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Virtual reality (VR) head-mounted displays (HMD) appear to be effective research tools,
which may address the problem of ecological validity in neuropsychological testing.
However, their widespread implementation is hindered by VR induced symptoms
and effects (VRISE) and the lack of skills in VR software development. This study
offers guidelines for the development of VR software in cognitive neuroscience and
neuropsychology, by describing and discussing the stages of the development of Virtual
Reality Everyday Assessment Lab (VR-EAL), the first neuropsychological battery in
immersive VR. Techniques for evaluating cognitive functions within a realistic storyline
are discussed. The utility of various assets in Unity, software development kits, and other
software are described so that cognitive scientists can overcome challenges pertinent
to VRISE and the quality of the VR software. In addition, this pilot study attempts to
evaluate VR-EAL in accordance with the necessary criteria for VR software for research
purposes. The VR neuroscience questionnaire (VRNQ; Kourtesis et al., 2019b) was
implemented to appraise the quality of the three versions of VR-EAL in terms of user
experience, game mechanics, in-game assistance, and VRISE. Twenty-five participants
aged between 20 and 45 years with 12—16 years of full-time education evaluated various
versions of VR-EAL. The final version of VR-EAL achieved high scores in every sub-score
of the VRNQ and exceeded its parsimonious cut-offs. It also appeared to have better
in-game assistance and game mechanics, while its improved graphics substantially
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increased the quality of the user experience and almost eradicated VRISE. The results
substantially support the feasibility of the development of effective VR research and
clinical software without the presence of VRISE during a 60-min VR session.

Keywords: virtual reality,

prospective memory, episodic memory, cybersickness, executive function,

neuropsychology, everyday functioning, attention

INTRODUCTION

In cognitive neuroscience and neuropsychology, the collection
of cognitive and behavioral data is predominantly achieved by
implementing psychometric tools (i.e., cognitive screening and
testing). The psychometric tools are principally limited to paper-
and-pencil and computerized (i.e., 2D and 3D applications)
forms. Psychometric tools in clinics and/or laboratories display
several limitations and discrepancies between the observed
performance in the laboratory/clinic and the actual performance
of individuals in everyday life (Rizzo et al, 2004; Bohil
et al., 2011; Parsons, 2015). The functional and predictive
association between an individual’s performance on a set
of neuropsychological tests and the individual’s performance
in various everyday life settings is called ecological validity.
Ecological validity is considered an important issue that cannot
be resolved by the currently available assessment tools (Rizzo
et al., 2004; Bohil et al., 2011; Parsons, 2015).

Ecological validity is especially important in the assessment
of certain cognitive functions, which are crucial for performance
in everyday life (Chaytor and Schmitter-Edgecombe, 2003). In
particular, executive functioning (e.g., multitasking, planning
ability, and mental flexibility) has been found to predict
occupational and academic success (Burgess et al, 1998).
Similarly, the ecologically valid measurement of memory (e.g.,
episodic memory) and attentional processes (e.g., selective,
divided, and sustained attention) have been seen as predictors
of overall performance in everyday life (Higginson et al., 2000).
Lastly, prospective memory (i.e., the ability to remember to
carry out intended actions at the correct point in the future;
McDaniel and Einstein, 2007) plays an important role in everyday
life and the assessment of prospective memory abilities requires
ecologically valid tasks (Phillips et al., 2008).

Current ecologically valid tests are not thought to encompass
the complexity of real-life situations (Rizzo et al., 2004; Bohil
etal., 2011; Parsons, 2015). Assessments which take place in real-
world settings (e.g., performing errands in a shopping center)
are time consuming and expensive to set up, lack experimental
control over the external situation (e.g., Elkind et al., 2001),
cannot be standardized for use in other labs, and are not
feasible for certain populations (e.g., individuals with psychiatric
conditions or motor difficulties; Rizzo et al., 2004; Parsons, 2015).
The traditional approaches in cognitive sciences encompass the
employment of static and simple stimuli, which lack ecological
validity. Instead, immersive virtual reality (VR) technology
enables cognitive scientists to accumulate advanced cognitive and
behavioral data through the employment of dynamic stimuli and
interactions with a high degree of control within an ecologically
valid environment (Rizzo et al., 2004; Bohil et al., 2011; Parsons,

2015). Furthermore, VR can be combined with non-invasive
imaging techniques (Makeig et al., 2009; Bohil et al., 2011;
Parsons, 2015), wearable mobile brain/body imaging (Makeig
et al., 2009), and can be used for rehabilitation and treatment
purposes (Rizzo et al., 2004; Bohil et al., 2011; Parsons, 2015).

