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digital cognitive tests using the
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Cognitive impairment is a common and pervasive feature of etiologically

diverse disorders of the central nervous system, and a target indication for

a growing number of symptomatic and disease modifying drugs. Remotely

acquired digital endpoints have been recognized for their potential in

providing frequent, real-time monitoring of cognition, but their ultimate value

will be determined by the reliability and sensitivity of measurement in the

populations of interest. To this end, we describe initial validation of remote

self-administration of cognitive tests within a regulatorily compliant tablet-

based platform. Participants were 61 older adults (age 55+), including 20

individuals with subjective cognitive decline (SCD). To allow comparison

between remote (in-home) and site-based testing, participants completed

2 testing sessions 1 week apart. Results for three of four cognitive

domains assessed demonstrated equivalence between remote and site-

based tests, with high cross-modality ICCs (absolute agreement) for Symbol

Coding (ICC = 0.75), Visuospatial Working Memory (ICC = 0.70) and

Verbal Fluency (ICC > 0.73). Group differences in these domains were

significant and reflected sensitivity to objective cognitive impairment in

the SCD group for both remote and site-based testing (p < 0.05). In

contrast, performance on tests of verbal episodic memory suggested inflated

performance during unmonitored testing and indicate reliable use of remote

cognitive assessments may depend on the construct, as well as the population

being tested.
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Objective

Describe the feasibility, reliability, and sensitivity of remote
self-administration of brief cognitive tests of processing
speed, visuospatial working memory, verbal fluency and
episodic verbal memory in older adults with and without
subjective cognitive decline using an FDA/EMA compliant
testing platform.

Introduction

Cognitive impairment is a common, pervasive, and
undertreated feature of neurologic and psychiatric disease that
incurs significant costs in the form of lost wages, hospitalization
and extended long-term care. In Alzheimer’s disease and
related disorders (ADRD), self and/or partner-reported declines
in the ability to remember, pay attention and/or engage in
complex visuospatial tasks often represent the first overt sign
of an advanced disease process that has silently progressed
over a putatively asymptomatic preclinical period lasting years
or decades prior to symptom onset (1, 2). Once manifest,
continued declines in cognition, often occurring over the course
of many years, predict the onset of functional impairments
(3–5), ultimately leading to profound disability and loss of life.

This predictive relationship between cognitive decline and
real-world functioning is not unique to Alzheimer’s disease
(AD). Cognitive impairment is now recognized as a core
or common feature and source of functional impairment
in an etiologically diverse set central nervous system (CNS)
disorders, including multiple sclerosis (MS) (6–8), Parkinson’s
disease (9–12), schizophrenia (13–18), major depression (19)
and bipolar disorder (20–22), among others. In MS, for
instance, impairments in processing speed and executive
functioning are common early symptoms associated with
disease progression and relapse, the onset of which may
precede clinical manifestation of motor symptoms (6–8). In
Parkinson’s disease, subjective and subtle objective cognitive
impairment has been shown to predict diagnosis by up to
9 years, and cognitive decline is now recognized within the
emerging research framework for prodromal disease (9–12, 23).
In symptomatic PD, as in other neurodegenerative diseases,
cognitive impairment is associated with reductions in functional
independence and with increases medical costs, caregiver
burden and mortality (24).

Interactions between cognitive impairment and functional
disability are similarly characterized in non-degenerative
psychiatric disorders, most notably in schizophrenia (14, 17,
20, 25–28), bipolar disorder (20–22), and major depression
(19). In each case, evidence suggests persistence of cognitive
deficits impacting function despite effective mediation and/or
resolutions of primary mood symptoms.

Given the real-world economic and societal impact of
functional disability associated with cognitive impairment
in CNS disorders, the value of cognitive impairment as
a treatment target in drug development is clear. With
respect to measurement of early or subtle cognitive declines,
however, clinical outcome assessments (COAs) comprising
traditional efficacy endpoints may lack sensitivity to change,
particularly in preclinical or early prodromal disease (29),
and may fail to adequately capture the real-world impact of
emerging cognitive declines. Development of digital measures
with increased precision have been proposed to fill this
gap, improving sensitivity to intraindividual change through
long-term monitoring of those at risk (30–33). This may
be best achieved by leveraging the combined potential of
passive sensor-based measurements of constructs such as
gait, sleep and walking speed (31) and active performance-
based ecological momentary assessments (EMAs), including
brief repeatable cognitive tests (30, 34, 35). These active
digital markers serve a dual purpose, offering direct, real-
time performance-based assessment of cognitive domains of
interest while providing contextual benchmarks to assist with
the development, interpretation, and eventual validation of
passively derived digital signatures.

