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Abstract

Background: Interactive telemedicine applications have been progressively introduced in the assessment of cognitive and
literacy skills. However, there is still a lack of research focusing on the validity of this methodology for the neuropsycho-
logical assessment of children with Specific Learning Disorder (SLD).

Methods: Seventy-nine children including 40 typically developing children (18 males, age 11.5± 1.06) and 39 children with
SLD (24 males, age 12.3± 1.28) were recruited. Each participant underwent the same neuropsychological battery assessing
reading accuracy, speed, and comprehension, writing, numerical processing, computation, and semantic numerical sense,
twice (once during an in-person session (I) and once during a remote (R) home-based videoconference session). Four
groups were subsequently defined based on the administration order. Repeated-measure-ANOVAs with assessment type
(R vs. I testing) as within-subject factor and diagnosis (SLD vs. TR) and administration order (R-I vs. I-R) as between-subject
factors, and between-group t-tests comparing the two assessment types within each time of administration, were run.

Results: No differences emerged between I and R assessments of reading accuracy and speed, numerical processing, and
computation; on the contrary, potential biases against R assessment emerged when evaluating skills in writing, reading
comprehension, and semantic numerical sense. However, regardless of the assessment type, the scores obtained with I
and R assessments within the same administration time point overlapped.

Discussion: These results partially support the validity and reliability of the assessment of children’s learning skills via a
remote home-based videoconferencing system. Implementing telemedicine as an assessment tool may increase timely
access to primary health care and to support research activity.
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Introduction
Specific learning disorders (SLDs) are complex neurodeve-
lopmental disorders characterized by difficulties in learning
and using academic skills in spite of adequate neurological
and sensorial functioning, educational opportunities, and
average intelligence.1 About 5–15% of school-age children
across different languages and cultures are affected by these
disorders which are often associated with negative second-
ary functional and psychosocial outcomes.1 The clinical
diagnosis of such disorders requires psychometric evidence
from a battery of individually administered and culturally
appropriate tests of academic skills that are norm-
referenced or criterion-referenced.1

In the last few decades, healthcare services have been sub-
jected to a gradual digitalization process,2 and interactive tele-
medicine applications have been progressively introduced in
clinical and educational practices.3–7 The term “interactive
telemedicine” (ITM hereafter) refers to a real-time interaction
between patient and clinician conducted remotely via a video-
conferencing system. The use of ITM tools has notably
increased for both assessment of neuropsychological func-
tioning8–12 and remediation treatments.13–16 Further interest
in ITM has recently arisen due to the physical distancing
imposed by the SARS-CoV-2 pandemic that forced, for a pro-
tracted period, the interruption or substitution of traditional
face-to-face assessments in both research activity and clinical
practice.5,12,17–19 The advantages of ITM are multiple and
well-documented. They include simpler and more rapid
access to diagnostic services, especially for people who live
in rural or remote areas and those with cultural, socio-
economic, psychological, or physical disadvantages;
increased rates of early diagnosis and, consequently, early
interventions.2,20–22 Yet, there is still much resistance to the
use of neuropsychological assessment through ITM, espe-
cially in developmental age.23

Although the videoconference neuropsychological
assessment in children is assumed to be reliable and valid
for research purposes, its use in clinical settings is still to
be ascertained. The settings and procedural rules for diag-
nostic screening through ITM are not well-defined, and
there is no consensus among clinicians about how to use
these tools in diagnostic protocols.3 Moreover, it is still
not clear if the lack of a physical relationship between the
examiner could substantially affect the feasibility, accept-
ability, and validity of ITM tools by children.24–27

Previous studies reported good reliability for ITM assess-
ment of cognitive and literacy skills.6,7,28–29 Waite and collea-
gues28 showed good validity and reliability of an
internet-based videoconference system for the assessment of
literacy skills in a sample of 20 children aged 8–13 years.
By comparing the scoring assigned by the experimenter
present at the administration with those of a remotely con-
nected rater, Hodge and colleagues6,7 found high correlations
between teleassessment and face-to-face-rated scores obtained

by children aged 8–12 years with reading difficulties. In a
large cross-sectional study including a total of 893 clinic-
ally referred children and adolescents aged 4–17 years
assessed via either teleassessment or traditional in-person
testing, Hamner and colleagues29 found equivalency
across methods of examination delivery without clinically
meaningful differences in scores of cognitive and aca-
demic tests. Although these studies provided evidence
about the reliability of ITM assessment of cognitive and
literacy tests, they did not lead to the validation of these
remote videoconference neuropsychological assessments.
Recently, Harder and colleagues22 validated home-based
teleneuropsychological assessment in a pediatric sample
of 58 participants aged 6–20 years. Each participant was
administered the same brief neuropsychological battery
of common measures twice, once during an in-person
session and once during a remote home-based videocon-
ference session. Order of sessions was counterbalanced
and time between assessments ranged from 1 to 50 days.
Results showed no significant differences in scores
obtained during the two different assessment types irre-
spective of the order of administration.

