naming is omitted and the action is not

performed (e.g., clapping).

Exercise 5. 1-back

It is a working memory exercise: the child must name the figures as they
are; however, should not name the figure surrounded by the red square but
the previous stimulus, that after being appeared will be replaced by a red

dot; it is also important that the clinician tells the child to follow the
rhythm of the visual cue. With each omission or error in 1-back naming,

the parent will report the error on the application.

Exercise 6.
Inversion and

action

In this exercise, a complex dual task is proposed: among the five stimuli
presented, two will have inverted naming, two others will be associated

with an action, and the last stimulus will require simple naming as
presented. Error may result from inaccuracies in naming or actions.

Exercise 7. Silence
and action

This is another dual-task exercise but also includes an inhibition
component: silence is required for one stimulus, silence is required for

another stimulus at the same time as the tapping action on the table, and
simple naming is required for the other three stimuli. The error comes from
not respecting silence or respecting it for stimuli that are not required, as

well as making mistakes in the execution of actions.

Exercise 8. 2-back

This exercise consists in naming the stimulus that precedes the highlighted
one by two positions, keeping to the rhythm of the visual cue. If the child

omits or makes a mistake in naming or does not name the figure two
positions ahead, parents report the error.

The MemoRAN session generally starts with an untimed matrix, which is necessary for
the calibration phase; the following sessions will start with a calibration matrix only if the
category of stimuli was changed in the previous session. Subsequently, a series of exercises
of different types are proposed, presented gradually from number 1 to number 8, compatible
with the duration of the session. The types of exercises are proposed as uniformly as
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possible, respecting the criterion of progressive appearance of the exercises based on the
age of the child.

The way the images are presented in the various exercises are changed automatically
and include, as shown in Figure 1: single stimulus, progressive stimuli, anti-progressive
stimuli and all visible. In this way, it is possible to work on various aspects of the control
of visual information and attention: the single stimulus facilitates the left-right shift of
attention and concentrates attentional focus on the presented stimulus; the progressive stim-
ulus requires the ability to divert attention from the previous figure; the anti-progressive
stimulus allows subsequent planning, simplifying the disengagement from the previous
figure; all visible stimuli require a form of autonomous organisation.
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The MemoRAN program is considered completed when the target time, defined for
school level, is reached, on the target category of stimuli (structure and lexical complexity
and length of the corresponding word); in fact, each time the target time is reached, the
program moves on to the next category of stimuli and consequently more difficult for
the child, e.g., moving from high lexical frequency bisyllables to high lexical frequency
trisyllables, until the target is reached.

A fundamental aspect, within the competence of the clinician, is the configuration,
which concerns the parameters, the objectives and the exclusions. Regarding the parameters,
the clinician can set, and subsequently modify, the duration of the session, the number
of naming for each exercise, whether or not to activate the pre-signal of the stimulus on
the screen and whether to force the repetition of some exercises; in addition, the clinician
can change some parameters that are usually blocked because self-adapted by the system,
such as the exposure time of the stimuli, the size of the images and the category and
complexity of the stimuli. After changing these parameters, the automatic progression can
be reactivated, self-adapting the parameters based on the child’s performance. Regarding
the objectives, the clinician will set the times, the size of the images and the category and
complexity of stimuli to reach in the rehabilitation pathway, according to the school level.
Regarding exclusions, clinicians can choose to exclude some types of exercises or categories
of stimuli; for example, if certain activities are too much difficult for the child.

A final aspect to be considered concerns monitoring, which allows the clinician to
check the progress of the child’s rehabilitation treatment at distance, directly from the online
platform. In detail, from the monitoring screen (Figure 2) it is possible to observe along
the axes the path of the child in terms of stimulus categories, errors, speed of presentation,
duration of the individual daily sessions, session dates and time and accuracy for each
session and its evolution. In addition, it is possible to further investigate the rehabilitation
pathway, observing the parameters used, the stimuli presented, and the accuracy achieved.



Children 2022, 9, 822 9 of 17

Figure 2. Example of monitoring screen.

2.6. Procedure

For both groups of children, pre-schoolers and school children, the research design has
provided an initial pre-treatment assessment (T0), in which the entire age-specific protocol
was administered. Then, the registration phase of the child in the RIDInet platform took
place, aimed at activating the tele-rehabilitation service with the application of MemoRAN.
The registration phase was managed in a clinical setting with the presence of a caregiver
(usually a parent, or both), the child and the clinician. It was explained to the parent(s) what
the MemoRAN tele-rehabilitation service consists of, its purpose and why it is used; the
access data to the online platform were provided and the correct start and implementation
of the work session were explained, as well as the functioning of the parent’s smartphone
app, the various types of exercises that the child would perform, the frequency with which
s/he should do them and the duration and frequency of the treatment. So, the first work
session was carried out in the outpatient clinic with the clinician, to show the parent(s) the
way they would have to work with their child at home.

The treatment period lasted about 3 months, at the end of which the child returned to
the clinic and carried out the post-treatment evaluation (T1) with the same test protocol
used at T0. It is important to emphasise that throughout the rehabilitation period, the
clinician had the task of monitoring the progress of the treatment carried out by the child at
home, checking the frequency and progress of the exercises, also observing any progression
in terms of difficulty of the activities, due to the paradigm of self-adaptive application; in
some cases, it was necessary to manually modify the parameters, also investigating the
opinions and needs of the parents.

2.7. Statistical Analysis

Statistical analyses were performed using the Statistical Package for Social Sciences,
version 25.0 (IBM SPSS Statistics, Armonk, NY). Data were analysed in the whole sample
with both descriptive and inferential statistics to test for significant changes in neuropsycho-
logical measures at T1 compared to T0. Descriptive statistics and analysis of the normality
of the distribution (skewness cut-off = 2; kurtosis cut-off = 3) were carried out on all
measures. Given the non-normality of RAN response time, the BRIEF questionnaire and
reading accuracy measures, both parametric and nonparametric analyses, were run to
analyse the results of the tests.

Due to the small sample size and the normality of most of the variables, for inferential
analysis, Student’s t-test for paired samples was used, considering children from different
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ages, preschool and school children, as one group. All comparisons were planned a priori
and therefore no posteriori correction procedure was used. For no parametric variables, the
Wilcoxon signed rank-sum test was used. To assess the effect size, Cohen’s d was calculated
for each variable, interpreting the effects according to Cohen’s d criteria [65]. Results are
reported in Table 3.

