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Tele-assessment of cognitive functions in children: a
systematic review
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and Chiara Pecini
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ABSTRACT ARTICLE HISTORY
Cognitive Tele-Assessment approach (CTA) has been widely used in Received 23 June 2021
adults for clinical, research, and screening purposes. In the last Accepted 8 November 2021
decades, it has been considered a useful tool for evaluating child KEYWORDS
development in both clinical and educational settings and new Remote assessment; tele-
instruments for CTA in children have been developed. In compar- assessment; child; cognition;
ison to In Person Assessment (IPA), CTA can have several advan- development
tages, such as increasing accessibility, cutting waiting lists, reducing
time and travel costs, and assisting with infection control by mini-
mizing face-to-face contact in times of pandemic. Nevertheless,
several issues related to the feasibility and reliability of using CTA
to evaluate cognitive development are still open. The present
systematic review has a twofold aim: 1. to describe the cognitive
functions that are most frequently measured by CTA in children, the
procedures used, and the characteristics of the samples investi-
gated; 2. to investigate the agreement between CTA and IPA scores
in children.
In the present systematic review, 23 studies using CTA in chil-
dren, with typical or atypical development, have been selected and
analyzed. Results support the similarities in performance scores
between IPA and CTA and good compliance by children and their
families in participating in CTA. Nonetheless, most studies suggest
that several methodological precautions must be taken to manage
technical and procedural characteristics that may represent chal-
lenges for CTA of children. Suggestions for a correct use of CTA,
factors affecting the validity of the results and directions for future
research are discussed.

Introduction

In the last few decades, the scientific panorama has highlighted the utility of Cognitive
Tele-Assessment (CTA) that is a type of assessment of cognitive functioning in which
examiners and participants interact through telecommunications technologies rather
than being in the same place (Hodge et al., 2019a; Krach et al., 2020). Further interest
in CTA has recently arisen due to the physical distances imposed by Covid-19 emergency
that required, for a protracted period, the interruption or substitution of traditional face-
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to-face interactions in all research and clinical fields, both in adults and children (Farmer
et al., 2020). Therefore, it is of paramount importance to describe the results of studies
using tele-assessment and provide recommendations and guidelines for future clinical
and research procedures. This need is even more pronounced for children because of
their higher variability in engagement, attention, and compliance in comparison to adults
(Hodge et al.,, 2019a; Manning et al., 2020; Raman et al., 2019; Salinas et al., 2020).

This article aimed at reviewing existing studies of CTA in children in order to:i) report
the cognitive functions that are most frequently measured by CTA in children, the
procedures used and the characteristics of the samples investigated; and ii) investigate
the agreement in children’s scores between CTA In Person Assessment (IPA).

Information and communication technologies in e-Health

Since the 1960s, e-health, that is any use of information and communication technologies
(ICT) in the health system, has been progressively introduced in clinical and educational
practices (Hodge et al., 2019a; Raman et al., 2019). Moreover, specific academic associa-
tions, such as the American Telemedicine Association, have been founded. Indeed, the
use of ICT to provide health care remotely (Jessiman, 2002; Nagel & Penner, 2016)
addresses accessibility issues due to distance and/or different family and special needs
(Ciccia et al.,, 2011; O’Brian et al., 2014; Pearl et al., 2014). The use of tele-health tools has
notably increased both for treatment (i.e., tele-rehabilitation, tele-intervention) and
assessment (i.e., tele-assessment, online assessment, videoconferencing assessment) of
cognitive functioning. This refers to the mental processes involved in receiving, selecting,
storing, processing, and retrieving information from the environment, and include
intelligence, language, learning, memory, attention, executive functions, perception,
visuo-spatial abilities, motor-praxis functions, and academic skills (Lezak, 1995; Vallar
& Papagno, 2007).

ICTs are considered feasible and reliable devices for administering cognitive
assessment as, in comparison to traditional paper and pencil-standardized tests,
they may provide multi-sensorial and motivating environments, thus increasing
compliance and participation, especially in children (Luciana & Nelson, 2002).
Moreover, nowadays, given that technologies are commonly used in everyday con-
text, the cognitive assessment by ICT can be considered an ecologically valid tool to
evaluate human mental functioning in specific circumstances. Finally, ICT opens to
the possibility to obtain digital data on children with special educational needs to be
used for clinical and diagnostic purposes. The Automated Working Memory
Assessment (AWMA; Alloway, 2007) and the Cambridge Neuropsychological Test
Automated Battery (CANTAB; Green et al., 2019; Luciana & Nelson, 2002) are
two well-known examples of batteries using ICT to evaluate cognitive functioning
in children, with typical and atypical development. AWMA assesses working mem-
ory and CANTAB assesses several cognitive processes. Both batteries require mini-
mal training because the administration and scoring are fully automated and test
scores are calculated directly by the software. Stemming from these two examples of
ICT batteries to assess cognitive development, Luciana and Nelson (2002) have
identified a few challenges in the use of ICT: a tendency to a compulsory use of
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the touchscreen in young children, a variability in the computer characteristics, and
an intrusion of confounding variables like the lack of motivation due to the absence
of a direct human relationship.

Nevertheless, the use of CTA in children has several benefits mainly related to the
possibility of overcoming geographical, cultural, socio-economical and psychological
barriers. For instance, in the USA, 15% of children do not receive a timely diagnosis
because of both distance and cultural factors (Cortiella & Horowitz, 2014; Wright,
2020); in such circumstances, connecting remotely may be the only possible mod-
ality (Eriks-Brophy et al., 2008). CTA may also be useful when there is a shortage of
experts in a range of locations or when the access to experts is restricted, as it is
currently happening due to the pandemic (Corona et al, 2020; Sherwood &
MacDonald, 2020; Wright, 2020). Moreover, CTA can meet the needs of children
with medical, psychiatric, and physical conditions that make it challenging to travel
or be away from their own environment for a long time (Harder et al., 2020;
Ragbeer et al., 2016). Approximately 30 million people in the world fall in this
category as they are affected by rare diseases and a huge number of other medical
conditions. Finally, CTA offers ample opportunities to save time and money, as
families may avoid long and expensive trips or taking time off work as well as
clinicians may save scoring time, as the online tele-assessment platforms can auto-
matically score child's responses and tests’ output, thus, increasing the number of
patients adequately assessed (Hodge et al., 2019a; Jessiman, 2002; Ragbeer et al,
2016). Another potential benefit is early diagnosis and early intervention (Corona et
al., 2020; Eriks-Brophy et al., 2008; Judrez et al., 2018).

Over several advantages, there is still a public resistance to the use of CTA in
children as it is assumed to have a research validity, but not a clinical one (May &
Erikson, 2014). While the setting and the procedural rules for IPA are well defined
and CTA on adults has been widely studied (Galusha-Glasscock et al., 2016;
Wadsworth et al, 2018), there is a call for the development and refinement of
guidelines for use of CTA in children, regarding the technology and personnel
requirements, parameters of assessments and cognitive functions that can be
assessed. For instance, the lack of a direct relationship between the examiner and
the child, a fundamental characteristic of both the educational and clinical setting,
may have several consequences for the feasibility and acceptability of CTA. Privacy
and data protection too are fundamental issues to be considered during a CTA
(American Psychological Association Services (APA Services), 2020b). A further
variable that must be considered before choosing CTA is the presence of inequalities
in the population in terms of the accessibility to technologies (Harder et al., 2020).
Moreover, not all cognitive tests are suitable for tele-assessment as some of them
may not be amenable to being presented remotely. Finally, the complexity of the
web and the digital parameters of the CTA may impose detailed planning phases as
well as along training for the examiners and the participants (Harder et al., 2020;
Raman et al., 2019; Sutherland et al., 2017). Because of the brief history of CTA,
these and other issues have not yet been systematically addressed and, most impor-
tantly, it is unclear whether norms and standardizations make CTA comparable to
IPAin terms of reliability.
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Rationale and objective of the review

To date, there are no reviews of the studies using tele-assessment to measure a broad
range of cognitive functions in children. The two existing reviews in the field of CTA in
children focused on the tele-assessment of speech and language (Edwards et al., 2012;
Taylor et al., 2014) while the other cognitive functions were not considered. As CTA
could be used in screening contexts, in clinical settings and in longitudinal research, a
systematic review describing the main cognitive functions and identifying for whom and
under what circumstances CTA may be appropriate, will contribute to defining good
practices, strengths and weaknesses, as well as open issues for future research. The above
are needed in order to avoid CTA becoming an extemporaneous practice in response to
emergencies and pandemics.
Specifically, the following two research aims were pursued:

(1) to describe the cognitive functions most frequently measured by CTA in children
and the variability in terms of procedures and sample characteristics;

(2) to investigate the validity and reliability of CTA in children in comparison to the
in person assessment.

