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Abstract
The COVID-19 pandemic has highlighted the need for 
further research evaluating the validity of  conducting a battery 
of  neuropsychological assessments virtually compared with 
face-to-face administration. Previous research has suggested 
that some neuropsychological assessments yield valid results 
when administered virtually, however, much of  the previous 
research focused on older adults. To determine the valid-
ity of  virtually administered neuropsychological tests, 28 
healthy participants were assessed using a within-subjects, 
counter-balanced design. Participants completed a neuropsy-
chological assessment battery covering tests of  general 
intellectual functioning, memory and attention, executive 
functioning, language and information processing speed, as 
well as effort. There was no significant difference between 
face-to-face administration of  the neuropsychological 
battery compared with virtual administration for the majority 
of  the tests used. However, there were significant differences 
in the Colour Naming Task, with participants making fewer 
errors on the colour naming task and inhibition/switching 
task when administered virtually compared with face-to-face 
administration. There was also a significant age cohort effect 
in the inhibition/switching task. There was also a trending 
significant difference in mode of  administration for the 
Verbal Fluency Task. Virtually administered neuropsycho-
logical assessments largely provide a valid alternative to 
face-to-face assessments; however, consideration must be 
given to test selection as well as the population of  participants 
that are being assessed. Other important considerations must 
focus on preserving the security and integrity of  test materi-
als, as well as administration in a medico-legal setting. Future 
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INTRODUCTION

The use of  videoconferencing software (telemedicine) has seen a rapid growth in recent years, in particu-
lar since the outbreak of  the COVID-19 pandemic in March 2020 (World Health Organization, 2020). 
The pandemic resulted in an increase in the use of  videoconferencing software for patient consultations 
and acutely highlighted the potential usefulness of  the option to administer a neuropsychological assess-
ment battery remotely where face-to-face contact is neither practical nor safe. Remote assessment also 
has the potential, added benefit of  allowing individuals to remain in a setting that is comfortable to them 
for their neuropsychological assessment, which has been found to be favourable option for assessment, 
particularly for those in rural locations (Hilty et al., 2007; Norman, 2006), and those with limited mobility 
(Grosch et al., 2011).

The British Psychological Society (BPS) Division of  Neuropsychology (DON) and the Inter Organ-
isational Practice committee (Bilder et  al.,  2020) have supported the use of  remote technology when 
undertaking clinical neuropsychological work and have made recommendations regarding the technical 
considerations that must be considered when conducting a neuropsychological assessment, such as appro-
priate internet speeds, access to technology and appropriate selection of  neuropsychological assessments 
that may be easily performed online and yield comparable results if  administered face to face (Bunnage 
et al., 2020). However, to date, the evidence for the equivalence of  remote and face-to-face neurocognitive 
assessment has remained limited.

One of  the unique aspects of  neuropsychological assessment is the reliance on the use of  
well-standardised and reliable neurocognitive tests that are sensitive to cognitive impairment arising from 
a range of  neurological conditions including moderate-to-severe TBI (Dikmen et  al.,  1995; Donders 
et al., 2015; Mazaux et al., 1997; Sigurdardottir et al., 2015), neurodegenerative conditions such as demen-
tia (Bondi et al., 2009), stroke (Sinanović, 2010) and tumours (Wefel et al., 2018). Typically such batter-
ies would incorporate not just broad screening assessments but more detailed and sensitive tests of  
executive functioning, memory, processing speed, working memory, attention and language. However, 
much of  the literature on the equivalence of  face-to-face and remote neurocognitive assessment has 
been limited to examining either broad screening tools [e.g. Mini Mental State Examination (MMSE)] or 
isolated tests of  specific functions which do not adequately reflect the more extensive test batteries used 
by neuropsychologists.

Initial studies have been encouraging. Munro Cullum and Grosch (2013), for example assessed 83 adults 
with cognitive impairment and 119 healthy controls in a counterbalanced design to establish whether a 
video teleconferencing-based neuropsychological assessments yielded valid and reliable results compared 
with standard face-to-face administration. They focused on the MMSE (Folstein et al., 1975), Hopkins 
Verbal Learning Test—Revised (Benedict et al., 1998), Digit Span forward and backward (Wechsler, 2008), 
short form Boston Naming Test (Kaplan et al., 1983), Letter and Category Fluency (Delis et al., 2001) and 
Clock Drawing (Agrell & Dehlin, 1998). They concluded that administering these assessments using tele-
communication software provided a valid alternative to face-to-face assessments. A study of  150 adults 
by Gnassounou et al. (2021) also found no difference between face-to-face and virtual administration of  
a brief  neuropsychological assessment battery composed of  the MMSE (Folstein et al., 1975), Free and 
Cued Selective Reminding Test (French version; Van der Linden et al., 2004), Mahieux Gestural Praxis 
Battery (Mahieux-Laurent et al., 2009), Frontal Assessment Battery (Dubois et al., 2000), Trail Making 

KRYNICKI et al.2

research should focus on validating assessments with specific 
patient populations and developing a neuropsychological 
assessment battery using information technology.