VR has great potential as an effective telemedicine tool that
may resolve the current methodological problem of ecological
validity (Rizzo et al., 2004; Bohil et al., 2011; Parsons, 2015;
Parsons et al,, 2018). However, the appropriateness of VR,
especially for head-mounted display (HMD) systems, is still
controversial (Bohil et al., 2011; de Franca and Soares, 2017;
Palmisano et al., 2017). The principal concern is the adverse
symptomatology (i.e., nausea, dizziness, disorientation, fatigue,
and instability) which stems from the implementation of VR
systems (Bohil et al., 2011; de Franca and Soares, 2017; Palmisano
et al., 2017). These adverse VR induced symptoms and effects
(VRISE) endanger the health and safety of the users (Parsons
et al., 2018), decrease reaction times and overall cognitive
performance (Nalivaiko et al., 2015), while increasing body
temperature and heart rates (Nalivaiko et al., 2015), cerebral
blood flow and oxyhemoglobin concentration (Gavgani et al.,
2018), brain activity (Arafat et al., 2018), and the connectivity
between brain regions (Toschi et al, 2017). Hence, VRISE
may compromise the reliability of cognitive, physiological, and
neuroimaging data (Kourtesis et al., 2019a).

However, VRISE predominantly stem from hardware and
software inadequacies, which more contemporary commercial
VR hardware and software do not share (Kourtesis et al.,
2019a,b). The employment of modern VR HMDs analogous to
or more cutting-edge than the HTC Vive and/or Oculus Rift, in
combination with ergonomic VR software, appear to significantly
mitigate the presence of VRISE (Kourtesis et al., 2019a,b).
However, the selection of suitable VR hardware and/or software
demands acceptable technological competence (Kourtesis et al.,
2019a). Minimum hardware and software features have been
suggested to appraise the suitability of VR hardware and software
(Kourtesis et al., 2019a). The technical specifications of the
computer and VR HMD are adequate to assess their quality
(Kourtesis et al., 2019a), while the virtual reality neuroscience
questionnaire (VRNQ) facilitates the quantitative evaluation of
software attributes and the intensity of VRISE (Kourtesis et al.,
2019b).

Another limitation is that the implementation of VR
technology may necessitate high financial costs, which hinders
its widespread adoption by cognitive scientists. In the 90s, the
cost of a VR lab with basic features cost between $20,000 and
50,000, where nowadays the cost has decreased considerably
(Slater, 2018). At present, the cost of a VR lab with basic
features (e.g., a HMD, external hardware, and laptop) is between
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$2,000 and 2,500. However, the development of VR software is
predominantly dependent on third parties (e.g., freelancers or
companies) with programming and software development skills
(Slater, 2018). A solution that will promote the adoption of
immersive VR as a research and clinical tool might be the in-
house development of VR research/clinical software by computer
science literate cognitive scientists or research software engineers.

The current study endeavors to offer guidelines on the
development of VR software by presenting the development of
the Virtual Reality Everyday Assessment Lab (VR-EAL). Since the
assessment of prospective memory, episodic memory, executive
functions, and attention are likely to benefit from ecologically
valid approaches to assessment, VR-EAL attempts to be one of
the first neuropsychological batteries to apply immersive VR
to assess these cognitive functions. However, the ecologically
valid assessment of these cognitive functions demands the
development of a realistic scenario with several scenes and
complex interactions while avoiding intense VRISE factors.

The VR-EAL development process is presented systematically,
aligned with the steps that cognitive scientists should follow to
achieve their aim of designing VR studies. Firstly, the preparation
stages are described and discussed. Secondly, the structure of the
application (e.g., order of the scenes) is presented and discussed
in terms of offering comprehensive tutorials, delivering a realistic
storyline, and incorporating a scoring system. Thirdly, a pilot
study is conducted to evaluate the suitability of the different
versions of VR-EAL (i.e., alpha, beta, final) for implementation
in terms of user experience, game mechanics, in-game assistance,
and VRISE.

