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Abstract

Objective : Neuropsychological assessment through VideoTeleConferencing (VTC) can help improve access to diagnostic and follow-up care
in memory clinics. This study investigated the stability of performance on VTC assessment in relation to in-person assessment using a test-
retest design and explored user experiences of VTC assessment.Materials andMethods: Thirty-one patients (62 ± 6.7 years, 45% female, 58%
Subjective Cognitive Decline, 42% Mild Cognitive Impairment/dementia diagnosis) were included from the Amsterdam Dementia Cohort
between August 2020 and February 2021. Patients underwent a face-to-face neuropsychological assessment followed by a VTC assessment
using the same test protocol within 4 months. Reliability coefficients were calculated using intraclass correlation coefficients (ICC). For each
test, the proportion of clinically relevant differences in performances between assessment modalities was calculated. User experiences of
patients and neuropsychologists were assessed with questionnaires (User Satisfaction and Ease of use [USE] questionnaire and System
Usability Scale [SUS]). Neuropsychologists also participated in a focus group.Results: ICC values weremoderate to excellent (0.63-0.93) for all
test measures in the total sample. On all tests, most patients did not show clinically relevant performance differences between modalities.
Patients and neuropsychologists reported overall positive VTC system usability, although neuropsychologists indicated in the focus group that
patients without cognitive impairment required less training for the system and were more independent. Conclusion: VTC assessment
showed adequate to excellent test-retest reliability for a broad range of neuropsychological tests commonly used in practice. Assessment
through VTC may be a user friendly method in the memory clinic, especially to monitor individuals at risk for future cognitive decline.
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Introduction

The reduction in opportunities for in-person cognitive assessments
during the COVID-19 pandemic has accelerated research efforts
into feasibility and reliability of remote cognitive testing, including
assessment through video teleconference (VTC) (Bilder et al.,
2020; Geddes et al., 2020; Marra et al., 2020; Owens et al., 2020;
Pulsifer et al., 2021; Rochette, Rahman-Filipak, Spencer, Marshall
& Stelmokas, 2021; Singh & Germine, 2021; Underwood et al.,
2021). In addition to maintaining sufficient access to crucial
neuropsychological services under exceptional circumstances
(Owens et al., 2020; Underwood et al., 2021), implementing solid
protocols for remote, at-home cognitive testing can also facilitate
diagnostic care and monitoring in the memory clinic on the long-

term by taking away several barriers to undergo (repeated) testing
(Hewitt et al., 2022; Tsiakiri et al., 2022). Among supervised remote
neuropsychological assessments, VTC may, for example, be
preferable to telephone-based assessment for a variety of reasons,
including reliability (Hunter et al., 2021). Undergoing assessment
through VTC from home can be an alternative to assessment at the
clinic for patients who live in rural communities (Vestal et al.,
2006), struggle with health or mobility limitations, have lower
motivation for testing (Castanho et al., 2014) or experience anxiety
surrounding clinic visits (that may also affect test performance
(Dorenkamp et al., 2021)).

In a memory clinic setting, it is crucial to know which tests can
be dependably administered through VTC, but also which patients
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are more (or less) suitable for and open to undergoing this method
of assessment. Research has shown that VTC assessment is likely
feasible in community-dwelling older individuals (Hildebrand
et al., 2004), individuals with self-perceived cognitive decline but
no major impairment (Gnassounou et al., 2021), and even those
with cognitive impairment (Cullum et al., 2014; Hunter et al., 2021;
Parikh et al., 2013; Wadsworth et al., 2018). At the same time, the
reliability and validity of neuropsychological testing administered
through VTC in a clinic-to-home setting are not yet adequately
established (Marra et al., 2020; Parsons et al., 2022), in particular
for complete, comprehensive assessment protocols used for regular
clinical diagnostics. Furthermore, we do not have an adequate
picture of other important issues relating to the integration VTC in
memory clinic neuropsychological services for individuals with
varying levels of cognitive impairment (Bilder et al., 2020;
Hildebrand et al., 2004), specifically user experiences of both
administrators and patients.

Research investigating reliability of VTC assessment commonly
focuses on tests that have existing adaptations for remote
administration (König et al., 2021) or are based on verbal
instruction and response, such as verbal memory and fluency tests.
Such tests are relatively easy to implement in remote assessment
and appear to have largely sufficient reliability metrics (Brearly
et al., 2017; Cullum et al., 2014; Fox-Fuller et al., 2022) and produce
scores that are not significantly different from face-to-face
assessment (Marra et al., 2020), although test-retest reliability of
remote assessment may deviate slightly from in-person adminis-
tration (Fox-Fuller, Ngo, et al., 2022; Marra et al., 2020). VTC
administration of other tests that are often part of a neuropsycho-
logical workup, such as timed tests, tests relying on visual or motor
modalities or those that tap into executive functions may come
with challenges concerning administration, accuracy and perfor-
mancemonitoring (Bloch et al., 2021; Fox-Fuller, Ngo, et al., 2022).
Findings regarding reliability of such tests and the deviation in
scores compared to regular administration vary, are sometimes
based on adapted versions of the original or too limited for clinical
implementation (Brearly et al., 2017; Hunter et al., 2021; Lunardini
et al., 2020; Marra et al., 2020; Owens et al., 2020; Wadsworth
et al., 2018).