Methodology
Search strategy

The definition of the keywords was conducted between November and December 2020
and the comprehensive search on PubMed, PsycInfo, and Scopus databases and through
the snowball technique was run on 5 of January 2021. The literature research was
repeated on 7™ of April 2021 to control for articles published since when the search was
first performed, but no article meeting all the inclusion criteria was identified. A third
literature search was conducted on 28™ of October 2021 and three articles were included
in the review as they met all the inclusion criteria. Keywords belonging to the following
three clusters were used: children, tele-assessment and cognitive functions. The complete
search string follows:

(“pediatric*” or “child*” or “young children” or “school-aged children” or “youth”)
AND (“tele-assessment” or “telemedicine-based assessment” or “teleneuropsychology”
or “videoconferencing” or “in-person-based assessment” or “remote assessment” or
“telehealth” or “via telehealth” or “telepractice” or “telepsychology”) AND (“cognitive”
or “intelligence” or “intellectual abilit*” or “literacy” or “math” or “language” or “speech”
or “memory” or “learning” or “attention” or “perception” or “visuo-spatial” or “motor”
or “executive function*” or “neuropsycholog*”)

The procedure details used for the different databases are reported in Appendix A.

Inclusion criteria below

(1) Use of tele-assessment, that is online remote evaluation by tele-communication
tools;
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(2) Tele-assessment including at least one cognitive measure (intelligence, literacy,
math, language and speech, memory, learning, attention, perception, visuo-spatial
abilities, motor skills, executive functions);

(3) Primary research articles;

(4) Papers written in English language;

(5) Samples including children aged between 18 months and 18 years.

Exclusion criteria below

(1) Not clear reference to cognitive tele-assessment;

(2) Reviews, books, guidelines, conference abstracts, pilot studies or commentaries;

(3) Articles written in other languages than English;

(4) Samples composed by only adults;

(5) Exclusive use of indirect measures of cognitive functions (i.g. questionnaires,
inventories);

(6) Intervention studies without tele-assessment of cognitive functioning;

(7) Absence of a comparison with in person assessment procedures.

Study selection process

The research process is represented in Figure 1. It was carried out according to the
PRISMA statements (Moher et al., 2009). Initially, the search gave 745 studies (PubMed n
= 135, PsycInfo n = 154, Scopus n = 456) and one study was identified by reviewing the
reference lists of the included articles. After removing duplicates, 535 studies remained,
and they were screened for title and abstract by three independent evaluators (C.R., M.
M., G.G.). On the basis of the title and/or abstract, 479 papers were excluded as they met
at least one exclusion criteria: the agreement rate in this phase was 98%. The same
evaluators independently read 56 full-text articles and in case of discrepancies, they
discussed the reasons why an article could be included or excluded reaching a 100%
agreement. Three articles were finally added to the review, as results of the third literature
search. Twenty-three papers were selected.

Quality assessment

The quality assessment of the selected studies was conducted by applying the checklist for
quantitative studies developed by Kmet et al. (2004). In order to control for risk of bias,
the scale investigates 14 methodological characteristics: research question, study design,
method, randomization of conditions, blinding of investigators and subjects, outcome
measures, sample size, analytic methods, estimate of variance, control of confounding,
detailed results and conclusion (see Appendix B). Each item has a 3-point answer: 2
points if the criterion is fully satisfied, 1 point if the criterion is partially satisfied, 0 points
if the criterion is not satisfied. Some criteria may not be applicable to a specific study. The
quality score is calculated for each single article by adding the scores of the items as
obtained by each article and dividing them by the possible total score of the items actually
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o PRISMA 2009 Flow Diagram

—
.§ Records identified through database
8 searching
£ (n =745)
5 Psycinfo = 154, Scopus = 456, PubMed = 135
=
=
— l
o .
g Records after duplicates removed and Records excluded (n=479) due to:
o screened for title and abstract - Papers not referring to CTA (n=469)
g (n=535) — - Reviews, books, conferences, guidelines
nX (n=10)
—/
l Full-text articles excluded (n = 37) due to:
- Remote intervention without CTA (n=12)
Z Full-text articles assessed :T:::ii::a(‘nej)m o
-] for eligibility —» - Absence of IPA (n=4)
2 (n=56) - Not adequate CTA procedure (n=6)
w - Guidelines (n=2)
—

Additional records
(n=4)

Studies included in
qualitative synthesis
(n=23)

Figure 1. PRISMA flow diagram.

completed (excluding not applicable items). Three evaluators (C.R., C.P., G.G.) preli-
minary discussed the possible interpretations of each item and two of them (C.R., G.G.)
ranked each study. A high level of inter-rater agreement (93.17%, 300 out of 322 answers)
was obtained. The two evaluators discussed the discrepant items, finding an agreement
on the score to be assigned. As reported in Appendix B, 13 studies got a high-quality
score (>.80; Guiberson et al., 2015; Hamner et al., 2021; Harder et al., 2020; Hodge et al.,
2019a, *Hodge, et al., 2019b; Kronenberger et al., 2021; Manning et al., 2020; Petrill et al.,
2002; Sutherland et al., 2017; Waite et al., 2010a, 2010b, 2012; Wright, 2020), seven
studies a medium-quality score (.80< rate <.60; Eriks-Brophy et al., 2008; Ragbeer et al.,
2016; Raman et al., 2019; Salinas et al., 2020; Stain et al., 2011; Sutherland et al., 2019;
Waite et al., 2006), and three a low-quality score (<.60; Ciccia et al., 2011; Jessiman, 2002;
Werfel et al., 2021).

Results

The methodological characteristics and results of each study are reported in Table 1.
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Methodological and procedural characteristics

Across 23 studies, 2193 children were assessed with CTA on different cognitive domains:
language, communication and speech, learning and memory, intelligence, visuo-motor
integration, executive functions and academic abilities.

The population involved across and within the selected studies is very heterogeneous
as children belonged to the following groups: typical development (n = 8; Ciccia et al.,
2011; Guiberson et al., 2015; Kronenberger et al., 2021; Manning et al., 2020; Petrill et al.,
2002; Ragbeer et al.,, 2016; Raman et al., 2019; Wright, 2020), speech or language
disorders or difficulties (n = 9; Eriks-Brophy et al., 2008; Guiberson et al., 2015;
Jessiman, 2002; Raman et al., 2019; Salinas et al., 2020; Sutherland et al., 2017; Waite et
al., 2006, 2010a, 2012), autism spectrum disorder (n = 2; Salinas et al., 2020; Sutherland et
al., 2019), attention and hyperactivity disorders (n = 4; Hamner et al., 2021; Hodge et al.,
2019a, *Hodge, et al., 2019b; Salinas et al., 2020), learning disorders or difficulties (n = 5;
Hodge et al., 2019a, *Hodge, et al., 2019b; Raman et al., 2019; Sutherland et al., 2017;
Waite et al., 2010b), psychiatric disorders (n = 3; Hamner et al., 2021; Salinas et al., 2020;
Stain et al., 2011), and medical conditions (n = 6; Hamner et al., 2021; Harder et al., 2020;
Kronenberger et al., 2021; Ragbeer et al., 2016; Salinas et al., 2020; Werfel et al., 2021).

The sample age of the children who participated in the studies can be split into three
ranges: preschoolers (0-6 years) (n = 9; Ciccia et al., 2011; Eriks-Brophy et al., 2008;
Guiberson et al., 2015; Hamner et al., 2021; Manning et al., 2020; Salinas et al., 2020;
Waite et al., 2006, 2012; Werfel et al., 2021), schoolers (6-12 years) (n = 18; Eriks-Brophy
et al., 2008; Hamner et al., 2021; Harder et al., 2020; Hodge et al., 2019a, *Hodge, et al.,
2019b; Jessiman, 2002; Kronenberger et al., 2021; Petrill et al., 2002; Ragbeer et al., 2016;
Raman et al., 2019; Salinas et al., 2020; Sutherland et al., 2017, 2019; Waite et al., 2006,
2010a, 2010b, 2012; Wright, 2020); adolescents (12-18 years) (n = 7; Hamner et al., 2021;
Harder et al.,, 2020; Kronenberger et al., 2021; Ragbeer et al., 2016; Salinas et al., 2020;
Stain et al., 2011; Wright, 2020).

