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Abstract

Objective: Due to the recent COVID-19 pandemic, the field of neuropsychology must rapidly 

evolve to incorporate assessments delivered via telehealth, or teleneuropsychology (TNP). Given 

the increasing demand to deliver services electronically due to public health concerns, it is 

important to review available TNP validity studies. This systematic review builds upon the work 

of Brearly and colleagues’ (2017) meta-analysis and provides an updated review of the literature, 

with special emphasis on test-level validity data.

Method: Using similar methodology as Brearly and colleagues (2017) three internet databases 

(PubMed, EBSCOhost, PsycINFO) were searched for relevant articles published since 2016. 

Studies with older adults (aged 65+) who underwent face-to-face and TNP assessments in 

a counterbalanced cross-over design were included. After review, 10 articles were retained. 

Combined with 9 articles from Brearly’s (2017) analysis, a total of 19 studies were included 

in the systematic review.

Results: Retained studies included samples from 5 different countries, various ethnic/cultural 

backgrounds, and diverse diagnostic populations. Test-level analysis suggests there are cognitive 

screeners (MMSE, MoCA), language tests (BNT, Letter Fluency), attention/working memory 

tasks (Digit Span Total), and memory tests (HVLT-R) with strong support for TNP validity. Other 

measures are promising but lack sufficient support at this time. Few TNP studies have done 

in-home assessments and most studies rely on a PC or laptop.

Conclusions: Overall, there appears to be good support for TNP assessments in older adults. 

Challenges to TNP in the current climate are discussed. Finally, a provisional outline of viable 

TNP procedures used in our clinic is provided.
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On March 11, 2020, the World Health Organization characterized the outbreak caused by 

the novel COVID-19 virus as a pandemic (Adhanom Ghebreyesus, T., 2020). COVID-19 is 

a respiratory disease that can cause mild to severe illness. As of 26 April 2020, there were 

2,804,796 cases worldwide with 193,710 deaths; in the United States there were 899,281 

confirmed cases and 38,509 deaths (World Health Organization, 2020). Due to the highly 

contagious nature of the virus, it is spreading widely throughout the world and exhibiting 

“hotspots” conforming to population density (e.g., New York City). According to the CDC, 

adults 65 and older are particularly at risk of severe illness from COVID-19 and have 

a higher mortality rate than their younger counterparts (Centers for Disease Control and 

Prevention, 2020). Of the adults aged 65 and older in the U.S. with confirmed cases of 

COVID-19, 31–59% required hospitalization and11–31% required admission to an intensive 

care unit. Eight out of ten deaths due to COVID-19 in the U.S. have been older adults. Thus, 

world-wide efforts are underway to protect the public and “flatten the curve” of COVID-19 

incidence. Such efforts include social distancing, self-quarantine, and “stay at home” orders. 

Thus, the utilization of telehealth has become critical to allow access to medical care during 

this pandemic.

In response to the increased demand for health care service delivery via telehealth, Medicare 

has relaxed some of the pre-existing regulations for telehealth services and will reimburse 

at the same dollar-amount as in-person visits (Coronavirus Preparedness and Response 

Supplemental Appropriations Act, 2020). Similarly, the Department of Health and Human 

Services (HHS) has relaxed HIPPA privacy laws such that a provider, who is practicing in 

good faith, can use any non-public facing remote communication production that is available 

(Office for Civil Rights, 2020).

Diagnostic and interventional telehealth services have been well-established for age-related 

cognitive decline and dementia, especially in underserved and rural communities. A recent 

review found good support for telehealth in the assessment and management of patients with 

Parkinson’s disease (PD) and Alzheimer’s disease (AD) (Adams, Myers, Waddell, Spear, & 

Schneider, 2020). Similarly, a recent systematic review found almost perfect correspondence 

between in-person and telehealth assessments when diagnosing AD via clinical interview. 

Furthermore, telehealth may also be useful for early detection of MCI and preclinical 

dementia (Costanzo et al., 2020).

Despite its growing support, neuropsychological assessment delivered via telehealth (i.e., 

teleneuropsychology) has not been utilized by the vast majority of practitioners. This may 

largely be due to the previous lack of reimbursement from Medicare and private insurances. 

Additionally, there are some challenges and criticisms of teleneuropsychology (TNP) 

assessments. Such challenges include limited access to or familiarity with technological 

services (i.e., high-speed internet, web camera), inability to perform “hands-on” portions of 

an assessment, and reduced opportunities for behavioral observations due to camera angles 

(Barton, Morris, Rothlind, & Yaffe, 2011; Brearly et al., 2007; Harrell, Wilkins, Connor, 

& Chodosh, 2014; Parikh et al., 2013; Turner, Horner, Vankirk, Myrick, & Tuerk, 2012). 

Most studies utilizing TNP assessments take place in a satellite clinic, where a technician 

can set up and configure the equipment and necessary test stimuli. However, given a desire 

to abide by appropriate social distancing practices, TNP assessments at satellite clinics 
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may not be possible; rather the in-home model of TNP assessments may be favored. Thus, 

in-home TNP assessments would occur in a non-controlled environment where there may be 

more interruptions and there is no control over test material created by the patient, raising 

concerns for test security. In addition, there is a concern that normative data, derived from 

standardized test procedures, may not be appropriate for TNP evaluations (Brearly et al., 

2017). Given all of this, there are some clinicians who believe TNP evaluations may be 

unethical, especially for high-stakes evaluations (e.g., forensic and competency evaluations). 

Finally, there is the ethical consideration of Justice, in that it is unclear whether all patients 

can be equally served via TNP due to lack of appropriate computer/internet connections (low 

SES) or disability (visually, hearing impaired), potentially exacerbating existing problems 

with healthcare delivery system.

While there are some notable concerns to TNP evaluations, proponents point to several 

benefits. First, there is generally positive feedback from patients and caregivers regarding 

these services (Barton et al., 2011; Harrell et al.,, 2014; Parikh et al., 2013; Turner et al., 

2012). TNP assessments can also reach a wider population of individuals who may have 

restricted mobility or live long distances from the clinic (Brearly et al., 2017). Regarding the 

on-going pandemic, private insurances and Medicare are temporarily reimbursing telehealth 

visits at the same dollar-amount as in-person services (Coronavirus Preparedness and 

Response Supplemental Appropriations Act, 2020), allowing neuropsychologists to continue 

providing services to patients from their home, without the added risk of virus exposure. 

TNP may also facilitate connectedness with patients, many of whom need services and 

interpersonal contact. Finally, TNP may facilitate other medical treatment when stay-in-

place orders are lifted.

With regard to TNP validity, some validity studies showed subtle differences in task-

performance when comparing face-to-face (FTF) with TNP assessments (Cullum, Weiner, 

Gehrmann, & Hynan, 2006; Grosch, Weiner, Hynan, Shore, & Cullum, 2015; Hildebrand, 

Chow, Williams, Nelson, & Wass, 2004; Wadsworth et al., 2018; Wadsworth et al., 2016); 

though many other studies showed no such performance differences (Ciemins, Holloway, 

Coon, McClosky-Armstrong, & Min, 2009; DeYoung & Shenal, 2019; Galusha-Glasscock, 

Horton, Weiner, & Cullum, 2015; McEachern, Kirk, Morgan, Crossley, & Henry, 2008; 

Menon et al., 2001; Turkstra, Quinn-Padron, Johnson, Workinger, & Antoniotti, 2012; Vahia 

et al., 2015; Vestal, Smith-Olinde, Hicks, Hutton, & Hart, 2006). To evaluate potential 

performance differences between TNP and FTF assessments, Brearly and colleagues (2017) 

conducted a meta-analysis of 12 studies published between 1997 and 2016 (see Table 1). 

