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Learning phase: Before the start of the entire experiment, participants were informed that the goal of the virtual

environment task was to find and maintain a location, which would always be located at the same place during the

following tests. They should always reach this same destination during the entire study. This destination is

invisible, participants should find it according to the instructions and tasks during exploring the entire virtual

environment in the following trials. Participants were provided with 9 learning trials. Each learning trial had a 90-s

time limitation; if participants failed to reach the destination within 90 s, the trial terminated immediately and the

next trial began. In the learning phase, participants could reach the destination by remembering the sequence of

body turns of each Y-shaped intersection (egocentric strategy) or other strategies. To evaluate the navigation

performance of each participant, the following parameters were calculated for the 9 learning trials: speed, distance

error, rotation, percentage of successful people and percentage of successful trials. Probe phase: The probe trial

shared the same maze structure as the learning phase but with no salient landmarks (i.e., all distal cues were

removed).

VR-Maze spatial task (VR-MT): participants faced the front of the computer screen and they were provided with

one of the paper-and-pencil versions of five different complex mazes (PP-MT). In order to assess allocentric spatial

knowledge in the PP-MT, they are requested to draw the path from start to exit trying to find the most efficient

way between the two points. After each PP-MT was performed, in order to assess the allo- to egocentric translation

of spatial knowledge, participants were asked to use the PP-MT in order to locate the exit point in the

corresponding VR-MT. In the VR-MT exploration, a maze was considered as correctly performed if the

participant was able to reach the exit point within the maximum time provided (10 min). Viri

(VR-RMT): the participants faced the front of the computer screen with the paper version of

Map Test (PP-RMT) placed at the base of the screen. The PP-RMT consists of a stylized city map in which

participants have to indicate on a 32-step dotted pathway the direction taken at each turn (left

ual Road Map task
he Money’s Road

or right) in order to

follow a designated route. Afterward, the participants were asked to use the PP-RMT to specifically navigate the

VR-RMT by following the route indicated by the dotted line on the PP-RMT

evaluate if the allo- to egocentric translation of spatial knowledge required for

. The main objec!

virtual reality environment might differ from the one required from a mental imagery simula

environment based on a sketched map.

Route learning: After completing the route demonstration, subjects were asked

or straight at each o

ive of this task is to

he navigation in the simulated

ion of the same

whether they had gone left, right,

f 10 choice points. Free recall: After the test trip around the route, subjects had 1 min to name

as many objects or landmarks as they could recall. Self-orientation: Subjects were shown pictures of 10 different

objects or locations from the test route, chosen to be distributed as two sequentially presented

sets of five sites

distributed at 45° intervals to the front and sides of the subject’s position, the subject’s back being toward an

outside wall. Route drawing: Subjects used a mouse to indicate the location of the next choice

point while viewing

a scale map of the lobby on the video screen. Landmark recall: Subjects were asked to name only those objects or

fixtures that were helpful in finding their way on the self-directed, second tri

recognition: Ten photographs were presented singly on the screen, five from

around the lobby. Photograph

the test route and five from other

locations in the Medical Center. Subjects identified whether each photograph was from the test route or not.

Photograph location: Another set of 10 photographs from the test route was

presented while subjects used a scale

outline of the lobby with 10 locations marked by letters to indicate the location corresponding to the scene, scored

as the number correct. Video location: Ten short video clips, taken from the subject’s view of the test route, were

presented with three repetitions. After each display was completed, subjects drew an X on a blank map where the

clip began and an arrow coming from the X showing the direction and exten

of the depicted movement.

Participants were comfortably seated in Virtual maze
front of the computer screen and moved
the joystick (Sony Dual- Shock 4) freely in

a first-person view

All virtual reality tasks were administered 2 virtual mazes
on an Intel Core 2 Duo personal computer

and presented on a 15” desktop monitor.

The participants were seated in a chair

approximately 50 cm from the computer

monitor and moved in VR using a narrow

keyboard.