Table 3. Descriptive statistics, Student’s t-test or Wilcox Z, significance, and Cohen’s d for protocol
measures at T0 and T1.

TEST N M (DS) PRE M (DS) POST t/Z p d di Cohen

Word dictation (DDE-2–errors) 27 16.15 (9.56) 12.19(8.87) −3.12 p < 0.005 −1.22 **

Alce–comprehension (correct
responses) 17 6.88 (5.45) 7.41 (4.89) −0.39 n.s. −0.20

Alce–reading speed (syll/s) 26 1.53 (0.94) 1.76 (1.05) −2.43 p < 0.05 −0.97 **

Alce–reading accuracy (errors) 26 8.78 (5.86) 6.75 (5.27) Z = −2.172 p < 0.05 1.04 **

NEPSY-II–verbal fluency correct
responses 37 16.72 (5.52) 17.62 (5.94) −1.84 p < 0.05 −0.61 *

RAN–response time 38 125.21 (64.80) 117.95 (65.18) Z = −2.110 p < 0.05 0.55 *

RAN–accuracy (errors) 37 2.36 (2.65) 2.15 (2.57) 0.61 n.s. 0.20

PRCR-2–SD4 response time 28 251.93 (89.89) 239.04 (105.05) 0.85 n.s. 0.33

PRCR-2–SD4 errors 29 8.34 (6.87) 6.62 (7.34) 1.64 p = 0.06 0.62 *

PRCR-2–SD4 target found 29 23.31 (6.44) 24.21 (6.77) −0.92 n.s. −0.35

NEPSY-II–inhibition rapidity (s) 37 59.83 (22.87) 55.69 (27.56) 1.34 p = 0.09 0.45

NEPSY-II –inhibition accuracy
(errors) 37 4.60 (4.15) 2.66 (2.71) 3.96 p < 0.001 1.32 **

Digit span forward 35 4.46 (1.60) 4.66 (1.49) −0.93 n.s. −0.32

Digit span backward 28 3.57 (1.32) 4.07 (1.49) −1.68 p = 0.05 −0.65 *

BAF-listening span test–n. words 28 10.39 (4.93) 12.29(6.38) −2.00 p < 0.05 −0.77 *

BRIEF 30 18.18 (16.07) 18.20 (16.25) Z = −0.097 n.s. −0.03

Note: * for Cohen’s d between 0.50 and 0.90 and ** for Cohen’s d between >0.90; n.s. = not significant.

Considering the difference between the performance (row scores) at the post-test minus
the performance at the pre-test, the deltas (∆) on each measure were calculated. A lower ∆
corresponded to a larger effect of the training. Subsequently, the correlations between the
delta and between the deltas and the score on the BRIEF questionnaire at the pre-test were
analysed to investigate eventual relationships between the changes of the different tasks
and if a high score on the questionnaire could correlate with a different degree of change in
the tests proposed. Pearson correlations were considered for normally distributed variables;
meanwhile, Spearman correlations were used for not normally distributed variables (RAN
response time, BRIEF questionnaire and reading accuracy).

To investigate the effectiveness of the intervention with MemoRAN in comparison
with other tele-rehabilitation interventions, the results of a sub-group of the scholar children
with SLD (N = 27) who used MemoRAN in the present study were compared with results
obtained from children with SLD (N = 16) using directly targeting reading intervention
(reading trainer, Anastasis, for a description of the software [31]). For this aim, a multivari-
ate analysis of variance (MANOVA) for normally distributed measures was conducted.
The comparison was possible only on a few variables due to the different protocols used.
To analyse the results of the rapid automatized naming, text reading (speed and errors) and
verbal fluency, mixed analyses of variance with group (SLD vs. TD) as the between factor
and time (pre vs. post) as the within factor were used.
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3. Results

Parents and children positively welcomed the tele-intervention procedure, and all
children completed the MemoRAN program respecting the protocol requiring at least three
times a week for three months. For some children, it was needed to integrate the auto-
adaptivity of the training with parameters modification chosen manually by the clinician
to make the exercise more suitable for the child’s special needs. The descriptive pre-post
training measures and the results from the inferential statistics are reported in Table 3.

From the results reported in Table 3, it can be noticed a statistically significant improve-
ment in performance on the words dictation test (DDE-2); and in decoding skills, both in
speed, where speed in syllables per second (syll/s) increased by 0.23 syll/s, and in reading
accuracy, where there were approximately 2% fewer errors. Conversely, no significant
changes were found in text comprehension skills. Rapid lexical access skills showed a
significant change in both the verbal fluency test and rapid visual naming speed. Attention
abilities did not show improvement in terms of speed or number of targets found but
tended to significance in the number of errors made. Inhibition skills changed significantly
in terms of accuracy but not in terms of speed, where only a tendency towards significant
change was observed. Considering verbal working memory tests, there were significant
changes in the backward span test and the listening span test in terms of the number of
words remembered, but not in the forward digit test. Analysing the BRIEF questionnaire, it
was observed that the difference between the pre/post evaluation of the child’s EF, reported
by the parents, is almost zero, with the mean values very close to each other.

Analysing the correlation of the deltas (∆) of the tasks between each other emerged
a negative correlation between ∆ time to inhibit and ∆ in reading speed (r = −0.486,
p = 0.014), and between the latter and ∆ in writing accuracy (r = −0.404, p = 0.045). So,
as the reading speed increased, the number of write errors decreased and the response
times in the inhibition tasks decreased. The ∆ in writing accuracy correlates with ∆ in
inhibition accuracy (r = 0.404, p = 0.042) and ∆ in time to inhibit negatively correlates with
∆ in visual search accuracy (r = −0.517, p = 0.005). So, as the inhibition errors decrease,
writing errors decrease too, and as the inhibition time decreases, errors in visual search
decrease too. Finally, ∆ in verbal fluency correlates with ∆ in rapid automatized naming
accuracy (r = 0.496, p = 0.002), showing that as the verbal fluency increased, the accuracy in
rapid automatized naming increased too. Considering the correlations between deltas of
the different tests and the BRIEF questionnaire emerged a positive correlation with ∆ in
verbal fluency (digit forward, r = 0.354, p = 0.034).