The included studies were counter-balanced cross-over designs (FTF, virtual) with adult 

patient samples (>17 years of age). Studies were excluded if active involvement of an 

assistant was required during testing (e.g., more than just showing a participant how to 

adjust volume).

Across the 12 included studies, a total sample of 497 study participants and patients were 

included. The overall effect size distinguishing TNP from FTF performance was small and 

non-significant (g = −0.03; SE = 0.03; 95% CI [−0.08, 0.02], p = .253). Across all 79 

scores from included studies, 26 mean scores were higher for the videoconference condition 

(32.91%), 48 mean scores were higher for the FTF condition (60.76%), and five mean scores 
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were exactly the same in both conditions (6.33%). Further analysis showed a small, but 

significant effect size (g = −0.10; SE = 0.03; 95% CI [−0.16, −0.04], p < .001) for timed 

tests or tests where a disruption of stimulus presentation may affect test results (e.g., digit 

span, list-learning tests), with TNP performance approximately 1/10 of a SD lower than 

FTF testing performance. A similar magnitude of difference was found for the BNT-15 

items (g = −.12; SE = .03, p <.001). Finally, a moderator analysis showed that there was 

no difference in FTF vs. virtual performance for adults aged 65–75 (g = 0.00, SE = .01, 

p = .162). Further moderator analyses were not interpreted due to significant heterogeneity 

between sub-groups. The authors concluded “the current findings did not reveal a clear trend 

towards inferior performance when tests were administered via videoconference. Consistent 

differences were found for only one test (BNT-15) and the effect size was small” (Brearly et 

al., 2017, pg. 183).

The meta-analysis conducted by Brearly and colleagues (2017) was a critical first step 

to demonstrate the relative validity and utility of TNP. While this review was quite 

useful in objectively and quantitatively demonstrating the utility of various neurocognitive 

assessments in the TNP environment, it lacked a qualitative analysis of the available validity 

data for each assessment. As such, it may be difficult to critically appraise the available 

validity evidence (e.g., sample size, demographic composition) of each test when selecting a 

test battery for TNP.

The current project is a limited systematic review that builds on the important work of 

Brearly and colleagues (2017). Using similar methodology, the present review provides an 

updated qualitive analysis and test-level data from each validity study. Given older adult’s 

particular susceptibility to COVID-19, we limited our analysis to studies of adults aged 65 

and older. While test-level validity data for various measures delivered via TNP was the 

primary objective of this systematic review, we also conducted a critical (non-systematic) 

review of the modality in which TNP services were delivered as well as an appraisal of 

validity studies that included ethnic minority populations.

Methods

This review was conducted in accordance with Preferred Reporting Items for Systematic 

Review and Meta-analyses guidelines (PRISMA; Moher, Liberati, Tetzlaff, & Altman, 2009) 

and was pre-registered with PROSPERO, an international prospective register of systematic 

reviews (PROSPERO ID: 175521).

Article Search and Selection

For consistency, article search and selection largely mirrored the methodology used by 

Brearly and colleagues (see Brearly et al., 2017 for full details). Briefly, the same three 

internet databases (PubMed, EBSCO (PsycINFO), ProQuest) were searched for relevant 

articles using the terms, “(tele OR remote OR video OR cyber) AND cognitive AND (testing 

OR assessment OR evaluation).1” Diverging from their methodology, additional specifiers 

1Full search term from PubMed: ((((tele OR remote OR video OR cyber))) AND cognitive) AND (testing OR assessment OR 
evaluation) AND ( “2016/01/01”[PDat] : “2020/03/21”[PDat] ) AND aged[MeSH
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were included to align with the aims of the present systematic review and identify studies 

involving older adults (ages 65+). In addition, the article search was limited to studies 

published after 1/1/2016, the endpoint of Brearly and colleagues’ (2017) article search.

Articles were included if the average age of the study sample was 65 or greater and 

neuropsychological assessments were conducted with a counter-balanced cross-over design 

where participants were assessed FTF and via videoconference. Articles were excluded if 

inferential statistics for test-level data were not included, if participants required significant 

in-person assistance from a technician or test administrator, or if studies “utilized proprietary 

software or hardware specifically designed for test administration (e.g., touchscreen kiosks, 

mobile applications).” (Brearly et al., 2017, pg. 176). Studies from Brearly’s analysis were 

also included in the following qualitative analysis when the average age of participants was 

65+.

Article extraction took place on 3/21/2020. A total of 591 articles were extracted across the 

three internet databases, with 532 remaining after duplicates were removed. Nine articles 

were identified for review from informal searches and from the reference sections of 

published articles. Titles and abstracts were reviewed by the primary author for potential 

inclusion. The initial screening process was managed by the open-sourced software, 

abstrackr (Wallace, Small, Brodley, Lau, & Trikalinos, 2012). 54 of 532 (10%) of abstracts 

from the initial screening were double-coded to by the primary author to establish reliability, 

which was perfect (κ = 1.00, p <. 0001). After initial review, 24 articles were selected for 

full-text review. Seven unique articles were included after full-text review (see Figure 1)

Three articles did not meet full inclusionary/exclusionary criteria as outlined by Brearly 

(2017) but were included because the authors felt they were informative to the systematic 

review. In two of these studies (Abdolahi et al., 2016; Stillerova, Liddle, Gustafsson, 

Lamont, & Silburn, 2016) the cross-over design was not counterbalanced. That is, the 

participants did FTF assessments followed by remote assessments. However, these studies 

were retained because the study sample included participants with movement disorders and, 

uniquely, the assessments were conducted at the participants’ homes. A third study (Vahia 

et al., 2015) provided inferential statistics for the overall analyses, but did not provide 

test-level data and inferential statistics. However, this study was retained because it included 

an exclusively Hispanic sample, with tests administered in Spanish.

After full text review, 10 studies published since 2016 were retained for systematic review. 

Nine articles from Brearly and colleagues (2017) analysis were also included for qualitative 

review. In sum, a total of a total 19 articles were included in the systematic review.

Study Quality and Risk of Bias

PRISMA guidelines suggest an analysis of study quality and risk of bias. However, 

checklists to assess these domains, such as the Cochrane Review Checklist, are ill-equipped 

for assessing bias in cross-study designs (Brearly et al., 2017; Ding et al., 2015). An 

alternate checklist for cross-over designs was proposed by Ding and colleagues (2015). 

However, this checklist is problematic as neither clinicians nor study participants can be 

blinded to condition (FTF vs. TNP). Based on items that could be applied to the studies 
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of this review, almost all studies were deemed to be of moderate to high quality based on 

the requirement that all included studies were counter-balanced cross-over designs with all 

outcomes reported. The three studies described immediately above (Abdolahi et al., 2016; 

Stillerova et al., 2016; Vahia et al., 2015) were of lower study quality due to a lack of 

counter-balance in the cross-over design and failure to report all outcomes.