Within this context, the present study sought to evaluate
initial feasibility, reliability, and sensitivity of brief, self-
administered cognitive tests adapted from clinically validated
measures within the Brief Assessment of Cognition (BAC)
and remotely delivered using existing DHT software (Pathway
ePRO). As a rater administered measure, assessments within
the BAC battery have demonstrated equivalency to original
pen-and-paper measures (36) and shown sensitivity to cognitive
impairment in schizophrenia, subjective cognitive decline
(SCD) and MCI (36–38). The BAC includes voice-over
instructions, automated stimulus presentation, integrated
scoring, automatic data upload and cloud-based data storage
in compliance with FDA 21CRF Part 11. Self-administered
versions of BAC processing speed (Symbol Coding), visuospatial
working memory, verbal fluency, and episodic verbal memory
were developed to allow remote self-administration.

Materials and methods

Participants

Participants were 61 older adults aged 55 and above,
including 41 healthy controls (HC) and 20 participants who
endorsed moderate levels of SCD based on a total score ≥ 4
on the self-reported Cognitive Functional Instrument (CFI);
(39). Participants were primarily recruited using an existing
database maintained by WCG-VeraSci that includes individuals
who have either participated in past research and/or expressed
interest in future participation. Additional participants
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were recruited using IRB-approved digital advertisements
and printed flyers.

All participants were fluent in English, non-demented and
absent known neurological or psychiatric disease. Additional
inclusion requirements for participants in the HC group
included MMSE ≥ 24 for participants with ≥ 13 years of
formal education, or MMSE ≥ 22 for those with < 13 years
of education. For participants in the SCD group, requirements
were MMSE ≥ 22 for participants with ≥ 13 years of education
and MMSE ≥ 20 for others. Additional exclusionary criteria
included the presence of sensory or motor deficits that would
interfere with cognitive testing, current or recent diagnosis of
alcohol or substance abuse, and/or daily use of illicit drugs
or cannabinoids. Participants were compensated at a rate of
$50/visit, for both in-person and remote visits. Participants who
completed all visits received total compensation of $150.

The study protocol and informed consent were approved
by the WIRB-Copernicus Group. All participants provided
written informed consent prior to completing any study-
related activities.

Participant demographics and baseline characteristics are
displayed in Table 1.

Measures

Self-administered Brief Assessment of
Cognition

Detailed descriptions of the rater-administered BAC have
been provided elsewhere (36). In selecting and revising standard
BAC assessments for remote self-administration, our goal was to
maximize sensitivity to early cognitive declines in ADRD while

TABLE 1 Participant characteristics.

HC n = 41 SCD n = 20

Mean SD Mean SD t P-value

Age (years) 67.02 7.71 70.30 9.76 –1.43 ns

Education (years) 16.02 2.60 16.05 2.30 –0.04 ns

MMSE 28.17 1.59 27.20 1.37 2.35 <0.05

CFI* 1.51 1.11 6.48 2.51 –8.44 <0.001

ADCS-ADL-PI* 42.88 2.51 38.05 5.07 4.04 <0.001

n (%) n (%) χ2 p

Sex 0.44 ns

Male 18 (43.9%) 7 (35.0%)

Female 23 (56.1%) 13 (65.0%)

Race 0.90 ns

White 31 (75.6%) 14 (70%)

African American 9 (22.0%) 6 (30%)

Other 1 (2.4%) 0 (0.0%)

*Self-reported measure.

minimizing the time and burden to participants. Descriptions
of each self-administered BAC cognitive test are provided in
Table 2, and reflect the following adaptations to the standard
rater-administered measures:

Verbal memory

The standard BAC measure includes an assessment of verbal
memory that is designed to maximize sensitivity to deficits
in verbal learning associated with schizophrenia. As such, the
measure includes a relatively large number repeated learning
trials (5 total) in which participants hear and attempt to recall
15 unrelated words (40, 41). More recently a Delayed Recall
trial has been incorporated to increase sensitivity to deficits
in delayed episodic retrieval from verbal memory (42). In
order to balance the need for meaningful assessment of both
verbal learning and delayed recall in SCD/ADRD with the
risk of participant burden and disengagement associated with
extended task length, the self-administered version of BAC
Verbal Memory was modified to include a total of 3 learning
trials completed at the beginning of the battery, and a single
delayed recall trial completed at the end.

