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Abstract

Objectives: Few publications have documented the utility of in-home telephone-based cognitive screeners during COVID-19.
This manuscript describes the adaptation of select face-to-face (FTF) neuropsychological tests to telephonic administration in
a longitudinal cohort of people with HIV (PWH). Using the cohort’s pre-pandemic neuropsychological data, we explore the
utility of telephonic administration in this population.
Methods: Of a longitudinal cohort of 170 adult PWH, 59 completed telephonic medical and cognitive screenings with
comparable pre-pandemic FTF data. Telephone screeners and FTF evaluations were compared using repeated measures
ANCOVAs to examine whether test performance differed between administration types and levels of pre-pandemic cognitive
performance. Individuals with pre-pandemic test scores more than a standard deviation below the demographically-corrected
mean were categorized as “below average” cognitive performance (n = 23), and the remainder as “average” (n = 36).
Results: Over 90% of participants gave positive feedback about the telephone encounter. The average cognitive performance
group scored higher than the below average group on all measures across both administration types. Telephone and FTF test
scores did not differ significantly for measures of category fluency, letter fluency, and verbal learning. However, the below
average group scored higher on a verbal memory measure administered via telephone compared with FTF.
Conclusions: Support for telephonic adaptation of select FTF measures in longitudinal research is mixed, with verbal fluency
tasks showing the strongest equivalency. When employed carefully with a clear understanding of their limitations, telephone
adaptations can provide an opportunity to continue study objectives, promote equity, and monitor participant well-being during
times of duress.
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Introduction

The Coronavirus disease 2019 (COVID-19) pandemic has been a catastrophic, multi-faceted global crisis that continues
to disrupt virtually every aspect of daily life, particularly as we continue to limit in-person contact. This has resulted in
an increased interest in and use of video-based telehealth services and overall remote assessments across healthcare and
research settings. For research neuropsychologists, the growing practice of teleneuropsychology (TNP) (i.e., use of video
teleconferencing [VTC] and other platforms for the delivery of neuropsychological services) is gaining interest given its many
benefits, particularly as it allows neuropsychological and other clinical services to continue remotely during the shutdowns due to
COVID-19.
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Several researchers have reported on the benefits of conducting videoconference-based TNP evaluations. There has been
wide acceptance by patients and caregivers alike, it has been a critical and feasible way to reach wider patient populations,
and it has allowed for degrees of interpersonal connectedness, particularly during the pandemic (Parikh et al., 2013; Barton,
Morris, Rothlind, & Yaffe, 2011; Vahia et al., 2015; Brearly et al., 2017, Marra et al., 2020). Recent studies have shown relative
validity and reliability of select neuropsychological tests administered via VTC across variable levels of cognitive functioning
and with older adults, supporting its use in both major and mild neurocognitive disorders (Cullum, Hynan, Grosch, Parikh, &
Weiner, 2014; Brierly et al., 2017; Wadsworth et al., 2018; Marra 2020; Parks, Davis, Spresser, Stroescu, & Ecklund-Johnson,
2021). However, despite this range of benefits and the articulation of practice guidelines, a primary concern continues to be the
overall validity and reliability of videoconference administration (Chapman et al., 2020; Hammers, Stolwyk, Harder, & Cullum,
2020; Parks et al., 2021). A recent TNP survey conducted by AACN described this limitation as the most common concern
among neuropsychologists in clinical and research practice (American Academy of Clinical Neuropsychology, 2020). Further
concerns include lack of normative data, limited familiarity with video-based software platforms by providers and patients, as
well as a reduced prospect for building rapport and obtaining behavioral observations (Brearly et al., 2017; Marra et al., 2020).
Finally, logistical issues related to feasibility may exist. The “digital divide”, whereby portions of the population have limited
digital literacy and no access to broadband internet, may preclude VTC. This divide disproportionately impacts ethnic and racial
minorities in the US; although 20% of Whites lack home broadband access, this increases to 29% for Black and 35% for Latinx
populations (Edmiston & AlZuBi, 2022).