DEVELOPMENT OF VR-EAL

Rationale and Preparation

Prospective memory encompasses the ability to remember to
initiate an action in the future (Anderson et al., 2017). The
prospective memory action may be related to a specific event
(e.g., when you see this person, give him a particular object)
or time (e.g., at 5 p.m. perform a particular task). Attentional
control processes, executive functioning, the difficulty of the
filler/distractor tasks, the length of the delay between encoding
the intention to perform a task and the presentation of the
stimulus-cue, as well as the length of the ongoing task, all
affect prospective memory ability (Anderson et al, 2017).
Therefore, the VR-EAL scenarios need to incorporate both types
of prospective memory actions and consider the length and
difficulty of the distractor tasks and delays, as well as attentional
and executive functioning.

The main theoretical frameworks of prospective memory
are the preparatory attentional and memory (PAM) and the
multiprocess (MP) theories (Anderson et al, 2017). The
PAM theory suggests that performing prospective memory
tasks efficiently requires a constant top-down monitoring for
environmental and internal cues in order to recall the intended
action and perform it (Smith, 2003; Smith et al., 2007). For
example, an individual wants to buy a pint of milk after work. On
her way home, she is vigilant (i.e., monitoring) about recognizing
prompts (e.g., the sign of a supermarket) that will remind

her of her intention to buy a pint of milk. In addition to
PAM’s top-down monitoring, MP theory suggests that bottom-
up spontaneous retrieval also enables effective performance on
prospective memory tasks (McDaniel and Einstein, 2000, 2007).
Going back to the previous example, when the individual is
not being vigilant (i.e., passive), she sees an advert pertaining
to dairy products, which triggers the retrieval of her intention
to buy a pint of milk. VR-EAL is required to incorporate
both predominant retrieval strategies in line with these main
theoretical frameworks of prospective memory (i.e., PAM and
MP). This may be achieved by including scenes where the user
should be vigilant (i.e., PAM) so they recognize a stimulus
associated with the prospective memory task (e.g., notice a
medicine on the kitchen’s table in order to take it after having
breakfast), as well as scenes where the user passively (i.e., MP) will
attend to an obvious stimulus related to the prospective task (e.g.,
while being in front of the library, the user needs to remember to
return a book).

Notably, the ecologically valid assessment of executive (i.e.,
planning and multitasking), attentional (i.e., selective visual,
visuospatial, and auditory attention), and episodic memory
processes is an equally important aim of VR-EAL. The
relevant literature postulates that the everyday functioning of
humans is dependent on cognitive abilities, such as attention,
episodic memory, prospective memory, and executive functions
(Higginson et al., 2000; Chaytor and Schmitter-Edgecombe, 2003;
Phillips et al., 2008; Rosenberg, 2015; Mlinac and Feng, 2016;
Haines et al., 2019). However, the assessment of these cognitive
functions requires an ecologically valid approach to indicate
the quality of the everyday functioning of the individual in
the real world (Higginson et al., 2000; Chaytor and Schmitter-
Edgecombe, 2003; Phillips et al., 2008; Rosenberg, 2015; Mlinac
and Feng, 2016; Haines et al., 2019). However, the assessment
(i.e., tasks) of these cognitive functions in VR-EAL will also
serve as distractor tasks for the prospective memory components
of the paradigm. Hence, the VR-EAL distractor tasks are vital
to the prospective memory tasks, but at the same time, they
are adequately challenging within a continuous storyline (see
Table 1).

Furthermore, ecologically valid tasks performed in VR
environments demand various game mechanics and controls to
facilitate ergonomic and naturalistic interactions, and these need
to be learnt by users. The scenario should include tutorials that
allow users to spend adequate time learning how to navigate,
use and grab items, and how the VE reacts to his/her actions
(Gromala et al., 2016; Jerald et al., 2017; Brade et al., 2018; see
Table 1). Additionally, the scenario should consider the in-game
instructions and prompts offered to users such as directional
arrows, non-player characters (NPC), signs, labels, ambient
sounds, audio, and videos that aid performance (Gromala et al.,
20165 Jerald et al., 2017; Brade et al., 2018). Importantly, this
user-centered approach appears to particularly favor non-gamers
in terms of performing better and enjoying the VR experience
(Zaidi et al., 2018). Thus, the development of VR-EAL should be
aligned with these aforementioned suggestions.

