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Abstract.
BACKGROUND: The COVID-19 pandemic has led to increased utilization of teleneuropsychology (TeleNP) services.
Unfortunately, investigations of performance validity tests (PVT) delivered via TeleNP are sparse.
OBJECTIVE: The purpose of this study was to examine the specificity of the Reliable Digit Span (RDS) and 21-item test
administered via telephone.
METHOD: Participants were 51 veterans with moderate-to-severe traumatic brain injury (TBI). All participants completed
the RDS and 21-item test in the context of a larger TeleNP battery. Specificity rates were examined across multiple cutoffs
for both PVTs.
RESULTS: Consistent with research employing traditional face-to-face neuropsychological evaluations, both PVTs main-
tained adequate specificity (i.e., > 90%) across previously established cutoffs. Specifically, defining performance invalidity
as RDS < 7 or 21-item test forced choice total correct < 11 led to < 10% false positive classification errors.
CONCLUSIONS: Findings add to the limited body of research examining and provide preliminary support for the use of the
RDS and 21-item test in TeleNP via telephone. Both measures maintained adequate specificity in veterans with moderate-to-
severe TBI. Future investigations including clinical or experimental “feigners” in a counter-balanced cross-over design (i.e.,
face-to-face vs. TeleNP) are recommended.
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1. Introduction

Within neurorehabilitation, neuropsychological
evaluations play a critical role in the diagnosis,
monitoring, and treatment of cognitive and neurobe-
havioral dysfunction following neurological injury
or disease. The utility of neuropsychological eval-
uations rests on the assumption that examinees are
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performing to the best of their ability. For exam-
ple, neuropsychological functioning during the early
recovery from traumatic brain injury (TBI) predicts
important rehabilitation outcomes such as employ-
ment (Sherer et al., 2002), productivity (Green et al.,
2008), and driving fitness (Egeto et al., 2019). How-
ever, accurate prognostication by clinical providers
requires credible performance by examines during
neuropsychological testing.

1.1. Performance validity

Unfortunately, there exist myriad factors that
threaten the validity of neuropsychological evalua-
tion results. The behavior of examinees as it relates
to the credibility of neuropsychological test results
is broadly referred to as performance validity; how-
ever, the terms response bias, effort, and engagement
have also been used in the literature that has accu-
mulated during the past 20 years (Lippa, 2018).
Invalid performances can be driven by external
gains (e.g., malingering to secure financial ben-
efit or avoid responsibility), internal gains (e.g.,
factitious disorder), unconscious drives (e.g., somati-
zation, conversion disorder), diminished neurogenic
drive (e.g., abulia, akinesia), or simply impacted by
sensory impairments (e.g., visual/auditory deficits).
Importantly, performance invalidity across its forms
is a prominent and prevalent concern, accounting
for as much as 50% of the variability in neuropsy-
chological test scores (Green, Rohling, Lees-Haley,
& Allen, 2001). Historically a focus of forensic
neuropsychologists, the investigation (and mea-
surement) of performance invalidity is of clinical
concern as well. Base rates of performance invalid-
ity during neuropsychological assessment vary across
settings (i.e., litigation, clinical/rehabilitation) and
approaches 40% in the presence of external incentives
or when referrals specify medical conditions com-
monly encountered in rehabilitation settings (e.g.,
mild TBI, chronic pain, neurotoxin injury; Mitten-
berg, Patton, Canyock, & Condit, 2002). Failure to
recognize this prevalent problem in the rehabilita-
tion setting results in the inaccurate interpretation of
one’s neurocognitive functioning, potentially leading
to inappropriate decision-making.

Accordingly, considerable research has been dedi-
cated to the development of performance validity tests
(PVTs) which are objective measures designed to
distinguish between valid and invalid neuropsycho-
logical test performance. Because of the prevalence
and impact of performance invalidity, the inclusion

of PVTs during neuropsychological evaluations has
become a practice standard (Chafetz et al., 2015;
Heilbronner et al., 2009; Sweet, Benson, Nelson, &
Moberg, 2015).

