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Abstract.
Background: Over the last decade, teleneuropsychology has increased substantially. There is a need for valid neuropsycho-
logical batteries to be administered home-to-home. Since 2006, the neuropsychological battery of Fundació ACE (NBACE)
has been administered face-to-face in our clinical settings. Recently, we adapted the NBACE for teleneuropsychology use to
be administered home-to-home (NBACEtn).
Objective: The aims of the present study are: 1) to determine the home-to-home NBACE equivalence compared to its original
face-to-face version; and 2) to examine home-to-home NBACE discriminant capacity by differentiating among cognitively
healthy, mild cognitive impairment, or mild dementia subjects and comparing it with the face-to-face version.
Methods: Data from 338 individuals assessed home-to-home (NBACEtn) were contrasted with 7,990 participants assessed
with its face-to-face version (NBACE). Exploratory and confirmatory factorial structure, and invariance analysis of the two
versions of the battery were performed.
Results: Exploratory and confirmatory factor analysis supported the four-factor model (attention, memory, executive, and
visuospatial/constructional functions). Configural, metric, and scalar measurement invariance was found between home-
to-home and face-to-face NBACE versions. Significant differences in most of the neuropsychological variables assessed
were observed between the three clinical groups in both versions of administration. No differences were found between the
technological devices used by participants (computer or tablet and mobile devices).
Conclusion: For the first time, invariance analysis findings were addressed by determining a teleneuropsychological bat-
tery’s equivalence in comparison with its face-to-face version. This study amplifies the neuropsychological assessment’s
applicability using a home-to-home format, maintaining the original measure’s structure, interpretability, and discriminant
capacity.
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Institut Català de Neurociències Aplicades, Gran Via de Carles III,
85 bis, 08028 Barcelona, Spain. Tel.: +34 93 4304720; Fax: +34
93 4193542; E-mail: malegret@fundacioace.org.

INTRODUCTION

Teleneuropsychology, as a part of telemedicine,
uses videoconference technology to deliver special-
ized health-care services for people who cannot
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attend medical appointments in person for any reason,
such as mobility problems or the novel coronavirus
disease (COVID-19) pandemic. This procedure facil-
itates earlier diagnosis and management of chronic
diseases [1, 2].

Over the last decade, teleneuropsychology has
increased substantially. However, neuropsycholo-
gists have often been reluctant to change from
face-to-face to home-to-home assessments, which
may be due to the person-to-person tradition, con-
fidentiality issues, and the need to change the
administration instructions and procedures of some
tests [3, 4]. The potential effects of these modi-
fications need to be validated and should not be
underestimated [1, 5]. Despite this, several stud-
ies have reported similar results across face-to-face
and videoconference-administered tests [4–7], being
well received by people with and without cognitive
impairment [5, 6, 8, 9]. Some studies about teleneu-
ropsychology have included measures of global
cognition, such as the Mini-Mental State Exam
(MMSE) [6, 8–10]; attention, such as digit span for-
ward [5, 6, 10]; verbal learning and memory such as
Hopkins Verbal Learning test [6, 10]; language such
as Boston Naming test [5, 6, 10]; and executive func-
tions such as letter fluency or Trail Making test [5,
6, 10]; and others have used existing neuropsycho-
logical batteries such as the Repeated Battery for the
Assessment of Neuropsychological Status (RBANS)
[5] and the Rowland Universal Dementia Assessment
Scale [11], all of them in reduced samples with and
without cognitive impairment [5, 6, 8–12].

The videoconference has been demonstrated to
be a valid procedure for brief neuropsychological
assessments in a controlled scenario, for example a
large screen, a high-speed connection, and a hospi-
tal testing office [6, 9–14]. However, there exists a
need for home-to-home teleneuropsychological stud-
ies assessing their validity and availability in real-life
conditions [15]. Further research is needed on neu-
ropsychological batteries, including praxis and visual
tests to achieve a complete teleneuropsychological
assessment by a wide range of devices, mainly com-
puters and tablets, but also mobile applications.

Elderly and male patients as well as those with
underlying health conditions have an increased risk
of developing COVID-19 [16]. Moreover, patients
with mild cognitive impairment (MCI) or dementia
may have incomplete public health information about
the COVID-19 pandemic as well as difficulties in
remembering and organizing safeguard actions, such
as the need of confinement at home, the proper use

of masks, or the maintaining of a safe social distance
[17]. In other words, telemedicine can be an opportu-
nity to attend positive or negative COVID-19 patients
with cognitive impairment, avoiding the chance of
infection. In fact, the COVID-19 pandemic has accel-
erated the rise of telemedicine, and it might be taken
as an excellent opportunity to improve teleneuropsy-
chological assessment procedures, which became the
starting point of this study. While teleneuropsycho-
logical assessment is increasingly showing clinical
potential, providers may need to be mindful of its
strengths, limitations, and appropriate uses for brief
cognitive assessments [15].

The neuropsychological battery in use in Fundació
ACE (NBACE) is a relatively brief and easy-
to-administer test battery able to detect cognitive
impairment in adulthood [18] and predict the conver-
sion to dementia and Alzheimer’s disease [19–21]. It
has been administered, for first/baseline and follow-
up face-to-face visits, from January 2006 to March
2020 at the Memory Unit of Fundació ACE, with
standardized and cut-off values to be used in the
clinical practice [18, 22]. Recently, the NBACE was
adapted to be administered home-to-home from the
neuropsychologist home office instead of in-person
visits to ensure the continuity of Fundació ACE’s
specialty health-care services [23] to people during
COVID-19 confinement [2] and, as recommended,
guaranteeing that the videoconferencing system was
as similar as possible to face-to-face condition [1].
A home-to-home version of the NBACE admin-
istration for teleneuropsychology (NBACEtn) was
performed using available videoconferencing tech-
nological devices (tablets and desktop computers
by means of the Skype, FaceTime, or Google Duo
applications; and mobile devices by means of the
WhatsApp application for individuals who did not
have tablets or computers) to ensure the continuity of
health care.