The geographical origin of the populations is not equally distributed throughout the
world: thirteen studies were conducted in America (Ciccia et al., 2011; Eriks-Brophy et
al., 2008; Guiberson et al., 2015; Harder et al., 2020; Hamner et al., 2021; Jessiman, 2002;
Kronenberger et al., 2021; Manning et al., 2020; Petrill et al., 2002; Ragbeer et al., 2016;
Salinas et al., 2020; Wright, 2020; Werfel et al., 2021), nine studies in Australia (Hodge et
al., 2019a, *Hodge, et al., 2019b; Stain et al., 2011; Sutherland et al., 2017, 2019; Waite et
al., 2006, 2010a, 2010b, 2012) and one study in India (Raman et al., 2019). Six research
groups (Ciccia et al., 2011; Eriks-Brophy et al., 2008; Guiberson et al., 2015; Jessiman,
2002; Stain et al., 2011; Sutherland et al., 2017) involved children from rural, unserved,
and remote areas. Few studies have investigated the cultural and social background of the
participants. Five studies involved children from different ethnic groups, such as
Caucasian, Hispanic, America Indian, Asian, Black or African American (Guiberson et
al., 2015; Hamner et al., 2021; Harder et al., 2020; Manning et al., 2020; Salinas et al.,
2020). Only two studies quoted the cultural level of the children’s families: in the study by
Wright (2020) the parents had at least some college experiences while in the study by
Guiberson et al. (2015) the average of parents’ schooling was around 9.5 years. Family
incomes differed across studies, as they included low-income families (Ciccia et al., 2011)
and middle-income families (Kronenberger et al., 2021; Manning et al., 2020).
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The cognitive functions measures were as follows: speech and language (n = 11; Ciccia
et al., 2011; Eriks-Brophy et al., 2008; Jessiman, 2002; Manning et al., 2020; Raman et al.,
2019; Sutherland et al., 2017, 2019; Waite et al., 2006, 2010a, 2012; Werfel et al., 2021),
verbal short and long-term memory (n = 5; Guiberson et al., 2015; Harder et al., 2020;
Kronenberger et al., 2021; Ragbeer et al., 2016; Werfel et al., 2021), intelligence (n = 5;
Hamner et al., 2021; Hodge et al., 2019a; Petrill et al., 2002; Ragbeer et al., 2016; Wright,
2020), academic abilities (n = 4; Hamner et al., 2021; Harder et al., 2020; Hodge et al.,
*Hodge, et al., 2019b; Waite et al., 2010b), neuropsychological functions, such as mem-
ory, visuomotor integration and executive functions (n = 6; Harder et al., 2020;
Kronenberger et al., 2021; Ragbeer et al., 2016; Salinas et al., 2020; Stain et al., 2011;
Werfel et al., 2021), communication and social interaction skills, restricted and repetitive
patterns of behaviors, interests and/or activities (n = 1; Salinas et al., 2020) and quality of
life, psychiatric symptoms, social and occupational functioning (n = 1; Stain et al., 2011).
One study conducted the entire diagnostic process at distance, including not only the
administration of a battery of tests, but also parents’ interview and questionnaires, child’s
behavior observation and final assessment feedback with parents (n = 1; Salinas et al,,
2020).

Not all studies directly compared CTA with IPA as some of them used CTA proce-
dures only and then compared remote vs in presence scoring. The former refers to a
scoring procedure in which the operator remotely records the child’s responses through a
technological device and he/she is not in the same room with the child. Conversely, in the
“inpresence scoring” the operator records and scores the responses while sitting next to
the child, in the same room. Thirteen studies compared CTA with IPA by within-subjects
(n = 9; Guiberson et al., 2015; Harder et al., 2020; Jessiman, 2002; Kronenberger et al.,
2021; Petrill et al., 2002; Raman et al., 2019; Salinas et al., 2020; Stain et al., 2011; Werfel et
al., 2021), between-subjects (n = 2; Hamner et al., 2021; Wright, 2020) or mixed subjects
designs (n = 2; Ciccia et al., 2011; Manning et al., 2020). Ten studies conducted a single
assessment that was simultaneously scored in presence and in remote (n = 10; Eriks-
Brophy et al., 2008; Hodge et al., 2019a, *Hodge, et al., 2019b; Ragbeer et al., 2016;
Sutherland et al., 2017, 2019; Waite et al., 2006, 2010a, 2010b, 2012). In the study, by
Salinas and colleagues (Salinas et al., 2020), authors compared for some children the
diagnosis elaborated from results of the tests carried out remotely with the diagnosis
based on the administration of the same tests in presence.

Assessment settings varied across studies: children’s home (n = 7; Hamner et al., 2021;
Harder et al., 2020; Kronenberger et al., 2021; Petrill et al., 2002; Salinas et al., 2020;
Werfel et al., 2021; Wright, 2020), special needs service (n = 13; Ciccia et al., 2011; Eriks-
Brophy et al., 2008; Hodge et al., 2019a; Jessiman, 2002; Manning et al., 2020; Stain et al.,
2011; Sutherland et al., 2017, 2019; Waite et al., 2006, 2010a, 2010b, 2012; Wright, 2020),
hospital (n = 1; Hodge et al., *Hodge, et al., 2019b), school (n = 4; Guiberson et al., 2015;
Hodge et al., *Hodge, et al., 2019b; Raman et al., 2019; Wright, 2020) or a hotel (n = 1;
Ragbeer et al., 2016). Usually, before starting the assessment, the operators ensured that
child would be in a quiet room, with minimal physical distractors or noise and that no
extra-assessment objects would be present on the child’s working table (Harder et al.,
20205 Petrill et al., 2002; Salinas et al., 2020). In most of the studies, the child was not
alone, as there was an operator who provided technical assistance with the computer
technology, test equipment and computer positioning as well as behavioral support.
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Conversely, in order to maintain identical procedures between CTA and IPA, in Stain et
al’s (2011) and Harder et al.’s (2020) studies the child was alone, although in the latter
case parents were in the house.

The assessment was usually conducted by expert clinicians or experimenters but in
seven of the selected studies also parents were involved in the assessment procedures by
suggesting the measures most fitting with the child’s functioning (Ciccia et al., 2011),
preparing the setting (Manning et al., 2020; Petrill et al., 2002; Salinas et al., 2020),
participating in the diagnostic interview (Salinas et al., 2020), playing with the child
(Manning et al., 2020) and filling out questionnaires (Guiberson et al., 2015; Hamner et
al., 2021; Kronenberger et al., 2021).

Not all the articles reported the average time required for administering the tests in
remote, but those who recorded this data (n = 12; Ciccia et al., 2011; Harder et al., 2020;
Hodge et al., 2019a, *Hodge, et al., 2019b; Kronenberger et al., 2021; Manning et al., 2020;
Petrill et al., 2002; Raman et al., 2019; Salinas et al., 2020; Stain et al., 2011; Sutherland et
al., 2017, 2019), reported that CTA requires an average of 60 minutes (the range was
between 30 and 90 minutes) to administer one test, factoring time to familiarize children
with the set up, brief support persons, and occasional delays caused by connectivity
issues. Authors noted that time correlated with the number of tests used and that it was
usually higher for CTA than for IPA.

In all the studies, the equipment for CTA involved the use of common devices and
technologies, such as a laptop, one or two video cameras, microphones and presentation
of stimuli digitally or in paper form, with verbal explanation by the remote operator. The
exceptions were the studies by Petrill et al. (2002) who used the telephone, Guiberson et
al. (2015) who used a tablet both for the test presentation and videoconference, Harder et
al. (2020), Kronenberger et al. (2021), and Manning et al. (2020) who made participants
choose their preferred device (computer or tablet). Because of the child’s age or mobility
difficulties or researchers’ choice, sometimes the child could use a sheet of paper to write
down his/her answers and then return it to the researcher (Harder et al., 2020). Not all
the studies had a digital system that showed stimuli or recorded answers, so the remote
operator had to show stimuli through his/her video camera, or a specific training was
necessary to teach the in-person operator how take note of the child’s responses; how-
ever, the answers that were missed by the online operator could not be retrieved (Petrill et
al., 2002).

Further details of the CTA-IPA procedures used in the selected studies is reported in
Appendix C.

