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ABSTRACT

Objective: Prior teleneuropsychological research has assessed the
reliability between in-person and remote administration of cogni-
tive assessments. Few, if any, studies have examined the test-retest
reliability of cognitive assessments conducted in sequential
clinic-to-home or home-to-home teleneuropsychological evalua-
tions — a critical issue given the state of clinical practice during
the COVID-19 pandemic. This study examined this key psychomet-
ric question for several cognitive tests administered over repeated
videoconferencing visits 4-6 months apart in a sample of healthy
English-speaking adults. Methods: A total of 44 participants (ages
18-75) completed baseline and follow-up cognitive testing
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4-6 months apart. Testing was conducted in a home-to-home set-
ting over HIPAA-compliant videoconferencing meetings on partic-
ipants’ audio-visual enabled laptop or desktop computers. The
following measures were repeated at both virtual visits: the
Controlled Oral Word Association Test (FAS), Category Fluency
(Animals), and Digit Span Forward and Backward from the Wechsler
Adult Intelligence Scale, Fourth Edition. Intraclass correlation coef-
ficients (ICC), Pearson correlations, root mean square difference
(RMSD), and concordance correlation coefficients (CCC) were cal-
culated as test-retest reliability metrics, and practice effects were
assessed using paired-samples t-tests. Results: Some tests exhib-
ited small practice effects, and test-retest reliability was marginal
or worse for all measures except FAS, which had adequate reli-
ability (based on ICC and r). Reliability estimates with RMSD sug-
gested that change within +/- 1 SD on these measures may reflect
typical test-retest variability. Conclusions: The included cognitive
measures exhibited questionable reliability over repeated home-to-
home videoconferencing evaluations. Future teleneuropsychology
test-retest reliability research is needed with larger, more diverse
samples and in clinical populations.
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Introduction

Research on the remote administration of cognitive tests was of great interest to
neuropsychologists even prior to the rapid adoption of teleneuropsychology (tele-NP)
during the COVID-19 pandemic (Brearly et al., 2017; Miller & Barr, 2017). Prior tele-NP
research has demonstrated that many neuropsychological measures exhibit good
reliability between video conferencing and in-person administration (Cullum et al,,
2014; Jacobsen et al., 2003; Wadsworth et al., 2018). A recent review (Marra et al.,
2020) underscored that the video conferencing design of most previous tele-NP studies
followed a clinic-to-clinic approach, wherein the examiner was in their clinic and the
participant was at a satellite clinic or in a different room in the same clinic as the
examiner (e.g., Cullum et al.,, 2014; Wadsworth et al., 2018). The clinic-to-clinic approach
is the most secure way to minimize potential tele-NP confounds, such as internet
connectivity problems in the examiner or examinee’s location, as well as an examinee’s
technological unfamiliarity with the chosen video conferencing technology (i.e., a
technician at the satellite clinic can help set up and monitor the visit).

Many clinical and research activities early on in the COVID-19 pandemic, however,
consisted of either home-to-home assessments (where the examiner and examinee
were in their respective homes) or clinic-to-home assessments (where the examiner
is at their clinic and the examinee is at home [e.g., Parks et al., 2021]). During cog-
nitive assessments in which the examinee is in their home, many factors outside of
the examiner’s control can interfere with cognitive testing, including internet connec-
tivity speed (e.g., audio and/or visual lagging), issues pertaining to the device the
examinee is using for the evaluation (e.g., uncertainty about how visual stimuli are
being viewed on a participant’s screen), and environmental factors (e.g., pets or family
members entering the examinee’s room, or unexpected distracting noises in the
background, such as a telephone ringing). Despite potential confounds relative to
traditional in-person neuropsychological assessment, it is likely that many clinical and
research tele-NP activities may continue even after the COVID-19 pandemic subsides.

There are clear potential benefits to clinic-to-home, and particularly home-to-home
tele-NP, such as an examinee not needing to commute to a clinic for an evaluation
and the examiner having a window into the everyday environment of the examinee.
These benefits may help expand access to cognitive testing for many populations
that are underserved by traditional face-to-face healthcare, and may also benefit
neuropsychologists by reducing no-show rates and overall testing time when briefer
tele-NP evaluations are clinically appropriate (Caze et al., 2020). Recent surveys of
patients who received a tele-NP evaluation reported high patient satisfaction with
the virtual evaluations (Appleman et al., 2021; Lacritz et al., 2020).