In instances where VTC or FTF assessments are not feasible, telephone-based TNP assessments may provide an alternative.
Conducted over mobile or landline devices, telephone-based cognitive assessments (TBCAs) can increase access to a broader
population, serve as initial and interim cognitive screeners, as well as decrease no-show rates when compared with FTF
neuropsychological evaluations (Carlew et al., 2020; Elliott, Green, Llewellyn, & Quinn, 2020; Caze, Dorsman, Carlew,
Diaz, & Bailey, 2020). This is significant because Black and Latinx patient populations, as well as older adults, may have
decreased odds of engaging in telehealth services (i.e., video visits, e-consults, among others) as demonstrated during the COVID
pandemic (Weber, Miller, Astha, Janevic, & Benn, 2020). TBCA can help bridge the digital divide and directly address systemic
barriers faced by technologically and socially marginalized patient populations with limited access to high-speed, stable internet
connections, and/or video platforms. Currently, TBCAs are mostly utilized in research settings for initial cognitive screening or
longitudinal follow-up to detect changes in gross cognitive function in adults (Manly et al., 2011; Elliott et al., 2020). A recent
TBCA meta-analysis identified over 40 cognitive screeners, batteries and single-tests adapted for telephonic administration,
with the vast majority developed to screen for cognitive impairments in aging (Carlew et al., 2020). The authors concluded that
TBCA may be most helpful in characterizing gross cognitive functioning over time if employed carefully with a clear purpose
while increasing access to patient care.

However, there are also important limitations to TCBA, which should be utilized with caution and not serve as a replacement
for standard neuropsychological evaluations. Their nature as screening tools limit clinical utility and diagnostic accuracy (Manly
et al., 2011; Elliott et al., 2020). Furthermore, given the inherent nature of the telephone modality, only two cognitive domains
can be reliably assessed: language and verbal memory. Although TBCA cannot be used to assess visuospatial and psychomotor
skills, they may be useful in assessing executive functioning, attention, and processing speed domains with certain limitations
(Carlew et al., 2020). Moreover, similar to video-based TNP, there are a lack of norms to guide interpretation of cognitive data
and a limited ability to assist with physical manipulation of test materials. Lastly, with the audio-only format, one cannot obtain
visual behavioral observations and assess for performance confounds relevant to data interpretation, such as distraction, hearing
loss, and the use of covert ancillary aids during assessment (e.g., note writing). Prior to implementation, the researcher must
safeguard against these caveats and best determine the utility and appropriateness of TBCA. Nevertheless, when done properly,
this modality can address barriers inherent to in-person and VTC-based assessments, and can ensure access to individuals who
would otherwise not be represented in neuropsychology research and practice.

In the unique setting of the COVID-19 pandemic, neuropsychology researchers were faced with procedural, practical, and
environmental challenges with regard to continuing investigative work. Commentaries, resources, prospective solutions, and
ethical considerations to clinical challenges were rapidly published, but without description of the actual processes of adaptation
(Arias et al., 2020; Beane et al., 2020; Hantke & Gould, 2020; Padala, Jendro, & Padala, 2020; Stiles-Shields, Plevinsky,
Psihogios, & Holmbeck, 2020; Weinberg et al., 2020; Scott, Marton, & Madore, 2021). A few manuscripts have provided
evidence supporting video-based TNP conducted during the pandemic (Tailby et al., 2020; Parks et al., 2021; Pulsifer et al.,
2021); however, a gap in the current COVID-era TNP literature exists with regard to the use of telephone-based assessments and
how to effectively transition from FTF assessments in longitudinal studies. As such, the goal of this manuscript is to provide a
description of how our research practices pivoted from in-person to telephone-based testing during early stages of the COVID-19
pandemic in New York City (NYC). We report preliminary equivalency results between FTF neuropsychological assessments
and telephonic adaptations of select measures with a longitudinal cohort of mostly ethnic and racial minority research participants
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living with HIV. Finally, we discuss participant reception and the benefits and limitations of implementing offsite clinical
research. Altogether, it is our hope to also expand and contribute to ongoing telephone-based TNP research by investigating
its utility and feasibility within longitudinal neurocognitive HIV research.

