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Puthusseryppady et al., (2022). Predicting real world spatial disorientation in Alzheimer’s disease patients 
using virtual reality navigation tests. Scientific Reports, 12(1), 13397.



Shallice and Burgess gave three 
patients with extensive frontal lobe 
lesions the ‘Multiple Errands Test’.
Sent to a shopping area in London 
with a list of tasks, such as:
• Buy a loaf of brown bread
• Be at a certain place 15 minutes 

after starting.
• Find the name of the shop likely 

to stock the most expense item.



Multiple Errands Test

• Notably, all three patients 
had current IQ scores > 120.

• Performed standard tests of 
‘frontal lobe’ function well, 
often better than control 
participants.



• Despite its complexity, MET has 
been applied in at least 32 
subsequent research studies.

• Usually in hospital 
environments, but also, private 
homes, museums, shopping 
malls and therapeutic 
communities.

• Effect sizes large for 
distinguishing patients from 
controls. 

Multiple Errands Test (MET)

Rotenberg, et al. (2020). Measurement properties of the Multiple Errands Test: A 
systematic review. Archives of Physical Medicine and Rehabilitation, 101(9), 1628-1642.



Raspelli et al. (2012). Validating the Neuro VR-based virtual version of the Multiple Errands Test: preliminary results. Presence, 21 (1), 31-42.

Non-immersive Virtual Reality MET



Jansari, A. S., Devlin, A., Agnew, R., Akesson, K., Murphy, 

L., & Leadbetter, T. (2014). Ecological assessment of 

executive functions: a new virtual reality paradigm. Brain 

Impairment, 15(2), 71-87.







Jansari et al. (2014). Ecological assessment of executive functions: a new virtual reality paradigm. Brain Impairment, 15(2), 71-87.

Jansari Assessment of Executive Functions (JEF©)

• Planning (write a plan, arrange furniture)
• Prioritization (e.g., set a meeting agenda)
• Selective thinking (organize outgoing mail)
• Creative thinking (solve unexpected 

problems)
• Adaptive thinking (produce alternative 

plans when things go wrong)
• Multi-tasking (dealing with two 

simultaneous tasks)

• Action-based prospective memory (record equipment breakdowns)
• Time-based prospective memory (turn on equipment before meeting starts)
• Event-based prospective memory (record details of when fire alarms sound)

Non-immersive VR





Full Immersive Virtual Reality: Nesplora



Full Virtual Reality: Nesplora

Areces, et al., (2018). Efficacy of a continuous performance test based on virtual reality in the diagnosis of ADHD and its clinical presentations. Journal of Attention Disorders, 22(11), 1081-1091.



• Nausea, 
disorientation, and 
oculomotor 
discomfort.

• Most users suffer 
some level of 
cybersickness.

• About 10% leave the 
VR environment 
because of it. 

Cybersickness



• The good news is that 
high cognitive load 
appears to reduce 
severity of cybersickness. 

Cybersickness

Gavgani, et al. (2018). Cybersickness-related changes in brain hemodynamics: A pilot study comparing transcranial Doppler and near-infrared spectroscopy 
assessments during a virtual ride on a roller coaster. Physiology & Behavior, 191, 56-64.
Pöhlmann, et al. (2023, April). I think I don’t feel sick: Exploring the Relationship Between Cognitive Demand and Cybersickness in Virtual Reality using fNIRS. In 
Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems (pp. 1-16).

• Likely caused by a 
mismatch of visual 
and vestibular signals.

• Appears to be 
associated with 
reduced blood flow to 
the brain. 





Tele-medicine









Neglect

Memory

Agnosia



Wechsler Block Design Task



Wechsler Block Design Task
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Equivalent tests may be 
available that don’t require 
handling equipment



https://youtu.be/xFVq0xbjXv4

Wisconsin Card Sorting Test
Traditional method of administration



Wisconsin Card Sorting Test
Computerised administration



Supported (not self) administration



Neuropsychological assessment can 
be perceived as being oppressive 

Clinical skill is needed 
monitor clients who 
may be becoming 
distressed, and to 
provide reassurance 
as necessary.



https://www.bps.org.uk/psychologist/i-felt-let-down-psychology

Niamh Lowe suffered a severe TBI, 
aged 21. She wrote about her 
experience of neuropsychological 
assessment in the Psychologist.

“The psychologists produced a range of memory, attention and 
executive function neuropsychological tests without telling me the 
names of the tests or why it was important for me to complete the 
assessment. I performed these tests obediently while feeling immense 
frustration and confusion inside.”



https://www.bps.org.uk/psychologist/i-felt-let-down-psychology

“The test apparatus was set up on the table. She was nice and polite, 
but did not explain the purpose of the test, and she did not enquire 
how I felt about participating in this assessment. When she finished 
reading the instructions out of the booklet, I remember holding back
tears while she started the stopwatch.”

“I completed the assessment, someone wheeled me 
upstairs to my bedroom, and I cried.”

This is her experience of the 
Behavioral Assessment of the 
Dysexecutive Syndrome (BADS). 



Dorsal ‘How’ 
pathway

Ventral  ‘What’ 
pathway

A lesson learned early



• In cognitive 
assessment we often 
focus on skills that 
the patient has 
difficulty with.

• This can be 
frustrating for them.

• Maintaining patient 
engagement is a 
challenge.  



The problem of normative data

Example, a 74-year-old patient 
produces a total of 35 words in 
the letter fluency task



“abnormal performance on some proportion of 
neuropsychological tests in a battery is psychometrically normal.”

If the criteria for abnormal is more than one standard 
deviation below average, in a typical battery of more than 
20 neuropsychological tests, most people will have at least 
one ‘abnormal’ score. 