There are several outstanding questions, however, about the reliability and validity
of cognitive tests that are widely used in in-person settings and are now being
increasingly used in clinic-to-home or home-to-home tele-NP settings. Regardless of
how the implementation of tele-NP continues, test reliability in tele-NP in these set-
tings is an important psychometric issue that the field must address (Bilder et al.,
2020; Brearly et al., 2017; Marra et al., 2020).

The current study examined the test-retest reliability of several widely-used cog-
nitive assessments delivered over two home-to-home cognitive tele-NP assessment
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sessions conducted 4-6 months apart as part of a larger study of healthy
English-speaking adults in the United States. The measures examined in this study
were the Controlled Oral Word Association (COWA) Test (FAS) (Lezak et al., 2004);
Category Fluency (Animals) (Lezak et al., 2004); and Digit Span Forward and Backward
from the Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV; Wechsler, 2008).
Previous in-person research found moderate test-retest reliability of COWA (FAS)
between baseline and 6-month follow up in healthy, English-speaking adults (Ruff
et al., 1996). Similarly, a prior study of healthy adults from the United Kingdom found
that in-person test-retest reliability of Category Fluency (animals) was in the acceptable
range (Harrison et al., 2000). In-person test-retest reliability on WAIS-IV Digit Span
(Wechsler, 2008) and similar tasks (e.g., UK Biobank Numeric Memory; Fawns-Ritchie
& Deary, 2020) was also found to be in the acceptable-to-good range in healthy,
English-speaking adults. We hypothesized that we would find adequate test-retest
reliability over the two video conferencing sessions that would be comparable to
reliability metrics found in previous in-person research studies in healthy adults.

Methods
Participants

As part of a larger validation study of two computerized cognitive assessments recently
developed by our group, 150 English-speaking participants were recruited, including
86 undergraduates from Boston University who participated in the study through
their introductory psychology course, as well as 64 members of the broader public
who were recruited across the United States using social media and the web (e.g.,
Facebook, Twitter, Craigslist, and ResearchMatch.com). The inclusion criteria were as
follows: participants had to be over 18years old, speak English as their primary lan-
guage, have no self-reported vision issues (that were not corrected with glasses or
contacts), and have no self-reported neurological or psychiatric disorders that to their
knowledge impacted their cognitive functioning. Participants also had to report having
access to an audiovisual (AV)-enabled computer, internet access, and a space in their
home in which they could engage in cognitive testing privately.

When participants took a Qualtrics survey to determine their eligibility to partici-
pate, they attested by typing their name into a box on the survey that they had read
the attached consent form and agreed to participate in the study. At baseline, under-
graduates were compensated for their participation through course credit, whereas
members of the general public received an e-gift card at the conclusion of their study
visit. All participants who returned for follow-up testing received another e-gift card
as compensation. This study was approved by the Boston University Charles River
Campus Institutional Review Board. The data that support the findings of this study
are available on reasonable request from the first author (JTFF).

Of the 150 original participants at baseline, 44 (29%) volunteered to return for a
follow-up testing session in spring 2021, which was 4-6 months after their baseline
visit (mean= 180.9days; SD = 25.6days; range= 122-218days). It should be noted that
13 of the 150 participants were not invited to return for re-testing due to the fol-
lowing reasons: reporting familiarity with the cognitive measures from prior work
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settings (n=4); psychiatric/neurological history (e.g., concussion, obsessive-compulsive
disorder) reported during the testing session that was not reported during pre-screening
procedures (n=2); a below-cutoff score on the Telephone Interview for Cognitive
Status (n=1) or Reliable Digit Span (n=1); a medical event during baseline testing
that prevented session competition (n=1); testing on a tablet instead of computer
(n=1); significant environmental distractions during testing (e.g., screaming in another
room, refusing to turn a cellphone off that was ringing repeatedly; n=2); and signif-
icant internet connectivity disruption during the verbal cognitive tests (n=1).

The resultant 44 participants with data from a baseline and follow-up visit consisted
of 7 undergraduates and 37 members of the general public, and comprised the
test-retest sample included in the analyses presented here. 34 of these participants
self-reported their biological sex as female, and 10 self-reported as male. 25 partici-
pants self-identified as non-Hispanic white (56.8%), 14 as Asian American (31.8%), 3
as Latino/a (6.8%), and 2 as African American (4.5%). The demographic and cognitive
data of the test-retest sample are provided in Table 1. Data from all 44 participants
are included in the analyses outlined in this report.