The first step of the development process was to select the
target platform. In VR’s case, this is the VR HMD, which allows
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TABLE 1 | VR-EAL Scenario.

Order Type Description

Scene 1 Tutorial Basic interactions and navigation

Scene 2 Tutorial Interactive boards (recognition and planning)

Scene 3 Storyline List of prospective memory tasks, shopping list (immediate recognition), and itinerary (planning)

Scene 4 Tutorial List of mechanics for the prospective memory tasks, prompts, and notes

Scene 5 Tutorial Cooking

Scene 6 Storyline Prepare breakfast (multi-tasking) and take medication (prospective memory, event-based, short delay)

Scene 7 Tutorial Tutorial: collect items

Scene 8 Storyline Collect items from the living-room (selective visuospatial attention) and take a chocolate pie out of the oven (prospective
memory, event-based, short delay)

Scene 9 Tutorial Interaction with 3D non-player characters

Scene 10 Storyline Call Rose (prospective memory task, time-based, short delay)

Scene 11 Tutorial Gaze interaction

Scene 12 Storyline Detect posters on both sides of the road (selective visual attention)

Scene 13 Tutorial Shopping, how to collect the items from the supermarket

Scene 14 Storyline Collect the shopping list items from the supermarket (delayed recognition)

Scene 15 Storyline Go to the bakery to collect the carrot cake (prospective memory task, time-based, medium delay)

Scene 16 Storyline False prompt before going to the library (prospective memory task, event-based, medium delay)

Scene 17 Storyline Return the red book to the library (prospective memory task, event-based, medium delay)

Scene 18 Tutorial Auditory interaction

Scene 19 Storyline Detect sounds from both sides of the road (selective auditory attention)

Scene 20 Storyline False prompt before going back home (prospective memory task, time-based, long delay)

Scene 21 Storyline When you return home, give the extra pair of keys to Alex (prospective memory task, event-based, long delay)

Scene 22 Storyline Put away the shopping items and take the medication (prospective memory task, time-based, long delay)

various interactions to take place within a virtual environment
(VE) during the neuropsychological assessment. In our previous
work (Kourtesis et al., 2019a), we have highlighted a number
of suggested minimum hardware and software features which
appraise the suitability of VR hardware and software. Firstly,
interactions with the VE should be ergonomic in order to elude
or alleviate the presence of VRISE. Also, the utilization of 6
degrees of freedom (DoF) wands (i.e., controllers) facilitates
ergonomic interactions and provides highly accurate motion
tracking. Lastly, the two types of HMD that exceed the minimum
standards and support 6DoF controllers are the HTC Vive
and Oculus Rift; hence, the target HMD should have hardware
characteristics equal to or greater than these high-end HMDs
(Kourtesis et al., 2019a). VR-EAL is developed to be compatible
with HTC Vive, HTC Vive Pro, Oculus Rift, and Oculus Rift-S.
The second step was to select which game engine (GE) should
be used to develop the VR software. For the development of
VR-EAL, the feasibility of acquiring the required programming
and software development skills was an important criterion for
the selection of the GE because the developer of VR-EAL (i.e.,
the corresponding author) is a cognitive scientist who did not
have any background in programming or software development.
The two main GEs are Unity and Unreal. Unity requires C#
programming skills, while Unreal requires C+-+ programming
skills. Learners of C#, either experienced or inexperienced
programmers, appear to experience a greater learning curve than
learners of C++ (Chandra, 2012). While Unity and Unreal
are of equal quality (Dickson et al, 2017), Unity as a GE

has been found to be more user-friendly, and easier to learn
compared to Unreal (Dickson et al,, 2017). Also, Unity has
an extensive online community and online resources (e.g., 3D
models, software development kits; SDK), and documentation
(Dickson et al., 2017). For these reasons, Unity was preferred for
the development of VR-EAL. However, either Unreal or Unity
would have been a sensible choice since both GEs offer high
quality tools and features for software development (Dickson
etal., 2017).