Methods

Participants

Participants were enrolled in the Manhattan HIV Brain Bank (MHBB) (U24MH100931), a longitudinal, observational cohort
study of the neuropsychological, neuropsychiatric, and neuromedical consequences of HIV infection. Protocols were approved
by the Icahn School of Medicine at Mount Sinai (ISMMS) Institutional Review Board. The MHBB longitudinal study includes
interval in-person visits as well as phone interviews between onsite visits to query interim medical changes. In April 2020,
there were 170 active MHBB participants with a mean age of 61.0 (SD = 7.7 years), 48% were female, and 31% Hispanic,
44% African American, 24% non-Hispanic White, and 1% other race/ethnicity, all who had provided written informed consent
to participate in MHBB. Of these 170 participants, 69 completed both neuromedical and neuropsychological telephone-based
assessments between April 1, 2020 and July 31, 2020, with 15 more participants completing only the neuromedical component,
and 1 declining to participate altogether. There was no contact with the remainder of the cohort due to time limitations on staff
during COVID re-deployments or due to participant non-responsiveness or ineligibility for remote assessments (e.g., enrolled as
organ donation only, domiciled in care facilities, etc.). Of the 69 individuals completing neuromedical and neuropsychological
interviews, 10 had incomplete test data as described in sections below, yielding 59 individuals for whom equivalency of phone
and FTF neuropsychological test performance could be evaluated. All FTF visits for the 59 participants in this sample were
conducted between March 9, 2018 and March 13, 2020. Of these 59 participants, 46% were female, 23% were Hispanic, 52%
were African American, and 20% were non-Hispanic White. Mean age was 61.3 (SD = 6.9) and average years of education was
12.1 (SD = 2.8). These demographic characteristics were representative of the overall MHBB cohort (Pizzirusso et al., 2021).

Procedure

Practical considerations for telephone-based assessments. Telephone contact with our study participants began on April 1,
2020, just under 3 weeks from the last onsite assessment. Pivoting rapidly in this manner allowed the project to preserve
momentum, maintain close contact with medically vulnerable participants throughout the quarantine, and prevent significant
data collection gaps. All staff who completed the telephone assessments were familiar to research participants. Research staff
used Google Voice numbers or Doximity to protect personal contact information when contacting study participants. Telephone
cognitive screening was completed using both landlines and cell phones or through voice over IP phone services (i.e., telephone
calls over a home internet connection). Participants were offered $20 compensation for the time spent in the study procedures.

Prior to telephone-based testing, MHBB staff and coordinators carefully acknowledged any acute psychosocial stress and
overall anguish related to COVID-19, particularly as hundreds of individuals were losing their lives daily in NYC. Staff then
non-coercively introduced the option of neurobehavioral phone assessments, explicitly emphasizing the absence of obligation. If
the participant declined, the call would end promptly after a brief well-being check conducted by nursing staff. If the participant
expressed interest in learning more, staff explained the telephone assessment process and provided “telephone assessment
education” prior to the actual phone appointment, explaining the purpose and expectations of remote assessments as well as
going over why managing external distractions was important. To address privacy concerns, MHBB staff operationalized steps
to confirm consent, participant identity, and participant location. To discourage use of ancillary aids or note taking during the
cognitive assessment, participants were given explicit instructions to not engage in any writing or utilize any aids (e.g., “Please
do not use any paper, pencils, pens, or calculators to assist you during the evaluation”). Participants also completed a brief
hearing screening (i.e., repeat three numbers) to confirm adequate sound quality for testing and were encouraged to minimize
external distractions (i.e., turning off TV, moving to a private room in the home, etc.). See Table 1 for a full list of instructions
and considerations for implementation of the neurocognitive testing.