K E Y W O R D S
cognition, neuropsychological assessment, Teleneuropsychology
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Test (TMT; completion time and errors for part B; Godefroy et  al.,  2010), Rey–Osterreith Complex 
Figure (Meyers & Meyers,  1995) and Categorical and Phonological Verbal Fluency Tests (Godefroy 
et al., 2010). They did however identify small significant differences in the Digit Span Forwards and Back-
wards (Wechsler, 2008) and the number of  errors on the TMT part A (Godefroy et al., 2010).

Moreover, a meta-analytic review of  12 papers (n = 497) by Brearly et al. (2017) provided support for 
the use of  video conferencing software to administer a neuropsychological assessment to a heterogenous 
clinical sample of  patients (such as dementia, mild cognitive impairment, mixed sample of  neurological 
disease and healthy individuals), especially assessments that rely on verbal responses from participants. 
However, only two of  the studies included in this meta-analysis drew from a sample of  individuals below 
the age of  65, therefore questioning how transferrable these findings may be to the working age, adult 
population. Furthermore, many of  the included studies focused on basic screening tools such as the 
MMSE (Loh et al., 2007; Montani et al., 1997) which may be relatively insensitive to detecting neuro-
cognitive deficits. There is, therefore, a pressing need for studies assessing the how comparable scores 
obtained from remote testing are compared with face-to-face assessment, using a more comprehensive 
neurocognitive test battery.

Rationale and aim

Typically, the performance of  individuals with suspected cognitive impairment is compared with that of  
a normative sample representative of  that individual's characteristics, typically age, gender and education. 
In the present study, the authors assess the equivalence of  scores obtained by a normative sample admin-
istered a relatively comprehensive neurocognitive test battery, using counterbalanced face-to-face and 
remote assessment.

Predictions and hypotheses

In light of  the previous research findings, a null hypothesis which predicted that there will be no difference 
between administering a battery of  neuropsychological assessments virtually compared with face-to-face 
administration was adopted.

METHODOLOGY

Design

A counterbalanced, within-subject's experimental design was utilised. Participants were assessed twice, 
once face-to-face and once using telecommunication software (such as Zoom or Microsoft Teams). 
Participants were required to complete the assessment on a computer or laptop with a minimum screen 
size of  thirteen inches. The study was counterbalanced as half  of  the participants firstly completed the 
neuropsychological assessment battery face to face, and the other half  being administered the neuropsy-
chological assessment battery using telecommunication software first. This was to reduce any confound 
caused by repeated exposure to the test stimuli (‘practice effects’).

Recruitment and procedure

Eligible participants were recruited via online advertisements, and participants were randomly allocated 
using computer software to receive either the face-to-face or the virtual neuropsychological assessment 
battery first. Participants were not incentivised for taking part. The assessment battery took around 2 h 

TELENEUROPSYCHOLOGY VALIDITY ASSESSMENT 3
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to complete, after which a suitable time to complete the second part of  the assessment (either virtual or 
face-to-face depending on the mode of  their first assessment) was agreed upon with a minimum period 
between assessments being 1 day.

Inclusion/exclusion criteria

Based on the normative data available for tests in the assessment battery, adults aged between 18 and 89 
eligible to take part in the study. Additionally, those without a diagnosis of  a neurological condition or 
learning disability, who were English speakers (to a sufficient standard that it would not invalidate the 
standard administration of  the test) and able to give informed consent were eligible to take part in the 
study. Participants also needed access to the internet, the ability to use telecommunication software (either 
Zoom, Skype or Microsoft Teams) and access to an appropriate screen size.

Materials

The neuropsychological assessment battery was chosen to provide an overview of  an individual's cogni-
tive functioning.