CTA feasibility

In order to measure satisfaction and collect comments, in seven studies the participants
and the caregivers were interviewed or asked to anonymously respond to some questions
at the end of the assessment. Results from the reports showed that participants and
caregivers often exhibited curiosity about the CTA system and evaluated it as comfor-
table, easily accessible, useful and time cost saving; many families reported high level of
satisfaction and recommended a videoconference assessment for anyone who would
need it (Ciccia et al, 2011; Harder et al., 2020; Hodge et al., 2019a, *Hodge, et al,,
2019b; Kronenberger et al., 2021; Stain et al., 2011; Sutherland et al., 2017, 2019). The
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examiners confirmed positive engagement and attitude by children during CTA (Eriks-
Brophy et al., 2008; Hodge et al., 2019a, *Hodge, et al., 2019b; Ragbeer et al., 2016;
Sutherland et al., 2017, 2019; Waite et al., 2010a) as if the digital administration of tests
could have promoted attention and motivation (Hodge et al., 2019a, *Hodge, et al.,
2019b; Waite et al., 2010a). For instance, in Sutherland and colleagues’ study (2019),
authors rarely reported behavioral or attentional problems, hyperactivity, anxiety or need
to stop the evaluation during CTA, and only a few children behaved better in the face-to-
face condition. High levels in children’s motivation were reported also when CTA was
conducted by telephone; anyway, during this assessment mode it was difficult to control
for interfering variables, such as possible help from people in the surrounding environ-
ment, and it was hard to determine how much the child was paying attention to the task
(Petrill et al., 2002). Small breaks were always planned and allowed, as it happens in IPA.
In Eriks-Brophy and colleagues’™ study (2008), younger children appeared shyer than
older ones, but the authors believed that technology was not the main reason for this
tendency, as they were shy also during the IPA condition. Moreover, in Kronenberger
and colleagues’ study (2021), children with cochlear implants reported lower satisfaction
than typical children. No studies investigated the relationship between children’s beha-
vioral difficulties and the presence of technological problems during the assessment.
Psychologists and experts rated CTA positively as well; they were satisfied with the
remote screening technology, and they had high levels of confidence in the ratings
(Hodge et al., 2019a, *Hodge, et al., 2019b; Sutherland et al., 2017). In Hodge and
colleagues’ study (2019a), psychologists and children enjoyed CTA, except in two cases
in which the assessment was interrupted by bandwidth problems. According to the
experts, no differences in children’s behaviors were observed between CTA and IPA.

CTA reliability

CTA reliability was studied through different statistical techniques, varying across the
selected studies; most of the studies used the degree of agreement between examiners and
the statistical correlations between CTA and IPA.

The description of the characteristics of the studies and the reliability results found in
each of the selected studies are summarized in Table 1 and reported below.

Almost all studies confirmed a good agreement between the CTA and IPA conditions,
and between the diagnosis conducted remotely and in presence, except for a few cases. Of
notice, studies varied for several methodological factors. A synthesis of the results is
reported below according to the function investigated.

Speech and language

On speech and language tasks, a low agreement was mainly found in the case of
articulation tests (Eriks-Brophy et al., 2008; Jessiman, 2002; Waite et al., 2006, 2012), in
measures requiring the clinician to judge the correctness of the sounds and words
pronounced by the child (Waite et al., 2006, 2010a), in the cases of unfamiliar nonwords
and when the judgment was related to minimal speech pairs (e.g., stop consonant;
Jessiman, 2002). In particular, Eriks-Brophy et al. (2008) found that the inter-rater
agreement between CTA and in person scoring ranged between 98.39% and 100% for
all measures of language except for the test of speech articulation (GFTA-2),which
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agreement was on average 80.26% (ranging between66.23and94.81%). In Jessiman’s
study (2002) differences between CTA and IPA were found in measures of perception
of specific sounds, but only when standard rather than lapel microphones were used.
Manning et al. (2020) documented a high transcript reliability and an absence of
statistical differences between in person and remote transcriptions for all language
measures (p > .05). In Raman and colleagues’ study (2019), no significant differences
between IPA and CTA were found in both receptive (z = 1.31, p = .19) or expressive
language measures (z = —1.09, p = .28); moreover, language scores were concordantly
classified. Results from Sutherland and colleagues’ studies (2017, 2019) showed no
differences between in-person scoring and CTA scoring (95% limits of agreement for
each comparison), high values of inter-rater reliability on all measures (r = .94; —1.00, p
<.01), 96% (study 1) and 76.92% (study 2) of agreement on the severity level of language
disorders. Waite et al. (2006) documented high levels of inter- and intra-rater agreement
(>70%) for the online scoring of most of the measures and a range from 91 to 100% of
agreement between the in person and remote scores across the speech measures, except
for double oral movements (63%). In a subsequent study, Waite et al. (2010a) confirmed
high values of agreement (k = .97; .99), high values of intra- and inter-rater reliability
(ICC = .84; 1.00) and no significant differences between CTA and in-person scoring in all
on-line language measures (p > .006). In Waite and colleagues™ study (2012) higher
variability was documented for the oro-motor skills, characterized by moderate to good
levels of agreement (>70%) between the online and in-person raters (k = .12; .74) and
variable scores of intra- and inter-rater reliability (ICC = .19; 1.00). Also for intelligibility,
a moderate degree of agreement was confirmed (70%) and intra- and inter-rater relia-
bility was moderate to high (ICC: .64; .86). Ciccia et al. (2011) found 100% of reliability
between tele- and in-person assessment for the measures of articulation and receptive-
expressive language, pure tone hearing and distortion product otoacoustic emissions, and
84% of reliability for tympanometric measures. High reliability (.72; .96) on language
measures was also confirmed by Werfel and colleagues’ study (2021).

Verbal short and long-term memory

Some studies measured verbal short- and long-term memory. Low reliability was found
on phonological memory in Werfel and colleagues’ study (2021), especially on timed
measures (—.10 to .79). Guiberson et al. (2015) found 97% inter-rater agreement on the
remote measures of phonological working memory (NWR) that, in turn, significantly
correlated with standardized language assessment scores (SPLS-4) (r = .55, p < .01). In
Kronen berg and colleagues’ study (2021) strong correlations were found between CTA
and IPA across memory measures (r > .50, p < .01); correlations were modest for
nonword repetition in children with cochlear implants (r = .33, p < .1). Harder et al.
(2020) did not find significant differences between in-person and remote conditions for
any measure of verbal learning and memory (.42 < adjusted p value < .99). Ragbeer et al.
(2016) documented more than 93% of agreement between remote and in-person exam-
iners on verbal long-term memory.
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Intelligence

On intelligence measures, Ragbeer et al. (2016) documented more than 85% of agreement
between remote and in-person examiners. Hodge et al. (2019a) documented that the in-
person scoring and tele-assessments were significantly correlated (r > .98, p < .0 1) and
scoring differences between in-person and tele-assessments were close to zero across all
measures. Accordingly, in Petrill and colleagues’ study (2002) a significant correlation
between remote and in-person assessments was found for several intelligence subtests (r-
scores ranging between = .31; .64, p < .05). In Wright and colleagues’ study (2020) all
confidence intervals and the difference scores between confidence intervals for all subtest
scores fell within the threshold for remote and in-person equivalence except that for the
letter-number sequencing subtest, where higher scores were obtained in the in-person
condition. Correlations for the in-presence indices and IQ did not significantly differ
between remote and in person groups (ICC[-1;+1]). No significant differences (p > .05)
were found between IPA and CTA scores by Hamner et al. (2021) in any of the
intelligence measures, except for the visual puzzle task, in which the CTA group obtained
higher scores, even if with a small effect size (d = .33).

Academic abilities

Studies measuring academic learning suggested a good CTA-IPA agreement as well. As
mentioned previously, Harder and colleagues’ study (2020) also measured academic
abilities and did not find significant differences between the in-person and remote
conditions. Hamner et al. (2021) did not find any differences between IPA and CTA
scores in the letters and words subtest (p > .05), while a significant difference was found
for the math concepts subtest, in which the CTA group obtained higher scores, even if
with a small effect size (d = .18). In the second study by Hodge et al. (*Hodge, et al.,
2019b) it was confirmed that the scoring differences between in-person and tele-assess-
ments were close to zero for all measures, and that there was a significant correlation
between in-person and tele-assessments (r > .86, p < .0 1) with the exception for letter-
sound knowledge and blending skills (r = .79, p > .05). Waite et al. (2010b) found an
inter-rater agreement close to 1 (k = .92; 1.00) for all scores, except for the nonword
reading raw score in theQUIL test (65% of agreement) and the reading error classification
in the Neale-3 test (75.9% of agreement); high intra- and inter-rater reliability was
documented for online parameters (ICC = .89; 1.00). Stain et al. (2011) found a sig-
nificant correlation between the remote and in-person assessment of reading (r = .93, p
<.01), even though higher reading skills ratings for the remote than in the in-presence
assessment were documented.