Alongside sufficient reliability, an important part in evaluating
the value of VTC assessment involves the user experiences from
both administrators and patients (Appleman et al., 2021; Parsons
et al., 2022). A survey among US-based neuropsychological test
administrators (Fox-Fuller et al., 2022), identified connection
issues, limited technological access and external distractions as
some of the major challenges. Such challenges are likely to exist
across countries and settings (Hewitt et al., 2022; Sumpter et al.,
2023). Still, in memory clinics we may also encounter challenges
inherent to the patient population, including high average age,
varying technological literacy, and substantial cognitive and
functional decline. All of these factors potentially affect patients’
ability to navigate VTC systems as well as the cognitive profile
derived from remote assessment (Brearly et al., 2017; Parks et al.,
2021). More research is needed to understand how previously
identified challenges with VTC relate to the memory clinic context,
and to gauge specific challenges and opportunities at play.

The aims of the current study were to 1) investigate the stability
of performances on a VTC assessment comprised of commonly
used, non-adapted neuropsychological tests in relation to in-
person assessment using a test-retests design, and 2) evaluate user
experiences of neuropsychologists and cognitively impaired and
unimpaired patients of a Dutch memory clinic.

Methods

Participants and study design

The current study is a mixed-methods observational prospective
study, with a test-retest design. Participants considered for
inclusion were older adults who visited Alzheimer Center
Amsterdam between August 2020 and February 2021 for a
multidisciplinary diagnostic evaluation. The current diagnostic
workup includes a neurological evaluation, neuroimaging, lumbar
puncture and face-to-face in-clinic neuropsychological assess-
ment. Details regarding the complete diagnostic procedure and
criteria are described in (van der Flier & Scheltens, 2018). The
neuropsychological test protocol is described in Table 1.

Inclusion criteria were a (completed) face-to-face in-clinic
neuropsychological assessment and access to a computer for VTC
at home. Exclusion criteria were: insufficient knowledge of the
Dutch language, and insufficient clinical condition as judged by the
neuropsychologist based on information gathered at the diagnostic
evaluation (e.g., advanced dementia or behavioral problems).
Diagnosis was known at time of inclusion but was not a deciding
factor for in- or exclusion by itself in the current study.

VTC assessments took place within 4 months after the face-to-
face assessment. Data were collected between August 2020 and
April 2021. The study was conducted in accordance with the
Declaration of Helsinki (World Medical Association, 2013) and
was approved by the Institutional Review Board of VU University
Medical Center (VUmc). All participants signed informed consent.

Measures of the neuropsychological assessment

The same standardized neuropsychological assessment protocol
was performed at both the in-clinic assessment and VTC
assessment, except the Mini Mental State Examination (MMSE,
in-clinic only). The assessment comprised a standard clinical
workup used for diagnostic purposes at the Alzheimer center
Amsterdam, also see van der Flier & Scheltens (2018). The protocol
consisted of 19 tests, covering six cognitive domains: global
cognition, memory, attention, executive function, language, and
visuo-spatial function. See Table 1 for an overview of the tests as
well as the measures derived from the tests that were subsequently
used in the analyses.

We used both raw scores and standardized T-scores, depending
on the analysis performed (see Statistical Analyses). Once
standardized, the T-scores were also classified according to
published guidelines for Dutch clinical practice that were adapted
from the American Academy of Clinical Neuropsychology
(Hendriks & Kessels, 2020). into the following performance
classes: very low/impaired (T score <30), below average (30 ≤ T
score≤36), low-average (37 ≤ T score ≤ 42), average (43 ≤ T
score≤ 56), high average (57 ≤ T score≤ 63), above average (64 ≤
T score≤ 71), and high (T score ≥ 72). As Dutch norms for the
Letter Digit Substitution Test (LDST) (van der Elst et al., 2006)
were based on the 60-seconds version of the test (as opposed to the
90-second version in our protocol) we adapted the raw scores of
the LDST (0.67* score at 90 s) before standardizing. Performance
classes for the Visual Association Test (VAT) and Number
Location tests included impaired vs unimpaired only, due to the
skewed distribution of scores (ceiling effect).

VTC assessment procedure

VTC assessment was clinic-to-home, i.e., the neuropsychologist
resided at the clinic and the patient at home. For the VTC
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assessment, instructions and response forms where required
(TMT, Rey Complex Figure test, LDST, MoCa) were sent to
patients’ homes with explicit instructions to not open these until
the start of the VTC visit. Patients were instructed to use a laptop or
desktop computer for VTC, and to limit risk of distractions by
undergoing the assessment in a quiet room in their home and
instructing cohabitants to not disturb. For patients who were
unsure of how the system should be setup, a partner or family
member was allowed in the room to help. Audio and video settings
were tested with the neuropsychologist in a brief preparatory
meeting and at the start of the neuropsychological assessment.

The VTC assessment took place via secure conferencing using
Microsoft Teams®, which is the primary conferencing method at
the Amsterdam UMC. For some paper-and-pencil tests that
required performance monitoring, including the TMT and Rey
Complex Figure test, the patient was asked to adjust their camera to
allow the neuropsychologist to view their actions during the task.
Technological or logistic issues and consequences for the assess-
ment (e.g., missing test data) were noted by the neuropsychologist.