1.2. Neuropsychological testing and telehealth

The COVID-19 pandemic brought about signifi-
cant change to standard practice, as neuropsycholo-
gists across the nation (in rehabilitation hospitals as
well as traditional outpatient settings) were forced to
suspend traditional face-to-face neuropsychological
evaluations (Bilder et al., 2020). Practitioners were
faced with a challenging decision: suspend evaluation
services entirely or provide service through alterna-
tive modalities such as telehealth which the field of
neuropsychology has been slow to adopt. However,
the provision of teleneuropsychology (TeleNP) ser-
vices would provide a means to safely deliver (albeit
in a limited form) services to persons who need
of neuropsychological evaluations while maintaining
travel restrictions and distancing recommendations
per the Centers of Disease Control and Prevention
vis-à-vis the coronavirus pandemic.

In the rehabilitation setting, the decision to halt
services would risk delaying diagnoses of possible
neurocognitive and neuropsychiatric disorders, initi-
ation of interventions such as cognitive rehabilitation
and evidence-based therapies for psychological dis-
orders, and monitoring of recovery (e.g., following
pharmacological treatment or neurosurgical interven-
tions). The effects of delayed diagnosis and treatment
have a substantial psychosocial and economic cost
(Rosado et al., 2018; Glen et al., 2020; Donders
2019). In contrast, the decision to provide services
through innovative modalities via TeleNP requires a
mental shift from the practice standard including the
way that neuropsychological tests were historically
developed and standardized.

Neuropsychology practice has been criticized for
failing to adopt telehealth and other technological
advances embraced by other health care disciplines
(Miller & Barr, 2017). Investigations into the feasi-
bility, validity, and clinical utility of teleNP began
emerging in the late 20th century, although this
research was limited in scope, infrequently appeared
in scientific journals, and failed to meaningfully
impact the field. However, the coronavirus pan-
demic has forced the field of neuropsychology to
prioritize TeleNP in both research and clinical prac-
tice. Indeed, in response to the global health crisis
caused by the coronavirus pandemic, the Inter-
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organizational Practice Committee (comprised of
the American Academy of Clinical Neuropsychol-
ogy/American Board of Clinical Neuropsychology,
National Academy of Neuropsychology/Division 40
of the American Psychological Association, the
American Board of Professional Neuropsychology,
and the American Psychological Associates Services,
Inc.) issued guidance on TeleNP practice (Bilder et
al., 2020).

There now exists a growing body of research
supporting the reliability and validity of neu-
ropsychological assessment delivered remotely via
telehealth (e.g., Brearly et al., 2017; Marra, Ham-
let, Bauer, & Bowers, 2020). Notably, the majority
of this evidence base utilized subjects who were
tested under the controlled conditions of a remote
clinic, oftentimes with the use of a technician to
establish videoconference connection and/or assist
with task administration (Bilder et al., 2020). Much
of the burgeoning research on TeleNP has used
web-conferencing platforms as the service delivery
method; while innovative, concerns about web-
conferencing neuropsychological service delivery
include access, particularly among rural or econom-
ically disadvantaged persons (i.e., the digital divide;
Ramsetty & Adams, 2020; Van Dijk, 2017). Even
among persons with internet access, criticism of
TeleNP has been raised based on research showing
that reliability and validity of TeleNP are impacted by
patient characteristics (e.g., age, comfort and famil-
iarity with computers) and technology factors such
as monitor size, screen resolution, and internet speed
(Brearly et al., 2017; Hirko et al., 2020). These access
barriers have led to deeper consideration of TeleNP
via telephone (Caze et al., 2020; Lacritz et al., 2020).
Indeed, TeleNP via telephone has been effectively uti-
lized in research settings dating back to the 1980s and
continuing to present day (Brandt et al., 1988; Bunker
et al., 2017; Castanho, Amorim, Zihl, Palha, Sousa,
Santos, 2014; Castanho et al., 2016; Matchanova et
al., 2020; Nelson et al., 2020; Pendlebury, Welch,
Cuthbertson, Mariz, Mehta, & Rothwell, 2013; Plass-
man, Newman, Welsh, & Helms, 1994).