However, whether the NBACEtn preserves its the-
oretical structure, interpretability, and discriminant
capacity in comparison with its original face-to-
face version (NBACE) remains unclear. Thus, it
was hypothesized that neuropsychological test per-
formances obtained with the home-to-home and
face-to-face NBACE versions would be similar in
these different psychometric properties when assess-
ing and differentiating cognitively healthy (CH)
individuals and patients with MCI or dementia, allow-
ing accurate clinical diagnoses. One crucial point
when considering the correspondence between these
two forms of the same measure is to ensure that
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both ways of administration provide the needed guar-
anty of an equal interpretation. What is proposed in
this study is to determine this property under a sys-
tematic and structured assessment, determining the
invariance of the NBACEtn.

Measurement invariance allows to assess the
equivalence of latent variables or constructs across
groups of people in the context of a prospective
design [24]. The main idea justifying this approach
is to determine whether the construct of interest has
the same structure and meaning independently of
the group assessed. Something as common as to
contrast the difference between two groups of sub-
jects, for example, scores in a neuropsychological test
between men and women, or pre-and post-treatment
in the same participants, require having been explored
invariance as previous and necessary step. Unless
measurement invariance has been demonstrated, it is
not possible to execute group comparisons. Despite
the enormous relevance of assessing invariance given
the potential dramatic impact of not doing so, it
has received poor attention in studies of the vali-
dation or adaptation of psychological measures. To
the best of our knowledge, no published literature
so far uses the invariance measure to determine the
equivalence of the home-to-home and face-to-face
versions of the same neuropsychological battery. The
aims of the present study are the following: 1) to
determine the home-to-home NBACE (NBACEtn)
equivalence compared to its original face-to-face
version (NBACE) regarding its structure and inter-
pretation; and 2) to examine home to-home NBACE
discriminant capacity by differentiating among CH,
MCI, or mild dementia subjects and comparing it with
its face-to-face NBACE version.

METHODS

Participants

From all individuals assessed with the NBACEtn
and who completed the Fundació ACE diagnostic
procedure [23] from March 18 to May 29, 2020, those
with a diagnosis of CH, MCI, or mild dementia were
selected for analyses. The comparative face-to-face
group was taken from people who were assessed with
the original NBACE in person from January 2006 to
March 2020 at the Memory Unit of Fundació ACE
with a final clinical diagnosis of CH, MCI, or mild
dementia at a daily consensus meeting with the mul-
tidisciplinary team [23].

The diagnosis for the CH group were as follows:
the absence of objective cognitive impairment, with
average or above-average scores on the NBACE [18,
22]; normal general cognition (MMSE score ≥ 27)
[25, 26]; a Clinical Dementia Rating (CDR) [27] of
0; and no history of functional impairment caused by
declining cognition, as reported by an informant in
the neurological interview, and with a score below
4 on the Blessed Dementia Rating Scale (BDRS)
[28, 29].

The diagnosis for the MCI group were: preserved
general cognition (MMSE score ≥ 24); relatively nor-
mal performance in activities of daily living (as
reported by an informant and a BDRS < 4); the
absence of dementia; a CDR of 0.5; an objectively
measurable impairment in memory (in the word
list learning test from the Wechsler Memory Scale,
third edition (WMS-III) [30], without interference
list [18]) or another cognitive function [18, 31]; and
the absence of prescribed symptomatic treatment
for dementia (i.e., acetylcholinesterase inhibitors or
memantine).

The diagnosis for the dementia group were as
follows: diagnosis of dementia [32]; a severity of
dementia determined by a total CDR ≥ 1; an MMSE
score < 24; and impaired activities of daily living (as
reported by an informant and a BDRS ≥ 4). For the
purpose of this study, only patients with mild demen-
tia (CDR = 1 and MMSE > 19) were included in the
analyses.

Procedure

As detailed elsewhere [2], the coordinated multi-
disciplinary team of Fundació ACE migrated from
a face-to-face model of visits to one mainly based
on telemedicine, in an adaptive and individualized
manner so no one was left behind. Fundació ACE’s
Human Resources team ensured that all professionals
could safely and effectively deliver care while home-
based. A secure remote access to medical records
through a virtual private network was habilitated.
Moreover, neurological and neuropsychological vis-
its were adapted to be carried out by videoconference.
Thus, neuropsychologists had a computer and a
tablet, apart from the connection to the eHealth plat-
form of Fundació ACE to access protocols and enter
data, to ensure the correct home-to-home procedure.

Depending on available resources on the patients’
side, our team began doing consultations using
videoconference platforms such as Skype, FaceTime,
GoogleDuo, or WhatsApp. Usually when patients did
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not know how to use it, a close person helped them,
being allowed to be near them during the visit without
interfering. Prior to the evaluation, informed verbal
consent to perform the Fundació ACE’s teleneuropsy-
chological visit was obtained from all individuals
(and caregivers in the cases of dementia); and we
wrote down the name of people who gave their per-
mission.