Publication Bias

Publication bias arises when studies with larger effect sizes are more likely to get published, 

whereas studies with null findings or smaller effect sizes are less likely to be published 

(i.e., file-drawer effect). However, as noted by Brearly and colleagues (2017), the risk of 

publication bias is likely low as authors in this field are more likely to publish articles in 

which effect sizes are small. Nonetheless, a quantitative analysis of the effect sizes from 

Brearly and colleagues’ (2017) study (9 of the 19 articles from the current review) showed 

no evidence of bias (symmetry around the funnel plot, Kendell’s tau b = −.227, p = .304). 

Formal assessment of publication bias for the present review was not conducted (e.g., funnel 

plot, Egger’s Test) as effect sizes were not calculated in this study but were qualitatively 

reviewed, only when provided by study authors.

Assessing Teleneuropsychology Validity

The validity of TNP was assessed via several facets. First, through the authors’ report 

of mean performance differences across testing environments (FTF vs. TNP). Effect sizes 

(Cohen’s d, Hedge’s g, Pearson r), which measures the standardized difference between two 

means, were interpreted according to conventions established by Cohen (1988) (i.e., Cohen’s 

d and Hedge’s g of .20 = small, .50 = medium, .80 = large; Pearson’s r of .10 = small, .30 = 

medium, .50 = large ). Absolute Intraclass correlation (ICC), a metric of test-retest reliability 

(Koo & Li, 2016), was used to describe validity of TNP testing performance relative to FTF 

performance. ICC was interpreted based on conventions established by Cicchetti (1994) (i.e., 

ICC 0-.39 = poor, .40-.59 = fair, .60-.74 = good, .75–1.00 = excellent). Similar to ICC, 

Cohen’s kappa measures reliability, but for categorical items and corrects for agreement that 

may have occurred by chance (Cohen, 1988). Interpretation of Cohen’s kappa was based 

on conventions established by Cohen (1988) (i.e., kappa 0-.20 = none, .21-.39 = minimal; 

.40=.59 = weak, .60 - .79 = moderate, .80 - .90 = strong, > .90 = almost perfect). Finally, the 

Bland-Altman plot, a calculation of the mean difference between two assessment methods, 

is a method of assessing bias (Bland & Altman, 1986). This method yields a 95% Limits 

of Agreement. If the 95% Limits of Agreement includes 0, then there is no evidence of 

systematic bias favoring performance in FTF or TNP.

Each measure was qualitatively judged to have either strong, moderate, or limited/

insufficient evidence of TNP validity based on tiered review of available evidence of: 1) 

the number of available validity studies for each measure and the between-study agreement; 

and 2) the sample size and diagnostic characteristics of the validity studies. That is, a 

measure was considered having strong TNP validity if there were multiple validity studies 

- some with large sample sizes and diagnostically diverse patient populations – that showed 

relatively good between-study agreement. A measure was considered to have moderate 

TNP validity evidence if there were multiple validity studies with some between-study 
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variability or a few large studies with diagnostically diverse patient populations that showed 

good between-study variability. Finally, studies were considered to have limited/insufficient 

evidence of TNP validity if there were few validity studies with small sample sizes/lack of 

diagnostic diversity or extreme between-study variability.

Results

Study Characteristics

Diagnostic Groups.—There is a wide range of diagnostic samples represented in the 

19 TNP validity studies. Diagnostic groups included participants with movement disorders 

(Abdolahi et al., 2016; Stillerova et al., 2016), stroke/cerebrovascular accident (Chapman 

et al., 2019), psychiatric diagnoses (Grosch et al., 2015), and mild cognitive impairment 

(MCI) or Alzheimer’s disease (AD) (Carotenuto et al., 2018; Cullum et al., 2006; Loh, 

Donaldson, Flicker, Maher, & Goldswain, 2007; Vestal et al., 2006). Other samples were 

mixed with healthy controls (HC) and patients with psychiatric conditions or memory 

disorders (Cullum, Hynan, Grosch, Parikh, & Weiner, 2014; Lindauer et al., 2017; Loh et 

al., 2004; Montani et al., 1997; Wadsworth et al., 2018; Wadsworth et al., 2016). Of the 930 

study participants across the 19 validity studies, n = 410 (44.09%) were healthy controls, n 

= 359 (38.60%) were patients with memory disorders, n = 28 (3.01%) were patients with 

movement disorders, n = 78 (8.39%) were patients with stroke/cerebrovascular accident, n = 

30 (3.22%) were psychiatric patients, and n = 34 (3.65%) were patients from mixed clinical 

groups with no further diagnostic differentiation.

Diagnosis was a potential confound to TNP validity in only one study; Abdolahi and 

colleagues (2016) found the psychometric properties of the Montreal Cognitive Assessment 

(MoCA) to be relatively poor in a group of participants with PD (ICC = .37; Cronbach’s 

alpha = .54, Pearson r = .37) compared to a group with Huntington’s disease (HD) (ICC = 

.65; Cronbach’s alpha = .79; Pearson’s r = .65). However, the sample size of this study was 

relatively small (n = 8 PD; n = 9 HD), there were differences in follow-up assessments (7 

months PD vs. 3 months HD), and the cross-over design was not counter-balanced. Finally, 

the authors did not control for the assessment time-of-day, potentially introducing variability 

in response to dopaminergic medications. In contrast, a study with similar methodology and 

PD participants found relatively good reliability, with a median difference score of only 2 

(IQR = 1.0–2.5) out of 30 points (Stillerova et al., 2016). Thus, with these minor exceptions, 

diagnosis does not seem to affect TNP validity (see Disease Severity).

Cultural and Racial Groups.—Seven of the included studies were conducted in 

countries outside of the United States. One study was conducted in Italy (Carotenuto et 

al., 2018), three in Australia (Loh et al., 2007; Loh et al., 2004; Stillerova et al., 2016), one 

in Korea (Park, Jeon, Lee, Cho, & Park, 2017), one in Canada (Hildebrand et al., 2004), and 

one in Japan (Yoshida et al., 2019).

Of the studies conducted in the United States, there was an underrepresentation of ethnic 

minorities. However, two studies included samples that were 100% ethnic minorities. Vahia 

and colleagues (2015) conducted a study with monolingual and bilingual Hispanics with 

testing completed exclusively in Spanish. Wadsworth and colleagues (2016) conducted a 
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validity study with a sample of American Indians. Of the studies with mixed demographic 

compositions, non-Hispanic Caucasians were overrepresented, with little representation 

from Hispanics, African Americans, or ethnic minorities. African Americans had little or 

no representation in these validity studies.