Laptot PC

Virtual hospital lobby
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A virtual room was created as test environment. It included two objects (namely, a plant and a stone) and an arrow
drawn on the floor, which pointed to the North and represented the start of the navigation. Participants were
instructed to memorize the position of the plant, that varied across three different trials. For the retrieval phase,
two different tasks were developed. In the first task, participants were asked to indicate the position of the object
on a real map, namely, a retrieval with spatial allocentric information independent of point of view. In the second
task, participants were asked to enter an empty version of the same virtual room. The participants had to indicate
the position of the plant, starting from the position of the other object, namely, a retrieval without any spatial

allocentric information.

VIENNA consists of one instruction trial, two practice trials, and 12 main trials. All trials show a first-person

perspective of a character exploring virtual hallway environments. In addition, an allocentric map of the respective
environment is displayed throughout each trial. Participants are required to mentally trace the character’s position
and indicate the door that the character chose at the end of the trial. Importantly, this task design does not rely on
episodic memory and does not require active exploration or navigation by the participant, thus homogenizing the

available information to solve the task across participants.

SOIVET Maze task: participants were required to navigate in a virtual maze using the route depicted on the

original MRMT map as a reference. A green point marked the last correct turn on the map, in order to reduce

working memory efforts. No topographical landmarks were provided. To navigate in the first-person perspective,
participants were required to follow the route depicted on the map, but also update information from their body
position at each turn on the maze. SOIVET Route task: participants entered the virtual reconstruction of the lobby

of the Central Institute of the University of Sdo Paulo Clinics Hospital. An avatar performed a route consisting of
five specific locations inside the hospital lobby and its surroundings. Participants were required to follow the
avatar in a first-person perspective. Subsequently, participants were required to repeat the same route alone, and to
visit the five locations in the same order (SOIVET Route immediate). After a 20-min interval, the participants

repeated the route one more time (SOIVET Route delayed).

Virtual reality navigation task (VRNT): each of the virtual reality environments (virtual neighborhood and virtual

maze) comprised a 3-D first-person view and a two-dimensional overhead view of the environment. First, the two-
dimensional overhead view was shown to the subjects for 60 s, and then the 3-D first-person view was presented.
Subjects were then instructed to find the specified goal (i.e., parking in the virtual neighborhood; the ball in the
virtual maze), which had been marked on the 2-D overhead view. All subjects had three trials to familiarize

themselves with the task and five trials for their assessment.

The virtual radial arm maze (VRAM): participants were told that they were in a virtual room with six arms
extending from a middle area. The virtual room had various colored objects and visual cues to indicate the relative

directions, and the room remained unchanged throughout each trial. Although participants were instructed to
find the three treasures as quickly as possible, no time limit was imposed. After discovering all three treasures, the
trial ended, and participants returned to the center of the maze to begin the next trial. Five trials were conducted,
and the intertrial interval was 10 s. The same configuration of rewarded arms was used for all participants. This

test measured working memory errors by the number of times a subject reentered the same arm; reference
memory errors were measured by the number of times a subject reentered the arms with no rewards. 22 Distance

traveled, and time required to find all rewards during each trial were also recorded.

Participants were seated in front of a
horizontally placed 15” monitor. The
monitor screen was placed at a distance of
50 cm from the body plane. The virtual
environments were rendered using a
portable computer. The participants also
had a gamepad which allowed them to
explore and to interact with the
environment.

Computer

Oculus Rift CV1kit. Participants were
able to navigate through the virtual
environment using the touch controllers
and their body position - turning the
chair either right or left.

Computer and joystick

Desktop computer with a color monitor
and a joystick

Virtual room

Virtual hallway environments

Virtual city

Virtual neighborhood and
virtual maze

Virtual maze
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neuropsychological tests