Then, the subjects were seated in front of the
technological device screen and were greeted and
introduced by the remote examiner to receive a
home-to-home teleneuropsychological assessment
(NBACEtn). The study was conducted in accordance
with the Declaration of Helsinki and under Span-
ish biomedical laws (Law 14/July 3, 2007, about
biomedical research; Royal Decree 1716/November
18, 2011). The study was approved by the Fundació
ACE Research Ethics Committee.

The NBACEtn

From March 18 to May 20, 2020, a home-to-home
teleneuropsychological visit that lasted approxi-
mately fifty minutes was carried out by the Fundació
ACE neuropsychology team [2]. It resulted from an
NBACE adaptation that had been administered in per-
son from January 2006 to March 2020 at the Memory
Unit of Fundació ACE. Apart from our deep knowl-
edge of using the NBACE, it has the advantage of
having standardized and cut-off values to be used in
the clinical practice [18, 22].

Similar to the NBACE [22], the NBACEtn includes
tests sensitive to information processing speed, orien-
tation, attention, memory, language, visuoperception,
praxis, and visuospatial and executive functions. As
described elsewhere [2], the NBACEtn includes the
following tests: temporal, spatial and personal ori-
entation; digit span (forward and backward) and
similarities (abbreviated to the 10 first items) subtests
of the Wechsler Adult Intelligence Scale, third edi-
tion (WAIS–III) [33]; the word list learning test from
the WMS–III [30], without interference list [22];
verbal comprehension (to correctly execute two sim-
ple, two semi-complex, and two complex commands
extracted from ADAS-cognitive subscale [34] and
the Barcelona test battery [35]; repetition (two words
and two sentences) [36]; an abbreviated fifteen-item
naming test from the Boston Naming Test [37]; two
Poppelreuter-type overlap figures [38]; Luria’s clock
test [39]; the automatic inhibition subtest of the
Syndrom-Kurztest (SKT) [40]; letter fluency (words
beginning with “p” in one minute) [41]; category

fluency (“animals” in one minute) [36]; the clock test
[42]; and the 15-Objects Test [43, 44]. Finally, depres-
sive and anxiety symptoms were measured with the
Spanish version of the Hospital Anxiety and Depres-
sion Scale [45, 46].

Considering the impossibility to administer the
WAIS-III block as the test material (the cubes) was
not available for the participants, the figure copy
of RBANS [47, 48] was selected instead. Thus, the
WAIS-III block design was the only test of the orig-
inal NBACE not included in the NBACEtn, but it
had two additional tests: 1) the RBANS figure copy,
which allows one to assess constructional praxis and
long-term visual memory using the figure recall of
RBANS; and 2) verb fluency to assess executive func-
tion [49, 50]. The tests added in the NBACEtn were
not entered in the analyses planned here because this
requires the NBACEtn and NBACE variables to be
exactly the same, in addition to the complete admin-
istration of the neuropsychological battery.

Apart from the procedural differences intrinsic
to technological devices, the only other differences
for home-to-home administration were those for the
scoring and registration of nonverbal tests, such as
the RBANS figure copy and the clock test; the par-
ticipants were asked to hold up their drawings to
the camera to be conventionally scored by the neu-
ropsychologist, ensuring accuracy. The scoring of the
drawings was done in real time while the subjects held
up their products to the camera. Moreover, they were
strictly warned not to write or copy during the mem-
ory tests. It has to be mentioned, that the visit started
after the neuropsychologist verified that videocon-
ference and environmental conditions were optimal.
However, computer experience for the patients was
not required.

Statistical analysis

The home-to-home group was contrasted with a
sample of 7,990 face-to-face participants extracted
from the historical neuropsychological records. This
sample was selected by applying the same inclusion
criteria presented above for the home-to-home group.
The sample was randomly divided into two subsam-
ples, 70% (n = 5,588) versus 30% (n = 2,402).

The biggest subsample (70%), here called the
exploratory face-to-face group, was used to deter-
mine the factorial structure of neuropsychological
variables in an exploratory way using principal
component analysis. Varimax was used as rotation
strategy to identify factorials solutions. This strategy
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is commonly used when the aim of the exploration is
to simplify the interpretation of the resulting factors.
Moreover, Varimax rotation has been also identified
as the best rotation approach when ensuring facto-
rial invariance [51]. The aim of this first step was to
find the most optimal factorial model. Total explained
variance and discriminant factorial loadings in the
rotated matrix, higher in one factor and lower in the
rest, were the main criteria to select the final factorial
solution. Models of three, four, and five factors were
explored.

The second subsample (30%) was analyzed under a
confirmatory factorial analysis (CFA) approach, test-
ing the quality of the models with an acceptable result
in the previous exploratory analysis. This subsample
was identified as the confirmatory face-to-face group.
The same confirmatory analyses, and for the same
factorial solutions than in the face-to-face group,
were explored in the home-to-home group. Standard
goodness-of-fit indices were considered: the compar-
ative fit index (CFI), the Tucker–Lewis Index (TLI),
and the root mean square error of approximation
(RMSEA). Considering the propensity to reject good
models when large samples are analyzed [52], the chi-
square (χ2) statistic was not included here as a model
fit index when making decisions about the quality
of the resulting models, although it was reported
along with estimated degrees of freedom. According
to Marsh et al. (2004) [53] an acceptable model can be
inferred with RMSEA values below 0.080 combined
with CFI or TLI values greater than 0.90 [53].