Missing data

We inspected whether one of the modalities produced more
missing test scores than the other, and for what reason (e.g., if there
were systematically more missing test scores due to lack of test
comprehension in one modality). Neuropsychologists recorded
the number and reason for missing test measures at baseline and
VTC. Furthermore, they recorded any issues that arose during the
VTC assessment that could be of influence on the test outcome,
e.g., lagging connection. Reasons for missing data were dichoto-
mized into 0) patient was unable to perform the test (due to lack of
understanding of the instructions) or 1) not administered (e.g., due
to time restrictions of the assessment). We evaluated whether the
number and main reason for missing test scores were different for
the assessment modalities with chi-square tests.

User friendliness and system usability

After the VTC assessment, both the participant and test admin-
istrator completed a Dutch version of the User Satisfaction and Ease
of use (USE) questionnaire (Lund, 2001) and the System Usability
Scale (SUS) (Brook, 1995). The SUS consists of 10 statements aimed
at evaluating general usability, using a 5-point likert scale ranging
from strongly disagree (score of 1) to strongly agree (score of 5). The
USE questionnaire consists of 30 statements using a 7-point Likert
scale, and covers domains of usefulness, ease of use, ease of learning
and satisfaction.A focus groupwas heldwith the neuropsychologists
(LW, RJ, PZ) after the final assessment for an evaluation of their
experiences with the VTC assessment, including main issues,
opportunities and the experience with testing patients with different
diagnoses.

Statistical analyses

Statistical analyses were performed with SPSS, version 27. A p-value
of .05 was considered statistically significant, unless otherwise
specified.

Descriptive statistics (mean, median, proportions, depending
on the variable) were used to describe sociodemographic and
clinical characteristics. Comparisons between diagnostic groups
(Subjective Cognitive Decline [SCD] versus Mild Cognitive
Impairment [MCI]/dementia) were made using independent
samples-tests and chi-square tests, as appropriate.

Stability of performances across modalities
Raw scores on the test measures were used for investigate
performance stability.

Intraclass Correlation Coefficients (ICC) were computed (type
absolute agreement, two-way-mixed model) to measure homo-
geneity of scores across baseline vs. the VTC assessment for each
test with continuous scores. We adopted published cutoffs to
evaluate the ICC values as “poor” (<0.50), “moderate” (0.50–0.74),

Table 1. Neuropsychological assessment overview with cognitive domains

Cognitive domain Tests Measures used

Global cognitive functioning Mini Mental State Examination (MMSE)† Total score
Montreal Cognitive Assessment (MoCa) Total score

Memory Visual Association Task (VAT) A and B* Total trial score A* and B*
Rey Auditory Verbal Learning Test (RAVLT) Direct recall*

Delayed recall*
False negatives
False positives

Rey Complex Figure (Rey CFT) Total score on recall subtest*
Attention Digit span forward Total score*

Trail Making Test A (TMT A) Total time to complete*
Stroop color word test I Total time to complete*
Stroop color word test II Total time to complete*

Executive function Digit span backwards*
Trail Making Test B (TMT B)
Stroop color-word test (Stroop III)
Phonemic fluency test; version D-A-T

Total score*
Total time to complete*
Total time to complete*
Stroop III/II index (interference score)*
Total correct words*

Language VAT (naming)
Category fluency test; animals

Total score*
Total correct words*

Visuo-spatial function Visual Object and Space Perception (VOSP)
-Dot Counting (remote only)
-Fragmented letters
-Number location

Rey CFT

Total score
Total score
Total score*
Total score on copy subtest*
Total score on copying subtest

*This test is also used for clinical classification of performance on the corresponding domain (see statistical analyses- Clinically relevant changes in
performance).
†Baseline visit only.
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“good” (0.75–0.90) or “excellent” (0.90) (Koo & Li, 2016). Tests
with restricted score ranges (i.e., VAT – naming, Visual Object and
Space Perception [VOSP] – Fragmented letters and Number
location subtests) were considered non-continuous, in which case
we calculated the percentage absolute agreement between measure-
ments. ICC values were calculated for the total sample and plotted as
a function of clinical diagnosis (SCD and MCI/dementia).

To investigate stability of rank ordering between assessments,
and compare with published literature, we ran correlational
analyses between the in-person baseline and VTC assessment
scores (Pearson product-moment or Spearman rho, for continuous
scores). For non-continuous measures, chi-square or Fisher’s exact
tests were performed.

We investigated differences in mean test scores from the in-
person baseline to VTC assessment with paired-samples t-tests or
Wilcoxon signed-rank tests, depending on data distribution. Effect
sizes of the differences were calculated as Cohen’s D (M difference /
SD difference) or r (Wilcoxon Z /

p
test sample size).

For tests with continuous scores, we used Bland–Altman plots
to visualize the difference in scores between both measurements
against the average of both measurements for each individual.
These plots indicate whether there are systematic differences
between scores on the face-to-face vs the remote assessment
(Altman & Bland, 1983). T-scores of themeasures (see below) were
used for scalability. 95% CI limits of agreement were set.

Clinical relevance of differences in performance across
modalities
Standardized scores were used for the evaluation of clinical
relevance of differences between modalities. For tests with
continuous scores, a clinically relevant difference was defined as a
difference of at least two of the previously mentioned performance
classes between the measurements, e.g., below average at baseline
assessment vs. average at VTC assessment. For tests with non-
continuous scores, a shift between the performance classes
(impaired/unimpaired)was seen as clinically relevant.We calculated
the proportion of patients showing a clinically relevant difference in
performances (worse or better) for each test.