Teleneuropsychology Test Validity2

Cognitive Screeners.—The brief cognitive screener with the most support is the Mini 

Mental State Examination (MMSE), with nine of the ten studies reporting no mean 

differences in test scores when comparing TNP to FTF administration (See Table 2). In 

the one study where mean differences were observed, the effect size was small-medium (g 
= −.40, p < .001), but a strong correlation was observed between scores in the two testing 

modalities (r = .95) (Montani et al., 1997). Psychometrics for reliability were generally 

excellent (ICC ranged from .42 −.92; Pearson r ranged from .90-.95). The strongest support 

comes from Cullum and colleagues (2014) which had a large sample of MCI/AD patients 

(n = 83) and healthy controls (n = 199) and showed excellent reliability (ICC = .798). The 

MMSE was also valid during longitudinal assessments. Carotenuto and colleagues (2018) 

conducted serial MMSE assessments at baseline, 6, 12, 18, and 24 months in a sample of 

28 Italian patients with AD. Across they whole AD group, they found no mean differences 

in performance across testing modalities at any time-point. Taken together, it appears the 

MMSE is a valid telehealth measure for screening cognitive status across different clinical 

populations and also has utility as a longitudinal assessment measure.

The Montreal Cognitive Assessment (MoCA) was used in four validity studies, though as 

described above, two studies (Abdolahi et al., 2018; Stillerova et al., 2016) did not use 

a counter-balanced cross-over design. Nonetheless, the psychometrics appear sound with 

strong reliability metrics (ICC range from .59-.93) and no study finding mean TNP vs. 

FTF differences. In a study of 48 stroke survivors, neither age, computer literacy, nor 

self-reported anxiety/depression predicted differences in scores between testing conditions 

(Chapman et al., 2019). Thus, individual factors may not account for TNP vs. FTF 

differences. Taken together, while only two of the four validity studies were counter-

balanced cross-over designs, there appears to be good validity for using the MoCA in TNP 

assessments.

Two validity studies utilized the Alzheimer’s Disease Assessment Scale – Cognitive 

Subscale (ADAS-cog), one consisting of a mixed sample of AD/MCI/HC patients (Yoshida 

et al., 2019) and one involving a two-year longitudinal study of AD patients from Italy 

(Carotenuto et al., 2018). Yoshida and colleagues showed excellent reliability metrics (ICC 

= .86). Similarly, Carotenuto (2018) found no mean differences in performance across any 

time point (baseline, 12, 18, and 24 months) for the whole group of AD patients. Although 

there are only two validity studies, the sample size from one of the studies was relatively 

large (N = 73) and another showed relatively good validity for mild-to-moderate AD patients 

across five different assessment periods.

2Data from Tables 2 – 8 were made available to the public on the Inter Organizational Practice Committee website prior to manuscript 
publication in service to other practitioners (https://iopc.squarespace.com/teleneuropsychology-research).
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A single study utilized the Repeatable Battery for the Assessment of Neuropsychological 

Status (RBANS; Galusha-Glassock et al., 2016). In this mixed sample of MCI, AD, and 

HC (N = 18), average RBANS Total score and all other index scores were statistically 

similar across testing environments. The ICC for the Total score was excellent (ICC = 

.88). Reliability of the visuospatial/constructional index score was fair (ICC = .59), whereas 

the ICC for every other index score was excellent (ICC range .75-.90). Notably, however, 

the record form for the Coding sub-test was left with the patient, who was assessed in 

a non-adjacent room of the same facility. Therefore, giving the full RBANS may not be 

practical when the patient is assessed from home unless materials are mailed to the patient 

in advance of the appointment. Given the small sample size of the single validity study 

and the difficulty that would accompany getting patients the appropriate record forms, there 

is limited support for the validity of the RBANS for TNP assessments. Rather, it may be 

beneficial to utilize select subtests from the RBANS (e.g., Line Orientation) to supplement a 

neurocognitive assessment.

Intelligence.—Only one study (see Table 3) assessed intellectual functioning using the 

Matrix Reasoning and Vocabulary subtests from the Wechsler Adulty Intelligence Scale 

– 3rd edition (WAIS-III) (Hildebrand et al., 2004). This relatively small sample (N = 

29) consisted of a HC population from Canada. There were no TNP vs. FTF differences 

in mean scores for either subtest. Furthermore, the limits of agreement did not suggest 

performance bias in either domain (95% Limits of Agreement MR: −4.56 – 6.08; 95% 

Limits of Agreement Vocabulary: −3.07–3.13). While measures of intellectual functioning 

are an instrumental part of a neuropsychological assessment, research is lacking in this 

domain and there is presently limited support for telehealth validity of such measures, 

especially in clinical samples.

Attention/Working Memory.—Six unique validity studies utilized the Digit Span task 

(Digit Span Forwards, Digit Span Backwards, Digit Span Total; see Table 4). These studies 

included minority samples (American Indians, Hispanics) and included different diagnostic 

groups (MCI, AD, HC, Psychiatric samples). For Digit Span Forward, three of the four 

studies found no TNP vs. FTF difference in mean performance. In the one study that 

did find significant differences (Wadsworth et al., 2016), a small effect size favoring FTF 

performance was reported. Of similar concern, the largest validity study (Cullum et al., 

2014) consisting of 202 MCI, AD, and HC patients, reported only fair validity statistics 

(ICC = .590). In this study, the authors used an alternative version of the digit span task 

to reduce practice effects, though they did not indicate which versions were used. They 

did acknowledge, “it is possible that our choice of alternate digit strings resulted in lower 

correlations, and other versions (e.g., WAIS-4, RBANS) may show higher correlations.” 

(Cullum et al., 2014, pg. 6). Alternatively, another large study (N = 197 AD, MCI, 

HC) found no TNP v. FTF main effects after controlling for age, education, gender, and 

depression) with very small effect sizes (d = .007) for the clinical group (Wadsworth et 

al., 2018). Thus, there appears to be moderate evidence of validity for utilizing Digit Span 

Forward in TNP assessments.
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A very similar pattern emerges for studies that utilized Digit Span Backwards. While no 

study found significant TNP v. FTF differences in mean performance, the largest study 

(Cullum et al., 2014) observed only fair validity metrics (ICC = .545); whereas, another 

large study with a mixed group (Wadsworth et al., 2018) found no such effects after 

controlling for age, education, gender, and depression scores, and very small effect sizes 

for the clinical group (d = .048). Again, there is moderate evidence of validity for TNP 

assessments.

Finally, for the two studies that reported Digit Span Total (Cullum et al., 2006; Grosch et al., 

2015), reliability metrics were good and excellent (ICC = .72 and .78, respectively). Though 

the samples were small, they were mixed samples of AD, MCI, and geropsychiatric patients. 

Thus, there appears to be good validity evidence for using Digit Span Total in TNP.

One study using a HC sample of individuals from Canada (Hildebrand et al., 2004) used the 

Brief Test of Attention (BTA) and the authors found no mean differences in scores resulting 

from TNP vs. FTF assessments. There also was no evidence of bias towards a particular 

testing modality (95% Limits of Agreement: −5.09 – 6.95). Given the small sample size 

with no clinical patients, there is limited validity evidence for the BTA to be used in TNP 

assessments of a clinical population.