Technology is nowadays commonly used in everyday life
for adults and children30; the use of ITM for neuropsycho-
logical assessment of cognitive and literacy skills in children
with SLD can therefore represent a valid alternative in clinical
and research practice. In the present study, we aimed to test
the validity and reliability of a remote home-based videocon-
ference assessment of learning-related skills (i.e., reading
accuracy and speed, reading comprehension, writing, and
mathematics) in both children with SLD and typically devel-
oping (TD) children attending primary and middle school by
administering the same neuropsychological battery twice,
once during an in-person session and once during a remote
home-based videoconference session. The significance of
this study is threefold: (a) the inclusion of both TD children
and children with a clinical diagnosis of SLD allowed us to
investigate whether the remote home-based videoconference
assessment was reliable and valid regardless of the diagnosis;
(b) testing each subject with the same neuropsychological
battery twice (once during an in-person session and once
during a remote home-based videoconference session)
allowed us to evaluate and disentangle the effect of adminis-
tration order, assessment type, and diagnosis; and, (c) since
the same investigator administered and corrected both the
remote home-based videoconference and in-person tests of
each child, we can exclude possible biases deriving from
interrater variability.

Material and methods

Sample

The study sample consists of 79 children including 40 TD
children (18 boys, mean age 11.6± 1.1) and 39 children
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with a clinical diagnosis of SLD (24 boys, mean age 12.25
± 1.3). Subjects with a clinical diagnosis of SLD1 were
recruited at the Child Psychopathology Unit, Scientific
Institute, IRCCS Eugenio Medea (Bosisio Parini, Lecco)
or by recalling participants from previous research pro-
jects.31 In particular, we included children with SLD who
received a clinical diagnosis of developmental dyslexia
and/or developmental dysorthography and/or developmen-
tal dyscalculia. TD were recruited among students attending
primary and middle school. In order to be included in the
present study, TD must not have any previous clinical diag-
nosis of neurodevelopmental disorders and any previous
clinical-referred sensorial and/or neurological deficits.
Both children with SLD and TD had average performance
IQ (i.e., >85 as measured by either the Cattel test32 or the
matrix subtest of the Wechsler Intelligence Scale for
Children-Fourth Edition33) were native Italian speakers
and attended school from Grade 5 to Grade 8 (from 10 to
14 years old). Informed written consent was obtained by
parents of all the participants included in the study.

Each participant underwent the same neuropsycho-
logical assessment twice, once during a traditional
in-person (I) session and once during a remote (R) video-
conference session in a quiet room in their own home (here-
after, assessment type). Time between assessments ranged
from 2 to 10 days (M= 6.75, SD= 1.74 days); the same
experimenter administered and corrected the tests of the
same child in both sessions.

Regarding subjects with SLD, children entering the clin-
ical evaluation at the Child Psychopathology Unit, Scientific
Institute, IRCCS Eugenio Medea (Bosisio Parini, Lecco)
were assigned to the I-R administration order (SLD_I-R; n
= 20); children recalled from previous research projects inves-
tigating the genetic underpinnings of SLD31 were assigned to
the R-I administration order (SLD_R-I; n= 19). Regarding
this latter group, children were recalled if they participated
in previous studies at least 12 months before the data collec-
tion for the current project. No significant differences in diag-
nosis of SLD (χ2(3)= 5.292, p= 0.152) and in clinically
assessed comorbidity with other neurodevelopmental disor-
ders (χ2(2)= 4.256, p= 0.119) emerged between the SLD
groups (SLD_R-I vs. SLD_I-R). TD were randomly assigned
to R-I (n= 20) or I-R administration (n= 20) order. The four
groups (SLD_I-R, SLD_R-I, TD_I-R, and TD_R-I) signifi-
cantly differed for age (F3,78= 6.569, p<0.001), but they
did not significantly differ for sex (χ2(3)= 3.276, p= 0.351)
and performance IQ (F3,75= 2.069, p= 0.112).