Usability
Total scores on the USE questionnaire and domain scores for
patients and neuropsychologists were computed and compared
usingMann–WhitneyU tests due to non-normal distributions.We
also computed scores domain scores between the group without vs
with cognitive impairment (i.e., SCD vs MCI/dementia diagnosis)
as reported by patients and neuropsychologists separately.
Responses on each item of the SUS were deemed categorical in
nature, and statistically compared, again between the group
without vs with cognitive impairment, with Chi-square or Fisher’s
exact tests for patients and neuropsychologists separately. Focus
group responses were summarized (author: SS) and described in
addition to the quantitative results.

Results

Sample

133 individuals who underwent a face-to-face assessment as part of
clinical care were considered for inclusion. Thirty-two patients met
the inclusion criteria and wanted to participate. Of the 101 patients
whowere excluded, 12 did not have the appropriate setup for VTC at
home and 2 mentioned they did not think they possessed sufficient
technological skills for VTC. Other main reasons for exclusion were

poor clinical status or psychological symptoms (e.g., stress after
diagnosis or depressive symptoms), visual or language impairments,
not wanting to participate or logistical reasons (e.g., not being able to
plan a VTC assessment in the appropriate timeframe).

One patient withdrew after informed consent, but before the
VTC assessment. The final sample thus consisted of 31 patients
(mean age 62.2 ± 6.7 years, 45.2% female, 84.2% higher education;
see Table 2 for an overview of sample characteristics). The group
without cognitive impairment was younger (59.7 ± 5.2 years) than
the group with cognitive impairment (65.9 ± 7.0 years, p< .01). As
expected, MMSE score was higher in the former (28.7 ± 1.3)
compared to the latter group (25.5 ± 3.2, p< .01). There were no
differences between groups with regard to other baseline
characteristics. One assessment was conducted on IPad, all other
assessments were conducted via laptop or personal computer.

Analysis of missing data for face-to-face and VTC
administration

Supplementary table 1 provides an overview of missing data per test
(in total and stratified according to primary reason for absence).

Face-to-face
Twelve patients had at least one missing test value. Four of these
patients (diagnoses MCI N = 1; AD N = 2; vascular dementia
N= 1) had not completed at least one task because of insufficient
understanding or execution of the test instructions. In the eight
other cases, missing data were not related to test understanding or
execution, but due to time restrictions.

VTC
Nine patients had at least one missting test value. Four of these
patients (diagnoses AD N= 3; vascular dementia N= 1) had not
completed at least one task because of insufficient understanding
or execution of the test instructions. In the other five cases,
missings were not related to test understanding or execution, but
due to time restrictions.

Chi-square tests indicated no difference in the total number of
missing scores between the two assessments, p’s< .05.

Neuropsychological assessment-stability of performances

Test scores at face to face and remote assessment and the stability
indicators (change in mean scores with effect sizes, ICC,
correlations) in the total sample are displayed in Tables 3 and 4.
ICC values are also depicted in the total sample and stratified
according to diagnosis (SCD vs MCI/dementia) in Figure 1.

All tests showed moderate to excellent ICC values (range 0.63–
0.93) in the total sample. Absolute agreement (non-continuous test
measures) ranged from 19% (VOSP number location) to 87% (VAT
naming). Pearson and Spearman correlation indicated significant
relationships (all p’s< .05) between face-to-face and VTC adminis-
tration for all test measures. Chi-square tests indicated similar score
distributions between the VAT Naming and VOSP Fragmented
Letters (p’s> .05), but not for VOSP Number Location (p< .01).

Independent samples t-tests/Wilcoxon Signed-rank tests
showed higher mean scores for the Rey Auditory Verbal Learning
Test (RAVLT) recognition – false negatives (i.e.,more false negatives
on average), and Rey Complex Figure Test (Rey CFT) – copy
condition (i.e., more correctly drawn parts of the figure) at the VTC
assessment, showing small to medium effect sizes. After stratifying
for diagnosis, the significant difference in the Rey CFT mean scores
in the total sample was explained by a higher score among the
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cognitively unimpaired patients (SCD group face-to-face:
34,35 ± 1.50; VTC: 35,41 ± 1.12; p= .02, vs. MCI/dementia group
face-to-face: 30,8 ± 37,04; VTC: 33,42 ± 4,72; p> .05). The differ-
ence in RAVLT recognition - false negative scores in the total sample
was significant in neither the SCD group alone (face-to-face:
0.59 ± 0.71; VTC: 1.24± 1.2.02; p= .13) nor the MCI/dementia
group alone (2.33 ± 2.87; VTC: 3.42 ± 2.54, p= .07).

Bland–Altman plots

Differences between the assessment modalities were close to T= 0
for all tests except for the Rey CFT-delayed condition (mean
difference T=−10; 1 standard deviation).We note that differences
in scores between the assessments appeared fairly stable as a

function of patients’ mean performance across measurements for
most tests (i.e., the differences in scores between face-to-face and
VTC assessment did not become more larger as patients’ mean
performances over the assessments were lower or higher). Especially
the RAVLT conditions, Stroop test 2 andDigit Span forward (verbal
tests of memory, processing speed and attention), but also LDST, (a
written test of visuomotor speed) showed stability. For the Rey CFT
delayed and TMTa, there appeared to be less variability in difference
scores when mean performance over assessments was worse. For
Letter fluency the opposite seemed to be the case; variability
decreased somewhat as the mean performance was better.

Bland–Altman plots for the LDST, Rey CFT delayed and Letter
fluency are shown in Figure 2, and those for the other tests are
shown in Supplementary figure 1.