The second study’s goal was to compare, on some variables, a sub-group of children
with SLD (N = 27) who used MemoRAN in the present study, with the results obtained
from children with SLD (N = 16) using directly targeting reading intervention (reading
trainer). A comparison in terms of age, IRP and gender show no difference between the
two groups in any measure (age: F < 1; IRP: (F(1, 38) = 2.12, p = 0.154).

Considering the variables on which the comparisons were performed, the following
results emerged. Regarding speed in text reading, a main effect of time (F(1, 36) = 11.40,
p = 0.002) and the effect of interaction (F(1, 36) = 4.37, p = 0.042) were found. Children that
used the RT program showed a greater improvement in syll/s in comparison with children
that used MemoRAN (post-test values: M = 1.80 (0.63) vs. M = 1.55 (0.99)). Regarding
accuracy in text reading, the main effect of time approaches significance, (F(1, 37) = 3.70,
p = 0.062), but the interactions were not significant.

Considering speed in rapid automatized naming (number condition), a main effect of
time was found, (F(1, 40) = 10.57, p = 0.002), but no interaction effect emerged. No significant
effects emerged in the case of errors. Finally, regarding verbal fluency, the main effect of
time did not reach significance (F(1, 40) = 3.23, p = 0.080), and no interaction emerged.

4. Discussion

The primary purpose of the research was to verify whether a tele-rehabilitation pro-
gram, such as MemoRAN, could be feasible and effective in the intervention in preschool
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and school children, with LD and SLD, improving performance in tasks related to the
abilities trained and in school skills, acting on the enhancement of EF. The objective was
partially achieved as specified below.

From the qualitative reports and the observations conducted by the clinicians, the
intervention with MemoRAN resulted to be feasible, as no child dropped out of the training
and parents positively welcomed the home-based interventions. Thanks to the online
monitoring system, guaranteed by the tele-rehabilitation tool, it was possible to analyse
the performance in the treatment period. Visual inspection of the training trajectories
suggested the presence of an interaction between the differences in the child’s behavioural
and attentional characteristics and the progress at the treatment. Children showing high
compliance completing the exercises and carrying out the required number of sessions,
families displaying collaboration skills, improved in each training session in terms of
fewer errors made, faster advance in the speed of answering and achievement of a higher
complexity of the exercises was observed. Conversely, the clinicians reported that children
with emotional-behavioural difficulties showed a slower and less linear improvement.
These aspects were partially confirmed from the positive correlation between the score on
the BRIEF questionnaire and the ∆ in verbal fluency; but as these results were based mainly
on subjective observations, further studies may investigate the inter-subject differences in
the response to intervention by structured survey and questionnaires [66].

For what concerns the first aim of the study, the results from the group trained by
MemoRAN suggest the effect of the training on the enhancement of several measures of
cognitive control and on reading and writing skills.

In the core cognitive processes, there was a greater effect on the processes of inhibition,
and working memory, compared to those of selective attention. Accordingly, also in work-
ing memory, the changes concerned the active processes of manipulation of information
in memory (e.g., digit back and listening span test) rather than the passive processes of
memory retention (e.g., digit forward). These results were expected as MemoRAN was
directed to the core EF components, with several exercises on inhibition and updating in
visual-verbal working memory, while other cognitive processes and automatized abilities
were less trained. In agreement with this interpretation, it can be noted that, albeit in
descriptive terms, the changes mainly concerned accuracy of response, requiring executive
and cognitive control, rather than speed measurements.

For what concerns the performances in the reading and writing tests, the significant
improvements were related to spelling accuracy and reading decoding speed and accuracy.
Conversely, the text comprehension skills did not show significant differences between
the pre and post assessment: plausibly, they require greater integration of the control
processes with the instrumental skills. These profiles suggest the effect of MemoRAN on
the consolidation of lexical and orthographic representations without the generalisation to
semantic-contextual inference strategies. The results that emerged are in line with what is
found in the literature about the efficacy of tele-rehabilitation in SLD [36–39,47].

At the behavioural level, it was found the absence of effects of the training on the
EF behaviours detected in daily life on the BRIEF questionnaire. This result was in part
expected because the training worked on the more academic and cognitive EF components
while behavioural and emotional self-regulation, which usually requires contextualised
and ecological training, has not been tapped.

Finally, the analyses of correlations between ∆ at the different tasks showed interesting
results with a parallel decrease in errors in writing and in the inhibition test. In particular,
the results showed a parallel improvement in inhibition abilities and in the efficiency
of orthographic control. The decrease in the duration of the times in the inhibition test
correlates with a higher reading speed and fewer errors in the visual search. Finally, as
expected, and confirming the usefulness of this type of training, an improvement in the
RAN leads to an improvement in verbal fluency.

The results partly confirm what emerges in the literature regarding the improvement
in the level of accuracy in learning when implementing EF. The improvement in inhibition
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and its correlation in terms of rapidity with speed in the literature and in accuracy with the
decrease in reading and writing errors confirm the role of EF in learning.

Although the absence of a passive control group, so that it must be considered a pilot
study, the calculation of the effect size, Cohen’s d, showed that the statistically significant
changes mentioned above have an effect size ranging from medium to large (d > 0.50).

Another limit was to consider children with comorbidities and analyse the sample as
a whole group, due to the small sample and the continuity between language disorders
and learning disabilities. In future studies, the possibilities of expanding the sample could
give the opportunity of analysing separately children with or without comorbidities and
with or without present or past LD.

Furtherly, a second aim of the study is to explore the specificity of the MemoRAN
effects in comparison to those obtained by an auto-adaptive tele-rehabilitation training,
similar in terms of procedure characteristics but working directly on reading. Albeit the
comparison was possible on a few measures, the results suggest similar effects of the two
trainings on decoding accuracy and rapid automatized naming, while the reading speed
showed a lower change after MemoRAN than RT. These results are in line with what was
expected and with the hypothesis that computerised activities aimed at implementing
cognitive processes in a more general way and therefore with exercises on EF, give more
generalised improvements compared to specific activities on instrumental skills (e.g.,
reading in this case) that show more targeted effects on trained skills than other general
process skills. This result, that needs to be confirmed by future studies on larger samples,
supports that a tele-intervention on the control cognitive processes can be effective and
generalise the efficacy to the reading and writing skills, although to a lesser extent than an
intervention working on a specific literacy skill. Thus, it can be suggested that interventions
such as MemoRAN can be used in preventing the disorders before direct training could be
used, and that it can be integrated with training on specific domains of learning. Within this
perspective, tele-rehabilitation procedures could facilitate the simultaneous use of different
types of intervention without losing the intensity of the exercises required.