Arvind Pala et al,, 16 young students (age, HOMES TEST Mini-mental state examination New technology (NT) Recall performances increased from trial 1 to All of the neuropsychological indices were
2014 M =22.44, SD = 2.05); 15 (MMSE); Mattis Dementia Rating | experience; Simulator trial 2. A post hoc comparison revealed correlated with the HOMES learning and
healthy older adults (age, Scale (MDRS); Trail Making Test sickness questionnaire significant group differences between young the HOMES corrected recognition.
M = 66.53; SD = 3.43); 15 (TMT); Stroop Task; Digit (SSQ) controls and older adults and between young
young moderate-to-severe Symbol Substitution Test; controls and TBI patients, with higher recall
TBI patients (age, Memory Self-evaluation performances in controls compared with older
M =36.27,SD = 12.72). Questionnaire — short form adults and with TBI patients, but not between
(QAM); California Verbal older adults and patients. Overall,
Learning Test (CVLT). performances were better on the recognition
task compared to the free recall task. Post hoc
comparisons showed that older adults and TBI
patients both performed less well compared
with young controls. Also, healthy older adults
and TBI patients had equally poor
performances. Furthermore, there was a
significant interaction, showing that the
difference between performances on the recall
and recognition tasks increased from young
control to older adults and to TBI patients.
Sauzéon et al., 2016 23 young adults (age, HOMES TEST MMSE; QAM-short form; mental NT, SSQ Younger adults performed significantly better With regard to the relation between EF

M = 22.20, SD = 1.68), 23
older adults (age,

M = 73.60, SD =9.10); 16
AD (age, M = 78.63,

SD =7.89)

rotation; Backward Corsi Block,
Stroop test, CVLT.

on the free-recall tasks than older adults, who
in turn showed better recall performances than
AD patients. The same ANOVA conducted

with the retrieval tasks (free-recall trial 2 vs.

recognition hits) used, as the within-subject
variable showed, a main effect of group, and a
main effect of retrieval tasks. The post hoc
follow-up test revealed that poorer mean

performances were recorded for older adults

compared to younger adults, and these
performances were even poorer in AD patients
compared with both younger and older adults;
overall, the performances were better on
recognition than on free recall.

and HOMES true memory scores, the r
value for the young group was not
significant while that for other group
conditions reached the significance. In
summary, the HOMES true memory
scores are mediated by both EF and EM
scores, and an increased mediating effect
of the EF score is obtained for old adults
and the AD patients. In contrast, the
HOMES false memory indices are only
mediated by EM scores in such a manner
that after controlling the EM score, the

group effect is canceled. The self-reported

memory complaints (QAM score)
strongly correlated with the two HOMES
memory indices indicating that low true
memory and high false memory
performances are associated with higher
memory complaints in everyday life.
Beside this, when the correlation analyses
between QAM and HOMES indices are

performed by group, they still remained

significant only for young participants.
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Hardware