To ensure the equivalence of the best-fitting model
identified, measurement invariance was assessed.
Invariance was explored contrasting the two pro-
cedures under the best factorial model obtained in
the previous confirmatory section across NBACE
versions, home-to-home (n = 338) and confirmatory
face-to-face (n = 2,402) groups, imposing the same
constraints to the two procedures in its parameters
and in a hierarchical way. Thus, configural, metric
and scalar invariance were assessed [54]. The first
step was to test configural invariance, establishing
a baseline model. Here, no restriction was imposed
and factor loadings and item intercepts used were
freely estimated by the model. The second step was
to estimate metric invariance, forcing factor load-
ings to be equal across groups. Finally, a third model
with a new restriction was imposed, in this case
constraining factor loadings and item intercepts to
assess scalar invariance. These steps are described
elsewhere [55]. The overall fit of each model was
assessed, considering a CFI or TLI > 0.90 and an

RMSEA < 0.080 as evidence of an acceptable model
fit. One can assume that an increased invariance is
supported if the model fit indices are not significantly
diminished when compared to the previous restricted
model. Significant differences between two nested
models were then determined using the change in
CFI (�CFI) supplemented by the change in RMSEA
(�RMSEA) [56]. To contrast the neuropsychologi-
cal variables of the home-to-home and face-to-face
procedures and according to the three clinical con-
ditions of the participants, a multivariant analysis
was performed including the ten neuropsychologi-
cal variables. The NBACE version (home-to-home
and face-to-face) and diagnosis (CH, MCI, and mild
dementia) were included in the model as independent
factors. As the confirmatory face-to-face group con-
sisted of a big sample of participants in contrast to
the NBACEtn group and under the aim of not gen-
erating over-significant results as a consequence of
the sample size, a random selection of participants
of the confirmatory face-to-face group was obtained
according to the distribution of diagnoses observed in
the home-to-home version. Thus, the resulting com-
parative NBACE sample for this multivariant analysis
had 66 CH, 192 MCI, and 80 dementia subjects. In
this multivariate analysis, age, sex and years of formal
education were used as adjusting variables. Mplus 8.1
was used to assess the confirmatory and invariance
results, and SPSS v26 was used to execute the rest of
the statistical analyses.

RESULTS

A total of 461 individuals were visited home-to-
home by the Fundació ACE neuropsychology team
from March 18 to May 29, 2020. Of those, a final sam-
ple of 338 participants was analyzed for the purpose
of this study, comprising 66 (19.5%) CH individu-
als, 192 (56.8%) subjects with MCI, and 80 (23.7%)
patients with mild dementia. Those patients with a
GDS > 1 (n = 69) or missing data on a neuropsycho-
logical test (n = 52) were discarded for analysis. All
of these 52 latest subjects had missing data on the
inhibition subtest of SKT, and two of them also on
the Luria’s clocks.

The home-to-home group was contrasted with a
sample of 7,990 face-to-face participants assessed
with the original NBACE in person from January
2006 to March 2020 at the Memory Unit of Fundació
ACE. The distribution of clinical conditions was as
follows: 722 (9.0%) CH individuals, 4,599 (57.6%)
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Table 1
Demographic and clinical characteristics of the exploratory face-to-face and home-to-home groups

Face-to-face (n = 7,990) Home-to-home (n = 338) t-test/∗χ2 p

Age (mean/SD/min-max) 74.3 (9.2) [46–93] 74.0 (9.3) [46–93] 0.66 0.512
Sex (% female) 63.1 60.1 ∗1.2 0.275
Education (in years) (mean/SD/min-max) 7.7 (4.4) [2–25] 9.0 (4.8) [2–25] 4.7 < 0.005
MMSE (mean/SD/min-max) 25.7 (2.9) [20–30] 26.8 (2.9) [20–30] 6.1 < 0.005
Diagnosis (%)

CH 9.0 19.5
MCI 33.4 23.7
Dementia 57.6 56.8 ∗47.1 < 0.005

AD 68.9 62.7
Vascular 17.3 25.3
Lewy Body 4.8 7.2
Frontotemporal 4.2 2.4
Others 4.9 2.4 5.88 0.208

SD, standard deviation; min, minimum; max, maximum; MMSE, Mini-Mental State Examination; CH, cognitively healthy; MCI, mild
cognitive impairment; AD, Alzheimer’s disease.

Table 2
Rotated Factorial Loadings for Three-, Four-, and Five-Factorial solutions in the exploratory face-to-face group

Three-factorial Four-factorial Five-factorial
solution solution solution

Total explained variance 70.5% 76.9% 82.5%

Factors 1 2 3 1 2 3 4 1 2 3 4 5

Recognition memory 0.87 0.14 0.19 0.87 0.10 0.04 0.19 0.87 0.06 0.05 0.19 0.09
Delayed recall 0.82 –0.01 0.17 0.83 0.33 0.08 0.17 0.83 0.33 0.08 0.14 0.13
Verbal learning 0.80 0.35 0.21 0.72 0.45 0.24 0.18 0.72 0.44 0.24 0.16 0.13
Letter fluency 0.42 0.62 0.26 0.16 0.82 0.27 0.15 0.16 0.81 0.27 0.20 0.11
Category fluency 0.63 0.40 0.29 0.42 0.70 0.12 0.20 0.41 0.74 0.11 0.10 0.22
Similarities 0.48 0.50 0.36 0.29 0.68 0.23 0.27 0.30 0.55 0.26 0.51 0.02
Digit span (forward) 0.00 0.85 0.04 0.06 0.14 0.92 0.07 0.06 0.12 0.92 0.07 0.05
Digit span (backward) 0.22 0.75 0.26 0.17 0.39 0.67 0.24 0.17 0.36 0.68 0.2 0.18
Luria’s clock test 0.17 0.14 0.86 0.20 0.12 0.16 0.87 0.19 0.18 0.14 0.21 0.92
Clock test 0.32 0.24 0.72 0.22 0.4 0.10 0.67 0.24 0.19 0.14 0.86 0.25

Note: The highest factorial loadings of every factorial solution are in boldface.

patients with MCI, and 2,669 (33.4%) patients with
mild dementia. Demographic and clinical character-
istics of the face-to-face and home-to-home groups
are reported in Table 1.