1.3. TeleNP and PVTs

Regardless of neuropsychology service delivery
method, including TeleNP, performance validity
remains a primary concern. Unfortunately, research
into the use of PVTs in TeleNP is sparse. A vital
step in PVT development is establishing adequate
specificity in groups with known neurocognitive

impairment. In this context, specificity reflects the
proportion of participants with valid performance
accurately identified as such by the PVT [Speci-
ficity = True Negatives ÷ (True Negatives+False
Positives)] with adequate specificity defined as
values > .90 by convention. In contrast, sensitivity
reflects the proportion of participants with invalid
performance (e.g., poor effort or task engagement)
accurately identified by the PVT [Sensitivity = True
Positives ÷ (True Positives+False Negatives]). In
clinical contexts, specificity is prioritized over sen-
sitivity because false-positive errors (i.e., incorrectly
labeling impaired cognitive performance as invalid)
are considered more detrimental to the patient than
false negative errors (i.e., incorrectly labeling invalid
performance that appears to show cognitive impair-
ment as valid). As with traditional in person PVT
development, a critical first step in establishing PVT
utility in TeleNP is to demonstrate a low rate of
false positive classification errors among examinees,
especially among those with bona fide cognitive
impairment. Thankfully, there exist a number of can-
didate PVTs that are robust to the effects of genuine
neurocognitive impairment, demonstrating excellent
specificity across a range of clinical groups (Lippa
2018). Surprisingly, there is a paucity of research
on PVTs administered via TeleNP using telephone-
based methods of communication. As such, the
primary objective of the current study was to report
the specificity of two well-established PVTs admin-
istered via TeleNP in patients with traumatic brain
injury (TBI) admitted for inpatient neurorehabili-
tation. We selected two PVTs (See Methods) that
rely solely on verbal communication given the con-
cerns noted above as well as the finding that verbally
mediated neuropsychological tasks translate more
reliability and validly to TeleNP than visually depen-
dent tasks (Brearly et al., 2017). It was hypothesized
that these PVTs would maintain adequate specificity,
consistent with previously published research utiliz-
ing comparable clinical groups.

2. Method

2.1. Participants

This study was a secondary analysis of the Veter-
ans Affairs TBI Model Systems (VA TBIMS) dataset.
The VA TBIMS is a prospective longitudinal multi-
center study of rehabilitation outcomes following
inpatient TBI rehabilitation (Lamberty et al., 2014;
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Fig. 1. Flow diagram.

Ropacki et al., 2018). This study included partici-
pants enrolled at two study sites, the VA Polytrauma
Rehabilitation Centers (PRCs) in San Antonio, Texas
and Tampa, Florida. The CARF-accredited VA PRCs
are rehabilitation programs that provide comprehen-
sive inpatient rehabilitation services for veteran and
active duty service members incurring injuries affect-
ing the brain and/or other bodily systems. VA TBIMS
inclusion criteria as follows: (1) TBI diagnosis per
case definition: a self-reported or medically docu-
mented traumatically-induced structural brain injury
or physiological disruption of brain function due to
external force evidenced by onset or worsening of:
loss/decreased consciousness; mental state alteration;
memory loss for events immediately before or after
the injury; transient or stable neurological deficits; or
intracranial lesion; (2) age ≥ 16 years at time of TBI;
(3) admission to a PRC for TBI rehabilitation; and (4)
informed consent by the participant or legally autho-
rized representative. Additional inclusion criteria for
this secondary analysis was (5) data collected after
March 01, 2020 (which corresponded with the time
that performance validity testing was added to data
collection at the San Antonio and Tampa PRCs), and
(6) medically documented moderate or severe TBI

based on established metrics (see section 2.2.3 TBI
Characterization, below). Excluded were participants
not followed after March 01, 2020, or participants
were too cognitively impaired to participate in neu-
ropsychological testing, or who were missing one or
more PVT metrics. See Fig. 1 for flow diagram. Study
design and procedures were approved by each site’s
Institutional Review Board.

2.2. Measures

2.2.1. 21-item test
The 21-item test (Iverson, 1998) is a measure

designed to detect performance invalidity with a com-
monly used forced-choice paradigm. Examinees are
read a list of 21 words and then asked to recall as
many words as possible. Immediately afterward, they
are read 21 pairs of words, with one word in the
pair from the word list and the other word a foil;
they are asked to choose which word from the word
pair was from the list. Classification of performance
validity is based upon the total number of correct
responses during the forced choice portion of the
test. The 21-item forced choice total correct (21-FC-
TC) score has a possible range of 0 to 21. Cutoffs
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of < 8 and < 11 have been proposed (Gontkovsky &
Souheaver, 2000; Iverson, 1998), with a cut score
of < 11 showing optimal group classification based
on the performance of 175 controls, 231 patients
with psychiatric, neuropsychological, or memory dis-
orders, and 237 experimental-malingerers (Iverson,
1998).