Motivational and effort testing

Participants performance validity was assessed using a standalone performance validity test (PVT): The 
Test of  Memory Malingering (TOMM), trial one (Tombaugh, 1996). The TOMM has been shown to 
be both a valid and reliable measure of  effort (Martin et al., 2020). In addition to the stand-alone PVT, 
there were embedded PVT's within some of  the neuropsychological assessments. The Reliable Digit 
Span score of  the Wechsler Adult Intelligence Scale 4th Edition (WAIS-IV; Wechsler, 2008) Digit Span 
was used and has been found to have 93% specificity when set at a cut-off  of  less than seven (Schroeder 
et al., 2012). Moreover, the recognition condition of  the Wechsler Memory Scale 4th Edition (WMS-IV; 
Wechsler, 2009) Logical Memory test and Visual Reproduction test were used to assess effort and have 
been found to have modest sensitivity and high specificity (Bouman et al., 2016; Soble et al., 2019).

In order to assess a participants effort level, one stand-alone and three embedded measures of  test 
validity were used. Participants were excluded if  they scored below the established cut-off  score of  42 
on the TOMM (Trial 1; Martin et al., 2020) and two of  the embedded effort measures in one assessment. 
Table 1 shows the cut-off  score for the embedded and standalone effort measures.

Based on this criterion, none of  the participants included in this study scored below 42 on the TOMM 
and failed two of  the embedded effort measures; therefore, none of  the participants' data was removed 
from the analysis.

General intellectual functioning

Premorbid functioning
The Test of  Premorbid Functioning—United Kingdom (TOPF UK; Wechsler,  2008) was utilised to 
assess premorbid functioning. The TOPF UK consists of  seventy words that increase in unfamiliarity and 

KRYNICKI et al.4

Test Cut-off  score References

Logical memory (recognition) 15 Holdnack et al. (2013)

Visual reproduction (recognition) 3 Holdnack et al. (2013)

Reliable Digit Span 7 Holdnack et al. (2013)

T A B L E  1   Cut-off  scores for the embedded effort measures
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irregularity. This test helps to determine an approximate premorbid level of  functioning. The TOPF UK 
manual not only reports excellent internal consistency (r = .92–.99) and test–retest reliability (r = .89–.95), 
but the TOPF UK also correlates with the other WAIS-IV measures of  general intellectual functioning 
(r = .70) and verbal intelligence (r = .75; Holdnack & Drozdick, 2009).

Current intellectual function
The WAIS-IV (Wechsler, 2008) Information and Matrix Reasoning sub-tests were used to assess current 
intellectual functioning. The matrix reasoning subtest and information subtests are relatively resistant to 
neurological insult such as severe TBI (Carlozzi et al., 2015) and can also give a guide to premorbid intellect.

Memory and attention functioning

Participants were administered two subtests from the WMS-IV (Wechsler, 2009): a test of  verbal episodic 
memory (Logical Memory) and a test of  recall for non-verbal visual stimuli (Visual Reproduction) both of  
which test immediate recall and delayed recall after 20–30 min as well as delayed recognition (included in 
this instance as embedded validity measures). The WMS-IV has been found to provide a valid and reliable 
measure of  memory (Lo et al., 2012).

The Digit Span sub-test of  the WAIS-IV (Wechsler, 2008) was used to assess attention, concentration, 
verbal and working memory and provides a reliable and valid measure of  intellectual functioning (Girard 
et al., 2014).

The Rey–Osterreith Complex Figure task (Osterrieth, 1944; Rey, 1941) is a measure of  constructional 
ability, perceptual–organisational ability and visual-perceptual memory. Participants were asked to copy 
the complex figure and then reproduce the figure from memory 3 min later (immediate recall) and 30 min 
later (delayed recall). Between each condition of  the Rey–Osterreith Complex Figure and the visual repro-
duction task of  the WMS, participants were asked to hide the previous drawing and were instructed to 
take a photograph of  each drawing and send them to a member of  the research team.

Executive functioning

The Oral Trail Making Test (Ricker & Axelrod, 1994) assesses attention, tracking and maintenance of  
cognitive set-shifting. Participants were first asked to count from one to twenty-five as quickly as possible, 
but without making any errors. For the second condition, participants were required to alternate between 
numbers and letters as quickly as possible without making any errors. The normative data used were 
extracted from Mrazik et al. (2010).

Two sub-tests of  the Delis–Kaplan Executive Function System test battery (Delis et al., 2001) were 
administered. The Verbal Fluency test was used as it evaluates the spontaneous cognitive initiation, 
set-shifting and cognitive flexibility while under restricted search conditions. Participants completed the 
letter fluency, category fluency and category switching trials. The Colour–Word Interference Test was 
used to measure the participants ability to maintain a goal and suppress a habitual response. Partici-
pants completed the colour naming, word reading, colour word interference (inhibition) and colour word 
switching (attentional inhibition and switching) trials.