Measures and procedures

Participants took part in home-to-home study visits via secure, Health Insurance
Portability and Accountability Act (HIPAA)-compliant video conferencing meetings on
Zoom® with a research assistant trained in the administration of cognitive assessments.
The baseline study visit lasted between 60-90 minutes, and the follow-up visit lasted
30-45 minutes. Participants were instructed prior to testing to be in a private space
in their home where they would be free of distractions, and research staff were also
in private locations in their own home (due to COVID-19 lockdowns and social

Table 1. Demographic and cognitive data of the sample (n=44).

Characteristic Mean (SD) Skewness (SE) Range
Age (years) 33.98 (15.00) 1.18 18-75
Educational Attainment (years) 16.73 (2.44) 0.25 13-22
TICS Total Score, Baseline Visit 36.00 (1.91) —0.04 32-40
Reliable Digit Span, Baseline Visit 10.68 (2.23) 0.74 7-17
FAS Total Raw Score, Baseline Visit 45.34 (13.25) 0.37 22-73
FAS (Tombaugh Norms), Baseline Visit 50.80 (11.76) 0.39 30-75
FAS Total Raw Score, Follow-Up Visit 48.45 (12.98) 0.52 22-73
FAS (Tombaugh Norms), Follow-Up Visit 53.50 (11.50) 0.49 32-80
Animals Total Raw Score, Baseline Visit 23.36 (5.32) 0.25 13-37
Animals (Tombaugh Norms), Baseline Visit 53.39 (9.97) 0.39 38-78
Animals Total Raw Score, Follow-Up Visit 23.30 (4.95) 0.42 15-33
Animals (Tombaugh Norms), Follow-Up Visit 53.50 (10.18) 0.86 37-80
WAIS-IV Digit Span Forward Total Raw Score, Baseline Visit 11.00 (2.42) 0.13 6-16
WAIS-IV Digit Span Forward Total Scaled Score, Baseline Visit 10.66 (3.20) 0.42 4-18
WAIS-IV Digit Span Forward Total Raw Score, Follow-Up Visit 11.50 (2.43) -0.50 6-16
WAIS-IV Digit Span Forward Total Scaled Score, Follow-Up Visit 11.34 (3.16) -0.30 4-18
WAIS-IV Digit Span Backward Total Raw Score, Baseline Visit 9.52 (2.39) 0.34 5-16
WAIS-IV Digit Span Backward Total Scaled Score, Baseline Visit 11.11 (3.06) 0.59 6-19
WAIS-IV Digit Span Backward Total Raw Score, Follow-Up Visit 10.16 (2.76) 0.47 5-16
WAIS-IV Digit Span Backward Total Scaled Score, Follow-Up Visit 11.89 (3.54) 0.51 6-19

Cognitive data are reported for the baseline visit and the follow-up visit, which was on average 180days after the
initial visit. SD=standard deviation; SE=standard error; TICS=Telephone Interview for Cognitive Status; FAS =letter
fluency from the Controlled Oral Word Association Test; WAIS-IV=Wechsler Adult Intelligence Scale, Fourth Edition.
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distancing guidelines) for the duration of the testing session. Issues that were encoun-
tered during remote cognitive testing over video conferencing (e.g., poor wireless
connectivity, environmental distractions in the participant’s home, etc.) were docu-
mented by the assessor and discussed in depth between the first and last authors
to determine if that individual's data were compromised by the interference and
should be excluded from analyses. (It should be noted none of the 44 included par-
ticipants in this report had such issues at their baseline or follow-up virtual evalua-
tions.) Participants and examiners used their personal AV-enabled laptop or desktop
computers, reflecting the larger practice of home-to-home tele-NP during the COVID-19
pandemic. All data were stored on a password-protected, encrypted shared drive
housed by Boston University using participants’ subject identification numbers and
the date of the evaluation.