Verbal fluency

Traditional administration of the standard BAC measure
includes 2 trials of letter fluency (F,S) and one trial of semantic
fluency (animal naming); these are summed to produce a
single measure of combined phonemic and semantic (category)
fluency. In MCI and Mild AD, a preponderance of evidence
suggests a strong advantage for semantic fluency in detection
of early cognitive declines associated with AD pathology (43–
46). Considering this, only semantic fluency was included in the
self-administered version of BAC fluency.

Visuospatial WM

This assessment constitutes an addition to the standard
BAC, introduced as a digital measure to increase sensitivity
to impairments in visuospatial processing and spatial working
memory. In its original form, there are two phases to this
task. During Phase 1, locations of visuospatial memoranda are
probed sequentially in the order of appearance (see Table 2).
In Phase 2, sequences are probed in random order, requiring
subjects to recall the precise item-location pair. More recently,
Phase 1 has been utilized independently and demonstrated
similar sensitivity. In accordance with this work, only Phase 1
is included in the self-administered task.

Symbol Coding

No substantive changes.

Tablet orientation and practice

At the first self-administered testing session (either on-
site or remote), participants were presented with a 4 to 5-min
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TABLE 2 Brief Assessment of Cognition (BAC) self-administered digital cognitive tests.

Domain Test name Description

Episodic verbal memory 3-trial verbal memory (Learning) Subject hears 15 unrelated words and is asked to recall as many as possible. This procedure is
repeated 3 times.
Duration: 7 min
Outcome measure: Total number of words recalled (Trials 1–3)
Alternate forms: 7

Delayed Recall Following a standard delay, subject is asked to recall as many words as possible from the
previous list.
Duration: 2 min
Outcome measure: Number of words recalled
Alternate forms: 7

Working memory Visuospatial working memory–sequences Subject is presented with progressively longer series of objects placed within a grid. Memory for
the location of each object is queried in sequence.
Duration: 4–5 min
Outcome measure: Number of correct sequences (all locations recalled)
Alternate forms: 2

Verbal fluency Animal fluency Subject is given 60 s to name as many animals as possible.
Duration: 2 min
Outcome measure: Total numbers of correct words generated

Speed of processing Symbol Coding Subject is provided a key and asked to fill in the corresponding numbers beneath a series of
symbols as quickly as possible within 90 s
Duration: 3 min
Outcome measure: Number of correct items
Alternate forms: 8

Self-administered BAC tests represent modified, abbreviated versions of standard rater-administered assessments. Each test can be completed individually or as a part of a battery that
includes additional performance-based assessments, PROs or ecological momentary assessments.

interactive orientation module covering basic use of the tablet-
based technology, including basic instructions and practice
tapping, swiping, entering/recording responses and following
voice-over instructions. At the introduction to each cognitive
test, participants heard spoken test instructions and completed
practice items to ensure understanding prior to formal testing.
During practice, corrective feedback was provided as needed,
both visually and through voiced over corrective messaging.
Participants were given the option to repeat instructions and
practice as needed or desired prior to moving on to the test.

Mini mental state exam
The mini mental state exam (MMSE; 50) is a brief,

standardized cognitive screening instrument used widely in
research and clinical practice. The MMSE was administered by
a trained rater at the screening visit.

Cognitive function instrument
The cognitive function instrument (CFI; 39, 51) is a brief,

14-item questionnaire that can be completed by participants
or a caregiver to assess SCD over the past year. The self-
completed version is used in this study. Total CFI scores
range 0–14, with higher scores indicating higher levels of
subjective decline. In prior studies, individuals endorsing
similar levels of SCD (CFI total ≥ 4) have demonstrated
increased risk for beta amyloid positivity, increased risk for
progression to symptomatic disease, and impaired performance
on cognitive testing using the rater-administered BAC
(51–55, 37).