Neuropsychological functions

Concerning the tele-assessment of other neuropsychological functions, Harder et al.
(2020) did not find differences between CTA and IPA for executive functions, verbal
abilities, working memory, motor-free processing speed, visuo-motor integration. In
Stain and colleagues’ study (2011) a significant correlation between the remote and in
person assessment was found for the logical memory subtest (r = .81,p > .01) and the
control oral word association test (r = .96, p < .001), but not for the digit span subtest
(r = .59, p > .01) even if differences between IPA and CTA were close to zero in all
measures. Ragbeer et al. (2016) found a modest level of agreement for verbal fluency
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(60%); however the agreement increased to 80% when children with typical development
were excluded from the analysis. On working memory measures, Kronenberger and
colleagues’ study (2021) found strong correlations (r > .41; p < .05), except for the digit
span backward task, and no differences (p > .05) between CTA and IPA in children with
cochlear implants. High reliability was found by Werfel et al. (2021) on verbal working
memory.

Other functions

A few articles using CTA to study behavior documented high levels of agreement. In
Sutherland’s studies (2017, 2019), results showed that ranks of children’s behaviors did
not differ between CTA and IPA in neither of the studies (p > .05). Salinas et al. (2020)
found a 100% of agreement between the remote and in person classification of commu-
nicative and social behavior. In Stain’s study (2011), the level of agreement for social and
occupational functioning was 100% and the mean differences between in person and
remote assessment were close to zero.

Technical characteristics

In 14 studies (Hamner et al., 2021; Harder et al., 2020; Hodge et al., 2019a, *Hodge, et al.,
2019b; Jessiman, 2002; Kronenberger et al., 2021; Manning et al.,, 2020; Raman et al,,
2019; Sutherland et al., 2017, 2019; Waite et al., 2006, 2010a, 2010b, 2012) technology
problems and difficulties were reported. They were related to the following aspects: room
setup (especially within the child’s house), connectivity (temporary screen freezing,
bandwidth congestion, loss of connection and consequent need to refresh connection,
slow connections that could cause distortion in the audio signal and/or audio breakup),
audio and video low quality (i.e., audio or video latency, lag, delay, echo which prevents
from giving sudden prompts), volume control, child playing with the microphone or
microphone cord causing audio difficulties, delay in the transition of pictures, lags in
responses,need to restart the browser; need to set up the camera; lighting (especially
when a child gave his/her answer on a stimulus book, online clinician could have some
problems to correctly see him/her),touch screen (a good level of thumb pressure was
required to record child’s answer),low voice and audio volume,children’s movement and
position in front of the web camera, environmental distractors (people entering in the
room, high level of noise) and distractions from the technical equipment (for example,
computer size, microphone worn).

Although technical problems appeared to invalidate CTA in very few cases (1.2%
Manning et al., 2020; Raman et al., 2019; 4.3% in Sutherland et al., 2017), they impacted
on testing time and child’s cooperation (Raman et al., 2019).

CTA always required some technical preparation for both remote and, when included,
in person examiners (Ciccia et al., 2011; Eriks-Brophy et al., 2008; Harder et al., 2020;
Hodge et al., 20193, *Hodge, et al., 2019b; Jessiman, 2002; Ragbeer et al., 2016; Raman et
al., 2019; Sutherland et al., 2017; Waite et al., 2010a, 2010b, 2012). Remote examiners
needed to be adequately prepared for distant administration, as they had to guide the
room setting and to monitor the assessment procedure or any problems that parents,
facilitator or child could have. At the same time, when included, the in-presence
examiner or facilitator needed to receive a good preparation in order to adjust the
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webcam and the technological tools, control the volume and the position of the child in
front of the computer, reproduce words/instructions that the remote examiner did not
understand well, bring the child’s attention back to the video, and make test materials,
such as booklets and blocks, available. The in-presence role could be carried by an expert
operator but also by a family member or a teacher and it was especially needed with
younger children and preschoolers or older children with attention difficulties (Ciccia et
al., 2011; Manning et al., 2020). When specific videoconference systems were used, in-
presence assistants did not need to be actively involved in the test administration because
stimuli were presented through computer (Guiberson et al., 2015; Hodge et al., 2019a,
*Hodge, et al., 2019b; Jessiman, 2002; Raman et al., 2019; Sutherland et al., 2017, 2019;
Waite et al., 2006, 2010a, 2010b, 2012; Wright, 2020).

In the case of diagnostic procedures entirely conducted remotely, authors (Salinas et
al., 2020) suggested the need to include at least three phases: first, collecting information
from parents on the child’s functioning and characteristics; second, observing, and
evaluating the child through standardized tests; and finally, providing feedback to parents
as it happens in IPA.

Both for remote assessment and remote diagnosis, besides technological problems, the
most influencing limit of CTA that was reported across the studies was the lack of
physical presence, which may have reduced the understanding of non-verbal and implicit
communication. These characteristics decrease, in turn, the operator-child relationship
and the use of reengaging strategies (e.g., mimic encouragement) often required in the
assessment of children, especially in early ages (Raman et al., 2019). For example, in CTA
the examiner and the child rarely looked directly into each other’s eyes and the loss of
such a communication could have potentially increased the child’s difficulties in emo-
tional, motivational and behavioral regulation.

A detailed description of good practices suggested by the selected studies to increase
the validity of CTA is reported in Appendix D.

Discussion

Nowadays, Cognitive Tele-Assessment (CTA) is an essential tool for evaluating cognitive
functioning both in adults and children. CTA requires the adaptation of the settings,
materials and methods that are usually used in the In-Person Assessment (IPA) to the
remote and technological context. While IPA uses mainly paper and pencil stimuli, CTA
is often based on images shown on computer screens that can differ in terms of size,
resolution and other audio-visual parameters that may affect the subjects’ performances.
Most importantly, in CTA face-to-face interactions are replaced by technology-mediated
interactions, with possible consequences on the child’s behavior and compliance during
testing. Given these and other differences between CTA and traditional IPA, it is of
paramount importance to identify the most appropriate methodologies and procedures
and be aware of the reliability of CTA in comparison to IPA as they vary across tests and
participant characteristics. While nowadays CTA procedures in adults benefit from long-
lasting research, the studies using CTA in children are more recent, thus their metho-
dological characteristics have not been systematically described, nor future directions for
developmental researchers and clinicians have been highlighted. The present review
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aimed at synthesizing the main methodological and procedural characteristics of the
studies using CTA in children and to compare CTA and IPA in terms of feasibility and
reliability.

The main findings across the 23 reviewed studies are very encouraging as they all
suggest good levels of participants’ satisfaction in using CTA and a high agreement
between CTA and IPA, thus supporting the feasibility and validity of CTA in children.
Moreover, one study suggests that the entire diagnostic process can be conducted totally
remotely, a procedure that could represent an important option in the panorama of the
CTA with children.

Nevertheless, given the small number of the available studies and the heterogeneity in
the methods used, the present review may help in highlighting strengths and weaknesses
of the previous literature and provide new directions for future use of CTA, rather than
drawing general conclusions.

In several studies CTA and IPA evaluations were carried out on the same subjects and
research contexts and, sometimes, without the use of parallel versions of the same tests,
or without scheduling long intervals between CTA and IPA sessions (Ciccia et al., 2011;
Harder et al., 2020; Jessiman, 2002; Raman et al., 2019; Salinas et al., 2020; Stain et al.,
2011). These characteristics may favor learning effects that, in turn, could increase the
correlation and agreement values between CTA and IPA. Future studies comparing CTA
and IPA need to use between-subject designs or parallel tests and longer inter-sessions
intervals for within subjects designs.