The neuropsychological tests at baseline included the following: the Telephone
Interview for Cognitive Status (TICS; Brandt et al., 1988), with some minor adaptations
for administration over video conferencing vs. the phone (e.g., tapping fingers together
5 times on camera vs. tapping the phone 5 times); the Controlled Oral Word Association
COWA (FAS)(Lezak et al., 2004); Category Fluency (animals) (Lezak et al., 2004); and
Digit Span Forward and Backward from the WAIS-IV (Wechsler, 2008). The adminis-
tration of WAIS-IV Digit Span was abbreviated with only the Forward and Backward
conditions (i.e., without Sequencing). These measures were selected a priori as the
battery for the previously mentioned, unpublished validation study of two newly
developed computerized cognitive measures. The TICS suggested cutoff score of <32
was applied to exclude any participants who may have been exhibiting symptoms
of cognitive impairment (Knopman et al., 2010). Reliable Digit Span (RDS) was calcu-
lated as an embedded measure of participant effort at baseline using the sum of the
longest length of Digits Forward and Digits Backwards in which both trials within an
item were correct. A score of <7 for RDS indicated potentially suboptimal effort
(Schroeder et al., 2012). Participants who scored below the TICS or RDS cutoff at
baseline or whose scores were removed from analysis after their baseline visit for
other reasons (e.g., poor Wi-Fi connectivity, significant environmental distractions)
were not invited to return for the follow-up testing session.

At the follow-up visit, study staff re-administered the Controlled Oral Word
Association Test (FAS), Category Fluency (animals), and WAIS-IV Digit Span Forward
and Backward. The TICS was removed from the follow-up visit, as all participants who
were invited to participate in re-testing had a TICS score greater than the suggested
cutoff at their baseline visit, 4-6 months prior to the follow-up visit. Participants who
returned for re-testing took another eligibility survey in which they self-reported no
changes in their neurological or psychiatric history since their baseline visit, as well
as no changes with their vision. Participants chose their desired time slot to complete
testing based on their schedules at both evaluations.

Statistical analysis

Statistical analyses were performed in SPSS Version 26 (IBM SPSS Statistics, 2019).
Chi-square and independent samples t-tests to examine any differences between the
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returning group (n=44) versus the participants who had only baseline testing in the
larger study (n=106). We also examined if there were practice effects on the tests
by conducting paired samples t-tests between the mean values on the cognitive tests
of the sample at baseline and follow-up, using p = .05 as our alpha value. For all
analyses, we used the raw scores of the participants in addition to scaled scores
(Tombaugh et al., 1999 for FAS and animal fluency; Wechsler, 2008 for WAIS-IV Digit
Span Forward and Backward).

Test-retest reliability was assessed across the two home-to-home tele-NP evalua-
tions in several ways. We first used Pearson correlations as a measure of reliability
between the scores on each measure at the two time points. We also calculated
intraclass correlation coefficients (ICCs) using a two-way mixed, agreementdesign
and the “single measures” output. The interpretations of Pearson correlations and
ICCs for reliability have varying specifications for suggested cutoffs. For example,
Slick (2006) suggested the following reliability cutoffs: 0.60—0.69 =marginal;
0.70-0.79=adequate; 0.80—-0.89=high; 0.90+ = very high. These values generally
align with Cicchetti (1994), who was slightly more liberal in interpretation (e.g.,
0.60—0.74=good reliability, 0.75+ = excellent reliability). Nunnally and Bernstein
(1994), however, set a much higher threshold for reliability, suggesting 0.90 as the
minimum acceptable value for test-retest reliability. We interpret the reliability metrics
in this report cautiously within this context, as tests with low reliability are subject
to increased possibility of false-positive and false-negative errors in clinical contexts
(Charter & Feldt, 2001). Additionally, Pearson correlations focus on linear agreement
between the two time-points, ignoring means and standard deviations, and ICCs
assume equal variance (Barchard, 2012). These assumptions of Pearson correlations
and ICCs necessitate additional investigation of reliability using methods that consider
the means and standard deviations.

Root mean square differences (RMSD) and concordance correlation coefficients
(CCQ) calculated based on absolute agreement (i.e., Time1=Time2) may be a more
preferable way to examine test-retest reliability (Barchard, 2012). RMSD represents the
average amount by which scores tend to differ by calculating the square root of the
average squared difference score (Barchard, 2012). The lowest possible RMSD score
is 0 (representing perfect agreement), with the maximum value being the difference
between the minimum and maximum possible scores on a given measure in the
sample (Barchard, 2012). The largest possible value of the CCC is 1, with values closer
to 1 representing better agreement. The CCC is a measure of agreement between
continuous measures that considers differences in means and variances for the two
measures, unlike Pearson correlations and ICCs (Barchard, 2012). We calculated RMSD
and CCC values for agreement for the measures using the Microsoft Excel® macro
provided in the supplementary materials of Barchard (2012). Agreement of the mea-
sures at each timepoint was further assessed with a Bland-Altman plot.