Telephone-based assessment measures. Nursing staff conducted a neuromedical assessment ( Table 2) in a separate phone call
preceding the cognitive screening, which queried COVID-19-related physical symptoms and included short mental health and
stress screens. Findings from the neuromedical screens have been previously reported (Pizzirusso et al., 2021). The subsequent
cognitive screening was administered by psychometrists and was kept as brief as possible to be sensitive to participants’ time and
reduce the prospect of cognitively taxing participants during an already stressful time. The battery (Table 2) consisted in part of a
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Table 1. Considerations for implementation of TBCAs

Before completing telephone assessment • Dial to landline telephone if available
• If calling to a cellphone, ensure adequate power and turn off notifications

During telephone assessment • Conduct hearing test (e.g., “please repeat these numbers after me: 2–8 – 3”, read at a rate of 2/s,
pausing at the end to allow participant to repeat sequence

• Confirm participant location. If participant is driving, walking, riding a motor vehicle, ask to call
back at a different time. If participant is home, confirm that they are in a private area and continue
with assessment

• Remind participants to please do not use any paper, pencils, pens, or calculators to assist you during
the evaluation

• Discuss minimizing of distractions, including turning off TV, refraining from eating, drinking,
cooking, reading, texting, socializing, listening to music, smoking, working on computer, and
remind participants that the goal is to recreate the type of setting they would normally be in when
conducing the assessments

• Remind participant to have charger nearby and to silence the phone
• Discuss back-up plan if call was to end unexpectedly

After completion of telephone assessment • Complete a standardized behavioral notes form to document quality of assessment, rapport, auditory
and/or comprehension deficits (if any), speech, cooperation, effort, attention, frustration tolerance,
behaviors during testing (e.g., perfect serial order, etc.), overall validity of assessment, post-test
query comments, and reasons (if any) for non-completion/discontinuation (e.g., logistics, refusal,
significant cognitive deficits, hearing problems, fatigue, etc.)

• Record duration of phone assessment

Table 2. Telephone-based assessment measures

Neuromedical assessment:
• COVID-19 physical symptom questionnaire
• Patient Health Questionnaire-2 (PHQ-2) (Kroenke, Spitzer, Williams, & Löwe, 2009),
• Generalized Anxiety Disorder-2 (GAD-2) (Kroenke, Spitzer, Williams, Monahan, & Löwe, 2007)
• Perceived Stress Scale-4 (PSS-4) (Cohen, Kamarck, & Mermelstein, 1994)

Neuropsychological assessment:
• HVLT-R (Benedict, Schretlen, Groninger, & Brandt, 1998) Immediate and Delayed Recall trials
• COWAT-FAS (Gladsjo et al., 1999)
• Category Fluency- Animals (Gladsjo et al., 1999)
• Beck Depression Inventory-Fast Screen (BDI-FS) (Beck, Steer, & Brown, 2000)
• A modified 5-item version of the Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989)
• A modified functional and cognitive screening measure that combines items from the Activities of Daily Living questionnaire (Lawton & Brody,

1969) and a subset of MHBB standard questions assessing severity and onset of functional cognitive deficits
• Kreek-McHugh-Schluger-Kellogg Scale (KMSK) (Kellogg et al., 2003)
• The Impact of Event Scale-Revised (IES-R) (Christianson & Marren, 2012)
• A COVID-19 Stress Questionnaire (CSQ) authored by the investigators for the purposes of understanding psychosocial impacts of COVID-19