Most of the studies concerned language skills (Ciccia et al., 2011; Eriks-Brophy et al,,
2008; Jessiman, 2002; Manning et al., 2020; Raman et al., 2019; Sutherland et al., 2017,
2019; Waite et al.,, 2006, 2010a, 2012) while other skills, equally important for child
development, such as reading, writing, math, attention, memory and executive functions,
were much less investigated. This tendency may be in part ascribed to the fact that the
tests of language are easier to transfer from the in person to the remote setting because
they are mainly based on verbal interactions and visual materials displayed on a com-
puter screen rather than on concrete objects or complex paradigms, such as those
required by visuo-spatial or problem-solving tests. Batteries that rely on paper and pencil
or physical tools require advanced preparation, as they may need to be sent to the
children and their support persons ahead of the appointment time. The prevalence of
studies using CTA for language rather than for other non-verbal cognitive functions
could have clouded the results of the present review, for example, by skewing the CTA-
IPA correlation toward either high or low values; nevertheless, the absence of CTA-IPA
comparisons among different functions prevents any definitive conclusion.

The characteristics of the samples used are quite variable across the reviewed studies:
some articles report results on a very small sample (e.g., Jessiman, 2002; Ragbeer et al.,
2016; Waite et al., 2006), age ranges vary from early childhood to late adolescence, and
populations may include children with atypical development as well as children with
neuro developmental or physical disorders (Guiberson et al., 2015; Ragbeer et al., 2016;
Raman et al., 2019). The age of the sample differed across studies also as a function of the
cognitive function examined: language was mainly assessed in preschool children while
neuropsychological functions, memory and intelligence in adolescents. Although no
study investigated the effect of age on CTA reliability, it represents a factor to consider
when choosing CTA. Furthermore, the material characteristics of the tests could interact



CHILD NEUROPSYCHOLOGY e 731

with the population assessed: for example, younger children or children with physical
limitations may find it difficult to participate in CTA, because some types of technologies
require fine sensory and motor skills (e.g., use of the keyboard). On the one hand, such a
high variability in the characteristics of the populations assessed suggests the usefulness
of CTA in a wide range of children, but, on the other hand, it makes it difficult to
generalize the reported findings to the whole developmental population or to provide
insights on the different use of CTA across different ages and developmental conditions,
also becasue of the low number of available studies.

All studies supported the conclusion that, to be effective, CTA must take into account
several issues regarding the technological and examiners preparation. Precautions are
especially needed when the function or the behavior investigated is device-dependent, as
it is the case of language that may be disrupted by slow web connection or low-quality
device (Eriks-Brophy et al., 2008; Waite et al., 2010a, 2010b). As per IPA, combining
objective test data with questionnaires, interviews and other collateral information
collected in person or by CTA represents a good clinical practice, especially for the
remote assessment of language (Guiberson et al., 2015). The use of CTA to conduct an
entire diagnostic process seems still premature; whenever the remote diagnostic path is
not considered exhaustive according to clinicians or parents, the in person evaluation
must always be included (Salinas et al., 2020). For this reason, it would be important to
consider CTA as a useful adjunct to IPA and not a substitute for it. However, being able
to conduct even just half of the assessment remotely would be cost- and time-saving, and
it would allow to collect data from the child’s environment (Salinas et al., 2020).
Furthermore, CTA could be considered a valid tool for early screening of children’s
functioning before the symptoms reach high levels of dysfunctionality (Juirez et al.,
2018).

An absolute strength of CTA, acknowledged across the studies, is the possibility of
accessing geographic areas distant from universities, clinical centers and educational
institutes, saving time, money and efforts for traveling (Ragbeer et al., 2016).
Nevertheless, it must be considered that this advantage could be limited by the digital
divide phenomena, that is the difference in accessibility to web and technological tools,
that may still be present in several countries (European Parliament, 2015).

Moreover, CTA could support longitudinal research with samples representative of
different geographical places by reaching also those children who have moved away from
the research or clinical institute (Hodge et al., 2019a). Furthermore, experimenters and
clinicians can reduce, by CTA, the time needed for the assessment path (take reservation,
going to the clinical center, test administration, test scoring, feedback to parents), so that
in some cases time results to be halved in comparison to standard assessment (Salinas et
al., 2020). Notwithstanding the several advantages, it must be noted that CTA may
require more time than IPA in the preparation of the logistic and technical parameters
before starting assessment as it represents a delicate and complex phase. The degree of
preparation could vary according to cognitive function assessed, the test used and the
child’s age. For example, a deeper preparation of the examiner could be needed to assess
non-verbal cognitive functions requiring complex visuo-motor stimuli, and young chil-
dren. Further, there can be barriers to the use of CTA: resistance by operators (Dunkley
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et al., 2010), belief that this type of assessment can only be conducted at the university
and the potential challenges of establishing relationships with the child (Jessiman, 2002;
May & Erikson, 2014).

Furthermore, for what concerns the limitations of CTA, assuming that all the men-
tioned proxy precautions are taken and that standardized data for remote assessment are
available (Kline, 2015), CTA may still lack of several features, such as a genuine relation-
ship between the examiner and the child (Raman et al., 2019), flexible procedures for
administration and direct observation.The assessment procedure may be better con-
trolled via the in person operator as a proxy. Although these aspects have not been
systematically investigated, they should be taken into account. Furthermore, whenever
CTA becomes highly integrated with IPA, it must be acknowledged that none of them
can be the substitute of the other, as the two working contexts will remain different.

Limitations of the selected studies

Given that CTA in children has captured attention only in recent years, studies are low in
number and highly variable in methods and objectives. Not all studies were aimed to
compare CTA and IPA, thus providing data roughly answering to our research questions.
Sometimes the samples included a very small number of children, mixed in terms of type
of development (typical vs atypical), and could not guarantee an adequate statistical
power. There may be a bias toward verbal functions, so that procedure and results for the
tele-assessment of visuo-spatial cognitive functions are neglected. Furtherly, no studies
could guarantee the representativeness of the population, and possible digital divide
phenomena cannot be excluded. These and other characteristics represent a limit of the
present review and prevents us from drawing general conclusions on CTA in children.

Further directions

Further studies answering to the limitations listed above may provide important data on
the feasibility and reliability of CTA in children. An interesting perspective for future
CTA studies is to increase the ICT implementation in CTA, for example, by adapting
existing software (i.e., CANTAB and AWMA) for cognitive assessment in children or by
converting paper-pencil tasks into digital forms. To do this, a teleconferencing platform
would need to be embedded in the assessment software. On the other hand, future
research should explore which tests cannot be converted into digital format and for
which paper-and-pencil stimuli would have to be sent to the child and support person in
advance. Moreover, more studies comparing different age ranges may contribute to
increase our knowledge on the CTA reliability across developmental periods. Another
important aspect to investigate in future studies is the public and clinician/operator
perception of CTA: by understanding people’s attitudes and opinions on CTA it will be
possible to modify, adjust and support the tele-evaluation methods. In the studies cited in
this review, it is possible that parents who gave their consent to CTA already had positive
attitudes toward this assessment methodology, associated with the child’s interest in
computers and/or technologies. This last variable should be taken into consideration by
future research too.
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Finally, because of the higher probability of technical problems in CTA than in IPA,
future studies must plan video recordings and systematic inter-rater scoring (Waite et al.,
2006). How much technological issues in CTA, such as problems in internet connection
and low video and audio quality, can negatively impact on the performance of children with
behavioral difficulties must yet be investigated (Raman et al., 2019; Sutherland et al., 2017).

Conclusion

The reviewed studies suggest that the potential of CTA in children is promising. Results
support the existence of a high correlation and agreement between CTA and IPA and
suggest several good practices to be taken in order to conduct CTA properly. Nevertheless,
remote assessment of cognitive child development cannot completely replace the tradi-
tional in person screening, assessment and treatment practices. It would be advisable to
choose a methodology that is conceived and designed ad hoc for a specific user. Several
features, such as child’s age, level of attentiveness, engagement, compliance, physical or
sensory or cognitive limitations, personal history, environment, culture, ethnic group, and
geographical area could guide the examiner toward the choice of CTA tools. In fact, on the
one hand, CTA enables greater reach of families who live geographically far from research
and clinical centers, but on the other hand it is important, before offering a CTA, to
investigate the cultural and ethnic background of the family, the preference to the use of
technological tools and the actual presence and accessibility of these. This could be done
through a short phone call. Moreover, some practical perspectives have to be considered
before choosing CTA with children: the possibility for the child to have stable internet
connection, access to a support person for the child, an appropriate setting in which the
child should be assessed (for example, home, school, clinic,), whether or not a test has been
previously used in the CTA, whether the copyrighted test has been digitalized for use in
CTA, the reliability of the test administered via CTA, the need to send materials, back-up
plans when CTA has to be abandoned and choice of video conference platform. Thus, the
use of CTA should not be understood as a substitute for the face-to-face assessment but as a
valid supplementary tool to in person assessment that may give a larger number of children
access to educational and health services in a timely and economic way.
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Appendix A. Keywords used in the three databases (Scopus, Psycinfo,
PubMed)