The final step was the acquisition of skills and knowledge.
A cognitive scientist with a background either in computer or
psychological sciences should have knowledge of the cognitive
functions to be studied, as well as, intermediate programming
and software development skills pertinent to the GE. The
acquisition of these skills enables the cognitive scientist to design
the VR software in agreement with the capabilities of the GE and
the research aims. In VR-EALs case, its developer meticulously
studied the established ecologically valid paper-and-pencil tests
such as the Test of Everyday Attention (TEA; Robertson et al.,
1994), the Rivermead Behavioral Memory Test—III (RBMT-
III; Wilson et al., 2008), the Behavioral Assessment of the
Dysexecutive Syndrome (BADS; Wilson et al., 1998), and the
Cambridge Prospective Memory Test (CAMPROMPT; Wilson
et al., 2005). In addition, other research and clinical software
were considered. For example, the Virtual Reality Shopping
Task (Canty et al., 2014), Virtual Reality Supermarket (Grewe
et al., 2014), Virtual Multiple Errands Test (Rand et al., 2009),
the Invisible Maze Task (Gehrke et al., 2018), and the Jansari
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Assessment of Executive Function (Jansari et al., 2014) are non-
immersive VR software which assess cognitive functions such as
executive functions, attentional processes, spatial cognition, and
prospective memory.

Finally, the developer of VR-EAL attained intermediate
programming skills in C# and software development
skills in Unity. This was predominantly achieved by
attending online specializations and tutorials on websites
such as Coursera, Udemy, CodeAcademy, SoloLearn,
and EdX. Also, a developer may consider established
textbooks such as the “The VR book: Human-centered
design for virtual reality” (Jerald, 2015), “3D user
interfaces: theory and practice” (LaViola et al, 2017), and
“Understanding virtual reality: Interface, application, and
design” (Sherman and Craig, 2018). To sum it up, the
acquisition of these skills enabled progression to the next
stage of the development of VR-EAL, which is the writing
of the scenarios/scripts.

Tutorials and Mechanics

VR-EAL commences with two tutorial scenes. The first tutorial
allows the user to learn how to navigate using teleportation,
to hold and manipulate items (e.g., throwing them away),
how to use items (e.g., pressing a button), as well as to
familiarize themselves with the in-game assistance objects (e.g.,
a directional arrow or a sign; see Figurel). The user is
prompted to spend adequate time learning the basic interactions
and navigation system because these game mechanics and
in-game assistance methods are fundamental to most scenes
in VR-EAL.

The second tutorial instructs the user how to use interactive
boards (i.e., use a map or select items from a list). This tutorial
is specific to the tasks that the user should perform in the
subsequent storyline scene. Similarly, the remaining tutorials are
specific to their subsequent scene (i.e., the actual task) in which
the user is assessed. This design enables the user to perform the
tasks, without providing them with an overwhelming amount of
information that may confuse the user. However, the tutorial in
the fourth scene is specific to the prospective memory tasks that
are performed in several scenes throughout the scenario. The
instructions for all prospective memory tasks (i.e., what should
be performed and when) are provided during the third scene (i.e.,
storyline-bedroom scene), but the first prospective memory task
is not performed until the sixth scene (i.e., the cooking task; see
Table 1).

In scene 4, the user learns how to use a VR digital watch, use
prospective memory items and notes (toggle on/off the menu),
and follow prospective memory prompts. These game mechanics
are essential to successfully perform the prospective memory
tasks. The VR digital watch is the main tool for checking the
time in relation to the time-based prospective memory tasks,
while the prospective memory notes are crucial reminders for the
time- and event-based prospective memory tasks. Subsequently,
in scene 5, the user completes a tutorial where s/he learns how
to use the oven and the stove as well as the snap-drop-zones to
perform the cooking task. The snap-drop-zones are game objects,
which are containers that the user may attach other game objects

too. In scene 7, the user learns how to collect items using the
snap-drop-zones attached to the left controller (see Figure 2).