redacted set of tests and questionnaires routinely administered in the MHBB study; three standard neuropsychological tests were
adapted for telephone administration as well as psychiatric and functional measures. Lastly, post-assessment examiner notes and
participant reception queries were included (i.e., “did you experience any difficulties during the test administration today, such
as hearing difficulties, calls coming in, intrusion of others, etc.?” and “do you have any comments about this testing session that
you would like to share with us at this time?”). The battery was also developed under the emerging guidance from professional
organizations, including resources provided by the American Psychological Association (APA) and the Inter Organization
Practice Committee (IOPC) on how to conduct neuropsychological tests remotely during COVID-19 (APA, 2020; IOPC, 2020).
Administration time of self-report questionnaires and cognitive tests completed by psychometrists was approximately an hour
with a range of 35 min–80 min. Disruptions to the telephone assessments were recorded on a standardized form (e.g., call
disconnected, issues with call quality) as means to better contextualize the assessment and identify any likely confounding
variables. Lastly, to promote test integrity and security, staff printed study forms at home when necessary and maintained a
locked filing cabinet at home to store examiner record forms as well as completed phone assessments until a study clinician
personally collected the forms or the team member themselves brought the forms to the medical center.
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The specific neuropsychological tests adapted for telephonic administration were the Hopkins Verbal Learning Test-Revised
(HVLT-R) immediate and delayed recall trials, the Controlled Oral Word Association Test-FAS (COWAT-FAS), and Category
Fluency Animals. The HVLT distractor tasks between immediate recall Trial 3 and delayed recall task included the FAS, Animal
Fluency, as well as the cognitive and functional screening questionnaire. The length of delay time between administrations was
∼15 min. In contrast, distractor tasks in the FTF application of the HVLT may include the BVMT-R, WAIS-III Digit Symbol
and Symbol Search, FAS, Animal Fluency, and Trail Making Tests A and B. Length of the delay in the FTF assessment is ∼
20 min. Normative sources for all tests are listed in Table 2. Ten participants were excluded from analysis due to at least one
missing test from either their most recent FTF assessment (n = 3) or their telephone assessment (n = 5), as well as missing
depression or stress scores from the telephone assessment (n = 2). For each participant, we calculated the average T-score of
the aforementioned tests administered during their last FTF visit; those whose average fell below the cut-point of one standard
deviation below the standard mean of 40 were classified as below average for the purposes of this study. As such, FTF scores
for 23 of 59 individuals (39%) were categorized as below average and for 36 individuals (61%) as average.

Statistical Analyses

Analyses were conducted using IBM SPSS Statistics V24 (IBM Corp, SPSS Statistics V24, Armonk, NY, 2020) with a
p < 0.05 cutoff as the significance level for primary measures. Independent sample T-tests were conducted to compare cognitive
performance groups on psychiatric measures and length of administration time. Repeated measures ANCOVAs were run for each
cognitive test, with cognitive performance group as the between-subjects factor (average, below average) and administration
type (FTF, phone) as the within-subjects factor. Of note, T-scores were calculated using demographically corrected norms.
Given significant negative correlation between levels of stress and cognitive performance during the telephonic administration
across the entire sample, stress measure scores (PSS-4) were added as a covariate in each of the ANCOVAs. These models thus
examined whether performance differed by administration type (FTF, phone), and whether this difference was consistent across
groups. All distributions of variables were examined for normality.

Results

Participant Reception

Our research participants were generally pleased with their telephone assessment participation. In a post-study open-ended
survey, 93% of our participants (55 out of 59) gave positive feedback about participating in the telephone-based assessment, either
by explicitly stating that they enjoyed the experience or by simply saying they would not make any adjustments to the assessment.
Within the average cognitive performance group, seven participants reported hearing difficulties or call quality issues (e.g., poor
audio, passing ambulances, knocking on door), and two participants reported having some type of difficulty understanding test
instructions. There were no concerns of privacy voiced by any of the participants. Only one participant reported significant
fatigue to warrant splitting the neurocognitive portion of the telephone visit. Lastly, three participants reported suicidal ideation
as endorsed by the BDI-FS; however, no imminent risk was detected, as level of ideation was consistent with pre-COVID
levels among these participants who had documented histories of minimal to mild ideation. No other participant emergency was
encountered.