5. Conclusions

Because SLD is a multifaceted complaint impacting cognition, it is critical to include
all the cognitive functions that make up the complaint about effective recovery. It is well
established that SLD people’s well-being, as well as their professional and interpersonal
lives, can be harmed by a lack of early and effective recovery [67]. The use of “at home”
intervention, supervised by experienced therapists, has helped to alleviate difficulties
(regarding reading capacities) and lower intervention costs in the previous decade [68].
Recent studies have also demonstrated that tele-rehabilitation software is helpful in children
with SLD, owing to the greater appeal of computerised courses, which allow for more
cooperation by young users [31,36,37]. In particular, tele-rehabilitation programs that try
to integrate multiple cognitive, verbal, visual and attention functions into a complicated
exercise to support literacy are promising.

The success of tele-rehabilitation appears to be linked to the ability to simultaneously
involve many cognitive processes while enforcing remote supervision when the individual
is in a family setting [34,69,70]. Another essential consideration is the provision of effective
and exciting assignments with competitive elements that drive challenge and improvement.
As established in the field of neurorehabilitation [71–73], our results exhibited strong
usability and interest during the training. Encouragement is highly associated with long-
term advantages in recovery and quality of life [74]. This is especially true in the early
phases of growth when young people must be extensively involved to urge them to stick
to the training program. This is the reason why was created a system that automatically
adjusted interventions to actor requests, and the stimulus parameters were updated in
real time in response to the youngster’s changes, needs and preferences. Adjusting the
intervention to the subject’s capacities and providing continuous feedback to the youngsters,
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on the other hand, develops abilities and encourages the zone of proximal development,
fostering individual reading [62,75–78].

The main limitation of the study is the small sample size, which could not allow
extending the results to the whole population of subjects with SLD. Considering that
socioeconomic status is a variable that influences cognitive performance, another limitation
is that no information about SES and parental education was presented. In addition, for a
future study, it would be interesting to use a questionnaire that investigates the learning
improvements observed by teachers and a follow-up assessment at 3 or 6 months to verify
the maintenance of the improvements.

In conclusion, this research demonstrates that cognitive training via tele-rehabilitation
could be an effective way to help people with SLD recover. The findings imply that this
technique can help these kids improve their executive functioning. Furthermore, this unique
solution could boost child health care at home to match the needs of a single case, ensuring
long-term care and timely rehabilitative intervention, particularly during lockdown periods.
The results of this research, therefore, show the usefulness of remote rehabilitation to allow
a timely and intensive intervention that consents the child to improve their academic and
EF skills before these can have relapses in other spheres of their life. Indeed, it clearly
emerges from the literature that children with SLD could later develop emotional and
social problems if not promptly diagnosed and supported [75]. At the research practice
level, further studies should investigate the integrated use of computerised programs on EF
and programs on instrumental skills to verify whether the combination of these activities
brings greater improvements than single or sequential use. Finally, also at the educational
and scholastic level, the integration of typical learning activities could be combined with
activities on inhibition processes, working memory and rapid automatized naming, to
verify if learning is thus more effective and generalised for the children of the first years of
primary school and in particular for children with SLD or previous LD.

Author Contributions: Data curation, E.C., M.C.D.L., S.B. and S.S.; formal analysis, A.C. and M.R.;
methodology, C.P.; supervision, E.C., S.B., S.S. and C.P.; visualization, M.C.D.L.; writing—original
draft, A.C.; writing—review and editing, A.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of University of
Florence (Code: PRO.TE.NEU.CO, Date: 09/02/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available as the collection is still ongoing.

Acknowledgments: To all people of Foundation IRCCS Stella Maris, Research and Treatment Centre
Stuttering and Voice and Language Disorders S.r.l., Fondazione Don Carlo Gnocchi ONLUS, UONPIA
AO Lodi, ASST Lecco, Niguarda Hospital, CCNP San Paolo, NPI Verdello and NPI ASSTBGOVEST.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. de Oliveira Rosa, V.; Rosa Franco, A.; Abrahão Salum Júnior, G.; Moreira-Maia, C.R.; Wagner, F.; Simioni, A.; de Fraga Bassotto, C.;

Moritz, G.R.; Schaffer Aguzzoli, C.; Buchweitz, A.; et al. Effects of Computerized Cognitive Training as Add-on Treatment to
Stimulants in ADHD: A Pilot FMRI Study. Brain Imaging Behav. 2020, 14, 1933–1944. [CrossRef] [PubMed]

2. Wiest, D.J.; Wong, E.H.; Bacon, J.M.; Rosales, K.P.; Wiest, G.M. The Effectiveness of Computerized Cognitive Training on Working
Memory in a School Setting. Appl. Cogn. Psychol. 2020, 34, 465–471. [CrossRef]

3. Gathercole, S.E.; Dunning, D.L.; Holmes, J.; Norris, D. Corrigendum to ‘Working Memory Training Involves Learning New Skills’.
J. Mem. Lang. 2019, 106, 203. [CrossRef]

4. Rabiner, D.L.; Murray, D.W.; Skinner, A.T.; Malone, P.S. A Randomized Trial of Two Promising Computer-Based Interventions for
Students with Attention Difficulties. J. Abnorm. Child. Psychol. 2010, 38, 131–142. [CrossRef]

http://doi.org/10.1007/s11682-019-00137-0
http://www.ncbi.nlm.nih.gov/pubmed/31218531
http://doi.org/10.1002/acp.3634
http://doi.org/10.1016/j.jml.2019.02.004
http://doi.org/10.1007/s10802-009-9353-x


Children 2022, 9, 822 15 of 17

5. Jones, J.S.; Milton, F.; Mostazir, M.; Adlam, A.R. The Academic Outcomes of Working Memory and Metacognitive Strategy
Training in Children: A Double-Blind Randomized Controlled Trial. Dev. Sci. 2020, 23, e12870. [CrossRef]