In scene 9, the user learns how to interact with the 3D non-
player characters (NPC). The user is required to talk to the NPC
to initiate a conversation (i.e., detection of a sound through the
mic input), and use the interactive boards to select a response,
which either presents a dichotomous choice (i.e., “yes” or “no”)
or a list of items (see Figure 2). These interactions with the NPC
are central to the assessment of prospective memory, and the
user should effectively interact with the NPC in six scenes to
successfully perform an equal number of time- and event-based
prospective memory tasks.

In scene 11, the user learns how to use gaze interactions.
There is a circular crosshair, which indicates the collision point
of a ray that is emitted from the center of the users visual
field. The user is required to direct the circular crosshair over
the targets and avoid the distractors (see Figure 2). The user
needs to effectively perform a practice trial to proceed to the
next scene. The practice trial requires the user to spot the three
targets and avoid all the distractors while moving. If the user
is unsuccessful, then the practice trial is re-attempted. This
procedure is repeated until the user effectively completes the
practice trial.

Scene 13 is a short tutorial where the user is reminded how
to collect items using the snap-drop-zones attached to the left
controller and remove an item from the snap-drop-zone in
cases where an item is erroneously picked up. In scene 18,
the user learns how to detect target sounds (i.e., a bell) and
avoid distractors (i.e., a high-pitched and a low-pitched bell).
The user looks straight ahead and presses the trigger button
on the right controller when a target sound is heard on the
right side. Likewise, the user presses the trigger button on the
left controller when a target sound is heard on the left side
(see Figure 2). The sounds are activated by trigger-zones, which
are placed within the itinerary of the user. This tutorial is
conducted in a similar way to the scene 11 tutorial (i.e., gaze
interaction). The user, while being on the move, needs to detect
three target sounds and avoid the distractors to proceed to the
next scene.

The time spent on each tutorial is recorded to provide the
learning time for the various interaction systems (i.e., game
mechanics). However, in the scene 11 and 18 tutorials, the
practice trial times are also recorded. The collected data (i.e., time
spent on tutorials and the attempts to complete the practice trials)
for each tutorial are added to a text file that contains the user’s
data (i.e., performance scores on every task).

Storyline and Scoring

The required times to complete scenes and tasks are recorded.
However, the task times are measured independently from the
total scene times. Additionally, in the scenes where the user
should perform prospective memory tasks, the number of times
and the duration that the prospective memory notes appeared are
also measured. These variables indicate how many times the user
relies on the prospective memory notes, and how long they read
them for.
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Scene 1

Scene 2

Scene 4

FIGURE 1 | VR-EAL tutorials: scenes 1-5.

Scene 1

Scene 2

AUTL UV

RENINER

Scene 5

At Home

Bedroom: immediate recognition and planning

The storyline commences in a bedroom (i.e., scene 3; see Table 1),
where the user receives an incoming call from his/her close
friend, Sarah, asking the user to carry out some errands for her
(e.g., buy some shopping from the supermarket, collect a carrot
cake from the bakery, return a library book). All the errands are

prospective memory tasks except the shopping task. In this scene,
the user should perform three different tasks. The first task is
the prospective memory notes (i.e., PM-Notes) task, where the
user responds affirmatively or negatively to three prompts asking
the user to write down the errands (i.e., PM-tasks). The response
of the user indicates his/her intention to use external tools (i.e.,
notes) as reminders.
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FIGURE 2 | VR-EAL tutorials: scenes 7-18.
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The second task is the immediate recognition task where the
user should choose the 10 target items (i.e., create the shopping
list) from an extensive array of items (see Figure 3), which
also contains five qualitative distractors (e.g., semi-skimmed
milk vs. skimmed milk), five quantitative distractors (e.g., 1 vs.
2kg potatoes), and 10 false items (e.g., bread, bananas etc.).
The user gains 2 points for each correctly chosen item, 1
point for choosing a qualitative or quantitative distractor, and

0 points for the false items. The maximum possible score is
20 points.