Arvind Pala et al, Episodic HOMES TEST: Each participant visualized two versions (versions A and B) of a virtual apartment consisting of 40 The virtual environment was viewed using | Virtual apartment (a
2014 memory objects: 20 objects that were specific to each version and 20 objects common to both versions. There were four an F14 overhead video projector on a bedroom, bathroom, kitchen
categories (a bedroom, bathroom, kitchen, and a sitting room), therefore, each category contained 10 of these 2 x 1.88 m large screen fixed onto the and sitting-room)
objects, five specific and five common to both versions. Participants first watched a target version of the apartment | wall. Participants sat 2 m away from the
(called version A) which was presented twice and each participant had a free recall task immediately after each display screen in a dark, silent room to
presentation. Immediately after the last recall task, participants visualized the other version of the apartment visualize the VE projected in front of
(version B) followed by only one immediate free recall task. After 10 min, a final yes/no recognition task was then them.
administered to all participants.
Sauzéon et al,, 2016 Episodic HOMES TEST: learning phase: participants first watched a target version of the apartment (version A). The target The virtual environment was viewed using | Virtual apartment (a
memory version was presented twice (trial 1 and 2) and each participant was asked to complete a free-recall task a F14 overhead video projector on a bedroom, bathroom, kitchen
immediately after each presentation. Immediately after the second trial, participants visualized the other version of | 2 x 1.88 m large screen fixed onto the and sitting-room)
the apartment (version B) followed by only one immediate free-recall task. Recognition phase: After 10 min delay, wall. Participants sat 2 m away from the
a verbal yes/no recognition task was administered to participants as a final retrieval phase. display screen in a dark, silent room to
visualize the VE projected in front of
hem.
Corriveau Lecavalier Episodic Virtual Shop (La boutique virtuelle): participants began the task in front of a cashier working behind a countertop The virtual environment was in 3D and Virtual Shop (La boutique
etal,, 2020 memory and were presented with a list of 12 familiar virtual images of common items (e.g., belt, milk) that they were asked he immersion was produced by an Nvisor | virtuelle)
o0 memorize and then fetch in the store. During encoding, irrelevant conversations were presented via the ST50 audio-visual headgear and by a
head-gear in order to mimic a noisy environment. Following the presentation of the last item, the programme Worldviz PPT-X studio tracking system
initiated a 20-s conversation between the cashier and the participant (e.g., Could you tell me the time, which is hat allowed the participant to rotate
displayed on your right?) as a filled interference delay. At the end of the delay period, the cashier instructed the his/her head in a 360-degree view around
participant to fetch the items in the store he/she had previously seen. The participant could then walk freely in the he room, as well as look up and down,
room to find and select the items that were shown on the learning list. There were 24 items displayed in the shop: and interact and walk freely in the virtual
2 target items and 12 distractors. environment. Participants used a hand
remote control to select and retrieve items.
Ouellet et al., 2018 Episodic The Virtual Shop: The participant was first positioned in front of the countertop, with the shop shelves behind HMD Virtual Shop (La boutique
memory him/her. The experimenter explained to the participant that s/he would be presented with a list of items to virtuelle)
memorize and that s/he would later have to “buy” these same items. The experimenter explained that the cashier
of the shop will ask two questions the participant will have to answer and will then be instructed to start shopping.
The pictures of 12 items were then presented on the flipping pages of a notepad situated on the countertop. When
presentation was over, the cashier asked the participant a set of brief questions (e.g., “What is the weather like
today?”) during 20 s as a way to empty the content of the participant’s working memory. The cashier then
instructed the participant to walk into the store and fetch the objects that had been shown on the pad. The objects
were located on shelves, inside refrigerators, hung on walls, or were placed on the floor. Twelve distractors that
belonged to the same semantic category as the target items were placed in similar locations. Ambient verbal noise -
a conversation between two customers - was presented dichotically through the HMD during the whole task.
Pieri et al,, 2022 Episodic Encoding: the clinician moves around in the room and presents the target objects closely to the camera for 5 s; in Oculus Go Virtual medical office
memory the meanwhile, the participants must name the object showed. Free recall: The tasks simply require the participant

to remember the 10 objects presented 10 min earlier in t
find and nominate all the ten objects previously showed

objects.

he Encoding Phase. Recognition: participants are asked to
in the encoding phase, located among other 17 non-target
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Encoding: the clinician moves around in the room and presents the target objec

Par

Sup
sho

wal

first-person

recall: After 15 min, hey are instruc

or 0.750 s. Following the presentat

products they remembered into a s

find and nominate all the ten objects previously showed in the encoding phase,

objects.

OBRECO?2: Encoding: Participants ex
erspective which is the one of the experimenter. This one moves al

ors. In this phase, participants are instructe.

s closely to the camera for 5 s; in

he meanwhile, the participants must name the object showed. Free recall: The tasks simply require the participant

o remember the 10 objects presented 10 min earlier in the Encoding Phase. Recognition: participants are asked to

ocated among other 17 non-target

erience a household setting, such as a living room, in which they can with a

bout the room highlighting the 15

arget items for 3 s each and attaching a tag bearing the name “Marco” to each one. In the living room, there are
also 15 other objects used as distrac

d to name all the targets. Free

ed to name as many objects from the encod

icipants are instructed to explore the prior living room, discover and name

ermarket test: participants had

pping list with 12 products. Eac

ion, par

previous things and an unknown set of 15 distractor objects.

hi

no;

k by them, which was not necessarily the order they appeared on the list.

Virf

ual supermarket (VSM): the pa

tient is asked to navigate insid

displayed on a shopping list, appearing on the upper right corner of the screen.

list, s/he is required to locate the cash desk
must select the precise amount needed to pay for the items boug]

ing phase as they can. Recognition:
the target objects among all of the

o perform two shopping tasks in counterbalanced order. In each, they saw a
em was presented for 3.5 s on a computer screen, followed by a black screen
icipants were asked to walk through the supermarket and to collect all
ping basket. They were instructed to pick the products in the order they

e the virtual supermarket and buy the items

Upon purchasing all items of the

and proceed to pay. The payment screen is then displayed. The user
ht, using a selection of Euro bills and coins.