2.2.2. Reliable digit span (RDS)
RDS is an embedded performance validity mea-

sure derived from performance on the Digit Span
subtest, which in this study was taken from the Wech-
sler Adult Intelligence Scale, third edition (Weschler,
1997). The WAIS is currently in its fourth edition,
yet majority of the evidence on RDS pertains to
the WAIS-III version (e.g., Babikian, Boone, Lu,
& Arnold, 2006), although item content between
the versions are similar. Examinees are asked to
repeat sequences of digits of increasingly longer digit
strands, with two trials of digits of the same length.
Examinees repeat the digits first in forward order
(simple repetition) and then in backward order (rever-
sal of digits). Simply stated, RDS is the number of
digits that are correctly repeated across both trials of
the same digit length for the forward and backward
conditions. RDS has a possible score range from 0
to 17. Various cut scores have been examined across
existing studies (typically no lower than < 5). The cut-
offs of < 6 and < 7 are the most used and have the best
specificity and sensitivity across studies (Babikian,
Boone, Lu, & Arnold, 2006; Schroeder, Twumasi-
Ankrah, Baade, & Marshall, 2012).

2.2.3. TBI characterization
TBI severity was characterized using the Glasgow

Coma Score (Teasdale et al., 2014) at time of emer-
gency department visit or hospital admission, time
to follow commands (TFC) and duration of post-
traumatic amnesia (PTA). TFC was the time elapsed
(in days) between TBI and command following on
two consecutive evaluations; PTA duration was the
number of days between TBI and resolution of disori-
entation to person, place and time. TFC and PTA were
calculated from review of acute and rehabilitation
medical records following standardized procedures
(Lamberty et al., 2014). If discharged from rehabili-
tation while still in PTA, duration was calculated as
length of stay plus 1 day (Nakase-Richardson et al.,
2011; Ropacki et al., 2018). To be classified as having
moderate or severe TBI, participants were required
to have medical documentation of GCS score ≤ 12,
or TFC ≥ 1 day, or PTA duration ≥ 1 day, consistent

with prior studies (Dillahunt-Aspillaga et al., 2017;
Ropacki et al., 2018).

2.3. Procedures

Demographic characteristics were collected via
structured interview (Lamberty et al., 2014; Ropacki
et al., 2018) upon enrollment into the VA TBIMS.
Injury information (e.g., TBI severity, cause of injury)
were collected via review of medical records from
emergency departments and acute care hospitaliza-
tions. VA TBIMS procedures include quarterly audit
of research records, in which a research team member
other than the research assistant initially collecting
the data reviews data collection forms and source
materials (i.e., hospital records) to ensure accuracy of
coded data. Any discrepancies that arise are reviewed
by the team’s research coordinator and coded data are
corrected if necessary.

PVTs were administered alongside neuropsy-
chological tests via telephone with participants
following inpatient rehabilitation discharge at reg-
ularly scheduled follow up time points anchored to
TBI anniversary date. PVT failure rates at selected
cutoffs were presented as percentages. Demographic
and injury characteristics were presented as means
and standard deviations for continuous data and as
percentages for categorical data.

3. Results

3.1. Participants

Data on PVT performance were collected between
March 01, 2020 and September 30, 2020. Of 93 par-
ticipants due for follow up in this time frame,64 had
medically documented moderate-to-severe TBI. Of
these, 89% were followed. However, 7% of those fol-
lowed were unable to participate in testing because
they were too severely cognitive impaired (e.g., pro-
longed disorders of consciousness), and 4% of those
who participated in testing were missing PVT data.
This resulted in a final sample size of 51 participants,
which was 96% of those with TeleNP neuropsycho-
logical testing during follow up (see flow diagram,
Fig. 1). Participants were 100% male, with an aver-
age age of 34 years (SD = 14) at time of TBI, over
55% had more than a high school education, and
71% identified as White. Cause of injury was most
often vehicular related (61%). See Table 1 for further
details of study sample demographic and injury char-



174 R.J. Kanser et al. / Performance validity testing via telehealth

Table 1
Characteristics of study participants (N = 51)