6. Harder, L.; Hernandez, A.; Hague, C.; Neumann, J.; McCreary, M.; Cullum, C.M.; Greenberg, B. Home-Based Pediatric
Teleneuropsychology: A Validation Study. Arch. Clin. Neuropsychol. 2020, 35, 1266–1275. [CrossRef]

7. Kronenberger, W.G.; Montgomery, C.J.; Henning, S.C.; Ditmars, A.; Johnson, C.A.; Herbert, C.J.; Pisoni, D.B. Remote Assessment
of Verbal Memory in Youth with Cochlear Implants during the COVID-19 Pandemic. Am. J. Speech. Lang. Pathol. 2021, 30, 740–747.
[CrossRef]

8. Ragbeer, S.N.; Augustine, E.F.; Mink, J.W.; Thatcher, A.R.; Vierhile, A.E.; Adams, H.R. Remote Assessment of Cognitive Function
in Juvenile Neuronal Ceroid Lipofuscinosis (Batten Disease): A Pilot Study of Feasibility and Reliability. J. Child. Neurol. 2016, 31,
481–487. [CrossRef]

9. Stain, H.J.; Payne, K.; Thienel, R.; Michie, P.; Carr, V.; Kelly, B. The Feasibility of Videoconferencing for Neuropsychological
Assessments of Rural Youth Experiencing Early Psychosis. J. Telemed. Telecare 2011, 17, 328–331. [CrossRef]

10. Werfel, K.L.; Grey, B.; Johnson, M.; Brooks, M.; Cooper, E.; Reynolds, G.; Deutchki, E.; Vachio, M.; Lund, E.A. Transitioning
Speech-Language Assessment to a Virtual Environment: Lessons Learned from the ELLA Study. Lang. Speech Hear. Serv. Sch.
2021, 52, 769–775. [CrossRef]

11. Maresca, G.; De Cola, M.C.; Caliri, S.; De Luca, R.; Manuli, A.; Scarcella, I.; Silvestri, G.; Bramanti, P.; Torrisi, M.; Calabrò, R.S.; et al.
Sicilian Teleneurology Group. Moving towards Novel Multidisciplinary Approaches for Improving Elderly Quality of Life: The
Emerging Role of Telemedicine in Sicily. J. Telemed. Telecare 2019, 25, 318–324. [CrossRef] [PubMed]

12. Sarfo, F.S.; Ulasavets, U.; Opare-Sem, O.K.; Ovbiagele, B. Tele-Rehabilitation after Stroke: An Updated Systematic Review of the
Literature. J. Stroke Cerebrovasc. Dis. 2018, 27, 2306–2318. [CrossRef] [PubMed]

13. Corti, C.; Oldrati, V.; Oprandi, M.C.; Ferrari, E.; Poggi, G.; Borgatti, R.; Urgesi, C.; Bardoni, A. Remote Technology-Based Training
Programs for Children with Acquired Brain Injury: A Systematic Review and a Meta-Analytic Exploration. Behav. Neurol. 2019,
2019, 1346987. [CrossRef] [PubMed]

14. Agostini, M.; Moja, L.; Banzi, R.; Pistotti, V.; Tonin, P.; Venneri, A.; Turolla, A. Telerehabilitation and Recovery of Motor Function:
A Systematic Review and Meta-Analysis. J. Telemed. Telecare 2015, 21, 202–213. [CrossRef] [PubMed]

15. Cardullo, S.; Gamberini, L.; Milan, S.; Mapelli, D. Rehabilitation Tool: A Pilot Study on A New Neuropsychological Interactive
Training System. Stud. Health Technol. Inform. 2015, 219, 168–173. [PubMed]

16. Coleman, J.J.; Frymark, T.; Franceschini, N.M.; Theodoros, D.G. Assessment and Treatment of Cognition and Communication
Skills in Adults with Acquired Brain Injury via Telepractice: A Systematic Review. Am. J. Speech. Lang. Pathol. 2015, 24, 295–315.
[CrossRef] [PubMed]

17. Solana, J.; Cáceres, C.; García-Molina, A.; Opisso, E.; Roig, T.; Tormos, J.M.; Gómez, E.J. Improving Brain Injury Cognitive
Rehabilitation by Personalized Telerehabilitation Services: Guttmann Neuropersonal Trainer. IEEE J. Biomed. Health Inform. 2015,
19, 124–131. [CrossRef]

18. Casalini, C.; Mazzotti, S. Problematiche e Prospettive Dell’intervento a Distanza Nei Disturbi Del Neurosviluppo. Psicol. Clin.
Dello Svilupp. 2021, 3, 389–416. [CrossRef]

19. Theodoros, D.G. Telerehabilitation for Service Delivery in Speech-Language Pathology. J. Telemed. Telecare 2008, 14, 221–224.
[CrossRef]

20. Caso, V.; Federico, A. No Lockdown for Neurological Diseases during COVID-19 Pandemic Infection. Neurol. Sci. Off. J. Ital.
Neurol. Soc. Ital. Soc. Clin. Neurophysiol. 2020, 41, 999–1001.

21. Dayal, D. We urgently need guidelines for managing COVID-19 in children with comorbidities. Acta Paediatr. 2020, 109, 1497–1498.
[CrossRef] [PubMed]

22. Sarti, D.; De Salvatore, M.; Gazzola, S.; Pantaleoni, C.; Granocchio, E. So Far so Close: An Insight into Smart Working and
Telehealth Reorganization of a Language and Learning Disorders Service in Milan during COVID-19 Pandemic. Neurol. Sci. 2020,
41, 1659–1662. [CrossRef] [PubMed]

23. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association
Publishing: Washington, DC, USA, 2015.