Results

We first examined if there were differences between the participants who returned
to take part in re-testing (n=44) versus those who did not (n=106). The majority of
the 106 participants who did not engage in re-testing were undergraduate students
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(79 of the 106 non-returners were undergraduates = 74.5%). The re-testing group has
a significantly larger ratio of members of the general public to undergraduates (37:7)
than the non-returners (27:79), with a chi-square value of 43.7 (p<.001). Relatedly, the
returners were on average older (M=34.0years, SD =15.0) than the non-returners
(M=23.4years, SD = 9.2) (t=5.28, p<.001) and had more years of formal education
(returners: M=16.7years, SD = 2.4; non-returners: M=14.3years, SD = 2.2; t=5.97,
p<.001; but note that the undergraduates had mostly not yet reached their terminal
education level). The returners and non-returners did not differ on proportion of
biological sex in each group, TICS total score, Digit Span Forward and Backward raw
or scaled scores, Reliable Digit Span, FAS total raw score, and animal fluency total
raw score (p>0.18 for all). Additionally, among the 44 individuals who completed
baseline and follow-up testing, the only cognitive or demographic variable that was
significantly skewed was age, wherein many participants in the test-retest group were
of younger age (Table 1).

The sample exhibited a practice effect of about 3 words on letter fluency (Visit 1
FAS mean: 45.34 words [SD: 13.25]; Visit 2 FAS mean: 48.45 [SD: 12.98]). This practice
effect on letter fluency was small, but was significant (t=2.38, p = .02). There was
also a small practice effect on WAIS-IV Digit Span Backward, with participants gaining
an average of 0.6 raw points at follow-up (t=2.04, p = .05). Participants did not exhibit
a significant practice effect on category fluency (animals) or WAIS-IV Digit Span
Forward raw scores (respectively: t = .09, p = .92; t=1.57, p = .12).

Table 2 lists the reliability statistics. Based on reliability cutoffs suggested by Slick
(2006), which lie between the more conservative cutoffs proposed by Nunnally and
Bernstein (1994) and the more liberal cutoffs of Cicchetti (1994), FAS demonstrated
adequate repeated videoconferencing test-retest reliability per Pearson and ICC esti-
mates. WAIS-IV Digit Span Forward and Backward raw and scaled scores exhibited
marginal repeated videoconferencing test-retest reliability per Pearson and ICC esti-
mates, and animal fluency demonstrated unacceptable repeated videoconferencing
test-retest reliability.

As Pearson correlations and ICCs do not consider means and SDs, and ICCs in
particular assume equal variance, further examination of reliability using RMSD and
CCCs for absolute agreement provided insight about the mean expected changes
in this sample on these measures. As shown in Table 3, only WAIS-IV Digit Span
Backward change scores were significantly skewed (in a negative direction), with

Table 2. Reliability estimates.

Cognitive measure Pearson r I1CC (95% CI) RMSD Cccc
FAS, Raw Score 0.78 0.76 (0.59-0.87) 9.12 0.76
FAS, Tombaugh Norms 0.78 0.76 (0.60—-0.87) 8.06 0.76
Animals, Raw Score 0.52 0.52 (0.27-0.71) 5.00 0.52
Animals, Tombaugh Norms 0.54 0.55 (0.30-0.73) 9.51 0.54
WAIS-IV Digit Span Forward, Raw Score 0.62 0.61 (0.39-0.77) 2.14 0.61
WAIS-IV Digit Span Forward, Scaled Score 0.67 0.66 (0.45-0.80) 2.66 0.65
WAIS-IV Digit Span Backward, Raw Score 0.69 0.66 (0.45-0.80) 2.14 0.66
WAIS-IV Digit Span Backward, Scaled Score 0.70 0.67 (0.47-0.81) 2.70 0.67

FAS and animal fluency use demographically-adjusted scores calculated according to Tombaugh et al. (1999). WAIS-IV
Digit Span Forward and Backward Scaled Scores are derived according to the WAIS-IV technical manual (Wechsler,
2008). FAS=letter fluency from the Controlled Oral Word Association Test; WAIS-IV=Wechsler Adult Intelligence
Scale, Fourth Edition.
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Table 3. Change scores of letter fluency, animal fluency, and digit span forward and backward.