Farah, M. J., Shera, D. M., Savage, J. H., Betancourt, L., Giannetta, J. M., Brodsky, N. 
L., ... & Hurt, H. (2006). Childhood poverty: Specific associations with 
neurocognitive development. Brain Research, 1110(1), 166-174.

Variation in neuropsychological function and 
socioeconomic status



Results from a middle-income country- Ecuador:

• Vocabulary very highly correlated with SES
• Executive function (Tower Test, Design Fluency) correlated with SES
• Theory of Mind correlated with SES



Holmes, A. J., & Patrick, L. M. (2018). The myth of optimality in 
clinical neuroscience. Trends in Cognitive Sciences, 22(3), 241-257. 

A ‘normal’ average point is not biologically 
reasonable.

Variation in abilities is completely normal, without 
it there could be no evolution.

Whether an ability or trait is advantageous or not 
depends on the environment.

Identifying absolute optimum positions of brain 
states is therefore impossible.



The problems with normative data, the example of race 

It is now known that sports that 
involve blows to the head can 
cause dementia.

American football is one 
example.

70% of players in the US 
National Football League (NFL) 
are Black.

So many players have 
developed dementia that a 
compensation scheme is in 
operation.

For the same level of 
cognitive test performance, 
White players are more 
likely to receive 
compensation, than Black 
players. 

This is because of normative 
data methods in 
neuropsychological 
assessment. 



If a Black NFL player and White NFL player score exactly the same on a neuropsychological test, then the White player will 
be identified as having greater impairment, and therefore, be more likely to receive compensation from the NFL.

This is because, due to racism, and related lack of opportunity etc. at the group level, black people in the USA score lower 
than White people.

The NFL legal settlement that provides compensation uses the Black normative table for Black players, and the White 
normative table for White players.

Black WhiteThe procedure is to assume that each player was ‘average’ (for 
race) before the brain injuries, shown here as             &Black White

The actual test performance is shown by the red line

The level of impairment is defined as the difference 
between the ‘before injury’ point and actual test 
performance. 

This difference is bigger for the White players than 
for the Black players.



Normal cognitive performance for the population 
overlaps impaired performance of individuals

E.g. A patient with neurological illness 
could suffer a large drop in cognitive 
ability and still score ‘normal’



Gasquoine (2022). Performance-based alternatives to race-norms in neuropsychological assessment. Cortex, 148, 231-238
Possin et al. (2021). Perils of race-based norms in cognitive testing: The case of former NFL players. JAMA Neurology, 78(4), 
377-378. 

• These issues, in regard to race, have 
been explored recently by Gasquoine 
(2022) and Possin et al., (2021).

• What are needed are personalized 
estimates of individual premorbid 
ability.

• The problem is caused by neuropsychological procedures, which use 
the population average as an estimate of a person’s premorbid ability.

• There are much better ways to do this that don’t cause as much 
mismeasurement of impairment.



Personalized cognitive assessment:
• If current ability is lower than estimated premorbid ability, this is 

evidence of acquired impairment



Buckner (2004). Memory and executive function in aging and AD: multiple factors that cause decline and 

reserve factors that compensate. Neuron, 44(1), 195-208.

Unlike most cognitive abilities, vocabulary does not decline with 
normal ageing (it actually increases)
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N = 818 Thai adults: r = .20, p <.001



Den
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Control

Word Pronunciation 
Score

Mini-mental State 
Examination

Pluck et al., (2017). Estimación de la función cognitiva premorbida con el Test de 
Acentuación de Palabras. Revista Ecuatoriana de Neurología, 26(3), 226-234.

Word knowledge 
has the highest 
overall 
association with 
other cognitive 
tests

Reading words 
through lexical 
routes is resistant 
to dementia
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A neuropsychological model of speech production, adapted Gvion & 

Friedmann (2016). A principled relation between reading and naming in 

acquired and developmental anomia: Surface dyslexia following impairment 

in the phonological output lexicon. Frontiers in Psychology, 7.



Hauser, R. M. (2002). Meritocracy, cognitive ability, and the sources of occupational success. Madison, WI: Center for Demography and Ecology, University of Wisconsin.

Occupation also predicts cognitive ability



• Multiple factors can be used with linear regression to estimate premorbid ability 
on neuropsychological tests.

• This is easier to achieve than traditional norming. Smaller samples can be used.

• And less need to balance recruitment to the 
population demographics.

• Suitable where full norming is impractical. 

Regression-based norming allows personalised 
estimation of premorbid ability



Coutrot et al. (2018). Global determinants of navigation ability. Current Biology, 28(17), 2861-2866.



Huge amounts of cognitive 
data, from diverse samples 
can be achieved with 
online collection.
Gamified cognitive tests 
are attractive to the public.





Cognitive performance assessed within the games tracked 
performance on traditional neuropsychological tasks



And this doesn’t have to be so technical, to be successful



• In 24 hours >900 Thai participants completed the task.
• It went viral on Facebook.
• The success of this is probably because it was 

perceived as a game / challenge.
• Methods like this can be combined with regression-

based norming to provide estimated premorbid – 
current measures of neuropsychological ability.



Beyond
linear regression

With very large data 
sets, machine learning 
methods, such as 
neural networks, 
could be applied to 
make personalised 
estimates of 
premorbid cognitive 
ability.



Summary
• Computerisation of test methods can improve the 

ecological validity of neuropsychological assessments.
• Virtual reality holds much potential, but still has 

some problems.
• Many cognitive tests can be adapted for tele-

medicine application.
• Full automation can be a problem. A 

neuropsychologist will often still have to be present 
when assessing patients.

• Online data collection may allow for norming of tests, 
which would not have been feasible in the past.

Integration of 
Traditional & 
Technological 
Approaches in 
Clinical Practice

and Future 
directions
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