M ± SD or %

Age at time of TBI 34.3 ± 13.7
Age at time of cognitive testing 38.1 ± 14.1
Sex

Male 100
Female 0

Race/ethnicity1

Hispanic, yes 13.7
White, yes 70.6
Black, yes 21.6
Asian, yes 3.9
Native American, yes 9.8
Pacific Islander, yes 3.9

Education
< 12 years 7.8
High school diploma 35.3
Some college 41.2
Bachelor’s degree 11.8
> Bachelor’s degree 3.9

Annual income at time of TBI
≤ 9999 5.9
10,000–19999 11.8
20,000–29999 19.6
30,000–39999 5.9
40,000–49999 5.9
50,000–59999 7.8
60,000–69999 7.8
70,000–79999 5.9
80,000–89999 0
90,000–99999 2.0
≥ 10000 3.9
Not applicable (not employed) 17.6
Unknown 5.9

Injury cause
Vehicular 60.8
Fall 17.6
Bicycle/pedestrian 9.8
Blast 0
Assault 3.9
Gunshot wound 3.9
Sports-related 0
Other 2.0

Active duty at time of injury, yes 54.9
Injured during deployment, yes 9.8
GCS categories (n = 51)

3–8 (severe) 68.6
9–12 (moderate) 9.8
13–15 (mild) 19.6
No acute care 0

GCS continuous format (n = 50) 6.5 ± 4.4
TFC, days (n = 47) 10.5 ± 16.3
PTA duration, days (n = 48) 42.7 ± 47.1
Rehabilitation length of stay, days 52.7 ± 51.5
TSI at time of PVT testing, months 44.4 ± 25.0
21-item test forced choice total correct 16.4 ± 3.1
Reliable Digit Span score 10.5 ± 2.4
1Race ethnicities do not add to 100% because people may
endorse multiple categories. GCS = Glasgow Coma Score;
PTA = Posttraumatic Amnesia; PVT = Performance Validity
Test(s); TFC = Time to Follow Commands; TSI = Time Since
Injury.

Table 2
PVT failure rate at various cutoffs (N = 51)

Cutoff for Failure
failure rate (%)

21-item test force choice total correct ≤ 8 2.0, N = 1
≤ 9 2.0, N = 1
≤ 10 3.9, N = 2
≤ 11 7.8, N = 4
≤ 12 13.7, N = 7

Reliable Digit Span ≤ 5 2.0, N = 1
≤ 6 2.0, N = 1
≤ 7 9.8, N = 5
≤ 8 19.6, N = 10

Note: Failure rate is the proportion of the sample with scores at or
below the specified raw score.

acteristics. TeleNP neuropsychological testing took
place between 1 to 7 years post-TBI.

3.2. PVT performance

21-FC-TC scores ranged from 7 to 21 (M = 16.4;
SD = 3.1). At four of the five cutoffs, failure rate was
less than 10% with a range of 2.0% to 7.8%. At
the liberal cutoff of < 12, failure rate was 13.7% (see
Table 2). RDS scores ranged from 5 to 16 (M = 10.5;
SD = 2.4). At three of the four cutoffs, failure rate was
less than 10% with a range of 2.0% to 9.8%. How-
ever, a liberal cutoff of < 8 resulted in a failure rate of
19.6% (see Table 2).

4. Discussion

Findings provide preliminary support for the
hypothesis that verbally mediated PVTs are viable
assessment tools in TeleNP evaluations. The RDS and
21-item test demonstrated adequate specificity across
several proposed cut-offs in individuals with moder-
ate to severe TBI. Despite the numerous concerns
surrounding TeleNP and the effects of genuine brain
injury on PVT performance, the remote telephone-
administration of the RDS and 21-item test did not
lead to rates of invalid performance that exceed
acceptable specificity rates among individuals with
known neurocognitive impairment following moder-
ate to severe TBI.