Neuropsychological assessment

For both assessment types, subjects underwent the follow-
ing neuropsychological evaluation:

1. Reading as assessed by passage-of-text,34 four lists of
24 single unrelated words and three lists of 16 single

unrelated pseudowords.35 Regarding passage-of-text
reading, texts increase in complexity with grade level.
For all tests, children were asked to read as fast and
accurately as possible; accuracy (number of errors)
and speed (time in seconds) were recorded, and
z-scores were obtained on grounds of grade norms
from the general population. Text reading tests were
standardized on more than 12,000 Italian-speaking chil-
dren attending from Grade1 to Grade8.34 T-tests com-
paring children with developmental dyslexia and
typical readers confirmed the discriminant validity of
all texts in all grades (p< 0.001) in both speed and
accuracy parameters; reliability was at best moderate
in both accuracy (test–retest rs= 0.59–0.79) and speed
(test–retest rs= 0.84–0.96).34 Single unrelated words
and pseudowords reading tests were standardized on
929 Italian-speaking children attending from Grade2
to Grade8; both tests showed good reliability for accur-
acy (test–retest r= 0.56) and speed (test–retest r=
0.77).35 Since r correlations among the different tests
within accuracy and speed were all substantial regard-
less of assessment type (I: mean rs= 0.64 and rs=
0.83 for accuracy and speed, respectively; R: mean rs
= 0.64 and rs= 0.84 for accuracy and speed, respect-
ively), two composite scores (i.e., Reading Accuracy
and Reading Speed) were obtained by averaging the
z-scores from the three scores within each parameter
(i.e., accuracy and speed);

2. Reading comprehension as assessed by the reading com-
prehension test.34 Children were asked to read the text
(aloud or in their mind) and then answer multiple choice
questions. Texts increase in complexity with grade level.
Reading comprehension tests were standardized on more
than 12,000 Italian-speaking children attending from
grade 1 to grade 8.34 T-tests comparing children with
developmental dyslexia and typical readers confirmed
the discriminant validity of all texts in almost all grades
(Grade3: p= 0.073, Grade4: p<0.150, Grade5: p<
0.001, Grade6: p<0.001, Grade7: p= 0.073, and
Grade8: p<0.001)34; reliability was at best modest (test–
retest rs= 0.29–0.79).34 Accuracy (number of correct
responses) was recorded, and z-scores were obtained on
grounds of grade norms from the general population;

3. Writing as assessed by the untimed sentences writing
under dictation subtest.35 Children were asked to write
down 12 sentences containing homophones. The
experimenter dictated the sentences following the
child’s writing rhythm. Writing test was standardized
on 929 Italian-speaking children attending from
Grade2 to Grade8; reliability was at best modest (test–
retest r= 0.37).35 Number of errors was recorded, and
z-scores were obtained on grounds of grade norms
from the general population;

4. Mathematical abilities as assessed by the BDE 2—
Batteria discalculia evolutiva, Test per la diagnosi dei
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disturbi dell’elaborazione numerica e del calcolo in età
evolutiva—8–13 anni.36 The battery was standardized
on more than 800 Italian-speaking students attending
from Grade3 to Grade8. An exploratory factor analysis
identified a 3-factor structure (numerical processing, com-
putation, and semantic numerical skills), explaining
42.28% of the total variance; the internal consistency of
the three factors, measured with Cronbach’s alpha, was
satisfactory (0.74 for numerical processing, 0.62 for com-
putation, and 0.69 for semantic numerical skills). We
therefore assessed the following mathematical skills:
(a) Numerical processing as assessed by three subtests:

(1) counting: children were asked to count to 80–
140as fast andaccurately as theycould and the exam-
iner recorded the time (in seconds). Subsequently,
children were asked to count backward from 140 as
much as they could within the time they took to
count forward; (2) number reading: children were
asked to read as fast and accurate as possible four
lists of 48 numbers within 60 s; and, (3) number
writing under dictation subtests: children were
asked to repeat and write down 18 numbers;

(b) Computation as evaluated by two subtests: (1)
multiplication: children were asked to solve as
fast and accurately as possible 18 multiplications
read by the experimenter within 3 s; and, (2)
mental calculation: children were asked to solve
as fast and accurately as possible 18 mental calcu-
lations (both additions and subtractions) read by
the experimenter within 30 s;

(c) Semantic numerical skills as tested by two subtests:
(1) number triplets: children were asked to identify
the highest number within each triplet (n= 18) and
to complete as many trials as they could in 2 min;
and, (2) approximate calculations: children were
given multiple choice (four possible answers are
presented) and were asked to select the correct
answer for up to 18 operations within 2 min.

(d) For all subtests, accuracy (number of correct items)
was recorded, and z-scores were obtained on
grounds of grade norms from the general
population.

