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ABSTRACT

Background and objective: Virtual Reality (VR) has the capacity to be used in cognitive rehabilitation interventions
for diagnostic and training purposes. This technology allows the development of proposals that traditionally have
been only implemented using physical elements that imply greater resources and a lesser degree of automation.
This work presents an immersive virtual reality (IVR) application (the Cupboard task) for the evaluation of
memory in a more ecological way and based on an activity of daily living (ADL).

Methods: To appraise its construct validity, we have carried out a comparative study with a traditional method of
memory assessment (method of loci). To check for any association between performance and age, performance
with years of education, and reaction time with age, the Pearson’s correlation was used. One-way ANOVA was
used to check for differences in performance by gender. We also performed a reliability analysis with a two way
mixed effects model where people effects are random and measures effects are fixed. Therefore, intra-class
correlation coefficient with absolute agreement was reckoned to assess the consistency or concordance of the
measures made by both the method of loci and the cupboard IVR task.

Results: Both tasks were evaluated on a sample of 22 healthy participants who voluntarily took part in the
experiment. The results obtained showed a high degree of concordance between both memory performance
measures, which assumes good clinical relevance. In addition, other age-related effects were found, common to
memory assessment tasks.

Conclusions: This work showed that it is possible to use an IVR application to successfully assess everyday
memory. We have also demonstrated the potential of IVR to develop valid tests that assess memory functions
reliably and efficiently and within ecologically valid contexts. The results obtained open the door to its use in
clinical settings for cognitive training (and promoting cognitive health) of patients with mild cognitive
impairment (MCI), severe cognitive impairment (SCI) such as Alzheimer or Dementia, etc., with full guarantees
of application, although it must first be validated through a randomized control trial (RCT). The degree of us-
ability of the Cupboard task was very high according to the test carried out by the participants.

1. Introduction

through VR. Some of the positive effects that this technology has
introduced have been shown in (Gamito et al., 2019; Liao et al., 2020).

The use of VR is widely accepted in clinical settings that allow
neuropsychology to treat various cognitive problems (Varela-Aldas
etal., 2021). It can also be used to treat cognitive impairment caused by
Traumatic brain injury (TBI) (Alashram et al., 2019). Likewise, there are
other age-related diseases, such as MCI, which have also been treated
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In the case of major cognitive impairment, like dementia, VR environ-
ments have been also developed (D’Cunha et al., 2019; Thapa et al.,
2020).

Tests, tools and procedures that have been traditionally performed in
a manual way can now be automated with the use of new technologies.
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VR represents an affordable approach to recovering cognitive functions
(Fernandez Montenegro and Argyriou, 2017). There are also other
methods for memory training using VR, such as the method of loci (or
memory palace method). It is a memorization technique whose origin
dates back to classical Greece and Rome and which basically consists of
assigning the different parts of the text that you want to memorize to
different physical places (real or imaginary). Several studies (Peeters
and Segundo-Ortin, 2019; Reggente et al., 2020; Krokos, Plaisant, and
Varshney, 2019) have presented different immersive proposals based on
this technique that seek to give it greater dynamism and therefore better
results.

Another aspect of human cognition that can be affected deals with
the visuospatial functions, which allow the representation, analysis and
manipulation of objects mentally. In particular, although these functions
allow the individual to interact with three-dimensional objects, a great
deal of research has been carried out only in two dimensions (Korecko
et al., 2019). Thus, it is relevant to determine whether the degree of
immersion and the differences between the two and three dimensional
designs have an influence on the rehabilitation processes. Ventura et al.
(2019) evaluated memory performance through two exercises, the first
one within an immersive environment and the second one within a
non-immersive environment. The results showed that the group that
began with the immersive exercise obtained a better performance when
evaluating cognitive function, compared to the other group.