Cognitive Testing in Person and by Telephone

The average time interval between FTF and telephone assessments was 6.36 months (SD = 5.18 months). Demographics
of the cognitive performance groups, administration times for their neuropsychological phone interviews, and results of their
depression and stress telephone screens are presented in Table 3. There were no significant differences in administration times
between the two cognitive groups; most assessments were completed in under an hour, with five individuals in each group
requiring between 60 and 80 min. The mean times for these prolonged (“upper extreme”) assessments were similar for the
two cognitive groups. There were no differences in BDI-FS scores across cognitive groups and no significant correlations were
found between BDI-FS scores and cognitive measures administered over the telephone. The group with below average cognitive
performance reported slightly higher means in the stress screener (PSS-4) over the phone, with mean differences at the trend
level, t (57) = 1.79, p = 0.078. Significant negative correlations across the whole sample were found between PSS-4 scores and
verbal learning and memory tasks (HVLT-R Immediate and Delayed) administered telephonically, r (57) = −0.345, p < 0.01, r
(57) = −0.419, p < 0.01, respectively. Accordingly, stress scores were used as co-variates in subsequent analyses. Mean group
T-scores for each of the individual cognitive tests across administration types are demonstrated in Table 4. ANCOVAs for each
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Table 3. Demographics of cognitive performance groups, test battery administration times, and scores on stress and depression screening measures

Below Average (n = 23) Average (n = 36)

Age, years
Education, years
Sex, female
Race/ethnicity

Black
Hispanic/Latinx
Non-Hispanic White
Other

Administration time’ minutes
Upper extreme of administration time”

59 (6.4)
11.2 (2.9)
13 (56%)
8 (35%)
10 (43%)
4 (17%)
1 (4%)
50.7 (11.6)
68.0 (8.2)

62 (7.2)
12.7 (2.7)
14 (39%)
18 (50%)
7 (19%)
8 (22%)
3 (8%)
49.1 (10.1)
67.4 (5.5)

PSS-4∗
BDI-FS

3.3 (2.8)
1.3 (1.6)

2.1 (2.1)
2 (1.6)

Notes: All results listed as means and standard deviations, with exception of sex and race/ethnicity, which are displayed as numbers and percentages.
PSS-4 = Perceived Stress Scale 4 item version; BDI-FS = Beck Depression Inventory-Fast Screen.
‘Administration time for the entire neuropsychological telephone assessment
“Upper extreme refers to prolonged administration times of an hour or more; five individuals from each cognitive performance group were in this upper extreme
of testing time.
∗p < 0.10

Table 4. Results of repeated measures ANCOVAs comparing the test performance (T-scores) of two cognitive performance groups (below average, average)
across two administration types (FTF, phone) controlling for scores on Perceived Stress Scale-4

Test FTF: Mean T-scores (SD) Telephone: Mean T-scores (SD) Below average
group-FTF
versus phone
(p-value)

Effect Size Average
group-FTF
versus phone
(p-value)

Effect Size

Below average
(n = 23)

Average
(n = 36)

Below average
(n = 23)

Average
(n = 36)

Animals 42.4 (14.6) 56.8 (7.9) 45.6 (10.3) 54.6 (9.3) 0.234 0.067 0.399 0.021
FAS 46.7 (7.9) 59.4 (10.2) 47.7 (9.1) 57.2 (9.8) 0.782 0.001 0.268 0.036
HVLT-R Total 23.0 (11.5) 39.8 (11.6) 25.2 (11.6) 38.3 (12.2) 0.386 0.036 0.571 0.010
HVLT-R Delayed 16.2 (12.5) 40.4 (14.1) 28.0 (12.4) 38.1 (15.0) 0.019 ∗ 0.234 0.488 0.014

Note: HVLT-R = Hopkins Verbal Learning Test-Revised; FTF = face-to-face. Covariate: score on Perceived Stress Scale (PSS-4)
∗p < 0.05. Significant mean T-score differences on HVLT-R Delayed task between administration types found in the ’Below average’ group

test revealed a significant main effect of group (Fs [1, 55] >22.2, ps < 0.001), indicating that the group with average cognitive
performance did significantly better on each cognitive measure, across both administration types, as expected. In addition, we
observed a significant interaction effect between cognitive performance group and type of administration on the verbal memory
task (HVLT-R Delayed; F [1] =13.29, p < 0.01), revealing that the group with below average cognitive performance did better
on the telephone than during the FTF visit (F [1] = 6.4, p < 0.05).