Cognitive measure Mean (SD) Range Skewness
FAS, Raw Score 3.11 (8.67) —14-25 0.13
FAS, Tombaugh Norms 2.70 (7.68) -13-22 0.11
Animals, Raw Score —0.07 (5.06) -13-10 -0.22
Animals, Tombaugh Norms 0.11 (9.62) -24-19 -0.18
WAIS-IV Digit Span Forward, Raw Score 0.50 (2.11) -7-5 -1.16
WAIS-IV Digit Span Forward, Scaled Score 0.68 (2.60) -8-6 -0.96
WAIS-IV Digit Span Backward, Raw Score 0.64 (2.07) -4-6 0.25
WAIS-IV Digit Span Backward, Scaled Score —-0.77 (2.61) -8-5 -0.39

FAS and animal fluency use demographically-adjusted scores calculated according to Tombaugh et al. (1999). WAIS-IV
Digit Span Forward and Backward Scaled Scores are derived according to the WAIS-IV technical manual (Wechsler,
2008). SD =standard deviation; FAS =letter fluency from the Controlled Oral Word Association Test; WAIS-IV =Wechsler
Adult Intelligence Scale, Fourth Edition.

no other change scores showing significant skewness. For the raw and
demographically-adjusted scores of FAS, the RMSD (i.e., mean expected change) was
just above two-thirds the SD of the baseline raw and adjusted FAS scores; FAS had
a CCC of 0.76 for both the raw and adjusted scores. For animal fluency, the RMSD
was nearly equivalent to the SD for the raw and demographically-adjusted scale
scores, and animal fluency carried a CCC of 0.52 for the raw score and 0.54 for the
adjusted scores. WAIS-IV Digit Span Forward raw and scaled scores had RMSDs that
were nearly 90% and 80% for each respective baseline SD; the CCCs for WAIS-IV
Digit Span Forward raw and scaled scores were 0.61 and 0.65, respectively. WAIS-IV
Digit Span Backward raw and scaled scores had RMSDs that were approximately
90% of each respective baseline SD; the CCCs for WAIS-IV Digit Span Backward raw
and scaled scores were 0.66 and 0.67, respectively.

Bland-Altman plots using demographically-adjusted T-scores or scaled scores (Figure
1A-D) provide visualizations that help contextualize RMSD findings. FAS, which had
the strongest CCC out of all of the measures and smallest proportional RMSD when
compared to its baseline SD, had only 3 individuals who exhibited worse than —1
SD change and 8 individuals who had more than +1 SD improvement on their FAS
demographically-adjusted values relative to an assumed change of 0 SD (Figure 1A;
Supplementary Materials). On animal fluency (Figure 1B; Supplementary Materials),
5 participants exhibited worse than —1 SD change and 7 demonstrated more than
+1SD improvement in their demographically-adjusted scores. For WAIS-IV Digit Span
Forward Scaled Scores (Figure 1C; Supplementary Materials), 2 individuals showed
worse than —1 SD change, whereas 6 exhibited more than +1SD change. On WAIS-IV
Digit Span Backward Scaled Scores (Figure 1D; Supplementary Materials), 5 partici-
pants demonstrated worse than —1 SD change, while 3 exhibited more than +1SD
improvement.

Discussion

Prior to the COVID-19 pandemic in 2020-21, a large focus of tele-NP research was
focused on the reliability and validity of phone and video-based cognitive assessment
in clinic-to-clinic settings (Cullum et al., 2014; Wadsworth et al., 2016, 2018) and
sought to determine the reliability between face-to-face and remote administration
of cognitive assessments (Chapman et al.,, 2019, 2020; Cullum et al., 2014; Wadsworth
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Figure 1. Bland-Altman plot of agreement between repeated administrations of cognitive mea-
sures over videoconferencing.

Shown is the agreement (change score relative to mean of Time 1 and 2) for each participant
on (A) animal fluency, (B) FAS, (C) WAIS-IV Digit Span Forward, and (D) WAIS-IV Digit Span Backward
using demographically-adjusted and scalded scores. The solid black lines represent the
sample-derived mean change values, whereas thin black lines represent +/- 1 SD from a mean
of 0. The dashed and solid line represents a mean of 0. Lastly, the dashed lines represent the
sample-derived 95% confidence interval on the measure. FAS =letter fluency from the Controlled
Oral Word Association Test; WAIS-IV =Wechsler Adult Intelligence Scale, Fourth Edition.

et al, 2016, 2018). Balancing the public health demands of the pandemic with the
ethical considerations of continuing care for patients and for continuing research
studies, the field had to adapt rapidly over the last year to provide clinic-to-home
and home-to-home virtual assessments, despite clear need for examination of the
reliability and validity of tele-NP in these settings (Bilder et al.,, 2020; Postal et al.,
2021). The current study of test-retest reliability across 4-6 months for some commonly
used clinical assessments — COWA (FAS), Category Fluency (animals), and WAIS-IV Digit
Span Forward and Backward - expands upon prior tele-NP reliability and validity
research. This is the first study, to our knowledge, to examine the stability of these
measures over time within individuals assessed via home-to-home video conferencing
at both baseline and follow-up examinations and hence provides an important starting
point for future investigation on this topic.