Virtual supermarket (VSM): a shopping list appears in the upper right corner of the screen during the VSM

exercise. The person is expected to locate the items on this list, p

ace them in the shopping cart, take them to the

cashier desk and pay the correct amount for the purchases. The participant is asked to move the shopping cart and

navigate inside the virtual supermarket by
examining multiple cognitive domains suc

They find and purchase
take them home. Across

In the car accident scene, two cars crashed into one another, a horn was honked, and black smoke appeared.

Buildings connected eac]

spatial navigation.

Virtual Reality Functional Capacity Assessment Tool

Quantities,” “Bought Unlisted,” “Correct Money,” and “Duration.”

h specific area to the next. People, garbage containers, barriers, trees, billboards, and

ouching green footprints on the screen. It is an exercise designed for
h as visual and verbal memory, executive functions, attention, and

The virtual supermarket test (VST): the participant is given a shopping list and is expected to place the items on
this list in the shopping cart quickly and accurately and complete the shopping. Then, the user is expected to pay
the correct amount for these products at the cashier desk. VST measures five variables: “Correct Items,” “Correct

(VRECAT): first, participants explore a kitchen to see what
items they have for the recipe. Then, they use a bus schedule to find a bus that will take them to a grocery store.

he necessary items at the store and use the schedule once again to find the bus that will
the 4 scenarios, there is a total of 139 12 different tasks

or “objectives.”

motion- less cars constituted some other elements of the town. Each specific area is composed of certain of these

other elements. For example, in front of the town hall, there is a woman walking, a billboard, barriers, and trees.

Free-recal
for the free recall of verbal components in writing: the what, and where, when and details associated with the
maximum

stopped wi

test. After driving in the town, all participants underwent the same episodic memory tests. We asked

of elements as possible. This test was limited to 5 min but in fact it was enough as no participant was
hile still working. Recognition test: A recognition test was presented after the recall task. Participants

had to choose which item they had seen in the town from among three different images. This test was com- posed

of 1

0 questions concerning the elements and their locations in the town. Five questions were dedicated to the

accident—for example, “Who did you see in front of the accident site?”—and five questions to other elements of

the

town, for example, “What color

were the containers?.”

Oculus Go

Oculus Quest-2

Computer

Tablet

Tablet

Tablet

Tablet

The environment was run on a PC laptop
computer and explored with a virtual car
using a real steering wheel, a gas pedal,
and a brake pedal. It was projected with a
video projector onto a screen 85 cm high
and 110 cm wide. The participants were
seated in a comfortable chair. The VE was

projected 150 c¢m in front of them.

Virtual medical office

Virtual living room

Virtual supermarket

Virtual supermarket

Virtual supermarket (VSM)

The virtual supermarket test
(VST)

Virtual kitchen, bus, grocery

store

An urban environment based

on photos of Paris
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Gottlieb et al., 2022 Verbal memory The VR-RAVLT places the participant in a virtual office with a virtual personal assistant (avatar) seated behind a HTC-Vive Virtual office
desk. The avatar tells the participant a list of 15 places s/he needs to visit on the same day, and that s/he must recall
as many as possible. The avatar informs the participant that as she will be leaving early for the day, she will repeat
the list to ensure the participant remembers all the places (i.e., similar to the procedure employed in the
GS-RAVLT). List B consists of 15 places that the participant would need to visit on the next day. Participan
responses are recorded by a research assistant in a form similar to what is used in the GS-RAVLT.

Hogan et al., 2023 Prospective Virtual Reality Prospective Memory Shopping Task (VRPMST): the ongoing task (12 errands) is completed by Dell M6700 note-book computer Shopping center

memory moving around the virtual shopping center and entering stores in a set order. The tasks are designed to mimic
everyday activities completed at a shopping center. For time-based PM, participants are told that their doctor has
instructed them to keep track of their heart rate; therefore, they need to check their heart rate (press H on the
iPad) every 3 min. Participants can check their virtual watch (elapsed time appears for three seconds) by pressing

he TIME button on the iPad. The VRPMST features two types of event-based PM tasks. Firstly, participants are

old that they are keeping track of food expenditure. Therefore, after purchasing food items (4 items), they are

required to collect a receipt. Secondly, participants are informed that they lost their glasses on their previous

shopping trip. There- fore, they need to ask the center’s security guard every time they see one (4 times) whether
hey have found their glasses.