Alzheimer’s Disease Cooperative Study –
Activities of Daily Living, Prevention Instrument

The Alzheimer’s Disease Cooperative Study – Activities of
Daily Living, Prevention Instrument (ADCS-ADL-PI; 56) is
a 20-item questionnaire that allows for self- and/or partner-
reported assessment of basic and instrumental activities of daily
living (ADLs and iADLs, respectively).

Participant Feedback Questionnaire
Following first self-administration of the BAC, participants

were asked to provide subjective feedback on their experience
using the tablet. Participants tapped response buttons labeled
“strongly disagree,” “disagree,” “neither agree nor disagree,”
“Agree,” or “strongly agree” in response to statements regarding
their ability to (1) see text and objects clearly on the screen,
(2) hear audio instructions clearly and (3) easily understand
the audio instructions given throughout testing. In addition,
participants were asked to rate their overall experience using the
table on a scale of 1 (extremely difficult) to 10 (extremely easy).

Procedure

Rater-administered and participant-completed measures
were collected using the Pathway ePRO/eCOA platform,
an FDA-Part 11 compliant system that supports secure
collection of rater-administered scales, patient-completed
cognitive tests, ecological momentary assessments (EMAs)
and participant/informant-based questionnaires. All study
coordinators and raters were employees of WCG-VeraSci who
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were trained in Good Clinical Practices and certified in the
administration and scoring of cognitive measures.

All participants attended 2 on-site study visits at the
WCG-VeraSci Innovation Lab in Durham, NC. During Visit
1, participants completed informed consent, MMSE and
eligibility screening. Following screening, eligible participants
received brief, in-person training on the use of study devices
(iPads) to be used for self-administration of cognitive tests
and questionnaires using the Pathway App. During device
credentialing, participants chose a unique PIN, which provided
access to the Pathway App. If forgotten, this PIN could
be reset remotely by the participant used standard dual-
authentication procedures. During on-site Visits 1 and 2,
participants completed an additional digital performance-based
measure of functional capacity (the VRFCAT) and were trained
in the use of an actigraphy monitor; these findings will be
discussed elsewhere.

Participants were pseudo-randomly assigned, in equal
numbers, to the order of remote vs. on-site cognitive testing
sessions. Sessions were completed approximately 4–7 days
apart, with 50% of participants completing on-site testing
first (Sequence A) and 50% completing remote testing first
(Sequence B). Those assigned to “Sequence A” completed on-site
cognitive testing at on-site Visit 1 and remote testing 4–5 days
later. Those assigned to “Sequence B” completed their first
test session remotely 4–5 days following Visit 1 and on-site
testing at on-site Visit 2 the following week. Alternate forms
of Verbal Memory, Symbol Coding and Visuo spatial working
memory were completed at each session. Following their first
cognitive testing session (remote or in-person), participants
completed the Participant Feedback Questionnaire and were
asked to provide information regarding personal use of digital
technologies including tablets and smartphones.

Statistical analysis
Statistical analyses were completed in R© and IBM SPSS

27©. Group differences in age, education, MMSE and self-
reported scales were evaluated using two-tailed, between
subjects t-tests.

Psychometric reliability of cognitive test performance across
remote and site-based sessions was assessed using intraclass
correlation coefficients (ICCs). ICCs were calculated using a
two-way random-effects model (ICC2).

Site-based vs. remote test comparisons of raw scores were
evaluated for the combined HC and SCD sample using a linear
mixed effects model controlling for age and education, with
testing order as a between subjects’ variable. Effect sizes for
linear mixed effects are reported as standardized beta weights.
Post hoc tests examined performance differences between HC
and SCD groups, using Cohen’s d estimates of effect size.

Correlations between subjective measures of cognition
(CFI) and ADL function (ADCS-ADL-PI) and between CFI,

MMSE and BAC cognitive measures were calculated using
Pearson’s product-moment-correlations.

Results

Participant demographics and mean MMSE, CFI and
ADCS-ADL-PI scores are provided in Table 1. Participants
were predominantly female, with women comprising 56%
of the HC group and 65% of the SCD group. The sample
reflected moderate racial diversity, with approximately 30% of
participants identifying as African American. Although the SCD
group was slightly older on average, this difference did not reach
significance (p > 0.1).