Using classical test-retest reliability metrics (Pearson r and ICCs) and cutoffs proposed
by Slick (2006), we found that FAS demonstrated adequate repeated videoconferencing
test-retest reliability at 4-6 months in our sample of healthy English-speaking adults in
the United States, whereas WAIS-IV Digit Span Forward and Backward exhibited mar-
ginal test-retest reliability in this setting. Animal fluency, according to this cutoff and
these metrics, exhibited unacceptable repeated videoconferencing test-retest reliability.
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As has been suggested previously (Marra et al., 2020), test-retest reliability may have
been better in letter than animal fluency because letter fluency has three trials relative
to just one trial for animal fluency. In general, longer tests tend to exhibit more stable
reliability metrics, so it is possible that test-retest reliability on a three-trial category
fluency task over repeated tele-NP visits may be stronger relative to the sole trial of
animal fluency. The marginal test-retest reliabilities found on WAIS-IV Digit Span Forward
(0.67 - scaled score) and Digit Span Backward (0.70 - scaled score) in this context of
repeated home-to-home tele-NP visits was a slight departure (particularly on Digit
Span Forward) from the test-retest reliabilities on these measures reported in the
WAIS-IV normative studies. In the entire WAIS-IV normative sample, test-retest reliability
was 0.77 for Digit Span Forward and 0.71 for Digit Span Backward (Wechsler, 2008).
Notably, the test-retest interval for the in-person WAIS-IV normative studies (mean =
22 days, range = 8-82days) was much shorter than the current study (mean = 181days;
range = 122-218days). Also, WAIS-IV normative study participants were older (mean =
52.6years, SD = 23.6years) than participants in the current study (mean = 34.0years,
SD = 15.0years), and the WAIS-IV normative study test-retest sample was substantially
larger (n=298) than the current study (n=44). These differences in the study charac-
teristics between the two studies could explain the small differences seen on test-retest
reliability estimates that were reported.

To account for means, SDs, and variance in scores, RMSD and CCC were also
calculated as measurements of test-retest reliability. RMSD and CCC values were
generally in agreement with the findings from Pearson correlations and ICCs for
the included measures, with FAS exhibiting the best reliability out of all of the
measures. Inspection of the Bland-Altman plots (Figure 1TA-D) and change values
on the demographically-adjusted or scaled scores (Supplementary Material), how-
ever, showed that many participants exceeded +/- 1 SD change at their follow-up
visit relative to their baseline score. For FAS, 11/44 participants (25%) exhibited
more than +/- 1 SD change, and 12/44 participants on animal fluency (27%)
demonstrated more than +/- 1 SD change across the two visits. 8/44 participants
(18%) had scores on both WAIS-IV Digit Span Forward and Backward that repre-
sented a change of +/- 1 SD. Given that this sample was a group of self-reported
healthy, English-speaking individuals, it may be inferred that intra-individual change
on the measures within approximately +/- 1 SD may reflect within expectation
variability on these measures over repeated videoconferencing administrations
within a 4-6-month period.

Our work adds to previous in-person reliability studies of these commonly-used
measures, demonstrating that these tests exhibit relatively wide estimates of reliability
over repeated video conference-based assessments in healthy, English speaking adults.
Clinically, change of scores within +/- 1 SD on these measures within a 4-6 month
period could reflect normal cognitive variability on these measures when administered
over tele-NP with examinees in their home. Aside from letter fluency (FAS), the other
measures in this study (animal fluency; WAIS-IV Digit Span Forward and Backward)
demonstrated marginal or worse reliability, suggesting that clinicians engaged in
tele-NP with these measures should use caution in interpreting scores on these tests.
Larger, more representative tele-NP reliability and validity studies are desperately
needed in clinic-to-home or home-to-home settings to both replicate (or counter)
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the findings of this study and, more broadly, expand the field’s psychometric under-
standing of other tests administered via tele-NP.