The Hayling Sentence Completion test and the Brixton Spatial Anticipation Tests (Burgess & 
Shallice, 1997) were used to evaluate initiation speed and response suppression as well as rule learning and 
cognitive flexibility. The Hayling Sentence Completion Test and Brixton Spatial Anticipation Test have been 
found to reliably and sensitivity measure frontal lobe functions (Bagshaw et al., 2014; Robinson et al., 2015).

Information processing speed

The Oral Symbol Modalities Test (Smith, 1973) was used to assess information processing speed, divided 
attention, visual scanning and tracking. Participants were presented with nine symbols with a corresponding 

TELENEUROPSYCHOLOGY VALIDITY ASSESSMENT 5
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number, presented in a legend above the test items. Participants were then required to pair the number 
that corresponded to a symbol as quickly as possible within 90 s. The test is similar to the coding task from 
the WAIS-IV but requires only a verbal response. Normative data from Strober et al. (2020) were utilised.

Language functioning

The full version of  the Boston Naming Test (Kaplan et al., 1983) was used to assess language function 
and consists of  a confrontation naming test utilising 60 images, named either spontaneously or with 
semantic or phonemic cues.

In addition to the neuropsychological assessment battery, participants were also asked to provide 
demographic information consisting of  their date of  birth, ethnicity, gender and number of  years in 
education.

Ethical approval and issues

Ethical approval was sought and received from the University of  Birmingham Research Ethics Commit-
tee (ERN_21-1412). A comprehensive risk assessment with the School of  Psychology was also carried 
out, assessing the additional risk of  face-to-face assessments during the COVID-19 pandemic. Approval 
from the School of  Psychology's Risk Assessment Committee was also sought and received (RA 
SOPHS_21_100_CJ).

Statistical analysis

A database using Statistical Package for the Social Sciences (SPSS v.22) was created to manage the statisti-
cal analyses. All analyses carried out were of  one-tailed significance unless otherwise stated and the Alpha 
level was set at .05. Descriptive statistics were explored, and an analysis of  covariance (ANCOVA) model 
was created for each variable (face-to-face and its corresponding virtual variable), using the raw scores 
from each assessment (except for the Hayling Sentence Completion Test and Brixton Spatial Anticipation 
Test which were analysed using Scaled Scores), controlling for age, the date of  the first assessment and 
days between the assessments. These were entered as covariates to control for these variables in the analy-
sis to determine whether there were any differences between administering the neuropsychological assess-
ment battery online to virtual administration. Data were also subjected to bootstrapping, which resamples 
a dataset to create simulated samples, therefore overcoming the limitation of  smaller sample sizes.

Finally, the two one-sided test approach to equivalence testing was carried out using the TOSTER 
function of  the Jamovi (v. 2.3.18) statistical package to assess whether the effect of  the differences 
between face-to-face and virtual administration of  the test material was meaningful.

RESULTS

Demographics and descriptive statistics

Twenty-eight healthy participants were recruited and assessed face-to-face and virtually with a battery 
of  commonly used psychometric tests. The mode of  administration (i.e. face-to-face or virtual adminis-
tration) was counterbalanced across participants. The order of  the psychometric tests within a mode of  
administration was the same for all participants.

The demographic and descriptive statistics of  participants can be found in Table 2.
As there was a significant difference in the length of  time between first and second assessment 

(t = −3.035, p = .005), the length of  time between first and second assessment will be used as a covariate 
in the subsequent analysis of  discrepancies between face-to-face and virtual test administration.

KRYNICKI et al.6
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Time differences between face-to-face and virtual administration

The difference in the length of  time between first and second assessment is shown in Table 3.
As there was a significant difference in the length of  time between first and second assessment 

(t = −3.035, p = .005) in those participants that received the face-to-face assessment first compared with 
those who firstly received the virtual assessment, the length of  time between first and second assessment 
will be used as a covariate in the subsequent analysis of  discrepancies between face-to-face and virtual test 
administration. This covariate is included because it is plausible that practice effects may vary as a function 
of  the length of  time since the initial test administration.

Discrepancies between face-to-face and virtual test administration

The discrepancy between face-to-face and virtual test administration was assessed using a four-way 
ANCOVA. The within-subject factor was the mode of  administration (face-to-face vs. virtual adminis-
tration) and the between-subjects' factor was the counterbalancing of  the initial mode of  administration.

Two covariates were also included. As previously noted, the average number of  days between first and 
second test administration was significantly different depending on whether the first administration of  
the test was face-to-face or virtual. As the length of  time between administrations could influence prac-
tice effects then the length in time (in days) between test administrations was included as a covariate. The 
second covariate was the age (in years) of  the participant. This was included as some of  the psychometric 
tasks show an ageing profile it is possible that raw scores may be influenced by the age of  the participant.