Group differences in MMSE total scores were statistically
significant at Visit 1, indicating worse objective cognitive
performance by those with SCD. As expected, based on
inclusion criteria, CFI scores were significantly higher for those
in the SCD group. Self-reported ADLs also differed by group,
with those in the SCD group reporting greater impairment
(Table 1). CFI and ADCS-ADL measures were significantly
correlated across the sample (r = 0.70, p < 0.001) suggesting
consistency across these two self-report measures.

Daily use of tablet or smart-phone devices was reported
by 86.2% of participants, including 87.8% of HC and
82.4% of participants with SCD. Three participants, including
two HCs, reported device usage less than one time per
month.

ICCs reflecting absolute agreement between on-site and
remote testing were calculated using raw data for the pooled
sample, and for the HC and SCD groups individually (Table 3).
ICCs for Symbol Coding, Verbal Fluency were strong (>0.7
for all) reflecting the test-retest reliability of the original BAC
measures (36, 40). ICCs for measures of verbal memory were
lower, and potentially impacted by the a small number of
outliers reflecting substantially higher on remote versus in-
person testing. On Verbal Memory Total Learning, a single
outlier in the HC group performed 23 points higher during
remote versus on-site testing. On Delayed Free recall, this
individual and two additional HC outliers were identified, as
well as a single extreme outlier in the SCD group. As with
Total Learning, outliers on Delayed Recall reflected substantially
higher performance during remote compared to on-site testing.

To evaluate the potential impact of outliers on ICCs for
BAC assessments of verbal memory, ICCs were recalculated
with outliers censored. ICCs based on this “trimmed” data are
presented in Table 3 for comparison.

Figure 1 displays mean (± SEM) performance for each self-
administered cognitive test during on-site and remote testing.
Covariates for testing order did not approach significance for
any test. No performance differences between site and remote
assessments were observed for Symbol Coding, Verbal Fluency
or Visuospatial WM (Figure 1, panels A–C) suggesting no
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TABLE 3 ICC absolute agreement between remote and site-based measures.

Test ICC (95% confidence interval)

Total sample HC SCD

Symbol Coding 0.747 (0.610, 0.841) 0.714 (0.521, 0.838) 0.78 (0.522, 0.907)

Visuospatial WM 0.733 (0.583, 0.833) 0.673 (0.459, 0.814) 0.786 (0.542, 0.909)

Verbal fluency 0.748 (0.610, 0.842) 0.75 (0.574, 0.86) 0.733 (0.436, 0.885)

Verbal memory–Total learning 0.478 (0.248, 0.658) 0.408 (0.11, 0.643) 0.548 (0.115, 0.804)

Verbal memory–Total learning (trimmed)* 0.579 (0.371, 0.733) 0.56 (0.29, 0.75) n/a

Delayed Free Recall 0.247 (–0.01, 0.477) 0.264 (–0.055, 0.542) 0.154 (–0.309, 0.559)

Delayed Free Recall (trimmed)* 0.49 (0.246, 0.676) 0.544 (0.241, 0.751) 0.385 (–0.102, 0.718)

ICCs reflect use of alternate forms for Symbol Coding, Visuospatial WM and Verbal memory.
*“Trimmed” values reflect ICCs following removal of extreme outliers.

FIGURE 1

Performance on site-based vs. remote BAC cognitive tests (Mean ± SEM). Performance on Symbol Coding. (A) Verbal fluency (B) and
Visuospatial WM (C) was similar for site-based and remote testing. Performance on measures of episodic verbal memory (D,E) were higher
during remote testing, suggesting inflated performance during remote, unmonitored testing.

significant variability in performance associated with remote vs.
on site testing. In contrast, performance on Verbal Memory
Total Learning and Delayed Free Recall were higher for remote
compared to onsite testing (b = 1.88, t = 2.60, p < 0.05 for
Total learning; b = 1.04, t = 2.23, p < 0.05 Delayed Free Recall;
Figure 1, panels D,E).