Limitations

Though this study still fills a critical gap in the literature given the paucity of such
research at this time, one limitation of our study is the small sample size (n=44).
The educational attainment of our sample (at least a 4-year university degree, on
average) is also a limitation and necessitates replication in individuals with lower
levels of formal educational attainment. We used an abbreviated version on one of
the cognitive tests (WAIS-IV Digit Span, Forward and Backward Span only without
Sequencing), which is sometimes done in research settings. However, this limits the
present study’s direct utility for clinical tele-NP settings, as the full measure (with
Sequencing) is more commonly used in clinical evaluations (Wechsler, 2008). We
recommend replication with the full WAIS-IV Digit Span measure and advise caution
in extrapolating our findings about the WAIS-IV Digit Span Forward and Backward
to the full measure.

Another limitation of our work is that we required participants to meet via
HIPAA-compliant video conferencing meetings on their own AV-enabled laptop or
desktop computer. Other technologies, such as the conventional telephone and smart-
phone, are less expensive for consumers and have broader circulation in the public
than personal computers. Additionally, for many people it may be impractical to do
cognitive testing over tele-NP in their home if they do not have a private, quiet space
(e.g., their own bedroom). Moreover, as discussed in a recent review by Marra and
colleagues (2020), racial and ethnic minority groups in the United States are less likely
to own a personal computer and have at-home access to the broadband internet
speeds requisite for remote cognitive assessment (Perrin & Turner, 2019). Approximately
10% of the United States population does not use the internet at all (Anderson et al.,
2019), making a standard telephone call the only way to potentially bridge digital
health inequities with these individuals.

We also restricted eligibility criteria for this study to people who identified English
as their primary language and reported no history of cognitive or psychiatric comor-
bidities that would interfere with their cognition. As such, replication of our findings
is needed in linguistically diverse populations and in clinical populations, as providing
equitable access to neuropsychological care must be a central goal of continued tele-NP
research and implementation. Additionally, if participants encountered significant diffi-
culty with the video conferencing platform or had documented connectivity issues and/
or significant environmental distractions during their baseline visit that impacted data
collection, they were not included in the list of participants who were invited to return
for re-testing. By systematically excluding participants with known connectivity problems
or significant distractions at baseline from re-testing, we lost an opportunity to examine
test-retest reliability of these neuropsychological tests within the context of these eco-
logical threats to tele-NP assessment. Future test-retest research of cognitive tests over
repeated video conferencing sessions may wish to include participants with documented
technological problems or recorded environmental distractions, as this will more
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accurately provide an empirical understanding of test-retest reliability in a tele-NP
setting that reflects the routine challenges faced by examiners.

Lastly, we note that the instruments used in this study do not require videocon-
ferencing for administration and could be administered over a telephone audio call.
A prior study has investigated this question over repeated telephone evaluations in
older adult women, finding generally consistent reliability findings (using Pearson
correlations) as the present study (Rapp et al., 2021). The measures we used in our
study were selected a priori as outcome measures for a larger ongoing study.
Nonetheless, in both clinical and research settings, these measures are being used
via videoconferencing, warranting the investigation described here. Future studies of
the psychometric properties of neuropsychological assessment via videoconferencing
should also examine tests that do require visual presentation of stimuli (e.g., the
Boston Naming Test; Kaplan et al., 2010).

Conclusion

Prior tele-NP research has largely focused on demonstrating the reliability of cognitive
assessments conducted over the telephone and video conferencing relative to in-person
administration. This previous research has taken place largely in clinic-to-clinic settings.
The present study of healthy English-speaking adults provides evidence that the cog-
nitive tests included in the study - consisting of validated, commonly used measures
that examine letter fluency, semantic fluency, and auditory attention/working memory
—exhibit variable reliability metrics. Changes of scores on these measures over repeated
home-to-home tele-NP visits within +/- 1 SD may reflect within expectation cognitive
fluctuation in healthy English-speaking adults. Understanding the wide range of potential
test-retest reliability on these measures is essential to reducing false-positive and
negative-errors (Binder et al., 2009), and caution is advised in the clinical interpretation
of changes on these measures over repeated video conferencing visits. Clinic-to-home
and home-to-home tele-NP is a promising way to expand access to neuropsychological
services, but continued research is needed on the reliability and validity of testing in
these tele-NP settings. In particular, future research should examine test-retest reliability
in larger and more diverse samples (e.g., non-English speaking individuals) and should
examine test-retest reliability in tele-NP in the context of ecological threats to this
modality of assessment (e.g., distractions and internet connectivity problems).
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