The age and administration delay covariates appearing in the ANCOVA model were evaluated at their aver-
age values for the participants undertaking testing (age = 39.96 years and administration delay = 36.71 days).

Motivational and effort testing

In order to assess which mode of  administration resulted in differences in performance on the TOMM 
(trial one), a four-way ANCOVA was constructed as indicated above.

TELENEUROPSYCHOLOGY VALIDITY ASSESSMENT 7

Male Female

Count Mean Standard deviation Count Mean Standard deviation

Ethnicity a

White 11 14

Asian 0 2

Mixed 0 1

Age b 11 41.27a 15.15 17 39.12a 12.14

Years in education b 11 14.09a 2.88 17 15.06a 2.30

 aChi-square test of  sex by ethnicity = Χ 2 = 2.174, p = .337, exact p = .505.
 bValues in the same row not sharing the same subscript are significantly different at p < .05 in the two-sided test of  equality for column means. Cells 
with no subscript are not included in the test. Tests assume equal variances.

T A B L E  2   Demographics and descriptive statistics

First assessment

Face to face Virtual

Mean Standard deviation Count Mean Standard deviation Count

Days between assessments 24a 18 14 50b 26 14

Note: Values in the same row and sub-table not sharing the same subscript are significantly different at p < .05 in the two-sided test of  equality for 
column means. Cells with no subscript are not included in the test. Tests assume equal variances.

T A B L E  3   Significant difference in the length of  time between first and second assessment
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There was no significant difference between the face-to-face and virtual administration of  the TOMM 
(F = <.001, p = .993). Similarly, order of  administration, the delay between administration and the age 
of  participants did not affect performance on this task. A four-way ANCOVA was also constructed to 
assess performance on embedded measures of  test validity differed by mode of  administration. The tests 
were the recognition task of  the Logical Memory and Visual Reproduction tasks within the WMS—IV 
(Wechsler, 2009) and the Reliable Digit Span (Holdnack & Drozdick, 2009) calculated from the Digit Span 
test within the WAIS—IV (Wechsler, 2008).

There was no significant difference between the face-to-face and virtual administration on any of  the 
embedded measure of  test validity (Logical Memory, F = .435, p = .516; Visual Reproduction, F = .003, 
p = .960; Reliable Digit Span, F = .110, p = .744; Holdnack & Drozdick, 2009; Wechsler, 2009). Similarly, 
order of  administration, the delay between administration and the age of  participants did not affect 
performance on this task. The results from the motivational and effort testing can be found in Table 4.

Performance on the face-to-face and virtually administered neuropsychological 
assessment

The results of  the Test of  Premorbid Functioning—United Kingdom (TOPF UK; Wechsler,  2008), 
current intellectual functioning (measured using the WAIS-IV Information and Matrix Reasoning; 
Wechsler,  2008), memory and attention functioning [measured by WMS-IV (Wechsler,  2009), Digit 
Span from the WAIS-IV (Wechsler,  2008) and the Rey–Osterreith Complex Figure (Osterrieth, 1944; 
Rey,  1941)], executive functioning [assessed using The Verbal Fluency and Colour Word Interference 
Tests of  the DKEFS test battery (Delis et al., 2001), the Oral Trail Making Test (Ricker & Axelrod, 1994) 
and the Hayling and Brixton Tests (Burgess & Shallice, 1997)], processing speed [measured using the Oral 
Symbol Modalities Test (Smith, 1973)] and language function [assessed using the Boston Naming Test 
(Kaplan et al., 1983)] can be found in Table 5. Data were analysed using a four-way ANCOVA, which 
was constructed to assess differences in mode of  administration, and data were subject to bootstrapping.

There was a significant difference between face-to-face and virtual administration on the colour 
naming task (Delis et al., 2001). Participants performed significantly better in correcting an error made in 
the colour naming task when they were administered the virtual test than they did face to face, account-
ing for order of  administration (Cohens d = .19). There was also an age cohort effect on the corrected 
errors on the colour naming task (Cohens d = .44), uncorrected errors on the colour naming task (Cohens 
d = .19) and the uncorrected errors on the inhibition/switching task (Cohens d = .03; Delis et al., 2001). 
Moreover, there was also a trending significant difference between the inhibition/switching uncorrected 
errors score, with participants making fewer errors on the virtual administration of  the task compared to 
face-to-face administration. There was also a significant effect of  delay between the follow-up assessment 
on the word reading uncorrected score and a trending significant effect of  delay between the follow-up 