Factorial structure

Rotated factorial loadings of the exploratory face-
to-face group (n = 5,588) are reported in Table 2 for
solutions of three, four, and five factors. Although
the solution of five factors was the output with the
biggest explained variance, in the last factor only one
variable (Luria’s clock test) showed a relevant score.
The four-factor solution explained close to 77% of the
total variance. In terms of the discriminability of the
factorial loadings, all the higher loadings in a factor
were > 0.66 (mean = 0.78), while none of the sec-
ond higher loadings in the other factors were > 0.45
(mean = 0.29). Every factor showed two or three

variables. The three-factorial solution, explaining
71% of the total variance, had higher scores com-
prising between 0.50 and 0.87 (mean = 0.63), and
the second higher loadings in the other factors had
a mean of 0.27. Luria’s clock test was not correctly
discriminated in only one factor. According to these
exploratory results, the four-factor model seems to fit
the best with the data.

Confirmatory and invariance analysis

For the three- and four-factor solutions, confir-
matory analyses were calculated in the face-to-face
(confirmatory face-to-face group) and home-to-home
groups (Table 3). The goodness-of-fit indices indi-
cated an acceptable model fit for the two strategies
of administration under the four-factor model. The
three-factor model showed, in the face-to-face and
home-to-home procedures, an RMSEA > 0.09 and,
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Table 3
Confirmatory Analysis: Goodness-of-Fit Indices for the Baseline Model for the confirmatory face-to-face and home-to-home groups and for

the Three- and Four-Factor solutions of the NBACE

90% CI
for RMSEA

Group Factor solution χ2 df CFI TLI SRMR RMSEA LL UL
Face-to-face 3F 909.18 32 0.92 0.89 0.05 0.107 0.101 0.113

4F 465.54 29 0.96 0.94 0.03 0.079 0.073 0.086
Home-to-home 3F 130.72 32 0.95 0.93 0.05 0.096 0.079 0.113

4F 70.44 29 0.98 0.97 0.03 0.065 0.046 0.084

CFI, comparative fit index; TLI, Tucker–Lewis Index; SRMR, standardized root mean square residual; RMSEA, root mean square error of
approximation; CI, confidence interval; LL, lower limit; UL, upper limit.

Table 4
Standardized Factor Loadings and Standard Errors for the confir-

matory face-to-face and home-to-home groups of the NBACE

Face-to-face Home-to-home
n = 2,402 n = 338

Memory
Recognition memory 0.71 (0.03) 0.72 (0.01)
Delayed recall 0.90 (0.01) 0.87 (0.01)
Verbal learning 0.95 (0.01) 0.90 (0.01)

Executive Functions
Letter fluency 0.77 (0.03) 0.72 (0.01)
Category fluency 0.85 (0.02) 0.79 (0.01)
Similarities 0.80 (0.02) 0.76 (0.01)

Attention
Digit span (forward) 0.62 (0.04) 0.58 (0.02)
Digit span (backward) 0.85 (0.03) 0.89 (0.02)

Visuospatial/Constructional
Luria’s clock test 0.59 (0.05) 0.64 (0.02)
Clock test 0.72 (0.05) 0.75 (0.02)

Standard errors in parenthesis. All factor loadings are statistically
significant (p < 0.001).

in the case of the home-to-home procedure, a TLI <
0.90. As a consequence of these results, this last fac-
torial solution was definitively rejected.

According to the distribution of the ten neuro-
psychological variables in the four-factor model,
the latent variables that were estimated were as
follows: attention, memory, executive and visuospa-
tial/constructional functions. The standardized factor
loadings for these latent variables are provided in
Table 4.

Invariance analyses was finally executed contrast-
ing the profile of the two procedures of administration
under the solution of 4 factors. Configural invari-
ance was supported because all the fit indices were
adjusted to the corresponding thresholds (Table 5).
This result means, in an applied sense, that the
relations between the 4 latent factors and external
variables can be compared across groups because
a one-unit change in one group would be equal
to a one-unit change in any other group. When

the factor loadings were constrained to be equal
(metric invariance), the fit indices obtained com-
parable results. Moreover, �CFI and �RMSEA
were both < 0.01. These results indicate that neu-
ropsychological variables can be interpreted in a
comparable way regardless of the administration pro-
cedure. Finally, the imposition of a new restriction
based on assuming comparable variable intercepts
(scalar invariance) did not reduce the fit of indices
(�CFI and �RMSEA < 0.01). This last step indi-
cated that scores on the four latent variables can be
interpreted in the same way in both administration
procedures.

A stratified random sample of the confirma-
tory face-to-face group was obtained according to
the distribution of diagnoses in the home-to-home
group (CH: n = 66, 19.5%; MCI: n = 192, 56.8%;
mild dementia: n = 80, 23.7%). When comparing
the distributions of age, sex, and years of formal
education between the face-to-face and home-to-
home groups in the context of a logistic regression,
age and education obtained a statistically significant
result (p = 0.018 and p = 0.013, respectively), and sex
presented a marginal effect (p = 0.074). Older partic-
ipants and more educated participants were found in
the home-to-home group, while more women tended
to be observed in the face-to-face group.