Online implementation of the neuropsychological
assessment

PsychoPy builder version 2021.1.437 was used to convert
the neuropsychological assessment into the remote home-
based videoconference assessment type. Although the
implementation of the testing battery from I to R assessment
type was accomplished by keeping the stimuli and the
answering procedure as similar as possible, some minor
changes were necessary for some tests (see the “Changes
in the tests’ administration during the two assessement

types). PsychoPy is an open-source package for running
experiments in Python. In addition, it is possible to run
the same experiments online through an open-source
repository, the Pavlovia platform,38 by compiling a
JavaScript version of the task. On the Pavlovia platform,
each experiment can be accessed via the corresponding
URL without being able to download any stimulus. Two
URLs were created: one for reading (with passage-of-text
reading and reading comprehension specific to the grade
attended by the subject) and one for mathematics. Each
subtest was preceded by written instructions that were
also read aloud by the experimenter. In order to proceed
during testing, participants were instructed to press the
spacebar whenever they were ready. Answers provided by
the participants through the mouse/touchpad or spacebar
were stored on the Pavlovia platform and subsequently
downloaded for scoring. Unlike other platforms for the
administration of digital psychological testing, the
Pavlovia platform does not require participants to download
any software on their devices, is General data protection
regulation-GDPR compliant, and has a relatively low mon-
etary cost.38 The R assessment type was performed during a
Zoom videoconference during which the experimenter
shared the URLs with participants and explained general
instructions for running the experiment. Each Zoom video-
conference was recorded. Regardless of the device used and
its graphics card, stimuli’s visualization on the screen was
unchanged.

Changes in the tests’ administration during the two
assessment types

Reading accuracy and speed. For all the reading subtests, all
the psychophysical features (i.e., font, font size, line
spacing) of the print version were maintained in the R
assessment.

In both assessment types, reading accuracy was evalu-
ated by the experimenter who recorded errors while the
child was reading and the unrelated single words and pseu-
dowords reading lists were presented one at a time. Reading
speed was tracked by the experimenter using a chronometer
in the I assessment, whereas it was automatically recorded
by the software (i.e., a chronometer started automatically
when the stimulus appeared on screen and children were
instructed to press the spacebar as soon as they finished
reading to stop it) in the R assessment. However, in order
to avoid a potential loss of information in case the child
forgot to press the spacebar, the experimenter simultan-
eously used a chronometer to manually record speed.

Reading comprehension. In both assessment types, subjects
were asked to read a passage of text. During the answering
phase, in the I assessment, text and multiple-choice questions
were presented on different papers and subjects could go back
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to the text as many times as they wanted, follow their own
order of response and correct the given answers at any time
using a pencil. While in the R assessment, the text remained
displayed on the left side of the screen and one question at
a time was presented on the right side; subjects needed to
press the spacebar to see next questions, had to pick among
the multiple options using the mouse/touchpad and, due to
technical restrictions, after providing the answer, they could
not turn back to correct it.

Writing. The instructions did not change between the two
assessment types except that, in the R assessment, subjects
were asked to show the paper to the experimenter as soon as
the administration ended and to send a copy of it via email
at the end of the neuropsychological assessment.

Numerical processing. For all the subtests within this neuro-
psychological domain, the administration did not change
between the two assessment types except for the number
reading and number writing under dictation subtests. In par-
ticular, in the R assessment of the number reading subtest,
the lists of numbers disappeared after 2 min. Regarding the
number writing under dictation subtest, children were asked
to show the paper to the examiner as soon as the adminis-
tration ended and to send a copy of it via email at the end
of the neuropsychological assessment.

Computation. In both assessment types, the experimenter
recorded the answers provided by the children. In the R
assessment, the stimuli were previously recorded, uploaded,
and then played via the Pavlovia platform. Children were
instructed to press the spacebar as soon as they were
ready to move on to the subsequent item. In order to
assess if the response provided by the child was given
within the expected maximum time, a sound was automat-
ically played by the software after 3 s (for multiplications)
and 30 s (for mental calculations).

Semantic numerical skills. In the I assessment, all items and
their multiple choices were visible on the paper at the same
time so that subjects could follow their own order of response
and correct the given answers at any time using a pencil. On
the contrary, in the R assessment, one item at the time
appeared on the screen. Children had to pick among the mul-
tiple options using the mouse/touchpad and, after providing
the answer, subjects could not review or correct it.

Statistical analyses

A set of repeated-measure ANOVAs were run separately
for each neuropsychological domain (Reading Accuracy,
Reading Speed, Reading Comprehension, Writing,
Numerical processing, Computation, Semantic Numerical
skills) with assessment type (R vs. I testing) as within-
subject factor, diagnosis (SLD vs. TD), and administration

order (R-I vs. I-R) as between-subject factors, and age as
covariate. Then, in order to control for potential practice
effects and following significant interactions emerging
from the overall ANOVA, we conducted separate
between-group t-tests comparing the two assessment
types within each time of administration (comparing R-I
vs. I-R groups in first evaluation and in second evaluation).
All the statistical analyses were run in SPSS Version 28.0.39

Results
Table 1 showed the descriptive statistics for each neuro-
psychological domain (Reading Accuracy, Reading
Speed, Reading Comprehension, Writing, Numerical pro-
cessing, Computation, Semantic Numerical skills) in each
assessment type (i.e., I vs. R) within each group
(SLD_I-R, SLD_R-I, TD_I-R, TD_R-I).