Figure 2 displays mean (± SEM) performance by Group
(HC vs. SCD) for Symbol Coding, Verbal Fluency and
Visuospatial WM. Performance differences between participants
in the HC and SCD groups during site-based and remote testing
were examined using post hoc pairwise comparisons. Significant
Group differences were observed on Symbol Coding (t = 2.31,
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FIGURE 2

Group differences in cognitive test performance during on-site and remote testing sessions (Mean ± SEM). Self-administered remote and
site-based assessments of processing speed [Symbol Coding; (A)] and Visuospatial WM (C) were equally sensitive to objective cognitive declines
in participants with SCD. Group differences in Verbal Fluency (B) were similar for site-based and remote tasks, but did not reach statistical
significance. ∗p < 0.05 for between-group comparison.

p < 0.05, d = 0.64 for Site; t = 2.04, p < 0.05, d = 0.56 for
Remote), Visuospatial WM (t = 2.23, p < 0.05, d = 0.61 for Site;
t = 2.16, p < 0.05, d = 0.59 for Remote), and Verbal Memory
Total Learning (t = 2.38, p < 0.05 for Site, d = 0.68; t = 2.40,
p < 0.05, d = 0.68 for Remote).

Exploratory analyses examined associations between
CFI, MMSE and BAC cognitive measures were using

Pearson’s correlations. Significant correlations were
observed between the CFI and MMSE (r = 3.30,
p < 0.001) and between the MMSE and several BAC
measures (see Supplementary Table 1). For most
measures, correlations were of similar magnitude for
remote and on-site testing. A notable exception to this
was the correlations between MMSE and Delayed Recall
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(r = 3.16, p < 0.05 for on-site BAC; r = 0.144, ns
for remote BAC).

Responses to the Participant Feedback Questionnaire
are provided in Table 4 which provides means and SD
for rating provided by participants in the HC and SCD
groups. Across the combined sample, 98.3% of participants
provided ratings of “Strongly Agree” or “Agree” to items
1–3 regarding their ability to accurately see, hear and
understand tablet-based screens and instructions. Mean
ratings for both groups correspond with a response midway
between “Strongly Agree” and “Agree”; no differences between
groups were observed. Ratings of overall experience/ease
of use were > 8 for both groups (10-point scale) but
were significantly higher for participants in the HC group
(p < 0.05).

Discussion

Contemporaneous advances in biomedical research and
mobile digital technologies have welcomed parallel advances
in traditional biomarkers (fluid/imaging/genetic) on the one
hand, and novel digital tools on the other. In the area of
ADRD, (relative) scientific consensus regarding the relevant
biological constructs (e.g., amyloid beta, p-tau), has facilitated
relatively rapid integration of novel biomarkers into existing
clinical development and regulatory frameworks. For digital
technologies, recent Food and Drug Administration draft
guidance to industry regarding Digital Health Technologies
for Remote Data Acquisition in Clinical Investigations (47)
provides a tentative roadmap for integration of these tools,
including recommended verification, validation and usability
testing for the intended context of use. The current study
represents an example of preliminary validation of abbreviated,
self-administered, remotely acquired adaptations of previously
validated measures collected using established DHT software
(Pathway eCOA/ePRO).

Within this framework, we examined psychometric
reliability, sensitivity and ease of use associated with
self-administered cognitive tests within the BAC platform
(36). Older adults with and without SCD completed on-site
and at-home remote self-administered testing, provided user
feedback, and completed evaluations using standard measures

and questionnaires including the MMSE, CFI and ADCS-ADL.
Main findings and implications are discussed below.

Reliability of remote vs. on-site
self-administration of cognitive tests

Findings regarding the reliability of remote, at-home
(unmonitored) self-administration of cognitive tests suggest
the reliability of remotely acquired measures may depend
on the cognitive domain being evaluated. ICCs for absolute
agreement between on-site and remote self-administration of
Symbol Coding, Verbal Fluency and Visuospatial WM were very
strong (ICC > 0.7 for all in pooled sample, Table 3). Direct
comparisons between on-site and remotely acquired scores
identified no statistical difference between modalities. Further,
examination of mean performance across contexts provides a
strong demonstration of equivalence between remote and on-
site measures within pooled sample (Figure 1) and within
each group individually (Figure 2). Finally, observed alignment
in sensitivity to reduced performance associated with SCD
(discussed below), provides additional compelling evidence in
support of the reliability of both on-site and remote use of self-
administered versions of Symbol Coding, Verbal Fluency and
Visuospatial WM.