24. Huc-Chabrolle, M.; Barthez, M.A.; Tripi, G.; Barth’el’emy, C.; Bonnet-Brilhault, F. Psychocognitive and Psychiatric Disorders
Associated with Developmental Dyslexia: A Clinical and Scientific Issue. Encephale 2010, 36, 172–179. [CrossRef] [PubMed]

25. Catts, H.W.; Adlof, S.M.; Hogan, T.P.; Weismer, S.E. Are Specific Language Impairment and Dyslexia Distinct Disorders? J. Speech
Lang. Hear. Res. 2005, 48, 1378–1396. [CrossRef]

26. Angelelli, P.; Marinelli, C.V.; Iaia, M.; Putzolu, A.; Gasperini, F.; Brizzolara, D.; Chilosi, A.M. Spelling Impairments in Italian
Dyslexic Children with and without a History of Early Language Delay. Are There Any Differences? Front. Psychol. 2016, 7, 527.
[CrossRef]

27. Brizzolara, D.; Chilosi, A.; Cipriani, P.; Di Filippo, G.; Gasperini, F.; Mazzotti, S.; Pecini, C.; Zoccolotti, P. Do Phonologic and
Rapid Automatized Naming Deficits Differentially Affect Dyslexic Children with and without a History of Language Delay? A
Study of Italian Dyslexic Children. Cogn. Behav. Neurol. 2006, 19, 141–149. [CrossRef] [PubMed]

28. Brizzolara, D.; Gasperini, F.; Pfanner, L.; Cristofani, P.; Casalini, C.; Chilosi, A.M. Long-Term Reading and Spelling Outcome in
Italian Adolescents with a History of Specific Language Impairment. Cortex 2011, 47, 955–973. [CrossRef]

http://doi.org/10.1111/desc.12870
http://doi.org/10.1093/arclin/acaa070
http://doi.org/10.1044/2021_AJSLP-20-00276
http://doi.org/10.1177/0883073815600863
http://doi.org/10.1258/jtt.2011.101015
http://doi.org/10.1044/2021_LSHSS-20-00149
http://doi.org/10.1177/1357633X17753057
http://www.ncbi.nlm.nih.gov/pubmed/29409381
http://doi.org/10.1016/j.jstrokecerebrovasdis.2018.05.013
http://www.ncbi.nlm.nih.gov/pubmed/29880211
http://doi.org/10.1155/2019/1346987
http://www.ncbi.nlm.nih.gov/pubmed/31467613
http://doi.org/10.1177/1357633X15572201
http://www.ncbi.nlm.nih.gov/pubmed/25712109
http://www.ncbi.nlm.nih.gov/pubmed/26799901
http://doi.org/10.1044/2015_AJSLP-14-0028
http://www.ncbi.nlm.nih.gov/pubmed/25836020
http://doi.org/10.1109/JBHI.2014.2354537
http://doi.org/10.1449/100597
http://doi.org/10.1258/jtt.2007.007044
http://doi.org/10.1111/apa.15304
http://www.ncbi.nlm.nih.gov/pubmed/32279351
http://doi.org/10.1007/s10072-020-04481-8
http://www.ncbi.nlm.nih.gov/pubmed/32472517
http://doi.org/10.1016/j.encep.2009.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20434636
http://doi.org/10.1044/1092-4388(2005/096)
http://doi.org/10.3389/fpsyg.2016.00527
http://doi.org/10.1097/01.wnn.0000213902.59827.19
http://www.ncbi.nlm.nih.gov/pubmed/16957492
http://doi.org/10.1016/j.cortex.2011.02.009


Children 2022, 9, 822 16 of 17

29. Chilosi, A.M.; Brizzolara, D.; Lami, L.; Pizzoli, C.; Gasperini, F.; Pecini, C.; Cipriani, P.; Zoccolotti, P. Reading and Spelling
Disabilities in Children with and without a History of Early Language Delay: A Neuropsychological and Linguistic Study. Child.
Neuropsychol. 2009, 15, 582–604. [CrossRef]

30. Pecini, C.; Biagi, L.; Brizzolara, D.; Cipriani, P.; Di Lieto, M.C.; Guzzetta, A.; Tosetti, M.; Chilosi, A.M. How Many Functional
Brains in Developmental Dyslexia? When the History of Language Delay Makes the Difference. Cogn. Behav. Neurol. 2011, 24,
85–92. [CrossRef]

31. Tucci, R.; Savoia, V.; Bertolo, L.; Vio, C.; Tressoldi, P.E. Efficacy and Efficiency Outcomes of a Training to Ameliorate Developmental
Dyslexia Using the Online Software Reading Trainer®. BPA-Appl. Psychol. Bull. 2015, 63, 53–60.

32. Bonacina, S.; Cancer, A.; Lanzi, P.L.; Lorusso, M.L.; Antonietti, A. Improving Reading Skills in Students with Dyslexia: Efficacy of
a Sublexical Training with Rhythmic Background. Front. Psychol. 2015, 6, 1510. [CrossRef] [PubMed]

33. Gori, S.; Facoetti, A. Perceptual Learning as a Possible New Approach for Remediation and Prevention of Developmental Dyslexia.
Vision Res. 2014, 99, 78–87. [CrossRef] [PubMed]

34. van Bergen, E.; van der Leij, A.; de Jong, P.F. The Intergenerational Multiple Deficit Model and the Case of Dyslexia. Front. Hum.
Neurosci. 2014, 8, 346. [CrossRef] [PubMed]

35. Zampolini, M.; Todeschini, E.; Bernabeu Guitart, M.; Hermens, H.; Ilsbroukx, S.; Macellari, V.; Magni, R.; Rogante, M.; Scattareggia
Marchese, S.; Vollenbroek, M.; et al. Tele-Rehabilitation: Present and Future. Ann. Ist. Super. Sanita 2008, 44, 125–134.

36. Pecini, C.; Spoglianti, S.; Michetti, S.; Bonetti, S.; Di Lieto, M.C.; Gasperini, F.; Cristofani, P.; Bozza, M.; Brizzolara, D.;
Casalini, C.; et al. Telerehabilitation in Developmental Dyslexia: Methods of Implementation and Expected Results. Minerva
Pediatr. 2018, 70, 529–538. [CrossRef]

37. Tressoldi, P.E.; Brembati, F.; Donini, R.; Iozzino, R.; Vio, C. Treatment of Dyslexia in a Regular Orthography: Efficacy and Efficiency
(Cost-Effectiveness), Comparison between Home vs Clinic-Based Treatments. Eur. J. Psychol. 2012, 8, 375–390. [CrossRef]

38. Maggio, M.G.; Foti Cuzzola, M.; Calatozzo, P.; Marchese, D.; Andaloro, A.; Calabrò, R.S. Improving Cognitive Functions in
Adolescents with Learning Difficulties: A Feasibility Study on the Potential Use of Telerehabilitation during COVID-19 Pandemic
in Italy. J. Adolesc. 2021, 89, 194–202. [CrossRef]