Table 2. Sample characteristics

Total (N= 31) Not cognitively impaired (N= 18) Cognitively impaired (N= 13)

Age at time of baseline (M ± SD) 62.2 ± 6.7 59.7 ± 5.2** 65.9 ± 7.0**
Male (N, %) 17, 54.8% 8, 44.4% 9, 69.2%
Educational level (Verhage coding, n,%)

Lower 1, 3.2% 0, 0% 1, 8%
Middle 7, 22.6% 4, 22.2% 3, 23.1%
Higher 23, 84.2% 78.8% 69.2%

Diagnosis (n,%)
Subjective cognitive decline (SCD) 18, 54.8% 18, 100% n/a
Mild Cognitive Impairment (MCI) 7, 22.6% n/a 7, 53.8%
Dementia – Alzheimer’s Disease (AD)† 5, 16.1% n/a 5, 38.4%
Dementia – Vascular 1, 3.2% n/a 1, 7.6%

Days between assessments (M ± SD, range) 76.5 ± 22.2, 22-112 74.1 ± 22.0 79.9 ± 23.0
MMSE score at first visit (M ± SD) 27.4 ± 2.8 28.7 ± 1.3** 25.5 ± 3.2**

Note: MMSE=Mini Mental State Examination.
**Significant difference between diagnostic groups, p< .01.
Verhage coding can be translated as follows: lower education = elementary school up to lower vocational training (generally 6 to 13 years total education); middle education = intermediate
vocational training (e.g., generally 10–14 years total education); higher education = preparatory scientific education, a bachelor’s degree or higher (generally 12 to 16þ years
†With or without vascular pathology.

Table 3. Scores at the face-to-face and remote assessment

Face-to-face VTC Difference

Domain Test N M SD N M SD Mdiffǂ (pairs) ES†

Global MoCa 31 25.06 3.99 31 25.77 3.65 −0.71 −0.30
Memory VAT A 31 15.52 4.73 30 15.00 4.48 0.47 −0.15

VAT B 28 15.61 2.39 27 15.78 3.90 −0.42 −0.21
RAVLT – direct recall 31 37.68 13.76 30 35.83 15.74 1.17 0.16
RAVLT – delayed recall 31 6.84 4.51 30 5.77 4.97 0.90 0.30
RAVLT – false positives 30 1.17 2.10 30 1.20 2.17 −0.03 −0.01
RAVLT – false negatives 30 1.27 2.05 30 2.53 3.25 −0.83* −0.43
Rey CFT - recall 28 15.71 7.31 28 18.09 7.52 −2.25 −0.71

Attention/ speed Digit span forward 31 12.48 2.79 30 13.23 2.66 −0.90 −0.54
TMT part A 31 46.03 54.62 29 39.34 16.73 −2.07 −0.30
Stroop color word test I 31 46.16 12.61 30 52.13 21.28 −5.47 −0.47
Stroop color word test II– total time 31 68.74 25.48 30 69.00 23.30 0.63 −0.18
Letter-Digit Symbol Substitution 27 43.74 13.64 28 43.36 11.88 1.20 0.23

Executive function Digit span backwards 31 8.29 1.97 30 9.57 3.01 −1.33 −0.67
TMT part B 28 100.71 65.83 27 102.37 48.38 0.59 0.13
Stroop color word test III – total time 29 110.55 45.69 28 116.64 55.88 −4.64 −0.09
Stroop color word test III – interference index 29 46.10 29.63 28 51.36 39.56 −4.61 −0.01
Letter Fluency 28 38.82 12.64 29 39.45 14.64 −1.27 −0.14

Language VAT - naming 31 11.81 .91 30 11.97 .18 −0.17 −0.15
Category Fluency; animals 31 20.29 7.50 30 21.67 9.58 −1.83 −0.34

Visuo-spatial function VOSP- Fragmented letters 27 18.93 1.24 29 18.69 1.83 0.16 −0.07
VOSP- Number location 27 9.11 1.19 30 9.97 2.67 −1.00 −0.33
Rey CFT – copy 30 33.00 4.83 29 34.59 3.24 −1.69* −0.44

Note: BL= baseline assessment in-person, VTC= video-teleconference assessment, VAT= Visual Association Test, RAVLT= Rey Auditory Verbal Learning Test, Rey CFT= Rey Complex Figure
Test, TMT= Trail Making Test, VOSP= Visual Object & Space Perception test. P< .05* or p< .01**.
ǂDifference between baseline-remote assessment (pairs).
†Cohen’s D (Mdiff/SDdiff) or r (Wilcoxon Z/

p
(test sample size)).
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Clinical interpretation of stability and differences in test scores

Supplementary figure 2 displays the amount of stability and
clinically relevant shifts in performance classes from baseline to
VTC follow-up per test in the sample according to the predefined
cut offs.