Processing Speed.—Only one validity study used a measure of processing speed (see 

Table 5), Oral Trails A (Wadsworth et al., 2016). This mixed-sample study (AD, MCI, HC) 

showed a significant difference in completion time, with a better or faster performance in 

person. The authors maintain that the difference in performance was small (Mean Time 

= 8.9 (SD = 2.4) vs. 11.1 (SD = 3.0) and not clinically meaningful as they fell within 

the normal range of test-retest reliability. Similarly, the validity metrics for this test were 

excellent (ICC = .83). Taken together, there is some support for the validity of Oral Trails A 

in TNP assessments.

Language.—A small study of ten Veterans referred for a memory disorders evaluation was 

assessed using the full 60-item Boston Naming Test (BNT), which found no difference 

in same-day performance between TNP and FTF assessment modalities (Vestal et al., 

2006). The 15-item BNT (BNT-15) was used in four studies with medium to large samples 

(N range from 33–202) of mixed clinical and healthy samples, which showed excellent 

reliability metrics (ICC ranged from .812 to .930). A significant mean TNP vs. FTF 

performance difference was found in only one of the four studies (Wadsworth et al., 2016), 

but the effect size was small in favor of FTF assessment (g = −0.15, p < .001). Overall, there 

appears to be good support for the validity of the BNT in TNP assessments (see Table 6).

Vahia and colleagues (2015) administered the Ponton-Satz Spanish Naming Test to 22 

Spanish-speaking Hispanics who were referred for a memory disorders evaluation by their 

psychiatrist. Using a mixed-effects model, the authors found no significant TNP vs. FTF 

performance differences (though means and standard deviations were not provided). Taken 

together, there is some evidence of validity for TNP with this population.
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With regards to letter fluency, there are seven validity studies with sample sizes ranging 

from small (N = 10) to large (N = 202), consisting of multi-ethnic demographics (American 

Indians, Spanish-speaking Hispanics), with various clinical samples (MCI, AD, HC, 

psychiatric). No mean differences between TNP and FTF evaluations were reported in any 

study and validity metrics were excellent (ICC = .83 to .93). There appears to be strong 

support for the validity of letter fluency in TNP assessments.

Category fluency results were slightly more variable. There were five validity studies 

that administered category fluency with similar demographic and clinical compositions as 

letter fluency. However, one study (Wadsworth et al., 2018) found a small, but significant 

difference in testing modality (d = .184 for MCI/AD group). Similarly, validity metrics were 

only fair-to-good (ICC ranged from .58 - .74). This may be due to the use of a single trial 

semantic/category fluency measure (e.g., Animals), which likely creates more variability 

performance. Thus, there is moderate validity for using category fluency as part of a TNP 

assessment, though it may be beneficial to use a category fluency test with multiple trials 

(e.g., Animals, Vegetables, Fruits).

As part of their language evaluation, Vestal and colleagues (2006) administered the Token 

Test, Picture Description, and Aural Comprehension of Words and Phrases to 10 Veterans 

who were referred for memory disorders evaluations. There were no significant TNP vs. 

FTF performance differences. Notably, the Veterans were given the tokens and a template 

to re-organize the stimuli for the Token test, making it unlikely to be useful in telehealth 

evaluations unless examiners can find creative ways to provide distant examinees with 

appropriate stimulus materials in advance of the assessment. Given the small sample size 

of this single study, there is insufficient evidence for the validity of these measures in TNP 

assessments.

Memory.3—Five studies examined the validity of the Hopkins Verbal Learning Test – 

Revised (HVLT-R). The sample size of these studies ranged from medium (N = 22) 

to large (N = 202), consisting of multi-ethnic demographics (American Indians, Spanish-

speaking Hispanics), with various clinical samples (MCI, AD, HC, psychiatric). For HVLT-

R Immediate Recall Total, only one study found significant TNP v. FTF performance 

differences (Cullum et al., 2014), though the effect size was small (g = .13, p = .004). 

Validity metrics were excellent (ICC = .77 - .88). Three of the studies mentioned above also 

examined HVLT-R Delayed Recall, which found no significant differences in performances; 

validity metrics were good-to-excellent (ICC = .61 & .90). Taken together, the HVLT-R has 

strong support for validity in TNP assessments (see Table 7).

One study used the Brief Visuospatial Memory Test – Revised (BVMT-R), which included 

a sample of 22 Spanish-speaking Hispanics. A mixed-effects model showed no significant 

TNP v. FTF differences, though mean scores were not provided. Taken together, there 

appears to be some evidence of validity for using BVMT-R in TNP evaluations.

3Hildebrand and colleagues (2004) also administered the Rey Auditory Verbal Learning Test as part of their validity study. However, 
in personal correspondence with Brearly and colleagues (2017), the authors identified potential problems with the RAVLT data and 
was excluded from Brearly’s quantitative analysis (Brearly et al., 2017, pg. 179). Therefore, the RAVLT was not included in this 
systematic review.
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Executive Functioning.—In the review of available studies, many traditional measures 

of executive functioning (e.g., Wisconsin Card Sort Test, Trail Making Test B, Stroop) were 

not assessed. Instead, the most widely used measure of “executive functioning” was the 

Clock Drawing Test, which involves multi-componential processes including visuospatial 

skills, language, as well as executive skills such as planning and inhibitory control.

The Clock Drawing Test was used in eight validity studies, ranging from small (N = 8) 

to large (N = 202) sample sizes, with different ethnic compositions (American Indian, 

Hispanic) and clinical populations (MCI, AD, HC, rehabilitation, psychiatric). While no 

study reported significant differences in mean performance between testing conditions, there 

was variability in findings and validity metrics. For example, two studies reported large, 

but non-significant differences between TNP and FTF evaluations (Hildebrand et al., 2004; 

Montani et al., 1997). Furthermore, validity metrics ranged for poor-to-good (ICC range 

.42 - .71) with only moderate reliability (kappa = .48). However, the studies that reported 

poorer validity metrics tended to be much smaller than the others. For example, Grosch 

(2015) found poor validity metrics (ICC = .42) with a sample of only 8 patients seen in a 

VA geropsychiatry clinic. The three largest studies (Cullum, 2014; Wadsworth, 2016, 2018) 

reported no significant TNP v. FTF differences and good validity metrics (ICC = .65 and 

.71). Given the variability in findings and only moderate validity metrics, there appears to be 

only moderate evidence for the reliability of the Clock Drawing Test in TNP (see Table 8).

Disease Severity

Two studies discussed validity metrics for TNP based on disease severity. Corotenuto and 

colleagues (2018) assessed AD patients with the MMSE and ADAS-Cog at baseline, 6 

12, 18, and 24 months. When separated by severity (characterized as mild, moderate, and 

severe), MMSE videoconference performance for the severe AD patients (MMSE 15–17) 

was worse than FTF performance at baseline and 24 months; whereas, the mild (MMSE 

21–24) and moderate (MMSE 18–20) AD patients did not show performance differences at 

any time. Similarly, they found that patients with severe AD had significantly higher (worse) 

ADAS-Cog scores during teleconference evaluation, whereas there were no performance 

differences in the mild and moderate AD severity patients. In contrast, Park (2017) did 

not find differences in MMSE performance for post-stroke patients with cognitive deficits. 