The CH and dementia participants presented
no statistically significant differences neither in
the MMSE nor in any of the neuropsychologi-
cal variables when comparing the face-to-face and
home-to-home groups. However, MCI group showed
statistically significant better scores in the MMSE
(almost 1 point) and all variables in the home-to-
home procedure except for letter verbal fluency and
digit span forward (Table 6). When the diagnoses
were compared, most of the results were discrimi-
nant. Significant differences also appeared between
pairs of diagnoses and for the two administration
procedures except for letter verbal fluency when



1548 M. Alegret et al. / From Face-to-Face to Home-to-Home NBACE

Table 5
Measurement Invariance Analysis contrasting face-to-face and home-to-home groups for the Four-Factor Model of the NBACE

Goodness-of-fit indices

Home-to-home (n = 338) χ2 df CFI TLI RMSEA (CI90%) �CFI �RMSEA
Face-to-face (n = 2,402)

Configural invariance 535.98 58 0.96 0.95 0.078 (0.072–0.084)
Metric invariance 552.53 64 0.96 0.95 0.075 (0.069–0.080) 0.000 0.003
Scalar invariance 663.69 70 0.96 0.94 0.079 (0.073–0.084) 0.000 0.004

�CFI less than or equal to 0.010 is considered non-significant.

Table 6
Multivariant Analysis Contrasting the face-to-face and home-to-home Groups of the NBACE and the CH, MCI, and Dementia Conditions

Mean (SE)∗ Post hoc contrasts

CH MCI Dementia F-T-F versus H-T-H CH versus dementia/
n = 132 n = 384 n = 160 CH/MCI/dementia MCI versus dementia/
(66/66) (192/192) (80/80) p∗∗ CH versus MCI

p∗∗∗

Memory
Recognition memory 22.63 (0.37) 19.99 (0.20) 17.11 (0.32) 0.347/ < 0.001/0.976 < 0.001/ < 0.001/ < 0.001

23.09 (0.36) 21.13 (0.20) 17.12 (0.32) < 0.001/ < 0.001/ < 0.001
Delayed recall 6.38 (0.27) 2.85 (0.15) 1.08 (0.23) 0.030/ < 0.001/0.210 < 0.001/ < 0.001/ < 0.001

7.17 (0.26) 4.47 (0.15) 1.48 (0.23) < 0.001/ < 0.001/ < 0.001
Verbal learning 26.89 (0.71) 19.59 (0.39) 4.05 (0.19) 0.252/ < 0.001/0.198 < 0.001/ < 0.001/ < 0.001

27.94 (0.69) 22.14 (0.39) 4.19 (0.19) < 0.001/ < 0.001/ < 0.001
Executive Functions

Letter fluency 15.44 (0.53) 10.07 (0.29) 8.33 (0.46) 0.168/0.616/0.293 < 0.001/ < 0.001/0.001
16.41 (0.52) 9.87 (0.29) 7.67 (0.46) < 0.001/ < 0.001/ < 0.001

Category fluency 19.36 (0.57) 12.96 (0.31) 9.79 (0.49) 0.686/ < 0.001/0.805 < 0.001/ < 0.001/ < 0.001
19.66 (0.55) 14.51 (0.31) 9.95 (0.49) < 0.001/ < 0.001/ < 0.001

Similarities 11.97 (0.35) 8.99 (0.19) 7.52 (0.30) 0.418/ < 0.001/0.596 < 0.001/ < 0.001/ < 0.001
12.34 (0.34) 10.07 (0.19) 7.30 (0.30) < 0.001/ < 0.001/ < 0.001

Attention
Digit span (forward) 8.10 (0.21) 6.99 (0.11) 7.19 (0.18) 0.031/0.124/ < 0.001 < 0.001/0.329/0.001

7.51 (0.20) 6.74 (0.11) 6.33 (0.18) < 0.001/0.050/0.001
Digit span (backward) 5.17 (0.18) 3.58 (0.09) 3.45 (0.16) 0.917/ < 0.001/0.875 < 0.001/.0462/ < 0.001

5.20 (0.18) 4.26 (0.09) 3.41 (0.16) < 0.001/ < 0.001/ < 0.001
Visuospatial/Constructional

Luria’s clock test 3.77 (0.12) 2.87 (0.07) 2.30 (0.10) 0.956/ < 0.001/0.039 < 0.001/ < 0.001/ < 0.001
3.78 (0.12) 3.36 (0.07) 2.60 (0.11) < 0.001/ < 0.001/ < 0.001

Clock test 6.50 (0.22) 5.50 (0.12) 4.05 (0.19) 0.734/0.001/0.582 < 0.001/ < 0.001/ < 0.001
6.40 (0.21) 6.08 (0.12) 4.19 (0.19) < 0.191/ < 0.001/ < 0.001

The results are adjusted by age, sex, and education. ∗means and standard errors (in parenthesis) for, respectively, the face-to-face and
home-to-home procedures. ∗∗p-value of the contrast between the face-to-face (normal letter) and home-to-home (in italics) procedures in,
respectively, CH/MCI/dementia conditions. According to the aim of these analyses, no Bonferroni correction was applied.

comparing MCI and dementia in the face-to-face ver-
sion, in digit span (forward and backward), where
some pairs of comparisons appeared non-significant
or above the threshold imposed by the Bonferroni
correction in the two administration versions, and
in the case of the clock test, where in the home-to-
home procedure, CH and MCI were presented with a
comparable mean.