Discussion

This manuscript is among the first to explore non-VTC remote assessment modalities with a racially and ethnically diverse
research sample during the COVID-19 pandemic. Overall, our preliminary results suggest that test scores did not differ
significantly between most recent FTF assessment and telephonic administration for category fluency, letter fluency, and
verbal learning tasks among individuals living with HIV. This finding is consistent with research that suggests no significant
difference between administration type (in-person, phone) for verbal fluency measures (Bunker et al., 2017; Christodoulou
et al., 2016) and for verbal learning, specific to the HVLT-R Immediate Recall task (Bunker et al., 2017; Julian et al., 2012). By
contrast, results for verbal memory suggest that the group with below average cognitive performance did better on the phone
than during their most recent in-person visit in the HVLT-R Delayed Recall task. This observation is not without precedent.
Although most evidence suggests comparable performance between in-person and telephone administration on verbal memory
tasks (Julian et al., 2012; Bunker et al., 2017; Barcellos et al., 2018), our findings align with a few others who have found
low concurrent validity between modalities. For instance, when compared with FTF assessments, increased performance
on telephone verbal memory tasks was observed in younger adults completing the Rivermead Behavioral Memory Test
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(Kliegel, Martin, & Jäger, 2007). In contrast, decreased performance in phone administration relative to FTF was observed
in an older, female cohort using the Selective Reminding Test (Mitsis et al., 2010). In this latter sample, it was suggested that
this may have been related to learning effects, as six learning trials were utilized with in-person visits versus three learning trials
over the telephone (Mitsis et al., 2010). Indeed, some of the variability in FTF-telephone concordance may be related to the length
and type of the memory test utilized. Overall, shorter tests of verbal memory may be less reliable via phone, particularly for those
individuals who demonstrate mild-to-moderate cognitive impairment across multiple cognitive domains. Adding longer list-
learning tests or story-based recall measures, while paying close attention to practical issues for telephonic administration (e.g.,
audio quality, call drop, increased likelihood of fatigue and distractions in longer assessments, etc.), may enhance sensitivity
in telephone assessments and may be more effective at assessing episodic memory function across age and diagnostic groups
(Carlew et al., 2020). The discrepancy for the recall trial seen in our group with below average cognitive performance may in
part have reflected the shorter and potentially more variable nature of the HVLT (with only 3 learning trials). In addition, within
this cognitive subgroup, the shorter interval between learning and delayed recall trials, with cognitively lighter distractor tasks,
may also have influenced performance. However, it is unclear if these differences are relevant to performance in our cohort.

There are other potential explanations for our observation of better performance in telephone-based assessment of verbal
memory in cognitively impaired individuals. It may be related to the fluctuation in neurocognitive performance seen in
individuals aging with HIV, which is particularly seen in individuals with milder forms of cognitive impairment (e.g., Mild
Neurocognitive Disorder) (Antinori et al., 2007). At different examinations, these bidirectional changes (normal, abnormal) in
neurocognitive symptomatology have been observed in three separate HIV+ cohorts over time (Antinori et al., 2007). Although
changes in neurocognitive symptomatology rely on the assessment of multiple cognitive domains, it is important to note that
observed improvement in verbal memory may be a small part of the overall fluctuating nature of neurocognitive functioning
over time in this patient population. It is also possible that the test taking environment impacts test performance; individuals
with mild cognitive impairments may be more comfortable in their home surroundings, which may serve to enhance their
capabilities. Lastly, there is always a risk of participants writing down items during list-learning tasks administered over the
telephone. However, this was actively discouraged in our telephone assessments with explicit instructions before administration
(e.g., “Please do not use any paper, pencils, pens, or calculators to assist you during the evaluation”).