However, Park and colleagues (2017) defined cognitive deficit as MMSE < 25. Of the 11 

patients with cognitive deficit, 7 had MMSE scores between 18–25 and four patients had an 

MMSE score <18. Thus, the difference in study findings may be because the patients with 

cognitive deficits in Park’s (2017) study were not as impaired as the “severe AD” group 

in Corotenuto’s (2018) study. Considering these findings, the MMSE may be insufficiently 

valid for TNP with patients who are severely cognitively impaired or in late-stages of AD or 

other dementias.

Teleneuropsychology Equipment

Nearly all validity studies utilized desktop or laptop computers, which were set up in a room 

inside a clinic or hospital. Only two studies were conducted in patient homes (Abdolahi et 

al., 2018; Stillerova et al., 2016) and only one study used a smartphone (Park et al., 2017). In 

this study, testing was done in the clinic and the smartphone was owned by the researchers 
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and set up on a tripod for “hands-free” interacting. Thus, the patient did not have direct 

control of the smartphone during the assessment nor was there concern for distractions from 

notifications. Of the 11 patients who used their own equipment in Stillerova and colleagues’ 

(2016) study, 9 used computers and only 2 used a smartphone or tablet.

There is a clear temporal trend in which the technology used in these validity studies 

becomes increasingly sophisticated and convenient for patients; from the television unit used 

in Montani (1997) to the PC-based teleconferencing system used by Loh (2007), the tablet 

laptop used by Vahia (2015), the smartphone used by Park (2017), and the patient’s own 

in-home equipment used by Abdolahi (2018) and Stillerova (2016). Recent studies also 

began to use cloud-based videoconferencing. For example, Lindauer utilized Cisco’s Jabber 

Telepresence platform, Chapman (2019) used Zoom, and Stillerova (2016) used Skype or 

Google+. Generally, all studies published after 2007 had sufficiently high-speed internet 

connections (> 25 mbit/s).

Taken together, there is sufficient evidence for the utility of PC and laptop computers 

in TNP. However, there is insufficient evidence for the use of smartphones. More recent 

studies are starting to use cloud-based communication services, which does not seem 

contraindicated so long as there is a sufficiently fast and reliable internet connection.

Discussion

In response to the COVID-19 pandemic, the field of neuropsychology must rapidly evolve 

in response to public health concerns and social distancing directives. TNP, which was in 

its nascent stages at the time the outbreak began, is likely to become the preferred modality 

for both research and clinical practice. This systematic review provides an updated review of 

the available validity studies published since Brearly and colleagues’ (2017) meta-analysis. 

Importantly, it also offers a comprehensive outline of test-level validity data to support 

neuropsychologists’ informed decision-making as they select neuropsychological measures 

for TNP assessments with older adults.

In addition to nine articles included in Brearly and colleagues’ (2017) meta-analysis, ten 

additional studies were identified and included in this updated systematic review of TNP 

for older adults. The included studies ranged from small (N = 8) to large (N = 202) from 

five different countries (US, Canada, Australia, Italy, Korea), with a variety of clinical 

populations (MCI, dementia, PD, HD, HC, Rehabilitation, Psychiatry).

The cognitive screeners, MMSE and MoCA, had the best support; the ADAS-cog and 

RBANS showed promise, but had limited validity studies (n = 2 and n =1, respectively). 

Only one study assessed the validity of intelligence tests (Hildebrand et al., 2004). While 

the results of the validity testing were promising, the study sample consisted of healthy 

volunteers; thus, generalizability to a clinical sample should be cautioned. There appears to 

be moderate-to-strong evidence for all aspects of the Digit Span Task (forward, backward, 

total). With regards to language, the BNT-60 item and BNT-15 appeared to show good 

support for TNP assessments; though, Brearley and colleagues (2017) found a small, but 

significant difference in their quantitative review of tests (g = .10), which may be a reflection 
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of inconsistent performance across the alternate forms of the BNT-15 item test. Letter 

fluency showed excellent support for TNP validity. In contrast, due to variability across 

study findings, category fluency only had moderate support for validity in TNP. This may be 

due to the single-trial nature of the test (e.g., Animals) which may be more susceptible to 

performance variability in comparison to the three-trial nature of letter fluency. Thus, using a 

multi-trial category fluency test may be warranted. With respect to memory, the HVLT-R has 

strong support for validity in TNP assessments. For measurement of executive functioning, 

the Clock Drawing task only had moderate support due to variability in test findings and 

less-than-optimal validity metrics (e.g., highest ICC = .71). Unfortunately, many traditional 

aspects of executive functioning (e.g., set-shifting and mental flexibility, verbal inhibitory 

control, abstract problem-solving) were not included or well-represented in these studies and 

therefore have not been formally validated, to date. All other tests outlined in this review 

(e.g., Oral Trail Making Test A & B, BVMT-R, Token Test, Ponton-Satz Spanish Naming 

Test, Brief Test of Attention) only had one validity study. These tests generally showed 

promising results, but due to the small sample sizes of these individual studies, the evidence 

of validity of these measure for TNP assessments is limited. There is a lack of strong TNP 

validity support for measures of executive functioning and processing speed, which are often 

instrumental for differential diagnosis.

Although some tests show more promise over others, overall, the findings from this review 

suggest there is good evidence for the validity of TNP assessments for older adults. This 

is consistent with the findings from other meta-analyses and systematic reviews (Adams 

et al., 2020; Brearly et al., 2017; Costanzo et al., 2020). It is important to note that 

based on the available validity studies, no specific test was considered invalid for TNP 

assessments. Rather, some measures (e.g., MMSE) have much more convincing validity 

support than other measures with single validity studies (e.g., WAIS-III Matrix Reasoning, 

Hildebrand et al., 2014), smaller sample sizes (e.g., Picture Description, Vestal et al., 2006), 

or inconsistent findings (e.g., Clock Drawing Test). It is also important to note that there is 

TNP validity evidence for only a small fraction of the neuropsychological assessments that 

are well-validated for FTF assessments. That is not to say that TNP should eschew these 

other assessments. Rather, it would be prudent to create a protocol that includes validated 

instruments as well as supplementary measures chosen based on the specific needs of the 

patient and referral question (see Implementing Teleneuropsychology Into Clinical Practice).

Teleneuropsychology Logistics and Equipment

Nearly all the videoconference portions of the validity studies took place on-site of a clinic 

or hospital. Moving forward with in-home TNP assessments, the uncontrolled environment 

of the patient’s home may present additional challenges. For example, the presence of 

unanticipated distractions and interruptions in an uncontrolled environment, the variability in 

quality of in-home telecommunications and computer equipment, and effects of differences 

in technological expertise among patients assessed in the TNP environment may all affect 

the validity and accuracy of test results. As one example, Stillerova and colleagues (2016) 

comment that a patient in their study appeared distracted by noise from their home, possibly 

explaining their slightly lower MoCA performance during videoconference. With these 

issues in mind, special care should be taken to ensure the patient is tested in a quiet 
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and private space where risks of distractions and interruptions can be mitigated. In-home 

TNP assessments also pose a unique challenge for families and caretakers who may have 

little familiarity with technology such as web cameras and cloud-based videoconferencing 

services. Thus, it will be critical to involve caretakers during the setup phase to facilitate 

TNP (Lindauer et al., 2017; Radhakrishnan, Xie, & Jacelon, 2016), especially as TNP 

appears to be less valid with advanced stages of neurological disease conditions (Carotenuto 

et al., 2018). Finally, the TNP model that solely relies on existing equipment in the patient’s 

home limits the neuropsychologist’s ability to fully monitor the patient’s behavior due to 

reduced visibility from a single camera angle. With less control over, and awareness of, the 

physical testing environment, the neuropsychologist must rely more heavily on the patient 

to comply with task instructions and avoid participating in disallowed strategies such as 

note-taking.