Reading accuracy

A main effect of diagnosis was found (F1,74= 44.210,
p<0.001, η2=.374) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−1.462, SE=
.183; TD: M= .291, SE= .181). Moreover, the interaction
between assessment type and administration order (F1,74=
17.529, p<0.001, η2=.192) was significant, and the inter-
action between assessment type, diagnosis, and administration
order showed a trend toward significance (F1,74= 3.772, p=
0.056, η2=.049). Within the two administration orders (I-R
and R-I), the difference between the two assessment types
was significant (I-R: p<0.001, R-I: p= 0.016), suggesting
the presence of a practice effect. Interestingly, this effect
seemed to be modulated by the diagnosis (TD_I-R: p=
0.084, TD_R-I: p= 0.786, SLD_I-R: p= 0.006, SLD_R-I: p
= 0.002). In other words, only children with SLD in both
administration order groups had better scores in the second
assessment than in the first assessment regardless of the
assessment type. On the contrary, TD in both administration
order groups showed similar performances in the first and
the second assessments (see Figure 1).

In order to control for practice effect and the significant
diagnosis effect, four separate between-group t-tests were
used. Results showed that there were no significant differ-
ences between the two assessment types within each time of
administration (children with SLD at time 1: t(37) = −.200,
p= 0.843; children with SLD at time 2: t(37) = −.306, p=
0.762; TD at time 1: t(38) = −.389, p= 0.699; TD at time 2:
t(38)=.774, p= 0.444). These findings suggest that, within
each timepoint, the two different assessment types did not
lead to any difference in the subjects’ scores.

Reading speed

A main effect of diagnosis was found (F1,74= 65.620, p<
0.001, η2=.470) suggesting that children with SLD had
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overall lower scores than TD (SLD: M=−1.722, SE=
.177; TD: M= .350, SE= .175). Moreover, the interaction
between assessment type and administration order was sig-
nificant (F1,74= 90.031, p < 0.001, η2=.549). Within the
two administration orders (I-R and R-I), the difference
between the two assessment types was significant (R-I: p
< 0.001 and I-R: p < 0.001), suggesting the presence of a
practice effect (see Figure 2).

In order to control for practice effect, two separate
between-group t-tests were used. Results showed that,
regardless of the diagnosis, there were no significant
differences between the two assessment types within each
time of administration (assessment at time 1, t(77) = −.701,
p= 0.486 and assessment at time 2, t(77) = −.978, p=
0.331). These findings suggested that, within each time-
point, the two different assessment types did not lead to
any difference in the subjects’ scores.

Reading comprehension

A main effect of diagnosis was found (F1,73= 8.180, p=
0.006, η2=.101) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−.425, SE=
.151; TD: M= .192, SE= .147). Moreover, the interaction

between assessment type and administration order was sig-
nificant (F1,73= 6.934, p= 0.010, η2=.087). Within the two
administration orders (I-R and R-I), the difference between
the two assessment types was significant only in the R-I
order (p= 0.007) and not in the I-R order (p= 0.345).
These results suggest that a practice effect was present
only in the R-I order (see Figure 3). In order to control
for practice effect, two separate between-group t-tests
were used. Results showed that, regardless of the diagnosis,
there were no significant differences between the two
assessment types within each time of administration
(assessment at time 1, t(77)= 1.156, p= 0.251 and assess-
ment at time 2, t(76) = −.007, p= 0.995). These findings

suggested that, within each timepoint, the two different

assessment types did not lead to any difference in the sub-

jects’ scores.

Writing

A main effect of diagnosis was found (F1,71= 16.025, p<
0.001, η2=.184) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−1.411, SE=
.245; TD: M=−0.016, SE= .238). In addition, the

Table 1. Descriptive statistics for each neuropsychological domain in each assessment type within each group (mean and standard deviation
are reported).

