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Goal directed behaviour

Executive functions enable people to plan and regulate their 
behaviour to achieve their desired goals, particularly when 

facing novel or difficult situations.
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“One day about fifteen months after operation 

she had planned to get a simple supper for one 

guest (WP) and four members of her own 

family. She looked forward to it with pleasure 

and had the whole day for preparation. This 

was a thing she could have done with ease ten 

years before. When the appointed hour arrived 

she was in the kitchen, the food was all there, 

one or two things were on the stove, but the 

salad was not ready, the meat had not been 

started and she was distressed and confused 

by her long continued effort alone. It seemed 

evident that she would never be able to get 

everything ready at once. With help the task of 

preparation was quickly completed and the 

occasion went off successfully with the patient 

talking and laughing in an altogether normal 

way.”

Penfield & Evans 
(1935)

“Her own home 

provided in some 

ways a better 

background for 

study than the 

consulting room of 

the psychologist.”

Certain capacities are not captured in the standard neuropsychological 

assessment e.g., planning, preparatory steps, weighing up considerations, 

decision-making. There is no clearly correct solution and many different 

activities may have to be scheduled over the time available.



Patient EVR (Eslinger & Damasio, 1985)

Takes hours to perform simple matters due to 

indecisiveness e.g. considers seating plan, menu, 

atmosphere and he might even drive there to 

see how busy it is – and still not decide!!!

Normal responses on 

Cognitive Estimation 

Task.

Normal Wisconsin Card 

Sorting Test 

performance.

Normal executive function on traditional 

executive tasks and IQ over 130.



• Simple tasks

– Buy a brown loaf

– Buy throat pastilles

• Be at position X in 15 mins time.

• Write on a postcard:

– The shop with the most expensive item

– Price of a pound of tomatoes

– Coldest place in Britain yesterday

– Exchange rate of French Franc 

yesterday

Multiple Errands Test (MET)

Rules:

Spend as little money as possible.

Take as little time as possible.

No shop should be entered unless buying something.

Do not to use anything not bought on the street (other than a watch). 
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Inefficiencies e.g., entering 
the same shop twice

Rule breaks e.g., leave 
without paying 

Interpretation failures e.g., birthday 
card rather than postcard 

Task failures e.g., not buying soap 
and leaving without buying anything. 

All 3 patients impaired, in particular on rule breaks and inefficiencies.



• Automation of the assessment/rehab/training

• Augmented control on the testing/training environment 

• Enablement of otherwise impossible studies

• Ecological validity

• Augmented prediction of everyday performance

Assets of VR in psychological sciences



▪ Cost of the development of VR software

▪ VRISE, VR sickness, or Cybersickness

Caveats in the implementation of VR



Symptoms

▪ Nausea

▪ Dizziness

▪ Disorientation

▪ Fatigue

▪ Instability

Cybersickness symptoms and effects

Effects

▪ Reduced overall cognitive 

performance

▪ Increased temperature and

heart-rate.

▪ Increased brain activity and

connectivity



Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019a). 
Technological competence is a precondition for effective implementation of 
virtual reality head mounted displays in human neuroscience: a 
technological review and meta-analysis. Frontiers in Human Neuroscience, 
13, 342. 

Inappropriate VR HMD 

Low Resolution, Refresh Rate, or Field of View

Inappropriate VR Software

Non-ergonomic interactions and/or navigation in the Virtual Environment

Linear & Angular Accelerations 

Reasons for cybersickness:
A systematic technological review



Summary table of VR HMD specs

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019a). Technological 
competence is a precondition for effective implementation of virtual reality head mounted 
displays in human neuroscience: a technological review and meta-analysis. Frontiers in 
Human Neuroscience, 13, 342. 



User Experience

Adequate level of immersion

Pleasant VR experience

High quality graphics

High quality sounds (spatialized) 

Suitable hardware (headset & peripherals) 

VR software necessary characteristics



Game Mechanics

Suitable navigation (e.g., 

Teleportation)

Availability of physical movement

Ergonomic & naturalistic interactions

• Picking/Placing items

• Using items

• Two-handed interaction

VR software necessary characteristics



In-Game Assistance
Comprehensive and explicit tutorials

Helpful tutorials of adequate duration

Helpful in-game instructions 

Helpful in-game prompts

VR software necessary characteristics



Absence of VR-Sickness Symptoms

Nausea

Dizziness

Disorientation

Postural Instability

Fatigue 

VR software necessary characteristics



Summary table of VR software specs

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019a). 
Technological competence is a precondition for effective implementation of 
virtual reality head mounted displays in human neuroscience: a technological 
review and meta-analysis. Frontiers in Human Neuroscience, 13, 342. 



Meta-analysis of the VR psychology studies 

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019a). Technological 
competence is a precondition for effective implementation of virtual reality head mounted 
displays in human neuroscience: a technological review and meta-analysis. Frontiers in 
Human Neuroscience, 13, 342. 



Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2019b). Validation of the 
Virtual Reality Neuroscience Questionnaire: maximum duration of immersive virtual reality 
sessions without the presence of pertinent adverse symptomatology. Frontiers in Human 
Neuroscience, 13, 417. 

• Maximum Duration of VR Experience & Session:  Between 55 and 75 minutes

Developing research/clinical VR software





VR-EAL



Achievements

Kourtesis, P., Korre, D., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2020a). Guidelines for the 
development of virtual reality software for cognitive neuroscience and neuropsychology: The 
Development of Virtual Reality Everyday Assessment Lab (VR-EAL), A neuropsychological test battery 
in virtual reality. Frontiers in Computer Science, section Human-Media Interaction. 1, 12.



VR-EAL validity



Ecological validity & administration time



VR methods v traditional method:
The example of the 

Virtual Reality Everyday Assessment Lab

▪ No human bias

▪ Automated procedure

▪ Good precision

▪ Control over the testing environment

▪ Ecologically valid testing

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2020b). Validation of the 
Virtual Reality Everyday Assessment Lab (VR-EAL): an immersive virtual reality 
neuropsychological battery with enhanced ecological validity. Journal of the International 
Neuropsychological Society, 1-16. 



▪ Shorter Administration Time

▪ More Pleasant Testing Experience

▪ Substantially more ecological valid

▪ Better Predictions of Everyday Performance

▪ Better Insights on Everyday Cognition

▪ Significant Contribution to the Theoretical Framework of Cognitive 

Functions

Kourtesis, P., Collina, S., Doumas, L. A. A., & MacPherson, S. E. (2020b). Validation of the 
Virtual Reality Everyday Assessment Lab (VR-EAL): an immersive virtual reality 
neuropsychological battery with enhanced ecological validity. Journal of the 
International Neuropsychological Society, 1-16. 

VR methods v traditional method:
The example of the 

Virtual Reality Everyday Assessment Lab
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