For all tests, most patients showed no clinically relevant
difference. Number Location (100%), LDST (96%) and Letter
Fluency and Stroop 2 (both 93%) measures showed the highest
number of stable classifications from baseline to VTC assessment.
TMT A (17%) and TMT B (15%) and (their derived) were the tests

Table 4. Stability coefficients from baseline to VTC assessment

Stability

Reliability coefficient face-to-face†Domain Test r˥/X2 ICC/% agreement

Global MoCa 0.67** 0.88 0.82
Memory VAT A 17.15* 0.87 0.74–0.81

VAT B 47.8** 0.66
RAVLT – direct recall 0.89** 0.94 0.80–0.83
RAVLT – delayed recall 0.78** 0.88
RAVLT – false positives 0.53** 0.81
RAVLT – false negatives 0.48* 0.80
Rey CFT – recall 0.65** 0.71 0.59 (r)

Attention/ speed Digit span forward 0.81** 0.87 0.82
TMT part A 0.61** 0.71 0.79
Stroop color word test I 0.74** 0.62 0.73
Stroop color word test II – total time 0.84** 0.88 0.78
Letter-Digit Symbol Substitution 0.91** 0.95 0.85 (r)

Executive function Digit span backwards 0.69** 0.77 0.82
TMT part B 0.70** 0.81 0.89
Stroop color word test III – total time 0.60** 0.74 0.85
Stroop color word test III – interference index 0.57** 0.67 –
Letter Fluency 0.75** 0.87 0.78–0.85

Language VAT - naming 0.07 87% –
Category Fluency; animals 0.83** 0.87 0.83 (r)

Visuo-spatial function VOSP- Fragmented letters 12.63 19% –
VOSP- Number location 30.78* 36% –
Rey CFT – copy 0.40** 0.63 0.18 (r)

Note: BL= baseline assessment in-person, VTC= video-teleconference assessment, VAT= Visual Association Test, RAVLT= Rey Auditory Verbal Learning Test, Rey CFT= Rey Complex Figure
Test, TMT= Trail Making Test, VOSP= Visual Object & Space Perception test.
˥Pearson product-moment or Spearman rho.
†Reliability coefficients (ICC or r) across multiple face-to-face assessments reported in literature (Bruijnen et al., 2020; Jutten et al., 2018; Lezak et al., 2012; Schmand et al., 2008).

Figure 1. ICC values of the test measures with continuous scores in the total sample (dark blue), and stratified by diagnosis (Subjective Cognitive Decline [SDC] in light blue, MCI/
Dementia in light green). Dotted lines indicate excellent, good and moderate ICC values. Abbrevations: VAT= Visual Association Test, RAVLT= Rey Auditory Verbal Learning Test,
Rey CFT= Rey Complex Figure Test, TMT = Trail Making Test, ICC = intraclass correlation coefficient, MCI = Mild Cognitive Impairment.
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with the highest number of patients showing a higher classification
at baseline, while Rey CFT copy (34%), Digit Span Backward (27%)
and Letter Fluency (21%) showed the highest number of patients
with higher classification at VTC assessment.

VTC assessment – usability

Figure 3 shows total scores reported on the USE after the VTC
assessment stratified by patient vs neuropsychologist reporting (a),
and clinical diagnosis (b,c). Mann–Whitney U tests indicated no
significant differences on total scores of the USE (p’s> .05) as
reported by patient or neuropsychologist for SCD vs MCI/
dementia diagnosis. Supplementary figure 2 shows scores on the
Ease of use and learning, Usefulness and Satisfaction domains.
Neither the neuropsychologist- nor patient-reported mean scores
on these domains differed for SCD vs MCI/dementia diagnosis.

Figure 4 shows the scores on each item of the SUS as judged by
patients and neuropsychologists. As can be seen in the figure, the
vast majority of patients agreed (i.e., responded with “somewhat
agree” or “strongly agree”) with positively formulated items,
namely those stating that they would use the system frequently
(84% agreed, item 1), that the VTC setup was easy to use (93%
agreed, item 3) and that they felt confident using the VTC setup

(81% agreed, item 9). Twenty-three percent of patients agreed that
they would need help from someone with technical knowledge to
use the VTC system (item 4). With regard to the patient-reported
scores on the SUS, Fisher’s exact tests indicated significant
differences between SCD vsMCI/dementia patients in responses to
item 4 (SCD patients had a higher proportion of “strongly
disagree” response than MCI/dementia patients) and item 7 (SCD
patients had a higher proportion of “somewhat agree” responses
than MCI/dementia patients).

Similar to patients, most neuropsychologist responses were in
agreement with items (i.e., responded with “somewhat agree” or
“strongly agree”) stating they would want to use the system
frequently (87%, item 1) that the VTC setup was easy to use (83%,
item 3), and that they felt confident using the VTC setup (77%,
item 9). Fisher’s exact tests revealed that neuropsychologists’ scores
on the SUS were significantly different for administrations
concerning SCD vs MCI/dementia patients, specifically for item
8 (higher proportion of “strongly disagree” for SCD patients
compared to MCI/dementia, and higher proportion of “somewhat
disagree” for MCI/dementia patients compared to SCD).

In the focus group session, neuropsychologists reported
technical issues as the biggest barrier, where delays in connection
and trouble with audio were most prevalent. The home

Figure 2. Bland–Altman plots showing test scores (T-scores), with the difference betweenmeasurements on the Y-axis and themean of the twomeasurements on the X-axis. Dots
represent individual patients (blue = Subjective Cognitive Decline, green = Mild Cognitive Impairment/dementia), the horizontal black line indicates mean difference on group-
level between measurements, the dashed gray lines indicate ±1 and 2 SDs from a difference of T = 0. The three figures highlight tests that are highly stable across modalities
(Letter Digit Substitution Test [LDST]), show apparent increasing variation between modalities for higher mean performances (Rey Complex Figure Test recall), and show apparent
decreasing variation between modalities for higher mean performances (Letter Fluency).
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environment was perceived as more distracting compared to the
consultation room, and it was harder to monitor and correct
mistakes when needed (e.g., for the TMT). Clinical observations
could be sufficiently made, and the neuropsychologists who
touched on this topic mentioned that they did not experience
differences in clinical observations during the VTC assessment
compared to face-to-face. Some tests, including the VAT, were
described as easier to administer digitally. In terms of patient
suitability, neuropsychologists reported that patients without
cognitive impairment (i.e., SCD diagnosis) were functioning more
independent during the VTC assessment and needed less help with
the technical setup of the VTC than patients with (extensive)
impairment. An additional preparation session with the patient
before the VTC assessment was helpful to prevent and timely
resolve issues, e.g., with the MS Teams setup or with internet
connection. Still, it was also mentioned that this added to
workload.