After the discriminant capacity of the home-to-
home version was assessed, and as a measure of
control, the technological device used during the
assessment was analyzed. A multivariant analy-
sis was also performed here, including the ten

neuropsychological variables as dependent factors
and the device (computer/tablet or mobile devices,
n = 90 and n = 248, respectively) as an independent
factor, adjusted by age, sex, education, and the
three diagnoses (the CH, MCI, and dementia condi-
tions, including two dummy variables). Differences
between mobile and tablet/computer were not sta-
tistically significant. Only the digit span backward
showed a tendence of p = 0.068. The rest of neuropsy-
chological variables showed a p > 0.114. However, it
has to be mentioned that from the 52 missing data,
the 86.5% (n = 45) was produced in the mobile group,
and only 7 in the computer/tablet one.
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DISCUSSION

Teleneuropsychology assessed with the NBACEtn
seems to be a valid, viable, and available tool. In
its transition from traditional face-to-face to home-
to-home testing, the NBACE has been demonstrated
as a valid tool providing the diagnostic and clinical
needs of a clinical setting. Up to now, a few stud-
ies have been made on teleneuropsychology, most of
them using only verbal tests, with reduced samples
and carried out in a controlled scenario instead of on
a home-to-home basis, assessing its availability.

A confirmatory and invariance analysis of the
obtained results has shown an acceptable goodness-
of-fit index for the face-to-face and home-to-home
versions under the four-factor model, compris-
ing attention, memory, executive and visuospatial/
visuoconstructional functions. It has to be mentioned
that, following the reasoning of the original NBACE
[22], we named executive function to the factor
comprising verbal fluency (letter and category) and
Similarities subtests because they assess problem
solving skills. Verbal fluency requires initiation and
maintenance of word production, cognitive flexibil-
ity, mental processing speed, and inhibition of certain
responses [57] and Similarities measures abstract rea-
soning and the ability to find the likenesses, instead
of saying the differences, between two semantically
related words [33]. The four cognitive composites
obtained in the CH, MCI, and mild dementia groups
by the home-to-home version were similar to those
obtained in the original face-to-face NBACE. Our
findings are consistent with other studies reporting
that teleneuropsychology may be a valid resource for
cognitive assessments [5, 6, 10, 12].

The CH individuals and patients with mild de-
mentia showed similar performances on all the
neuropsychological tests when comparing the face-
to-face and home-to-home groups. However, the MCI
individuals showed better performances in most tests
in the home-to-home procedure. This result cannot
be explained in terms of a systematic bias where
the home-to-home is associated to a better perfor-
mance (or it is finally applied to participants with
a better cognitive status), since only MCI partici-
pants are showing this differential outcome. In fact,
MCI patients under home-to-home protocol showed
a slightly higher general cognitive performance (a
mean of 1 point in the MMSE) than their face-to-
face counterparts. One possible explanation could
be that in the case of MCI group, in which par-
ticipants were autonomous in their daily life, those

who accepted videoconference visits had higher-level
skills in their instrumental activities of daily living
(i.e., use of technological devices) than those who
refused it, which could be translated in better neu-
ropsychological performances in the home-to-home
than in the face-to-face group. However, it could also
be due to the fact that the MCI entity is a heteroge-
neous condition between cognitively healthy aging
and early dementia [20, 27, 58].

As far as we know, this is also the first teleneu-
ropsychology study carried out in a home-to-home
scenario implemented during the COVID-19 pan-
demic by an experienced team of a Memory Unit,
as detailed elsewhere [2], with a neuropsychologi-
cal battery with normative data [22], cut-off scores
[18], and demonstrated to be a valid measure for
the diagnosis and prediction of conversion from
MCI to dementia in its original face-to-face version
[20, 21]. Up to now, most studies about teleneu-
ropsychology have reduced samples [5, 8–10, 12]
and hospital-to-home attendance [12] or brief neu-
ropsychological assessments without visual material
[9]. Additionally, this data represents the largest
study to date of teleneuropsychological assessment.
In this study, a comprehensive neuropsychological
assessment was administered in a real home-to-home
scenario. Measurement invariance is a crucial step
when determining the equality of a measure admin-
istered in different ways, and to the best of our
knowledge, this is also the first study exploring the
measurement invariance of face-to-face and home-
to-home neuropsychological batteries. Our results
provide evidence that remote testing may be an ade-
quate tool for cognitive assessment. We recognize
that remote testing may not allow to administrate
some cognitive tests and may limit their clinical out-
come. However, the results from this study and from
our experience, we are convinced about the effective-
ness of the teleneuropsychological visits.

According to previous studies regarding the valid-
ity of teleneuropsychology [6, 8], our results confirm
that the home-to-home NBACE procedure is as valid
as its original NBACE administered in person. The
vast majority of comparisons among the clinical con-
ditions obtained consistent and expected differences
across the neuropsychological variables in the same
way as the face-to-face procedure.

Moreover, the device used with the home-to-
home battery emerged as non-relevant. All the neuro-
psychological variables obtained homogeneous
results, whether computer/tablet or mobile devices
were used. In addition, this observation, to the
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best of our knowledge, had not been thoroughly
explored and reported in the process of valida-
tion of a neuropsychological battery administered in
a home-to-home manner. Assessments using com-
puter, tablets or mobile devices, undifferentiated,
is a substantial advantage for teleneuropsychology,
taking into account the higher diffusion of mobile
devices in comparison with computers, especially in
older populations. The results of this study, how-
ever, must be considered as only the first step of
others that have to provide more conclusive results
in this sense, beyond simple comparisons of means
between technological devices. The subsample size
of participants under the computer assessment in
this study was not necessary to provide consistent
results [59], but invariance analysis could also be
proposed here, contrasting devices, and conducted to
determine the replicability between them. However,
it should be noted that the use of the mobile pro-
duced more data missing on the inhibition subtest of
the SKT.