In contrast, assessments of verbal memory, including both
Verbal Memory Total Learning and Delayed Recall, were
associated with relatively low ICCs (Table 3), suggesting
that remote, unmonitored self-assessment may be less
reliable in this cognitive domain. Although ICCs numerically
improved following removal of extreme outliers (see “trimmed”
measures, Table 3), confidence intervals associated with these
estimates remained quite wide. Comparisons of within-subject
performance on remote versus in-person assessments revealed
significant performance improvements associated with remote
testing (Figures 1D,E). Although it can be difficult to identify
a single cause for inflated memory performance during remote
testing, the most parsimonious explanation may be a tendency
for individuals to “cheat” during unmonitored assessments,
a phenomenon that has become more widely observed and
acknowledged with the increased usage of telehealth-based
cognitive screening during the era of COVID-19 (48). The
phenomenon appears to be specifically problematic on verbal

TABLE 4 Participant feedback on Brief Assessment of Cognition (BAC) self-administration.

HC SCD

Item* Mean SD Mean SD t P-value

1. See text and objects clearly 4.585 0.499 4.529 0.514 0.385 ns

2. Hear instructions clearly 4.585 0.547 4.588 0.507 –0.019 ns

3. Understand instructions easily 4.537 0.505 4.529 0.514 0.049 ns

4. Overall Experience (1–10) 9.195 1.054 8.412 1.583 2.210 p < 0.05

*Responses to items 1–3 are coded 1–5 (strongly disagree – strongly agree). Responses to item 4 reflect participant ratings on a scale of 1–10 (extremely difficult–extremely easy).
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memory measures, measure that are typically among the most
sensitive to early staged memory disorders (49). How best to
detect and prevent cheating in remote assessment is a critical
topic for future work in the field.

Sensitivity to cognitive impairment and
associations between measures

Participants in the SCD group were characterized by mild
objective decline on the MMSE relative to the HC group
(Table 1). On the BAC, participants with SCD performed
significantly worse on in-person and remote measures of
Symbol Coding, Visuospatial WM and Verbal Memory Total
Learning (see results). Consistency of observed results suggests
remote and on-site assessments were similarly sensitive to
impairments in this sample.

Correlations between CFI and self-reported iADL/ADLs
provide a consistent picture of the SCD group as exhibiting
reduced levels of self-reported cognition and function.
Significant correlations were also observed between the
CFI and MMSE, and between the MMSE and several
BAC measures (Supplementary Table 1). Taken together,
these findings support characterization of participants
in the SCD group as exhibiting subtle, sub-clinical
deficits compared the HCs, and may provide support for
SCD as an ad hoc proxy for AD risk in the absence of
confirmative biomarkers.

Participant feedback regarding ease of
use

Eliciting feedback from populations of interest is critical
to the development of digital tools, particularly for use cases
that include direct use and management of digital technologies.
In the current study, participant feedback was overwhelmingly
positive regarding ease of use, including the ability to see,
hear and understand visual and auditory information and
instructions provided by the tablet (Table 4). It is important
to interpret this feedback within the limitations of the
current study, which included in-person support for the
credentialing and initial training on the tablet-based platform.
Although encouraging, it will be important to determine
the level of support required for implementing broader use
cases that may include remote deployment of technologies
or BYOD methods.

Limitations and future implications

Some limitations of the current work include the
relatively small sample size, particularly in the SCD

group, the high education level of the sample, and the
restricted MMSE range of those included. Although there
was moderate racial diversity to in the sample, including
30% participation by individuals self-identified as black
or African American, there was limited representation
from other racial and sociocultural groups. In order
to best understand the generalizability of findings as
they relate to remote self-administration of cognitive
assessment, deployment of measures to a wider, more diverse
sample is required.

Despite limitations, the current findings are encouraging
in demonstrating the feasibility, reliability, and sensitivity of
remote, home-based self-assessment of cognition by older
adults across several cognitive domains. More broadly,
results highlight the strong potential of self-administered
digital cognitive tests to improve detection and ongoing
monitoring of cognitive decline in older adults within the
context of clinical trials and clinical practice alike. Finally,
results suggest that brief digital tests provide reliable and
sensitive active digital markers that, when combined with
data from passive sensor-based tools, may help inform
our broader understanding of cognition and function in
real-world settings.
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