Regarding equipment, nearly all studies used PC or laptops during the TNP assessments. 

Only two recent studies used the patient’s own in-home equipment (Abdolahi et al., 2018; 

Stillerova et al., 2016), and one study used smartphones for video conferencing (Park et al., 

2017), which was owned by the researchers and set up on a tripod. Even for the in-home 

studies, most of the patients used their own computers rather than smartphones/tablets 

(Stillerova et al., 2016). There is ample evidence for the use of PC and laptops for TNP 

assessments, but the use of the patient’s own smartphone is not yet validated and may be 

contraindicated given their small size and risk for pop-up notifications (e.g., text messages) 

during use. Similar concerns exist for tablets.

Neuropsychologists should be aware that there are, as yet, no existing validity studies 

supporting the use of stand-alone computerized neuropsychological assessment devices 

(CNAD’s) in the TNP environment. Such devices, which include turnkey assessment 

batteries such as ImPACT, CNS Vital Signs, CANTAB, HeadMinder, ANAM, etc., mostly 

require local software installation and are typically administered in a supervised office 

environment that enables FTF interaction with an examiner to introduce the battery and to 

troubleshoot difficulty. There are a number of critical issues that must be addressed before 

these devices can be utilized in the provision of neuropsychological services (Bauer et 

al., 2012), and additional unknowns exist when they are taken outside the clinic or office 

environment and utilized in patient homes. Until these devices can be evaluated in the sort 

of socially distanced TNP environment (in which the examinee is unaccompanied by the 

professional team), neuropsychologists should proceed with extreme caution in using these 

instruments.

Cultural Considerations

There was an underrepresentation of racial and ethnic minorities in most reviewed TNP 

validity studies. One validity study included a sample of Spanish-Speaking Hispanics, which 

showed promising results for TNP assessments administered in Spanish. Two studies had 

a large proportion of American Indians (Wadsworth et al., 2016; Wadsworth et al., 2018), 

which also showed promising validity results. Otherwise, ethnic minorities were largely 

underrepresented in these validity studies. This is problematic as older African Americans 

and Hispanics are less likely to use technology for health-related services compared to 
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Caucasians (Mitchell, 2019). Furthermore, socio-economic factors lead to barriers in access 

to technological utilities. For example, a 2019 Pew Research Center survey found that 

African American and Hispanic adults are less likely to than Caucasians to report owning a 

desktop or laptop computer (Perrin & Turner, 2019). Furthermore, ethnic minorities in this 

survey were less likely to report having access to high-speed broadband internet (Perring & 

Turner, 2019).

Libraries are useful in providing reliable access to computers and internet, especially for 

African Americans (Horrigan, 2016). However, given the closure of many non-essential 

buildings due to COVID-19, this may not be a viable option. Luckily, research suggests 

that African Americans and Hispanics reported owning smartphones at a similar rate to 

Caucasians (Peririn & Turner, 2019). Thus, this may be a viable means of bridging the 

technological divide. Although utilization of smartphones for TNP assessments are not 

indicated at this time, it may be a necessary option to provide underserved populations 

access to these services during this ongoing pandemic. While we are not making a 

particular endorsement of the use of smartphones to assist in TNP testing in minority 

populations without proper equipment or reliable internet, we implore clinicians to utilize 

cultural competence and make a situationally-specific decision that balances our ethical 

obligations of Justice and Respect for People’s Rights and Dignity to provide equal 

access to such services, with our obligation of Beneficence and Nonmaleficence (American 

Psychological Association, 2017) as testing via unvalidated media may lead to greater 

likelihood of harm (e.g., higher likelihood of false positive diagnoses, stricter functional 

recommendations and restrictions). In the absence of reliable internet, computers, or 

smartphones, a neuropsychological screening via telephone may also be indicated (e.g., 

see Lachman, Agrigoroaei, Tun, & Weaver, 2014).

Strengths and Limitations

A limitation of the current review is the relatively narrow scope of studies reviewed. First, 

only counter-balanced cross-over designs were included in this review (with two exceptions) 

because cross-over designs are optimal for the assessment of reliability compared to cross-

sectional or single-arm randomized design studies. Other studies have used extensive TNP 

batteries and have reported good levels of diagnostic utility and patient satisfaction (e.g., 

Barton et al., 2011; Harrell et al., 2014). However, since these studies were not cross-over 

designs, the reliability of these assessments administered via TNP could not be compared to 

FTF performance.

Secondly, Medicare (at the time of manuscript preparation) requires both audio and visual 

input for a healthcare delivery episode to be considered telehealth. Telephone screening 

and assessments would not meet criteria for telehealth and would not be reimbursed as 

such. Therefore, a full analysis of validated telephone screeners and assessments was 

not attempted as part of this review. If needed, there are several, large studies with 

well-validated telephone assessments and screeners. For example, Lachman et al. (2014), 

conducted a large (N = 4,268) study of community dwelling adults aged 32–84 that showed 

good convergent validity with gold-standard cognitive tests that were assessed FTF. Their 

battery included frequently used assessments such as RAVLT, Digit Span, and the Stop 
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Go and Switch Task (e.g., see Bunker et al., 2017; Mitsis et al., 2010; Wynn, Sha, Lamb, 

Carpenter, & Yochim, 2019 for additional telephone validity studies).

Finally, it was beyond the scope of this review to assess the relative validity of web-

based neuropsychological assessments that were not conducted via cross-over design. For 

example, the NeuroCognitive Performance Test is an exclusively web-based assessment 

with a normative data sample of 130,140 healthy volunteers who took the assessments 

remotely and without supervision (Morrison, Simone, Ng, & Hardy, 2015). In this study, a 

subset of 1,493 individuals with self-reported MCI or AD performed significantly worse on 

the overall score than healthy age-, gender-, and education-matched controls. Additionally, 

Millisecond Test Library has a 651 test paradigm that can be administered via a web-based 

portal and all tests are free with a paid license with Inquisit (https://www.millisecond.com/

download/library/). Future research should determine if traditional neuropsychological 

assessments delivered over videoconference is better at diagnosing various neurocognitive 

disorders than these web-based assessment platforms.

Nonetheless, this review builds upon the work completed by Brearly and colleagues (2017) 

and provides an update of validity studies conducted in the past four years. Notably, this is 

the first to provide a qualitative review of validity studies, stratified by individual tests. This 

will allow clinicians and researchers to make more informed decisions when selecting their 

test battery for TNP assessments. This is also the first review to outline equipment used in 

TNP validity studies. This is of particular importance given (1) the proliferation of in-home 

smart devices that may facilitate telehealth services; and (2) under the current pandemic, 

in-home assessments are now reimbursed by Medicare.