39. Holmes, J.; Gathercole, S.E. Taking Working Memory Training from the Laboratory into Schools. Educ. Psychol. 2014, 34, 440–450.
[CrossRef]

40. Johann, V.E.; Karbach, J. Effects of Game-Based and Standard Executive Control Training on Cognitive and Academic Abilities in
Elementary School Children. Dev. Sci. 2020, 23, e12866. [CrossRef]

41. Dahlin, K.I.E. Working Memory Training and the Effect on Mathematical Achievement in Children with Attention Deficits and
Special Needs. J. Educ. Learn. 2013, 2, 118–133. [CrossRef]

42. Schwaighofer, M.; Fischer, F.; Bühner, M. Does Working Memory Training Transfer? A Meta-Analysis Including Training
Conditions as Moderators. Educ. Psychol. 2015, 50, 138–166. [CrossRef]

43. Diamond, A. Executive Functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef] [PubMed]
44. Holmes, J.; Gathercole, S.E.; Dunning, D.L. Adaptive Training Leads to Sustained Enhancement of Poor Working Memory in

Children. Dev. Sci. 2009, 12, F9–F15. [CrossRef] [PubMed]
45. Consensus Conferenfe. DSA. Documento D’intesa, PARCC. 2011. Available online: www.lineeguidadsa.it (accessed on 12 March 2022).
46. Casalini, C.; Pecini, C.; Zaccaria, S.; Orsolini, L.; Brizzolara, D. Telepsychology’ and Specific Learning Disabilities in COVID-19

Time: A Critical Review. Psicol. Clin. Dello Svilupp. 2020, 24, 361–374.
47. Peijnenborgh, J.C.A.W.; Hurks, P.M.; Aldenkamp, A.P.; Vles, J.S.H.; Hendriksen, J.G.M. Efficacy of Working Memory Training

in Children and Adolescents with Learning Disabilities: A Review Study and Meta-Analysis. Neuropsychol. Rehabil. 2016, 26,
645–672. [CrossRef]

48. MemoRAN in RIDInet Platform, Anastatis, Bologna, Italy. Available online: https://www.anastasis.it/ridinet/ (accessed on
15 April 2019).

49. Wechsler, D. WPPSI-III Administration and Scoring Manual; Psychological Corporation: San Antonio, TX, USA, 2002.
50. Bisiacchi, P.S.; Cendron, M.; Gugliotta, M.; Tressoldi, P.E.; Vio, C. Batteria Di Valutazione Neuropsicologica per l’Età Evolutiva. BNV

5-11; Erickson: Trento, Italy, 2005.
51. IRCCS Stella Maris. High Frequency Bisyllabic Word List Repetition Test, 2017, in press.
52. Korkman, M.; Kirk, U.; Kemp, S. NEPSY-II. Italian Adaptation; Giunti OS: Firenze, Italy, 2011.
53. Roid, G.H.; Koch, C. Leiter-3: Nonverbal Cognitive and Neuropsychological Assessment. In Handbook of Nonverbal Assessment;

Springer International Publishing: Cham, Switzerland, 2017; pp. 127–150.
54. Marzocchi, G.M.; Re, A.M.; Cornoldi, C. BIA. Batteria Italiana per l’ADHID per La Valutazione Dei Bambini Con Deficit Di Attenzione-

Iperattività; Edizioni Erickson: Trento, Italy, 2010.
55. De Luca, M.; Di Filippo, G.; Judica, A.; Spinelli, D.; Zoccolotti, P. Test. Di Denominazione Rapida e Ricerca Visiva Di Colori, Figure e

Numeri; IRCCS Fondazione Santa Lucia: Roma, Italy, 2005.
56. Gioia, G.A.; Isquith, P.K.; Guy, S.C.; Kenworthy, L. BRIEF2—Behavior Rating Inventory of Executive Function; Hogrefe: Firenze, Itlay, 2009.
57. Wechsler, D. Wechsler Intelligence Scale for Children—Fourth Edition Technical and Interpretive Manual; Psychological Corporation:

San Antonio, TX, USA, 2003.
58. Palladino, P. Uno Strumento per Esaminare La Memoria Di Lavoro Verbale in Bambini Di Scuola Elementare: Taratura e Validità.

Psicol. Clin. Dello Svilupp. 2005, 9, 129–150.

http://doi.org/10.1080/09297040902927614
http://doi.org/10.1097/WNN.0b013e318222a4c2
http://doi.org/10.3389/fpsyg.2015.01510
http://www.ncbi.nlm.nih.gov/pubmed/26500581
http://doi.org/10.1016/j.visres.2013.11.011
http://www.ncbi.nlm.nih.gov/pubmed/24325850
http://doi.org/10.3389/fnhum.2014.00346
http://www.ncbi.nlm.nih.gov/pubmed/24920944
http://doi.org/10.23736/S0026-4946.16.04426-1
http://doi.org/10.5964/ejop.v8i3.442
http://doi.org/10.1016/j.adolescence.2021.05.005
http://doi.org/10.1080/01443410.2013.797338
http://doi.org/10.1111/desc.12866
http://doi.org/10.5539/jel.v2n1p118
http://doi.org/10.1080/00461520.2015.1036274
http://doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/pubmed/23020641
http://doi.org/10.1111/j.1467-7687.2009.00848.x
http://www.ncbi.nlm.nih.gov/pubmed/19635074
www.lineeguidadsa.it
http://doi.org/10.1080/09602011.2015.1026356
https://www.anastasis.it/ridinet/


Children 2022, 9, 822 17 of 17

59. Cornoldi, C.; Miato, L.; Molin, A.; Poli, S. PRCR—2/2009 Prove Di Prerequisito per La Diagnosi Delle Difficoltà Della Lettura e Scrittura;
Giunti OS: Firenze, Italy, 2009.

60. Bonifacci, P.; Tobia, V.; Lami, L.; Snowling, M. ALCE. Assessment Di Lettura e Comprensione per l’Età Evolutiva; Hogrefe: Göttingen,
Germany, 2014.

61. Sartori, G.; Job, R.; Tressoldi, P.E. DDE-2. Batteria per La Valutazione Della Dislessia e Della Disortografia Evolutiva (Battery for the
Assessment of Developmental Dyslexia and Dysorthographia); Giunti OS: Firenze, Italy, 2007.