The third task is the planning task. The user should draw a
route on a map to visit three destinations (i.e., the supermarket,
bakery, and library) before returning home. The road system
comprises 23 street units (see Figure 3). When the user selects
a unit, 1 point is awarded. The ideal route to visit all three
destinations is 15 units; hence, any extra or missing units are
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FIGURE 3 | VR-EAL storyline: scenes 3-12.
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subtracted from the total possible score of 15. For example, if
the user draws 18 units, then the distance from the ideal route
is calculated as 3 (i.e.,, 18 — 15 = 3). Three is then subtracted
from the ideal score of 15, resulting in a score of 12. If the
user draws 12 units, the distance from the ideal route is also 3
and again 3 is subtracted from 15, resulting in a score of 12.
The planning task score is also modified by the planning task
completion time (e.g., a completion time two standard deviations
below the average time of the normative sample is awarded 2
points while two standard deviations above the average time is
subtracted 2 points).

Kitchen: multitasking and prospective memory task
In the kitchen (i.e., scene 6; see Table 1), the user should complete
two main tasks: the cooking task (i.e., preparing breakfast) and a
prospective memory task. The cooking task encompasses frying
an omelet and sausages, putting a chocolate pie in the oven,
as well as boiling some water for a cup of tea or coffee. The
user must handle two pans (one for the omelet and one for
the sausages) and a kettle. Images of the omelet and sausages
are presented above the cooker to display what their appearance
should be when they are ready. Scoring relies on the animations
from each game object (i.e., the omelet and the sausages). At the
beginning of the animation, both items have a reddish (raw) color
which gradually turns to either a yellowish (omelet) or brownish
(sausages) color, and finally both turn to black (burnt). The score
for each pan hence depends on the time that the user removes
the pans from the stove (pauses/stops the animation) and places
them on the kitchen worktop (for calculation of the score, see
Figure 4). Equally, the score for boiling the kettle is measured in
relation to the stage of the audio playback (e.g., the water is ready
when the kettle whistles; see Figure 4) when the kettle is placed
on the kitchen worktop.

After breakfast, the user needs to take his/her meds (i.e.,
a prospective memory task). When the user has had his/her
breakfast, the final button of the scene appears (see Figure 3).
The user should press this button to confirm that all the tasks
in the scene are completed. If the user has already taken his/her
medication before pressing the final button, then the scene ends,
and the user receives 6 points. Otherwise, the first prompt
appears (i.e., “You Have to Do Something Else”). If the user then
follows the prompt and takes their medication, they receive 4
points. If the user presses the final button again, then the second
prompt appears (i.e., “You Have to Do Something After Having
your Breakfast”). If the user follows this prompt and takes their
medication, they receive 2 points. If the user presses the final
button again, then the third prompt appears (i.e., “You Have to
Take Your Meds”). If the user follows this prompt and takes their
medication, they then receive 1 point. If the user represses the
final button without ever taking their medication, they get zero
points, and the scene ends.

Living room: selective visuospatial attention and prospective
memory task

In the living room (i.e., scene 8; see Table 1), the user should
collect six items (i.e., a red book, £20, a smartphone, a library
card, the flat keys, and the car keys) that are placed in various

locations within the living room (see Figure 3). The user is not
required to memorize the items since there is a reminder list
on one of the walls of the living room. The user collects the
items by attaching them to the snap-drop-zones attached to the
left controller. The user receives 1 point for each item collected.
However, there are distractors (e.g., magazines, books, a remote
control, a notebook, a pencil, a chessboard, and a bottle of wine)
in the room. If the user attempts to collect one of the distractors,
the item falls (only the target items can be attached to the snap-
drop-zones), which counts as an error. After collecting all the
objects, the user needs to take the chocolate pie out of the oven
and place it on the kitchen worktop before leaving the apartment
(prospective memory task; see scoring for medication above).

Garden: prospective memory task

In the garden (i.e., scene 10; see Table 1), the user initiates a
conversation with Alex (an NPC), to perform a distractor task
(i.e, to open the gate). The conversation continues after this
distractor task, where the user needs to respond to Alex’s question
(i.e., “Do we need to do something else at this time?”) by selecting
either “yes” or “no” (see Figure 3). This action is considered as
the first prompt for the prospective memory task, and if the user
responds “yes,” then the second interactive board appears (see
Figure 5 for scoring). If the user selects “no,” then the second
prompt is given by Alex (i.e., “Are you sure that we do not have
to do something around this time?”). If the user selects “no,” then
the third prompt is provided