Although not asked directly, a handful of participants inquired about VTC administration or said they “wished this was
their normal visit,” which may be indications of a positive attitude towards remote assessments in general. Some elements that
may have contributed to a positive reception from participants included a streamlined process of remote assessment handoffs
among nursing team and psychometrists, clear explanations of the purpose and expectations of remote assessments, as well as an
empathic approach to data collection, whether done FTF or over the telephone. Altogether, these preliminary results align well
with patient acceptability of VTC-based neuropsychological assessment, as was evidenced in a recent study where the majority
of surveyed older adults reported being satisfied with TNP (Parikh et al., 2013). Overall, participants were generally appreciative
of the phone call, as some expressed gratitude towards the research team for also “checking in” during the pandemic. Although
the telephone neuropsychology assessment lasted from 35 to 80 min, these results show that remote telephone assessments were
generally well accepted and tolerated by our research participants. Altogether, our results, although preliminary, offer a specific
perspective on the utility and feasibility on the telephonic adaptation of select FTF cognitive tests with research participants
who may not be able to complete FTF or VTC cognitive assessments and expand TNP research specific to ethnic minority
populations utilizing non-VTC assessment modalities.

Limitations

Limitations to the current findings include a small sample size and the use of an HIV cohort, which may limit generalizability
of the results, the limited number of cognitive tests administered to assure brevity of telephone assessment, and the lack of
familiarity with telephone-based cognitive testing in our cohort. Limitations specific to the verbal memory findings include
shorter delay periods than typically employed in FTF and verbal fluency tests used as distractor tasks. Another limitation
is related to how cognitive performance was defined in this study. Although MHBB participants are assigned HIV-informed
neurocognitive diagnoses based on FTF assessment results, for this study, average T-scores were utilized as the cognitive
performance classification system to remain consistent between administration modalities (not enough cognitive domains
were assessed over the phone for diagnostic purposes). Lastly, there may be limited applicability of existing norms for tests
administered over the telephone. Although our study has demonstrated the ability to conduct TNP during the stressful, early
stages of the pandemic, future research should focus on the utility of TNP to elaborate the overall impact of the COVID-19
pandemic on neurocognitive functioning. This may include both short- and long-term neuropsychological impacts of COVID-
19 infection, as well as exploring neurocognitive functioning in the context of psychological, medical, and environmental
variables related to the pandemic (e.g., medical comorbidity, socioeconomic changes due to COVID-19 pandemic, stress, sleep
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quality, substance use, etc.). This will be particularly useful in cohort studies with pre-pandemic neurocognitive, medical, and
psychological data.

Conclusion

This study provides limited support for telephonic adaptation of select FTF neuropsychological measures in longitudinal
research. Verbal fluency tasks showed the strongest equivalency between administration types and across levels of cognitive
functioning. However, more work needs to be done to understand the suitability of telephonic adaptation of verbal memory
measures with individuals of variable cognitive ability. Telephonic adaptation of screeners, batteries and single cognitive
tests, although not meant to replace standard FTF neuropsychological assessments, can increase equity by directly addressing
technological and environmental barriers that may limit individuals from completing FTF or VTC-based research assessments,
particularly during the ongoing COVID-19 pandemic. Furthermore, it can help ensure that research groups remain connected to
participants whose need of institutional support may be more critical, specifically for ethnic and racial minorities. In addition,
these adaptations may reduce operational costs for research programs by allowing more flexibility and, along with VCT-based
assessments, can be feasible and practical ways to complement FTF research visits. Remote evaluations, whether through the
telephone or through VTC platforms, bring very promising prospects for researchers; however, they remain in early stages with
regard to standardization of administration guidelines and validation of normative scores. The emergence of the COVID-19
pandemic provides an opportunity to reconsider and expand the optimal medium for delivery of research cognitive assessments
and longitudinal data collection, in the continual quest to find accurate and validated means that are balanced against the
exigencies of cost and environmental challenges.
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