Discussion

In this study, we aimed to add to the growing literature on
reliability and usability of remote neuropsychological assessment
by integrating a standard neuropsychological assessment protocol
used for clinical diagnostic purposes in a Dutch memory clinic
across face-to-face (baseline) and clinic-to-home VTC (follow-up)
modalities in a repeated measures design. All of the test measures
used in the workup provided sufficient to excellent reliability in the
total patient sample. We observed stability of the clinical
interpretation of the performances for most patients on all tests.
Usability scores were positive, and most usefulness and usability
indicators were rated similarly between patients with and without
cognitive impairment (MCI/dementia vs SCD diagnosis).

Former studies have shown similar results regarding perfor-
mances (Gnassounou et al., 2021; Vestal et al., 2006; Wadsworth
et al., 2018), correlations (Galusha-Glasscock et al., 2016), and
validity aspects (Martin-Khan et al., 2012) for face-to-face and
VTC neuropsychological testing. Our results support and extend
on this research by including a comprehensive test protocol that is
administered in our memory clinic setting for clinical purposes as
opposed to a selection of tests. The reliability findings (ICC or
Pearson r/Spearman’s rho) of the 24 test measures in the total
sample were largely similar to those found in literature for repeated

face-to-face assessment in adults (Bruijnen et al., 2020; Lezak et al.,
2012; Schmand et al., 2008). For the RAVLT direct and delayed
recall, standard MoCa and LDST, ICC values were somewhat
higher. The fact that performances were overall more stable in in
the MCI/dementia group than the SCD group and that SCD
patients were mostly the ones showing better scores at the VTC
follow-up is consistent with the notion that practice effects
associated with repeated test administration tend to attenuate as
cognition worsens (Jutten et al., 2020). We found no strong
indication of a systematic difference in scores across modalities,
except for the Rey Complex Figure test. Still, the correlation
between the assessments’ scores was similar to that of repeated
face-to-face (Lezak et al., 2012).

Compared to previous findings in a design involving repeated
VTC assessment of English speaking cognitively healthy adults
(Fox-Fuller, Ngo, et al., 2022), it seems that reliability for verbal
tests that tap into semantic fluency, attention andworkingmemory
(Fluency- Animals, Digit Span Forward and Backward tests) was
somewhat higher in our study of older adults in the memory clinic.
On the one hand, it may be beneficial for reliability if patients can
familiarize themselves with neuropsychological tests in a face-to-
face setting first, but we should also acknowledge that higher
reliability could also be driven by other factors, such as the
implementation of a VTC setup session with the neuropsychologist
before actual assessment, and likely the high performance stability
specifically present in our impaired patients.

It should be noted that reliability of some reaction time-based
measures, such as Stroop test 1, was relatively low compared to
other. This is not surprising, as they are granular scores that are
particularly susceptible to intraindividual fluctuations from one
assessment to the next, especially in elderly (Bielak et al., 2014).We
hypothesize that these scores could be affected by subtle delays in
connection during remote assessment, as reaction times at VTC
follow-up were somewhat higher compared to face-to-face
baseline. The neuropsychologists also reported timely correction
ofmistakes on the TMT remotely asmore challenging, which could
contribute to different completion times and accuracy. The
amount of clinically relevant performances differences on these
tests was, however, comparable to others.

A comprehensive evaluation of the applicability of a novel
assessment modality requires evaluation of psychometric proper-
ties in conjunction with experiences of those who undergo and

(a)

(b)

(c)

Figure 3. Total scores on the User Satisfaction and Ease of use
questionnaire a) patient (pat) vs. neuropsychologist (npsy)
reported scores, b) patient-reported scores stratified by clinical
diagnosis (Subjective Cognitive Decline [SCD] vs Mild Cognitive
Impairment [MCI]/dementia), and c) neuropsychologist reported
scores stratified by clinical diagnosis (SCD vs MCI/dementia).
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administer it in daily practice (Parsons et al., 2022). Earlier
research in cognitively unimpaired adults indicates patient and
clinician satisfaction with remote testing in a Scottish neuropsy-
chology service catering to a diverse (non-demented) patient

population (Sumpter et al., 2023). While encouraging, this result
cannot simply be generalized to the memory clinic setting where
patients present with greatly varying degrees and types of
functional and cognitive impairment that can influence ability

Figure 4. Responses on items of the
System Usability Scale questionnaire
for patients (left) and neuropsycholo-
gists (right).
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to learn and use technology systems. Furthermore, one study found
that face-to-face assessment was preferred more often in
community-based individuals with MCI and Alzheimer’s disease
dementia than cognitively unimpaired individuals (Parikh
et al., 2013).