SLD_R-I SLD_I-R TD_R-I TD_I-R

Reading Speed_I −1.56± 0.98 −1.97± 1.65 0.88± 0.79 −0.00± 0.82

Reading Accuracy_I −1.15± 1.23 −1.78± 1.78 0.31± 0.66 0.16± 0.93

Reading Comprehension_I −0.45± 0.97 −0.28± 1.39 0.46± 0.94 0.06± 0.92

Writing_I −1.18± 1.43 −1.45± 2.1 0.03± 0.62 −0.05± 0.72

Numerical Processing_I −0.58± 0.58 −0.69± 1.13 0.70± 0.57 0.12± 0.54

Computation_I −1.47± 1.00 −1.32± 1.12 0.32± 0.60 −0.12± 0.90

Semantic Numerical Sense_I −0.58± 0.67 −1.05± 1.08 0.25± 0.48 −0.05± 0.74

Reading Speed_R −2.03± 1.02 −1.57± 1.55 0.49± 0.78 0.28± 0.83

Reading Accuracy_R −1.68± 1.31 −1.28± 1.54 0.27± 0.69 0.46± 0.60

Reading Comprehension_R −0.88± 0.82 −0.13± 0.9 0.07± 0.91 0.19± 1.04

Writing_R −1.74± 1.84 −1.47± 2.40 0.16± 0.63 −0.08± 0.86

Numerical Processing_R −0.77± 0.73 −0.56± 0.84 0.36± 0.54 0.40± 0.65

Computation_R −1.63± 1.12 −1.07± 1.17 0.39± 0.57 0.06± 0.78

Semantic Numerical Sense_R −1.00± 0.84 −0.81± 0.92 −0.12± 0.75 0.05± 0.57

I: In-person assessment; R: Remote videoconference assessment.
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interaction between assessment type, diagnosis, and admin-
istration order was significant (F1,71= 6.289, p= 0.014,
η2=.081), suggesting that the practice effect was modulated
by the diagnosis. In particular, scores obtained by the
SLD_R-I group differed according to the assessment type

(SLD_R-I: p < 0.001), with the in-person assessment yield-
ing better scores than the remote home-based videoconfer-
ence assessment (see Figure 4). On the contrary, scores of
the TD_I-R, TD_R-I, and SLD_I-R groups did not
change between the first and second assessment regardless

Figure 1. Repeated-measure ANOVA: Reading accuracy. SLD_I-R: children with SLD in-person vs. remote; SLD_R-I: children with SLD
remote vs. in-person; TD_I-R: typically developing children in-person vs. remote; TD_R-I: typically developing children with SLD remote vs.
in-person. *** p < 0.001.

Figure 2. Repeated-measure ANOVA: Reading speed. I-R: children who underwent first in-person assessment and then remote
assessment irrespectively from the diagnosis; R-I: children who underwent remote assessment first and then in-person assessment
irrespectively from the diagnosis. *** p < 0.001.
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of the assessment type (TR_I-R: p= 0.476, TR_R-I:
p= 0.377, SLD_I-R: p= 0.928).

In order to control for practice effect and the significant
diagnosis effect, four separate between-group t-tests
were used. Results showed that there were no significant

differences between the two assessment types within
each time of administration (children with SLD at time
1: t(37) = .451, p= 0.655; children with SLD at time 2:
t(35) = −.446, p= 0.658; TRs at time 1: t(37) = −.958,
p= 0.344; TRs at time 2: t(38) = −.422, p= 0.676). These

Figure 3. Repeated-measure ANOVA: Reading comprehension. I-R: children who underwent first in-person assessment and then remote
assessment irrespectively from the diagnosis; R-I: children who underwent remote assessment first and then in-person assessment
irrespectively from the diagnosis. ** p < 0.01.

Figure 4. Repeated-measure ANOVA: Writing. SLD_I-R: children with SLD in-person vs. remote; SLD_R-I: children with SLD remote vs.
in-person; TD_I-R: typically developing children in-person vs. remote; TD_R-I: typically developing children with SLD remote vs. in-person.
* p < 0.05; *** p < 0.001.
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findings suggested that, within each timepoint, the two dif-
ferent assessment types did not lead to any difference in
the subjects’ scores.

Numerical processing

A main effect of diagnosis was found (F1,70= 49.300, p<
0.001, η2=.413) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−.680, SE=
.113; TD: M= .425, SE= .105). Moreover, the interaction
between assessment type and administration order was sig-
nificant (F1,70= 15.239, p < 0.001, η2=.179). Within the
two administration orders (I-R and R-I), the difference
between the two assessment types was significant (I-R: p
= 0.017 and R-I: p= 0.003), suggesting the presence of a
practice effect (see Figure 5).

In order to control for practice effect, two separate
between-group t-tests were used. Results showed that,
regardless of the diagnosis, there were no significant differ-
ences between the two assessment types within each time of
administration (assessment at time 1, t(73) = −.251, p=
0.803 and assessment at time 2, t(77) = −.817, p= 0.416).
These findings suggested that, within each timepoint, the
two different assessment types did not lead to any differ-
ence in the subjects’ scores.

Computation

A main effect of diagnosis was found (F1,70= 54.083, p<
0.001, η2=.436) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−1.393, SE=

.152; TD: M= .163, SE= .141). Moreover, the interaction
between assessment type and administration order showed
a trend toward significance (F1,70= 3.594, p= 0.062,
η2=.049) (see Figure 6).