Implementing Teleneuropsychology Into Clinical Practice

The University of Florida has created a provisional protocol for the assessment of patients 

via TNP after consultation with multiple board-certified neuropsychologists in clinical 

practice, a review of best-practice guidelines (Maria C. Grosch, Gottlieb, & Cullum, 2011), 

and after considering the advice of Dr Munro Cullum, an expert in the field of TNP 

(Cullum, Bellone, & Van Patten, 2020), The protocol calls for a two-stage, tiered process 

of triaging patients and determining their suitability for TNP assessments. As suggested 

by Cullum (Cullum, Bellone, & Van Patten, 2020), patients will first be called to obtain a 

brief clinical history and to determine the appropriateness of a TNP evaluation based on the 

referral question and presenting problems. For example, patients who are hearing impaired, 

require motor testing (e.g., stroke, epilepsy patients), or where visual memory/visuomotor 

is important to answer the referral question (e.g., posterior cortical atrophy, epilepsy), may 

be deferred for in-person assessment at a later time. The preliminary screening will also 

serve to determine if the patient has access to equipment suitable for TNP assessment 

(e.g., reliable high-speed internet; PC or laptop with webcam). A brief cognitive screener 

(Modified - Telephone Interview for Cognitive Status; TICS-M) will be administered over 

the phone to provide an estimate of current cognitive functioning and collateral informant 

will be asked to complete the Functional Assessment Questionnaire (FAQ) to assess for 

impairments in activities of daily living.
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Patients who score in the normal range on the TICS-M and FAQ will be triaged as low 

priority and deferred for FTF or TNP assessments at a later time. Patients who perform 

below clinical cut-offs will be assessed for suitability of TNP assessments. If reliable 

equipment and suitable testing environment are available, the patient will be scheduled for 

a TNP assessment. Assessments via smartphones will not be allowed unless it is the only 

means to provide a necessary assessment that cannot otherwise be completed via telephone.

TNP assessments will be conducted on the cloud-based platform, Zoom-PHI, which is 

secure and approved for sharing private health information. Zoom also allows multiple 

people to participate in a videoconference session with or without video input. Therefore, 

trainees can unobtrusively observe assessments and meaningfully contribute to the 

evaluation (e.g., live scoring of assessments, report writing). Zoom also has a screen-share 

feature, which allows the patient to see stimuli saved on the examiner’s computer. In 

accordance with publisher permissions, select visually-based stimuli will be converted to a 

power point presentation and shown to the patient via the screen-share feature.

After beginning the telehealth appointment, the patient will be forewarned about potential 

technological mishaps, such as loss of connection or audio glitches. They will be instructed 

to re-initiate the Zoom session should they lose connection mid-appointment, and will be 

asked to provide a phone number so they can be reached if technical issues persist. Before 

beginning the assessment, the patient will be asked to find a private, quiet, distraction-free 

setting for the assessment and to remove all writing utensils from their area if drawing 

tasks are not included in the protocol. They will be encouraged to wear sensory aids 

during the appointment if needed (e.g., glasses, hearing aids). The session will begin 

with a quick tutorial to optimize video and sound quality (e.g., screen resolution and 

volume). Through screen-share, the patient will be shown a single image and asked if it 

is clear, blurry, or distorted in any manner. If the image appears blurry or distorted to the 

patient despite adequate vision otherwise, trouble-shooting strategies to improve internet 

bandwidth will be suggested (e.g., closing all other programs on their computer or tablet, 

moving closer to the router in their home). If none of these strategies are successful, 

testing may need to be modified to remove all tasks with visual-stimuli. With respect to 

volume optimization, the patient will be read a short passage and will be instructed to 

adjust the volume on their device to a comfortable level during that time. After they have 

optimized the volume level on their device, a brief auditory discrimination screening will 

be conducted to evaluate the patient’s ability to discriminate between phonetically-similar 

words. The hearing screener was informally developed by a Speech-Language Pathologist 

(L. Altmann, personal communication, March 25, 2020) who used a confusion matrix to find 

word pairs that would be phonetically difficult to distinguish (e.g., push vs. bush; team vs. 

deem) (http://people.cs.uchicago.edu/~dinoj/research/wangbilger.html). The word pairs will 

simultaneously be presented on the screen and the patient will be asked to identify the word 

that was spoken by the examiner. The patient’s performance on this task will be recorded for 

consideration during clinical interpretation of assessment results.

In regard to the evaluation, a core TNP battery was developed based on the validity studies. 

That is, most TNP batteries will include the HVLT-R, Digit Span, BNT, Letter Fluency, 

and Category Fluency. Providers will then decide on additional tests to administer based on 
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clinical preference and necessity given the referral question. To reduce potential distractions, 

especially from stimulus-bound patients, the patients will be asked to fold and place on 

the ground any visual stimuli they complete (e.g., Clock Drawing Test). To reduce privacy 

concerns for examiners who conduct assessments off-site (e.g., their own home), all scoring 

and verbatim responses will be completed on electronically modified score sheets that will 

be stored in a private server maintained by the University.

Conclusions

In response to the COVID-19 pandemic, neuropsychological assessments via 

videoconference appear to be a valid means of assessing cognitive functioning in older 

adults. This review identified several measures, assessing various cognitive domains, that 

have been validated for TNP based on counter-balanced cross-over designs in multi-ethnic 

and diagnostically diverse samples. Challenges to implementing TNP assessments in the 

current climate include an unfamiliarity with technological instruments, lack of access 

to reliable equipment, and reliance on caretakers (especially for severe cases). Due to 

social distancing guidelines, the current healthcare environment discourages any face-to-face 

interaction between patients and practitioners, thus making the situation slightly different 

from the typically-studied arrangement in which a teleneuropsychology visit is proctored 

remotely by a member of the healthcare staff. While we are currently in unchartered 

waters, this represents an opportunity for neuropsychologists to develop ways to evaluate the 

efficacy of this approach while providing valuable services to our patients and colleagues.
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Figure 1. 
Flowchart of Study Selection
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Table 1.

Results of Brearly et al., (2017) Meta-Analysis

Test k N Hedges g Q I2 (%)

BNT or BNT-15 4 329 −0.12*** 1.76 0

Semantic Fluency 3 319 −0.08 5.77 65.34

Clock Drawing 5 335 −0.13 12.6 68.25

Digit Span 5 359 −0.05 9.38 57.34

List Learning (total) 3 313 0.1 4.59 56.46

MMSE 7 380 −0.4 3.36*** 80.24

Letter Fluency 5 356 −0.02 1.41 0

Synchronous Dependent Tests NR NR NR
a

56.42*** 82.28

Non-Synchronous Dependent Test NR NR −0.10*** 12.99 38.43

Overall Results 12 497 −0.03 55.67 *** 80.24

Note. Adopted from Brearly et al. (2017) published in Neuropsychology Review

BNT = Boston Naming Test; MMSE = Mini Mental State Examination; NR = Not Reported Synchronous refers to timed tests or single-trial tests 
where repetition could confound results (e.g., digit span).

*
= p < .05,

**
= p < .01,

***
= p < .001

a
Authors did not provide an effect size estimate due to significant between-study heterogeneity
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