62. Diamond, A.; Lee, K. Interventions Shown to Aid Executive Function Development in Children 4 to 12 Years Old. Science 2011,
333, 959–964. [CrossRef]

63. Di Lieto, M.C.; Brovedani, M.C.; Pecini, P.; Chilosi, C.; Belmonti, A.M.; Fabbro, V.; Cioni, G. Spastic Diplegia in Preterm-Born
Children: Executive Function Impairment and Neuroanatomical Correlates. Res. Dev. Disabil. 2017, 61, 116–126. [CrossRef]

64. Di Lieto, M.C.; Inguaggiato, M.C.; Castro, E.; Cecchi, E.; Cioni, F.; Dell’omo, G.; Dario, P. Educational Robotics Intervention on
Executive Functions in Preschool Children: A Pilot Study. Comput. Hum. Behav. 2017, 71, 16–23. [CrossRef]

65. Cohen, D.K. Teaching Practice: Plus Ça Change; Michigan State University: East Lansing, MI, USA, 1988.
66. McCue, M.; Fairman, A.; Pramuka, M. Enhancing Quality of Life through Telerehabilitation. Phys. Med. Rehabil. Clin. N. Am.

2010, 21, 195–205. [CrossRef]
67. Ghidoni, E.; Angelini, D. La Dislessia Negli Adolescenti e Negli Adulti. Ann. Della Pubblica Istr. 2011, 4, 119–127.
68. Spencer-Smith, M.; Klingberg, T. Correction: Benefits of a Working Memory Training Program for Inattention in Daily Life: A

Systematic Review and Meta-Analysis. PLoS ONE 2016, 11, e0167373. [CrossRef] [PubMed]
69. Flaugnacco, E.; Lopez, L.; Terribili, C.; Montico, M.; Zoia, S.; Schön, D. Music Training Increases Phonological Awareness and

Reading Skills in Developmental Dyslexia: A Randomized Control Trial. PLoS ONE 2015, 10, e0138715. [CrossRef] [PubMed]
70. Zoccolotti, P.; de Jong, P.F.; Spinelli, D. Editorial: Understanding Developmental Dyslexia: Linking Perceptual and Cognitive

Deficits to Reading Processes. Front. Hum. Neurosci. 2016, 10, 140. [CrossRef] [PubMed]
71. De Cola, M.C.; Maresca, G.; D’Aleo, G.; Carnazza, L.; Giliberto, S.; Maggio, M.G.; Bramanti, A.; Calabrò, R.S. Teleassistance for

Frail Elderly People: A Usability and Customer Satisfaction Study. Geriatr. Nurs. 2020, 41, 463–467. [CrossRef]
72. Manuli, A.; Maggio, M.G.; Tripoli, D.; Gullì, M.; Cannavò, A.; La Rosa, G.; Sciarrone, F.; Avena, G.; Calabrò, R.S. Patients’

Perspective and Usability of Innovation Technology in a New Rehabilitation Pathway: An Exploratory Study in Patients with
Multiple Sclerosis. Mult. Scler. Relat. Disord. 2020, 44, 102312. [CrossRef]

73. Norton, E.S.; Wolf, M. Rapid Automatized Naming (RAN) and Reading Fluency: Implications for Understanding and Treatment
of Reading Disabilities. Annu. Rev. Psychol. 2012, 63, 427–452. [CrossRef]

74. Resquín, F.; Cuesta Gómez, A.; Gonzalez-Vargas, J.; Brunetti, F.; Torricelli, D.; Molina Rueda, F.; Cano de la Cuerda, R.;
Miangolarra, J.C.; Pons, J.L. Hybrid Robotic Systems for Upper Limb Rehabilitation after Stroke: A Review. Med. Eng. Phys. 2016,
38, 1279–1288. [CrossRef]

75. Chacko, A.; Uderman, J.; Feirsen, N.; Bedard, A.C.; Marks, D. Learning and Cognitive Disorders: Multidisciplinary Treatment
Approaches. Child. Adolesc. Psychiatr. Clin. N. Am. 2013, 22, 457–477. [CrossRef]

76. Klingberg, T.; Fernell, E.; Olesen, P.J.; Johnson, M.; Gustafsson, P.; Dahlström, K. Computerized Training of Working Memory in
Children with ADHD-a Randomized, Controlled Trial. J. Am. Acad. Child. Adolesc. Psychiatry 2005, 44, 177–186. [CrossRef]

77. Kuusisaari, H. Teachers at the Zone of Proximal Development: Collaboration Promoting or Hindering the Development Process.
Teach. Teach. Educ. 2014, 43, 46–57. [CrossRef]

78. Thorell, L.B.; Lindqvist, S.; Bergman Nutley, S.; Bohlin, G.; Klingberg, T. Training and Transfer Effects of Executive Functions in
Preschool Children. Dev. Sci. 2009, 12, 106–113. [CrossRef] [PubMed]

http://doi.org/10.1126/science.1204529
http://doi.org/10.1016/j.ridd.2016.12.006
http://doi.org/10.1016/j.chb.2017.01.018
http://doi.org/10.1016/j.pmr.2009.07.005
http://doi.org/10.1371/journal.pone.0167373
http://www.ncbi.nlm.nih.gov/pubmed/27875585
http://doi.org/10.1371/journal.pone.0138715
http://www.ncbi.nlm.nih.gov/pubmed/26407242
http://doi.org/10.3389/fnhum.2016.00140
http://www.ncbi.nlm.nih.gov/pubmed/27064316
http://doi.org/10.1016/j.gerinurse.2020.01.019
http://doi.org/10.1016/j.msard.2020.102312
http://doi.org/10.1146/annurev-psych-120710-100431
http://doi.org/10.1016/j.medengphy.2016.09.001
http://doi.org/10.1016/j.chc.2013.03.006
http://doi.org/10.1097/00004583-200502000-00010
http://doi.org/10.1016/j.tate.2014.06.001
http://doi.org/10.1111/j.1467-7687.2008.00745.x
http://www.ncbi.nlm.nih.gov/pubmed/19120418

	Introduction 
	Materials and Methods 
	Sample 
	Assessment Materials 
	Preschool Protocol 
	School Protocol 
	Tele-Rehabilitation Program 
	Procedure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