Lecouvey et al,, 2019 Prospective After a familiarization phase, participants were informed that they would be immersed in this virtual city, this time | The virtual environment was run on a PC Virtual town with various
memory o pick up a friend at the train station (i.e., at the end of this city), and they would have several intentions to fulfill laptop computer and projected onto a buildings, traffic lights, stores,

along the way. Encoding: Participants were shown seven intentions on a laptop computer. For half of them, there 180 cm x 240 cm widescreen. Participants | trees, hoardings, parked cars,
was a strong link between the prospective cue and the retrospective component (Link-EB; e.g., buy a stamp could use two pedals (gas and brake) to pedestrians crossing and
booklet at the post-office), while for the other half, there was a weak link between them (NoLink-EB; e.g., buy a drive the car through the city but they corners
pair of glasses at the fountain). The remaining intention was a TB one repeated over time (i.e., take medication could not control the wheel.
every 2 min). Then, to ensure that they were correctly encoded, a cued recall test was administered after the
intentions had been presented. Storage: There was a 10-min interval between the encoding and retrieval of

intentions, filled by the completion of questionnaires. Retrieval: They were reminded that they would have to pick
up a friend at the train station and fulfill several intentions along the way. To do so, they had to stop the car at the

appropriate time or place (i.e., prospective component) and tell the experimenter which action they had to

perform (i.e., retrospective component).

Tippettetal.,, 2009 Spatial memory Two paths (A and B) were chosen with fixed start and end points. The VE task consisted of a set of three learning The virtual environment was presented to Sunnybrook City
trials for Path A followed by one learning trial for Path B. For each trial, the participant first viewed the pertinent the participant using an LCD projector
path through the city passively. Participants were instructed to pay attention to where various landmarks were (Boxlight Corp). Interaction was achieved
located within the city and with respect to one another. After the path was completely viewed, participants were using a modified eight-way gameport
returned to the start position and were required to replicate the path to the best of their abilities. Path B served as joystick (PC Gamepad, Gravis, Inc.). The
an interference condition and was conducted using a separate path design in the same city environment to device allowed recording of both
counteract perceptual priming effects. Following these trials were short-delay (5 min) and long-delay (20 min) button-press responses as well as

recall trials, during which participants navigated Path A by memory alone, with no passive viewing component. navigational control.
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etal., 2020

Quellet et al., 2018

20 younger participants
(age, M = 21.65, SD = 2.46);
57 older adults (age,
M=8777, 8D = 7.031)

35 older adults with
subjective cognitive decline
(SCD) (age, M = 67.20,

SD =787}

Virtual Shop (La
boutique

virtuelle)

Virtual Shop (La
boutique

virtuelle)

A validated free recall word list
test

Multifactorial Memory
Questionnaire (MMQ); Story
Recall I; Stroop-Victoria test;
MOCA.

Performance on the VR task correlated
with the immediate and delayed free recall
scores of the traditional verbal memory
task in both younger and older adults.

Lower recall in the Virtual Shop task was
associated with reporting more frequent
difficulties related to shopping in daily life;
the initiation time score of the Virtual
Shop was also correlated with the
MMQ-shopping complaint score; There
was no association between time to
complete the VR task and the
MMQ-shopping complaint score.
Importantly, performance on the Virtual
Shop was not correlated with the global
MMQ-ability score or with the
MMQ-ability score that pulled out the 2
shopping items. This indicates that the

relationship between the VR task and
performance in daily life is specific to
activities similar to those tested in the
Vi

in the Virtual Shop task were positively

rtual Shop. The scores for correct recall

correlated with traditional
neuropsychological measure of episodic
memory. Initiation time on the Virtual
Shop was positively correlated with
completion time for the first, second, and
third plate of the Stroop-Victoria. The
MMQ-shopping complaint score was
positively correlated with completion time
on the third plate. The low and high
interference scores were not correlated
with any of the VR scores.
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