We found positive system usability scores, and patients with
and without cognitive impairment rated assessment with VTC
equally in terms of usefulness, ease of use and satisfaction.
Although the patient confidence in system usage corresponds with
literature (Narasimh et al., 2017), we note that patients without
cognitive impairment (SCD) were unsurprisingly more inclined to
report confidence in their ability to learn the VTC system quickly
than cognitively impaired patients (MCI/dementia diagnosis).
More efficient learning of new skills in cognitively unaffected
individuals should be taken into account (e.g., takingmore time for
system instructions and supervision if a patient has impairment).
Interestingly, the neuropsychologists who performed the assess-
ments rated similar user experiences for the diagnostic groups on
the questionnaires, but they did report more problems and less
independence in dementia patients in the focus group. Overall,
their experience suggests that suitability for VTC assessment
declines as cognitive and functional impairments progress
over time.

Core experiences and challenges for US-based test admin-
istrators identified in previous survey research - having to adapt to
a new mode of administration, occasional technological problems,
environmental distractions in patients’ homes, differences in
technological fluency between individual patients – (Fox-Fuller,
Rizer, et al., 2022) largely correspond with reporting from our
neuropsychologists. In addition, our neuropsychologists reported
that some tests were easier to administer through VTC, and that
their ability for clinical observation during the assessment was
largely unaffected. While additional preparations for VTC assess-
ment in the form of a practice session with patients were seen as
potentially helpful to prevent and timely resolve issues, it was also
mentioned that this added to workload. The benefits and added
efficiency for patients have to be weighed against such issues that
can also result in additional strain on care planning and
administration.

Decisions about when, how and for whom remote assessment
in the memory clinic is a suitable option require in-depth
evaluation (Bloch et al., 2021). The current study integrates some
important issues that are key to such decisions, including
reliability, clinical interpretability and experiences from key user
groups. Although we should take caution in drawing definitive
conclusions from this study alone due to the small sample size, we
see a fairly consistent image across our and previous investigations
that VTC administration can be done reliably (Fox-Fuller, Ngo,
et al., 2022; Marra et al., 2020) and to users’ satisfaction (Parsons
et al., 2022) with some of the most commonly used neuropsycho-
logical tests, also in a memory clinic setting. It can be particularly
useful for follow-up assessments of patients who may not have
presented with formal cognitive impairment at a first visit, but
should be monitored for timely identification of decline, as these
patients may prefer remote testing more often and be more
independent, requiring less instruction or help. This group could
include individuals with amyloid positivity, subjective complaints
that correspond with SCDplus, or a family history of degenerative
disorders. Especially more advanced cases of dementia may not be
suitable (Hunter et al., 2021).

Based on the results, it seems that tests that are timed, rely on
speed, and/or are performed with pencil-and-paper can be

administered through VTC with largely sufficient reliability and
little deviation from repeated face-to-face administrations,
suggesting that memory clinic administrators can test a broader
range of functions beyond verbal (and) memory tests, such as
attention, speed and cognitive flexibility. Naturally, administrating
assessments remotely will require adjustments to regular care
(Hewitt et al., 2022); the patient needs to receive assessment forms
on time, possibly a practice session that will require time and
personnel investment, and privacy concerns should be taken
seriously. Furthermore, we should remain aware that in clinic-to-
home assessments, some factors that can influence the assessment,
but can be controlled with in-clinic assessments, are introduced
.Such factors include external distractions and fluctuations in
internet connections during the assessment.

It should be noted that reliability of neuropsychological testing
can be investigated from different perspectives. Our design allows
us to conclude that VTC assessment administered after initial in-
person assessment has similar reliability as repeated in-person
assessment, but it does not allow for a direct comparison of the
modalities in absence of effects related to repeated testing, such as
(varying) practice effects and test familiarity. In a heterogenous
sample like ours consisting of patients with and without clinical
diagnoses, these factors can vary. Still, this is inherent to all
administration methods for neuropsychological assessment, not
just remote testing. Studies with a counterbalanced design in which
patients can receive either modality first or second would allowing
for a direct comparison between different assessment modalities,
and whether indeed reliability is better if the first assessment is
done face-to-face. It is also important to address that we were able
to include 31 patients with varied diagnoses in our inclusion period
in the memory clinic. Similar studies that have been published with
different samples are somewhat larger (Fox-Fuller et al., 2022;
Wadsworth et al., 2016). Our results need to be replicated in a
larger sample, which ideally would also be sufficient to
subsequently more extensively investigate differences in reliability
and user experiences as a function of socioeconomic and clinical
characteristics to get a better picture of patient suitability.
Importantly, our study was performed in as a tertiary diagnostic
center in a Western country, and included a fairly high proportion
of individuals with higher education with relatively good clinical
status. Our sample therefore likely overrepresents access to and
experience with technology of elderly individuals seeking help for
(experienced) cognitive dysfunction, and may not reflect the entire
memory clinic population. Finally, we note that due to a lack of
normative data for tests administered through VTC assessment we
used norms taken from in-person assessment, and that our cut off
for clinically relevant change was based on clinical consensus.

In conclusion, reliability of remote clinic-to-home administra-
tion of tests of a standard neuropsychological workup were largely
similar to repeated face-to-face assessment for most tests, with
most patients showing no clinically relevant difference between
modalities. Systematic and clinically relevant differences from
face-to-face assessment appear limited. While we should remain
aware of differences in technological access and literacy among
elderly, more memory clinic patients, especially those at risk for
cognitive decline in the future, may be candidate for VTC.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1355617724000432.
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