Overall, failure rates increased as expected
with more liberal cut scores. Moreover, findings
were consistent with the large body of research
showing that RDS < 6 demonstrates excellent speci-
ficity (i.e.,>95%) in individuals with moderate to
severe TBI undergoing traditional, face-to-face neu-
ropsychological evaluation (see meta-analysis by
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Schroeder et al., 2012). Our findings support a
cut score of < 7, adding to the conflicting literature
about RDS < 7 maintaining adequate specificity (e.g.,
Larrabee 2003; Etherton et al., 2005; Heinly et al.,
2005) or leading to unacceptable false-positive rates
(Greiffenstein et al., 1994; Greiffenstein et al., 1995;
Babikian et al., 2006; Miller et al., 2012) in moder-
ate to severe TBI. This discrepancy in the literature
may be driven by a host of differences across sam-
ples that may impact RDS performance including:
age, education, current/premorbid intellectual func-
tioning, age at time of injury, time since injury, and
presence of potential co-morbid medical or psychi-
atric conditions. The low PVT failure rate observed
by the current sample is consistent with its relatively
young age (M = 38) and level of education (> 50%
beyond high school). Regardless, findings clearly
demonstrate that RDS remains robust to the effects
of genuine neurocognitive impairment in the context
of remote telephone administration.

As with RDS, failure rates rose with increasingly
liberal cut-scores across the 21-item test. Findings
are consistent with prior research showing that the
recommended cut-score of < 8 is associated with
near-perfect classification of individuals with objec-
tive memory impairments (Iverson et al., 1991;
Iverson, Franzen & McCracken, 1994) or neurologic
insult (Gontkovsky & Souheaver, 2000) as well as
mixed clinical samples (Ryan et al., 2012). In con-
trast to RDS, research into the use of the 21-item test
in the context of moderate to severe TBI is sparse. To
date, only one study has investigated the use of the
21-item test in individuals with moderate to severe
TBI in the context of the traditional face-to-face test-
ing environment (Rose, Hall, Szalda-Petree & Bach,
1998). Overall performance of the current sample was
strikingly similar to the result obtained by Rose and
colleagues (1998; M = 15.4, SD = 2.8). In sum, the
telephone administration of the 21-item test does not
lead to elevated false positive rates in the context of
moderate to severe TBI across the more conservative
cut scores.

4.1. Future directions and study limitations

Selection bias may have influenced the results of
our study. We relied on a sample of veterans who may
be more motivated to perform well when compared
to the general clinical population, as evidenced by the
sample’s willingness to participate in the TBI Model
Systems study and to voluntarily complete additional
TeleNP and PVT measures. Another limitation is the

lack of criterion PVTs beyond those investigated in
the current study. As such, it is possible that some
of the performances below PVT cutoffs observed in
the current sample were indeed invalid (as opposed
to false positive classification errors). However, this
risk is thought to be minimal given the voluntary
nature of the study and the lack of external incen-
tives for poor performance. The veterans in our study
were informed their responses to exams would be
deidentified, kept confidential for research purposes
and, therefore, not be part of the clinical record that
could impact future compensation or veterans’ bene-
fit determinations. Moreover, none of the veterans in
the sample performed below reported cut-scores on
both PVTs (i.e., none met criteria for definite malin-
gering). Lastly, the current study utilized TeleNP via
telephone. As such, it is unclear the extent to which
findings may generalize to other telehealth modali-
ties, such as video-based evaluations.

5. Conclusion

Overall, this study adds to the limited body of
research concerning the use of PVTs in TeleNP.
To our knowledge, this is the first study to demon-
strate that two well-validated PVTs, the RDS and
21-item test, remain robust to the effects of gen-
uine neurocognitive impairment in the context of
telephone administration. Moreover, performance on
these PVTs by this sample of individuals with mod-
erate to severe TBI was found to be largely consistent
with results from studies utilizing TBI samples in tra-
ditional face-to-face evaluations. As such, findings
provide initial support for the integration of the RDS
and 21-item test in TeleNP via telephone. However,
future investigations are needed to cross-validate
the phone administration of the 21-item test and
RDS with other well-established PVTs. Additionally,
extensions utilizing either analogue or known-groups
design are necessary to fully assess the classification
accuracies of the RDS and 21-item test via TeleNP.
Specifically, the inclusion of experimental simulators
(i.e., adults instructed to feign impairments) or clini-
cal malingerers are necessary to assess the extent to
which TeleNP may affect PVT sensitivity. Employ-
ing these samples in a counter-balanced cross-over
design would allow for experimental investigation of
the effects of administration mode (i.e., face to face
vs. telephone vs. video-conference) on PVT classifi-
cation accuracy.
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