As mentioned previously [10], some classical
neuropsychological tests are not feasible for teleneu-
ropsychology. For this reason, in the conversion from
the face-to-face to the home-to-home NBACE ver-
sions, to assess the constructional praxis, the block
design of WAIS-III was replaced by the RBANS
figure copy because the patients had no access
to stimuli to complete the task at home. Nowa-
days, alternative oral versions of some classical
tests could be useful for brief teleneuropsycholog-
ical use, such as the oral Trail Making A and B
Tests [60] and the Face Memory Test® [61]. How-
ever, the NBACEtn has maintained visual and praxis
tests from the original NBACE version, such as
visuoperceptual (Poppelreuter-type overlap figures
and the 15-Objects Test), and imitational and ideo-
motor praxis tests, which have proven to be viable
and valid neuropsychological tests, reinforcing the
viability of teleneuropsychology [6, 8].

Some classical tests do not need instructions or
material modifications from their face-to-face to
home-to-home versions, such as the word list from
the WMS-III, the Boston Naming Test, and the let-
ter and category fluency tests. However, other tests
require some modifications to ensure the correct exe-
cution of the task, mainly when visual material is
present, such as the inhibition subtest of the SKT
and the RBANS figure copy. As recommended pre-
viously [1], in this study a great effort was made to
ensure that the NBACEtn was similarly administrated
as the NBACE. Finally, some important practical and

ethical issues should be remarked before performing
teleneuropsychology. This study was done by a multi-
disciplinary team from the Fundació ACE institution,
with great experience in normal aging, MCI, and
dementias. Therefore, the practice of telemedicine
requires professionals to provide quality, ethical, and
safe services to patients, apart from adequate techno-
logical devices and connectivity.

Teleneuropsychological assessment has demon-
strated to be a suitable healthcare option. People will
be able to choose between face-to-face and home-
to-home on their convenience. It will allow to visit
patients even if they are far away, temporary in
another residence, or if they prefer to be followed
up after moving of residence. In fact, our experi-
ence during this short period of implementation of
telemedicine and teleneuropsychology has allowed
us to open a new exploratory field and consider that
e-tech can be used to support these patients and facil-
itate their follow up.

While teleneuropsychological assessment has
increasingly shown clinical potential, providers
should be mindful of its limitations, strengths, and
appropriate uses for cognitive assessment. One limi-
tation is consequence of being a unicentric approach.
Although this data represents the largest sample
to date of teleneuropsychological testing, results
observed in this study, and according to the analyt-
ical approach here proposed, have to be interpreted
as the first of others conducted to ensure the equiva-
lence of measures administered in different formats
and replicated in other centers, in order to determine
its generalization. The second limitation is the design
applied, where the home-to-home version was con-
trasted with a historical dataset of neuropsychological
assessments. This last subsample was not explic-
itly designed to meet the objectives of the present
study. A classical experimental design would have
been recommended here. One scenario would be
assigning participants at random to the two versions
of the measure, creating a between-subjects design.
The second experimental option would be a within-
subject (repeated measures) design, contrasting both
formats in the same sample of participants. However,
the present study emerged from the need of provid-
ing continuous attention in a Memory Clinic during a
lockdown, and experimental design was not possible
to apply. Moreover, a within-subject design could be
applied if it is possible to ensure that no learning or
memory process is present when the second form of
administration is explored, which is extremely diffi-
cult when cognitive variables are explored.
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When analyzing differences between the two forms
of administration, as reported above, some statis-
tical discrepancies were observed. Home-to-home
participants had more years of formal education, pre-
sented better MMSE and were more frequently CH
cases (and less MCI) than their counterparts. This
unbalanced distribution of factors could be inter-
preted as a potential bias when interpreting results.
However, invariance analysis results evidenced that
these differences are irrelevant when determining the
homogeneity of the two forms of administration, both
in structure as in interpretation. Finally, we were not
able to measure feasibility of the home-to-home pro-
cedure, due to an impending and crucial need to focus
all the efforts on validating the NBACEtn battery. Fur-
ther studies incorporating acceptance, adherence, and
motivational aspects with regard to home-to-home
assessments in these participants could be consid-
ered. The results of this study could be applied only to
the tests that were used and the population who par-
ticipated in this study. Future studies should be done
to see if teleneuropsychology can be used with other
tests and different populations, such as those with
some characteristics of this study, traumatic brain
injury, epilepsy or intellectual disability. Thus, fur-
ther research is needed to assess the reliability and
validity of teleneuropsychology using the home-to-
home version of the NBACE in larger groups and
other clinical settings.

In conclusion, this study has demonstrated the
validity of the NBACEtn, which may be a suitable
neuropsychological assessment method similar to the
NBACE, useful for the cognitive assessment of peo-
ple with and without cognitive impairment. From now
on, the NBACEtn may be a valid option for deliver-
ing neuropsychological visits to people who cannot
attend medical appointments in person for any rea-
son, without modifying the psychometric quality of
the measure.
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A, Hernández I, Rosende-Roca M, Mauleón A, Becker JT,
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Hernández I, Tárraga L, Becker JT, Boada M (2012) Norma-
tive data of a brief neuropsychological battery for Spanish
individuals older than 49. J Clin Exp Neuropsychol 34, 209-
219.
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