Semantic numerical skills

A main effect of diagnosis was found (F1,69= 31.458, p <
0.001, η2=.313) suggesting that children with SLD had
overall lower scores than TD (SLD: M=−.881, SE=
.118; TD: M= .044, SE= .110). Moreover, the inter-
action between assessment type and administration
order was significant (F1,69= 10.808, p= 0.002,
η2=.135). Within the two administration orders (I-R and
R-I), the difference between the two assessment types
was significant only in the R-I order (p= 0.001) and
not in the I-R order (p= 0.197). These results suggest
the presence of a practice effect only in the R-I order,
with the second administration performed in-person
yielding better scores than the first administration per-
formed remotely (see Figure 7).

In order to control for practice effect, two separate
between-group t-tests were used. Results showed that,
regardless of the diagnosis, there were no significant differ-
ences between the two assessment types within each time of
administration (assessment at time 1, t(72)=.278,
p= 0.782 and assessment at time 2, t(77)=−1.249, p=
0.215). These findings suggested that, within each time-
point, the two different assessment types did not lead to
any difference in the subjects’ scores.

Figure 5. Repeated-measure ANOVA: Numerical processing. I-R: children who underwent first in-person assessment and then remote
assessment irrespectively from the diagnosis; R-I: children who underwent remote assessment first and then in-person assessment
irrespectively from the diagnosis. *** p < 0.001.
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Discussion
The purpose of this study was to investigate the validity and
reliability of a remote home-based videoconference assess-
ment of learning-related neuropsychological domains (i.e.,
reading accuracy, speed and comprehension, writing,

numerical processing, computation, and semantic numerical
skills). We accordingly tested (1) whether there were signifi-
cant differences between the scores obtained by each partici-
pant during two different assessment types administered
during separate testing sessions which happened 2–10 days
apart, and (2) whether there were differences between the

Figure 6. Repeated-measure ANOVA: Computation. I-R: children who underwent first in-person assessment and then remote assessment
irrespectively from the diagnosis; R-I: children who underwent remote assessment first and then in-person assessment irrespectively from
the diagnosis. *** p < 0.001.

Figure 7. Repeated-measure ANOVA: Semantic numerical skills. I-R: children who underwent first in-person assessment and then remote
assessment irrespectively from the diagnosis; R-I: children who underwent remote assessment first and then in-person assessment
irrespectively from the diagnosis. ** p < 0.01; *** p < 0.001.
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two assessment types within each time of administration
(comparing R-I vs. I-R groups in the first evaluation and in
the second evaluation separately). This study therefore sys-
tematically compared two assessment types (remote home-
based videoconference vs. in-person) of several
learning-related neuropsychological skills in both TD chil-
dren and children with a clinical diagnosis of SLD.

Taken together, our findings showed that the remote
home-based videoconference assessment is as reliable as
vis-à-vis assessment in discriminating children with SLD
from TD and could therefore represent a viable option
that clinicians can adopt in their practice (see Table 2).
As expected, a significant main effect of the diagnosis
across all the investigated learning-related neuropsycho-
logical domains emerged, suggesting that children with
SLD obtained significantly lower scores compared to TD
children regardless of the assessment type and the adminis-
tration order. In addition, with the I to R adaptation imple-
mented here, both in-person and remote home-based
videoconference assessment types can be considered valid
and reliable for evaluating reading accuracy and speed,
and numerical processing and computation. Yet, a note of
caution is required regarding the validation of writing
under dictation, reading comprehension, and semantic
numerical sense skills. For these tasks, our results showed
a potential bias against the remote home-based videoconfer-
ence assessment type. This might be better explained by the
changes to the administration that were deemed necessary
during the remote implementation of these tests due to soft-
ware limitations, and/or by technical problems (e.g., insuf-
ficient bandwidth availability).28 Adjustments to the remote
implementation of the test used to assess these skills and the
adoption of more ecological technical devices to provide
answers (e.g., touch screen pen) could therefore be neces-
sary in order to make the assessment of these abilities as
reliable and valid as the in-person evaluation, but would
entail additional costs. However, no significant difference
between the two assessment types was found within each
time of administration, suggesting an overlap between the
scores obtained with the two assessment types.