KRYNICKI et al.8

Face-to-face 
administration

Virtual 
administration

Age cohort 
effect

First 
administration 
effect

Days between 
administration 
effect

Administration 
effect

Mean SD Mean SD F (p) F (p) F (p) F (p)

TOMM Trial 1 48.179 .457 48.607 .313 .073 (.789) .555 (.464) .007 (.934) < .001 (.993)

Logical memory 
(recognition)

25 3.63 26.18 2.97 .023 (.880) 1.106 (.304) 1.190 (.286) .435 (.516)

Visual 
reproduction 
(recognition)

6.32 .941 6.64 .488 1.651 (.211) .174 (.680) 1.842 (.187) .003 (.960)

Reliable digit span 9.14 2.050 9.43 2.348 .743 (.397) .015 (.903) .126 (.726) .110 (.744)

T A B L E  4   Dedicated and embedded measures of  test validity
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assessment on the time to complete the colour naming task. A trending significant difference was found 
in the letter fluency condition of  the DKEFS verbal fluency test (Delis et al., 2001; Cohens d = .02).

Order of  presentation of  TOPF UK (Wechsler,  2008), the Delayed Logical Memory task and the 
Delayed Visual Recognition task (Wechsler, 2009), the letters and switching condition of  the DKEFS 
Verbal Fluency task (Delis et al., 2001), colour naming time (Delis et al., 2001), Brixton Spatial Anticipa-
tion task (Burgess & Shallice, 1997), Oral Symbol Modalities Test (Smith, 1973) and the Boston Naming 
Test (Kaplan et al., 1983) did have a significant effect, whereby face-to-face administration scores appear 
lower in those who received the face-to-face administration first, whereas virtual administration scores 
appeared higher in those who received the virtual administration first compared with those who received 
virtual administration second.

Equivalence testing revealed that the majority of  virtually and face-to-face administered neuropsy-
chological tests yielded equivalent results, with the exception of  the immediate condition of  the WMS-IV 
Logical Memory test (Wechsler, 2009) which was not equivalent.

DISCUSSION

Summary of  findings

The aim of  this study was to explore whether there are differences between face-to-face and virtual 
administration of  a battery of  neuropsychological assessments. This study found that there was no signif-
icant difference between many of  the neuropsychological assessments used in this study, which supports 
previous research exploring differences in performance in virtual and face-to-face neuropsychological 
assessments. There were no significant differences in mode of  administration for the tests assessing 
motivation and effort and there were no significant differences between virtual and face-to-face adminis-
tration of  the WMS-IV (Wechsler, 2009) tests (Logical Memory and Visual Reproduction), the WAIS-IV 
(Wechsler,  2008; Test of  Premorbid Functioning, Information, Matrix Reasoning and Digit Span) or 
in any of  the three conditions of  the Rey–Osterreith Complex Figure (Osterrieth,  1944; Rey,  1941). 
Regarding the tests of  executive functioning, there was no significant difference in mode of  administra-
tion for the Hayling and Brixton tests (Burgess & Shallice, 1997) or the Oral Trail Making Test (Ricker 
& Axelrod, 1994). Participants also did not differ in their performance on the Oral Symbol Modalities 
Test and Boston Naming Test (Kaplan et al., 1983) when administered face-to-face compared with virtual 
administration. The use of  equivalence testing supported the finding that face-to-face and virtual admin-
istration of  most of  the neuropsychological tests were statistically equivalent, with the exception of  the 
immediate condition of  the Logical Memory test of  the WMS-IV (Wechsler, 2009) which found that the 
virtual and face-to-face administration were not equivalent.

The results from this study identified significant differences in the DKEFS (Delis et al., 2001) corrected 
errors score on the colour naming task, with those being administered the task virtually performing signif-
icantly better than when completing the task face-to-face. However, the effect size of  this difference is 
small, therefore suggesting that despite being statistically significant, the difference may not be clinically 
significant. There was also a trend for greater errors in the inhibition/switching uncorrected error score 
for the DKEFS (Delis et al., 2001) Colour–Word Interference Task, that did not reach statistical signifi-
cance. Moreover, there was a trend for participants to produce more words in the D-KEFS Letter Fluency 
task (Delis et al., 2001), when administered remotely compared with face-to-face administration, but this 
did not reach significance.