SCOPUS

TITLE-ABS-KEY ((“pediatric*” OR “child*” OR “young children” OR “school-aged children”
OR “youth”) AND (“tele-assessment” OR “telemedicine-based assessment” OR “teleneuropsychol-
ogy” OR “videoconferencing” OR “in-person-based assessment” OR “remote assessment” OR
“telehealth” OR “via telehealth” OR “telepractice” OR “telepsychology”) AND (“cognitive” OR
“intelligence” OR “intellectual abilit*” OR “literacy” OR “math” OR “language” OR “speech” OR
“memory” OR “learning” OR “attention” OR “perception” OR “visuo-spatial” OR “motor” OR
“executive function*” OR “neuropsycholog*”) AND NOT (adult*)) AND NOT (animal*) AND
(LIMIT-TO (LANGUAGE, “English”))

PSYCINFO

AB ((“pediatric*” or “child*” or “young children” or “school-aged children” or “youth”)) AND
AB ((“tele-assessment” or “telemedicine-based assessment” or “teleneuropsychology” or “video-
conferencing” or “in-person-based assessment” or “remote assessment” or “telehealth” or “via
telehealth” or “telepractice” or “telepsychology”)) AND AB ((“cognitive” or “intelligence” or
“intellectual abilit*” or “literacy” or “math” or “language” or “speech” or “memory” or “learning”
or “attention” or “perception” or “visuo-spatial” or “motor” or “executive function*” or
“neuropsycholog*”))

Filters: ENGLISH

PUBMED

(((“pediatric*”[Title/Abstract] OR “child*”[Title/Abstract] OR “young children”[Title/
Abstract] OR “school-aged children”[Title/ Abstract] OR “youth”)[Title/Abstract]) AND ((“tele-
assessment”[Title/Abstract] OR  “telemedicine-based assessment”[Title/Abstract] OR
“teleneuropsychology”[Title/Abstract] OR “videoconferencing”[Title/Abstract] OR “in-person-
based  assessment”[Title/Abstract] OR  “remote  assessment”[Title/Abstract] OR
“telehealth”[Title/Abstract] OR “via telehealth”[Title/Abstract] OR “telepractice”[Title/Abstract]
OR “telepsychology”)[Title/ Abstract])) AND ((“cognitive”[Title/ Abstract] OR
“intelligence”[Title/Abstract] OR “intellectual abilit*”[Title/Abstract] OR “literacy”[Title/
Abstract] OR “math”[Title/Abstract] OR “language”[Title/ Abstract] OR “speech”[Title/ Abstract]
OR “memory”[Title/Abstract] OR “learning”[Title/Abstract] OR “attention”[Title/Abstract] OR
“perception”[Title/ Abstract] OR “visuo-spatial”[Title/Abstract] OR “motor”[Title/Abstract] OR
“executive function*”[Title/Abstract] OR “neuropsycholog*”)[Title/ Abstract])

Filters: English, human, child: birth-18 years
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Appendix C. Further details of the CTA-IPA procedures used by the selected
studies

A brief description of the CTA-IPA procedures used across the studies is reported below.

In Eriks-Brophy et al. (2008) a speech-language pathologist remotely administered and scored
the tests while another speech-language pathologist was in the room with the child and simulta-
neously scored the tests as soon as they were administered. A third researcher compared the two
scores.

In Jessiman (2002) study a speech-language pathologist remotely administered one test (SPAT-
D), through the Regional Satellite Based Telehealth System, while the child, his/her parents and a
facilitator were in a remote site. After 3 days from the CTA, a speech language pathologist
conducted the in person assessment of the articulation (SPAT-D) and phonological skills
(TOLD-P II; CELF- Preschool) within the clinic setting. The language articulation re-assessment
(SPAT-D) was conducted 3 months later by a remote speech-language therapist.

In Manning et al. (2020) CTA was conducted via video-chat at home and recorded by remote
operators; all video-recordings were transcribed by undergraduate research assistants using the
Systematic Analysis of Language Transcripts software (SALT). 38 video-recordings were tran-
scribed twice by the same research assistance to assess coding reliability. In CTA conditions
parents used home web-software available on their own devices. To evaluate the relation between
CTA and IPA, authors compared video-recordings scoring between the two conditions.

In Raman and colleagues’ (2019) study assessments were carried out in two conditions: in the
IPA condition a speech language pathologist administered language screening tools at school,
while in the CTA condition a remote speech language pathologist, connected from the hospital,
assessed the child who was with a teaching assistant at school. Digitized stimuli were presented on
a laptop using PowerPoint for both IPA and CTA; in this latter case an external webcam and stereo
headsets were linked to the remote station, by a mobile hotspot/plugin dongle. Independent
assessments were conducted during the same day: half of the sample was firstly assessed in person,
whereas the other half was firstly assessed remotely.

In Sutherland and colleagues’ (2017; 2019) studies a remote speech-language pathologist was
connected by a metropolitan telehealth site and administered four language tests to a child located
in another building together with an in person speech pathologist. In study 2 a parent was present
during the assessment. Remote and in-presence clinicians scored performances simultaneously.
Moreover, the in person speech pathologist administered two other tests before or after telehealth
sessions.

In Waite et al. (2006)’s an in person speech pathologist and an online speech pathologist
connected through eREHAB (Internet-based tele-health system), evaluated child performances.
The remote clinician presented stimuli while the in person one rated the performances. After the
evaluation session, the remote clinician completed ratings from the videorecordings. Recordings
were scored again four weeks after (intra-rater agreement) and were also scored by an independent
rater (inter-raters agreement).

In subsequent studies (Waite et al., 2010a, 2010b, 2012), Waite and colleagues used a metho-
dology similar to Waite et al., 2015, in which remote and in person speech-language pathologists
simultaneously scored different child language and speech skills. Test administration was con-
ducted in two randomized conditions: remote-led condition (i.e., the remote clinician guided
assessment, while the in person colleague merely observed) and in person-led condition (i.e.,
assessment directed by the in person clinician, while the other colleague merely observed remo-
tely). To measure intra-rater reliability, clinicians rated recordings twice, after 4 weeks, and to
study inter-rater reliability, an independent rater scored the recordings.

Ciccia et al. (2011) used a facilitator, an in person student in speech-language pathology or
audiology, and a remote clinician from the clinical institute. The facilitator, who was supervised via
videoconferencing on Skype, administered the hearing measures and sent results to the remote
clinician for scoring. No further details about the procedure used for the remote assessing of
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language were provided. After about one year, the facilitator re-screened in presence some
children for hearing and evaluated language skills of some children who did not previously receive
remote assessment.

Werfel et al. (2021) conducted a CTA on 15 out of 23 children who received an in-person
assessment the month before COVID-19. Authors used for CTA the same materials as IPA after
adapting them for digital administration; they selected Zoom as a video conferencing platform and
they used an app that measures sound level.

Guiberson et al. (2015) used a hybrid tele-health approach that implemented synchronous
videoconferencing, videocasting, and traditional pen and paper tests and questionnaires. Children
were with their parents in a room, while a bilingual English-Spanish researcher was connected with
the child with a teleconferencing application on the iPad in a separate room. The remote
researcher conducted the phonological working memory test by videoconference; in a subsequent
session, children were remotely recorded during the narrative task and parents completed the
questionnaires. Finally, other researchers administered the standardized language tests (SPLS-4) in
a traditional face-to-face setting. 10% of the online assessments were video-recorded in order to
establish inter-rater reliability of online test scoring.

In Kronenberg and colleagues’ study (2021) a CTA on verbal short-term memory and working
memory was conducted 1.6 years after the IPA. During CTA, a speech-language pathologist
connected with the children over the Zoom Health platform. The examiner administered tests
in standardized spoken format with his/her face in full view on children’s computers.

Harder et al. (2020) conducted a test-retest study on both in person and tele-assessment
conditions. Time between test and retest ranged between 1 to 50 days. The rater could be a
primary trained examiner, a neuropsychologist or a psychometrist. For remote assessment chil-
dren joined the remote rater through VSeeTM, a system for video conference that can be used on
computer or tablet devices.

In Ragbeer et al. (2016) two randomized assessment’s conditions were used: remote- led
condition and in person-led condition. Remote rater used a platform for HD video conferencing
(Vidyo) and a secure web-based audio-video link to join the child.