Moreover, we observed a significant practice effect for
almost all the learning-related domains. More specifically,
regardless of assessment type and consistently across
groups, the scores obtained during the second assessment
were always higher compared to those obtained in the first
one for “numerical processing” and “reading speed.” For
other learning-related neuropsychological domains (i.e.,
reading accuracy, reading comprehension, writing, and
semantic numerical sense), the practice effect was not equal
among the different experimental groups. Regarding
“reading accuracy,” scores obtained by TD subjects did not
change between first and second assessment regardless of
the order followed in the administration of the different
assessment types. The absence of a practice effect in TD chil-
dren may reflect a ceiling effect achieved from the first

assessment. On the contrary, both SLD_I-R and SLD_R-I
groups showed higher scores during the second evaluation
showing a significant practice effect regardless of the order
followed in the administration of the different assessment
types. A similar pattern of results was obtained for
“writing” assessment, where practice effect was not found
in TD children, possibly reflecting a ceiling effect; however,
this time only the SLD_R-I group did show a significant prac-
tice effect, which might be indicative of a potential confound-
ing effect of the remote home-based videoconference
assessment. According to previous studies reporting difficul-
ties during remote videoconference test administration pro-
cedure for tasks involving dictation or oral repetition,28 we
can hypothesize that the observed group differences might
be due to technological issues, such as the stability of the
internet connection or the functionality of computer devices.
Analogously, “Reading comprehension” and “semantic
numerical sense’ showed a significant practice effect only in
the R-I groups, but not in the I-R ones, irrespectively from
the diagnosis. This result suggests the presence of a potential
bias against the remote home-based videoconference assess-
ment type, for which participants’ performance is hindered.
The difference in administration between the in-person and
the remote home-based videoconference assessments was
greater in this neuropsychological domain compared to the
others (i.e., each item appeared on the screen one at a time,
children could not correct their responses or turn back to
the previous item, answers were provided by using the
mouse/touchpad; cf. “Changes in the tests’ administration
during the two assessement types” paragraph) and might
have led to group differences in the practice effect. We can
therefore hypothesize that these differences in the remote
implementation of this test made the remote home-based
videoconference assessment more difficult and time-
consuming compared to the in-person assessment. Finally,
computation did not show a significant practice effect for
any group. This result could be explained by the requests of
the tests included in this neuropsychological domain in
which children were required to mentally solve calculations
in the shortest possible time.

The current study is not without limitations. Firstly, we did
not include a third experimental condition during which chil-
dren underwent an in-person computerized assessment. This
prevented us from clearly concluding whether our findings
reflected the effect of different assessment types (i.e.,
remote home-based videoconference vs. in-person) or they
reflected the effect of computerized vs. face-to-face with an
examiner. Replication studies are therefore needed.
Secondly, we did not ascertain the stability of internet connec-
tion before starting the evaluation. Previous studies showed
that technological issues, such as stability of internet connec-
tion and functionality of personal devices, could influence the
subjects’ performance.28 Thirdly, although we asked parents
to identify a quiet room for remote home-based videoconfer-
ence assessment, the setting in which this assessment took
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place was not standardized. Defining the criteria of the setting
where the remote home-based videoconference assessment
must be carried out would be helpful in order to reduce the
environmental effects on performance. Fourthly, we did not
collect information regarding the acceptability and pleasant-
ness of the remote home-based videoconference administra-
tion for children, parents, and clinicians. Such information
is crucial before proposing remote home-based videoconfer-
ence assessment of learning-related neuropsychological
skills as a reliable tool for the clinical practices.40–43 Fifthly,
we did not randomize children with SLD. Regardless of this
methodological limitation, no significant differences
emerged between SLD_I-R and SLD_R-I groups when com-
paring the diagnosis. Sixthly, only children who have access
to a compatible device could enroll in the study; hence, our
results might not be generalizable to children from lower
socioeconomic households. However, the devices required
for the implemented remote home-based videoconference
assessment are commonly used and available at an affordable
cost. Finally, although the overall study population was quite
small, post hoc power calculation was conducted using
GPower.44 The analysis was modeled for a repeated-measures
ANOVA, a sample size of 79 subjects, four groups with two
measurements, an average effect size (η2) of the practice effect
of 0.17, an average bivariate correlation between the twomea-
surements of 0.78, and alpha equal to 0.05. Under these
assumptions, the statistical power was above 90%.

Conclusion
The implementation of telemedicine’s procedures during the
clinical practices may offer opportunities to improve cost-
effectiveness and accessibility of the health system. In the
present study, we provided initial evidence about the use of
remote home-based videoconference assessment for the
evaluation of learning-related neuropsychological domains.
While our data support the use of the remote home-based
videoconference assessment as a reliable and valid tool for
evaluating reading accuracy and speed, numerical processing,
and computation, some cautions are required when assessing
reading comprehension, writing, and semantic numerical
skills. However, cumulatively, the results of this study
suggest the validity and reliability of the assessment of chil-
dren’s learning skills via a remote home-based videoconfer-
ence system. New studies aimed at systematically
investigating the reliability and validity of the remote home-
based videoconference assessment of learning-related neuro-
psychological skills must gain momentum and be of the
utmost importance for clinical practices. Implementing tele-
medicine as an assessment tool has the potential to increase
timely access to primary health care for many children.
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