The absence of  a significant relationship between many of  the neuropsychological assessments 
used in this study, which supports previous research exploring differences in performance in virtual and 
face-to-face neuropsychological assessments. Munro Cullum and Grosch (2013) found that there was no 
statistically significant difference in performance of  the DKEFS Category Fluency (Delis et al., 2001), 
Boston Naming Test (Kaplan et al., 1983) and Digit Span (Wechsler, 2008) when administered virtually 
compared with face-to-face administration, which was supported by the present research. Moreover, there 
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was a lack of  significant associations between mode of  assessment and performance on the Trail Making 
Test (Delis et al., 2001), Rey–Osterreith Complex Figure (Osterrieth, 1944; Rey, 1941) and the DKEFS 
Category Fluency test (Delis et  al.,  2001), which supports the findings by Gnassounou et  al.  (2021). 
Finally, a study by Hildebrand et al. (2004) found no significant difference between virtual and face-to-face 
administration of  the WAIS-IV Matrix Reasoning, in a sample of  older adults. A meta-analytic review of  
twelve studies (n = 497) by Brearly et al. (2017) found that performance on the verbally mediated tasks 
(such as the digit span, verbal fluency and list learning) did not significantly differ when administered 
virtually or face-to-face. The present findings partially support these conclusions given the lack of  signif-
icant differences found in performance on the Digit Span when administered virtually and face-to-face; 
however, the present study identified a trending significant association between mode of  neuropsycholog-
ical assessment and performance on the Verbal Fluency task, but given the small effect size, this trending 
difference was not clinically significant. However, many of  the studies in the meta-analytic review by 
Brearly et al. (2017) re-assessed participants on the same day, which differs from the present study; there-
fore, the association identified by Brearly et al. (2017) may be due to practice effects.

There is a scarcity of  research examining the validity of  virtual administration of  the DKEFS 
Colour-Word Interference test (Delis et al., 2001), which provides an avenue for future research. Perfor-
mance on other virtually administered timed executive functioning assessments, which require monitoring 
of  performance, speed and accuracy have been found to differ compared with face-to-face administra-
tion, which may support the findings from this study. A study of  fifty-five healthy controls compared with 
twenty-nine participants with Mild Cognitive Impairment or Dementia by Wadsworth et al. (2016) found 
significant differences in performance on the Trail Making Task when administered virtually compared 
with face-to-face administration. However, the present study did not find differences in performance on 
the oral version of  the Trail Making Test (Ricker & Axelrod, 1994). Moreover, despite there being statis-
tically significant differences between performance on the virtually administered DKEFS Colour–Word 
Interference Test (Delis et al., 2001), these differences may not reflect a clinically significant difference.

Participants age also significantly impacted performance on the DKEFS Colour–Word Interference 
task (Delis et al., 2001), with participants making fewer errors when administered the colour naming task 
and inhibition/switching task virtually compared with face to face. This suggests that there is an age 
cohort effect on tests of  executive function, indicating that performance on the repeated neuropsycho-
logical assessment battery was influenced by the participant's age, with younger participants improving 
in the repeated executive functioning tasks compared with older participants irrespective of  mode of  
presentation. These findings support previous research exploring executive functioning. A study of  three 
hundred fifty healthy participants aged between ten and eighty-six by Ferguson et al. (2021) found that 
performance on tests of  executive functioning (such as the Stroop task), was significantly associated with 
age, with individuals aged between ten and thirty-six showing an improved inhibitory control compared 
to those aged between thirty-six and eighty-six who showed a decline in inhibitory control. However, the 
effect sizes of  these associations are small/medium, and for most of  the assessments included, raw scores 
were used in the analysis, not scaled scores, therefore, limiting any comparisons with previous research.

Clinical implications

The findings from this study indicate that, with the exception of  certain scores on tests of  executive func-
tioning, performance on a battery of  neuropsychological assessments administered virtually was compa-
rable to performance when administered face-to-face for a normative population. One implication of  this 
is that a valid neuropsychological assessment can be carried out virtually, therefore, removing the necessity 
for patients to attend a face-to-face clinic for a neuropsychological assessment. However, consideration 
must be given to test selection, given the difference in test performance on some scores on the DKEFS 
Colour-Word Interference test (Delis et al., 2001) when administered virtually compared with face-to-face 
administration. Although there is a caveat to virtual neuropsychological assessments: Conducting an 
assessment using telecommunication software may impact on a clinicians ability to observe and document 
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behaviour displayed during an assessment, which may be exacerbated when assessing an individual from 
a culturally diverse background (Bilder et al., 2020). However, the present findings indicate that, where it 
may not be possible to conduct a face-to-face neuropsychological assessment, that valid results are yielded 
in most assessments that made up the neuropsychological battery when administered virtually.