Hodge et al. (2019a, *Hodge, et al., 2019b) used a remote psychologist who interacted and
administered the tests through Coviu, a web-based platform, while an in person acting as facil-
itator (a psychologist or a teacher) was next to the child in the community hub, in the school or in
the hospital context. In person and remote operators scored performances simultaneously.

In Petrill and colleagues (2002) study, a research assistance reached the child at home to
administer an intelligence scale (SB short form, Thorndike et al., 1986), subsequently the family
received by mail the material for the administration the other intelligence scale (WISCIII) that was
subsequently conducted remotely by telephone.

In Wright (2020) study children were firstly tested inpresence with and intelligence scale (KBIT-
2) and subsequently, they were tested according to their randomly assigned format, in remote or
inpresence, with another intelligence scale (WISC V). The same examiner administered both tests.
In the remote condition, the child and the psychologist were connected by a tele-health platform
and a non-trained proctor was with the child. In order to determine that the administration of
WISC V was equivalent across conditions (inpresence and remote), the Two-One-Sided-Tests was
used (Lakens et al.,, 2017) according to which a confidence interval of 90% at p < .05 was
established.

Hamner et al. (2021)studied intelligence and academic abilities comparing performances
between a group of children and adolescents who received an in person assessment (608) in the
period November 2019-March 2020 and a group who was involved in a remote assessment (285),
using Q-Global platform, in the period April 2020-August 2020.

In Stain and colleagues’ study (2011), in-presence and remote conditions were counterbalanced
within the sample, with an inter-session interval up to 2 weeks; remote assessment was conducted
by videoconferencing.
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In Salinas et al. (2020) study a remote operator, located in the clinic, assessed the child who was
at home with parents. Remote assessment was conducted by a virtual diagnostic tool. A follow-up
was conducted for the in-person assessment on the 1.5% of the sample, constituted by children
with diagnosis of autism spectrum disorder.

Appendix D. Good practices and guidelines for conducting CTA in children

In order to properly conduct CTA in children, several studies suggested the following good
practices.

Room: the room must have good light and acoustics, being located within a silent area without
environmental noise and with high signal quality. In the case of home-based assessment, it may be
difficult for families to find a quiet space within the house; thus, examiners can remotely help
parents to organize the room and to take precautions (Harder et al., 2020; Manning et al., 2020).

Equipment. Before making an appointment, especially when CTA is organized in the child’s
home, clinicians should ensure that adequate technological devices are available. In order to avoid
that the use of tele-evaluations amplifies inequalities in society (e.g., in Harder et al., 2020 study
almost a quarter of participants did not have access to necessary tools), it is necessary to ensure
that all selected participants can satisfy the technological requirements in terms of devices, screen
size, microphones, bandwidth.

Regardless of the location, it is suggested to use a handy and economical technology (for
example, a portable speaker, a laptop instead of a monitor), that can be portable, adaptable to
the child’s need, and fit to different socio-economic conditions (Hodge et al., 2019a). A solution
could be to equip the house or the school with the necessary tools, using technologies that are
easily available in daily life, or to request the loan of material from nearby institutional centers. By
using CTA in schools, it is possible to reach a considerable number of children at the same time
and to guarantee everyone access to the research or screening process, in accordance with
principles of social equalities.

Before starting the testing session, the remote assessor should investigate the child’s behavior
through a survey, preferentially with questions written on the computer screen rather than orally
presented (Stain et al., 2011). Examiners need to monitor the child’s behavior through a video
camera to have eye contact with the child, in order to facilitate the relationship before starting the
assessment, and to use a split screen technology to simultaneously view the stimuli and the child.

The measures of the headset microphone, table height and motor skills required by the device
have to be adequate to the child’s age and height (Waite et al., 2010a). The microphone should be
easily worn and should be cordless to avoid tripping or being entangled (Jessiman, 2002).

If a mobile phone is used, although not recommended, it must be horizontally oriented, and the
microphone must not be covered by other stuff.

The use of Wi-Fi or ethernet and the check of connectivity before each session is recommended
(Manning et al., 2020); it is preferred to have a dedicated broadband cable connection, an increase
of bandwidth for multiple users or to have several internet options available (e.g., mobile
connectivity, LAN, Wi-Fi).

Child’s familiarization with the examiner and the equipment. Children need to be prepared for
distance assessment; it may be used a story (Sutherland et al., 2019), telling them what they will do,
what tool (e.g., computer, microphone) they will use and where they will be during evaluation (e.g.,
laboratory, house’s room). Furthermore, prior to evaluation, the child needs time to familiarize
with the devices and the room (Eriks-Brophy et al., 2008). When the assessment is conducted in
the house, the examiner can instruct parents to prepare the child to the CTA setting. Such a
procedure will allow to avoid surprises or child’s impulsive behaviors.

Moreover, the remote examiner needs to establish a relationship with the child prior to
administering the tests; some information gathered on the child, a few simple questions to make
the child feel at ease and listened to, allow for greater engagement on the part of the child.
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When children show or have a history of attentional and motivational difficulties, the CTA
procedures should be conducted with special precautions. The lack of physical presence prevents
indeed the understanding of non-verbal and implicit communication or the use of reengaging
strategies such as the eye contact between the examiner and the child (Raman et al,, 2019). A way
to overcome behavioral problems is to have an in-presence examiner who may control the setting
and help the child and the parents on the need; such a role is particularly important when remote
assessment is conducted with young children.

Family engagement. Especially with preschoolers, parents are actors in the CTA as they actively
participate and involve the child in some tests. Having the possibility to remotely evaluate the child
while interacting with the parents is undoubtedly a big advantage (Manning et al., 2020). Very
often, in fact, in person assessments, especially at a behavioral level, underestimate the child’s
problematic behavioral manifestations, which is why it is always necessary to obtain information
from the context of daily life (e.g., by parents or teachers). Furthermore, the presence of a familiar
person, rather than a stranger, during the assessment allows the child to feel at ease and to show the
best of her/his everyday character.

Examiner preparation. In-presence operators (i.e., research assistant, clinician, parents, teacher,
caregiver) should participate in a short, but substantial session to receive a minimal training in
order to know how handle the testing environment (e.g., positioning the child, monitoring
environmental noise levels, placing the camera, adjusting lighting, setting up the room and general
troubleshooting, etc.), technology (e.g., logging into application or videoconferencing or system,
switching on laptop, connecting to internet, placing headphones, troubleshooting when loss in
connectivity), child behavior (e.g., ensuring child’s cooperation, boosting child’s interest, etc.) and
documenting the factors influencing the screening (Sutherland et al., 2017, p. 2019; Raman et al,,
2019). When the in-presence facilitator is asked to operate within the child-remote operator dyad,
it is necessary that he/she receives further preparation, to understand the activities and their
implementation. This can be done through one or more preliminary meetings between remote
examiner and facilitator but also, for example, through the dissemination of explanatory videos.
Remote operator and in person facilitator should establish a relationship prior to the assessment,
in order to coordinate and monitor any problem that can happen during the evaluation or to
follow similar rules for scoring and to decide what in-presence operator can do or cannot do
(Eriks-Brophy et al., 2008). The facilitator also plays the role of observing the child’s behavior,
movements and levels of interaction and eventually repeating the answers of the child to ensure the
correct scoring by the remote assessor. If the facilitators are not expert, such as school assistants or
parents, they should also receive training to adequately interact with the child according to his/her
temperament and behavior (Raman et al., 2019).

Psychometric properties. In interpreting results and scoring performances, IPA standardization
cannot be used for CTA. Conducting CTA requires psychologists to be aware of several recom-
mendations, including those regarding the factors that can affect reliability and validity, but also
psychometric data and their limitations, as well as cultural, ethical, and safety considerations
(Eriks-Brophy, 2008).

Procedural Protocols. Especially for research studies, in order to guarantee objectivity and
replicability of CTA, it would be useful to define a specific protocol which includes guidelines
about digital platform requirements, examiner training and use of an informed in-presence
operator (Wright, 2020).

Legal and ethical issues (American Psychological Association [APA], 2017; APA, 2020a;
American Psychological Association Services (APA Services), 2020b). A specific informed consent
including CTA procedure is required (Harder et al.,, 2020). When CTA uses tests that have not
previously been validated, no conclusion can be drawn. In choosing the technological system, it is
important to pay attention to the level of security guaranteed and the respect of sensitive data and
privacy (e.g., using a low volume not audible by third parties, not disseminate screenshots or
videos of the evaluation session etc., Hodge et al., *Hodge, et al., 2019b).
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