One important caveat to the findings is that despite performance on formal neuropsychological test-
ing being comparable when administered virtually compared with face-to-face administration, it is impor-
tant to note that conducting assessments virtually may add the benefit of  convenience, but at the expense 
of  a strong therapeutic alliance, which forms the bedrock of  Clinical Psychology as a profession and is 
essential in psychotherapeutic work and may be at risk when working exclusively with patients virtually 
(Cataldo et al., 2021). Therefore, shifting entirely to a model of  virtual assessments and therapy, devoid 
of  human contact and face-to-face interaction is wholly incongruous with the values and philosophical 
underpinnings of  the profession of  Clinical Psychology.

Limitations

One potential limitation with the current study is the limited sample size. The study recruited twenty-eight 
participants; therefore, statistical analyses may be underpowered for statistical analysis. However, to over-
come this limitation, a within-subject's design was employed and through bootstrapping at the statistical 
analysis stage. Another limitation with the current research is the lack of  acceptability measure. Although 
not systematically or routinely collected, many participants offered an account of  their experiences after 
the assessment, and with some reporting that they believed their performance to be better when the 
neuropsychological assessment was administered virtually compared with face-to-face administration, 
while others preferred face-to-face administration. Therefore, a systematic recording of  the participants 
experiences, and mood measures may have enriched the data and contextualised some of  the findings. 
A final limitation of  this study was the inconsistent screen size for the virtual administration of  the 
neuropsychological assessment. Although a minimum screen size was specified, data on participants 
screen size were not captured, which may impact on the participants performance on the virtually admin-
istered neuropsychological assessment.

Future directions

The findings suggest that there may be some, albeit limited, differences in mode of  administration and 
performance on some neuropsychological assessments, specifically on some scores obtained on tests 
assessing executive functioning [such as the DKEFS Colour-Word Interference test (Delis et al., 2001)]. 
Therefore, future research should focus on understanding these differences, with a larger sample size, and 
discerning if  these differences are clinically meaningful. Moreover, future research should focus on exam-
ining the validity of  neuropsychological assessments being administered virtually, with specific patient 
groups (such as stroke patients).

The rapid acceleration of  Teleneuropsychology since the beginning of  the COVID-19 pandemic 
has augmented research in this emerging area. While future research should continue to validate existing 
neuropsychological assessments to be administered virtually, consideration must be given for a paradigm 
shift in clinical neuropsychological assessment, which moves away from traditional face-to-face assess-
ment using a pen and paper, to a more refined and nuanced neuropsychological assessment battery using 
information technology. Once criticism that has been levelled of  clinical neuropsychology is that the 
neuropsychological assessment relies heavily on outdated methods and is labour intensive (both in terms 
of  data collection and in terms of  analysis of  each assessment; Miller & Barr, 2017), which may be an 
inefficient use of  time and is open to human error (Collins & Riley, 2016). A neuropsychological assess-
ment battery specifically developed using information technology may provide a more accurate and sensi-
tive recording on some of  the tasks assessing a patient's speed and reduce the time required to  analyse a 
patient's assessment, as well as eliminating the chance of  errors in data entry.
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Finally, concerns surrounding the use of  neuropsychological assessments virtually and the security of  
test material and recording of  materials, particularly in a medico-legal setting, need to be reconciled before 
widespread virtual use. The use of  test materials in a setting that cannot be controlled (such as virtually) may 
compromise the security and integrity of  the testing material. Moreover, some publishers of  testing materials 
stipulate that the neuropsychological test should be conducted in an office setting with a technician present 
(See AACN/NAN guidance on third party observers) to prevent the recording of  the material and released 
into the public domain or third parties which poses a potential threat to test security (BPS guidelines on test 
security) such as Green's publishing, who have the publishing rights to tests such as the Word Memory Test 
(Green, 2003) and the Memory Complaints Inventory (Green, 2004). Other considerations may be relevant 
to specific settings such as litigation-related assessments where external incentives or the presence of  third 
parties might affect compliance with test procedures that may be harder to assess at a distance.

Conclusion

The findings from this study indicate that, with the exception of  some tests of  executive functioning, 
a virtually administered battery of  neuropsychological assessments yields valid and comparable results 
compared with face-to-face administration. For the tests that did identify a statistically significant differ-
ence, the effect size was small indicating that these differences were not clinically meaningful. There are, 
however, avenues for further research including validation of  a virtually administered neuropsycholog-
ical assessment in certain patient groups (such as stroke), and consideration for a bespoke package of  
neuropsychological assessment created using information technology.
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