We find different studies in literature that have used ecological EVs
for cognitive training and memory evaluation to detect memory dys-
functions (Ruet and Brochet, 2020). For example, Ouellet et al. (2018)
focused on the evaluation of everyday memory, whereas Pflueger et al.
(2018) and Moffat et al. (2001) evaluated spatial memory. Jebara’s
study did the same with episodic memory (Jebara et al., 2014) and
attention and executive functioning were addressed in the study of
Armstrong et al. (2013). We also found examples that have focused on
patients with multiple sclerosis with cognitive deficiencies (Goverover
et al,, 2010; Lamargue-Hamel et al., 2015) or executive disorders
(Rouaud et al., 2006). Most of the studies have concluded that these
tools are perfectly valid not only for cognitive training in older adults
(Corriveau Lecavalier et al., 2020), but for improving memory functions
in brain-damaged adults (Caglio et al., 2012) or even for the assessment
of episodic memory in Alzheimer’s patients (Lecouvey et al., 2019),
among others. Furthermore, they have the advantages (with respect to
traditional test batteries) of providing an objective measure of individ-
ual memory components in ADL simulations (Parsons and McMahan,
2017). To see the importance of the design of this tools compared to the
classical evaluation through batteries of neuropsychological tests, some
authors have demonstrated their ability to detect executive dysfunctions
in daily live conditions that were underestimated by these classical tests
in a group of patients with multiple sclerosis (Rouaud et al., 2006). This
can be partly understandable since the classic test batteries are per-
formed under very simple and artificial conditions with few or no dis-
tractors (Ruet and Brochet, 2020).

In this context, some of the abovementioned studies have included
tasks that are based on activities that users can perform in their daily
life. The activities of daily living (ADLs) are often called basic ADLs, and
they include the fundamental skills typically needed to manage basic
physical need, belonging to areas such as personal hygiene, dressing,
toileting, ambulating, and eating (Mlinac and Feng, 2016). On the other
hand, we can make the distinction with the instrumental ADLs (IADLs),
which include activities of a higher level and related to independent
living in community. According to Lawton and Brody (1969), these
IADLs include activities such as ability to use the telephone, shopping,
food preparation, housekeeping, laundry, mode of transportation, re-
sponsibility for own medications and the ability to handle finances.
However, the concept of IADL should be extended to social participa-
tion, since it is closely linked to it. In fact, in the study of Tomioka et al.
(2016), a strong association was found between participation in social
groups and performing [ADLs independently among the
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community-dwelling elderly, regardless of gender.

The analysis of the literature has shown us the usefulness of VR
systems in cognitive training and assessment processes. However, the
analyzed works have been more focused on usability and reliability
(Krokos et al., 2019; Ventura et al., 2019,; Jebara et al., 2014; Corriveau
Lecavalier et al., 2020) without validating the performance with tradi-
tional and clinically validated tools. Other works have focused on the
evaluation of the performance of everyday life activities (Goverover
et al., 2010; Lamargue-Hamel et al., 2015) not being memory tasks per
se, for example, purchasing an airline ticket online using the Internet
(Goverover et al., 2010; Lamargue-Hamel et al., 2015), or a driving
simulator task (Goverover et al., 2010; Lamargue-Hamel et al., 2015).
Some works (Ouellet et al., 2018; Moffat et al., 2001; Armstrong et al.,
2013; Rouaud et al., 2006; Parsons and McMahan, 2017) have validated
performance results with paper-and-pencil test measures by means of
correlation coefficient, without using more reliable validation measures
such as the intraclass correlation coefficient. Therefore, we consider that
there is still a gap that we intend to fill with this work: the use of
immersive environments to develop IADL-based memory tasks that can
be validated with reliable clinical instruments.

In this work, a system for everyday memory assessment is proposed,
using an immersive virtual reality (IVR) environment. Thus, the user
exercises sensory-visual memory, working memory, spatial orientation
and executive function at the same time. The work is based on an
experiment carried out by Gonzalez-Landero et al. (2019), who pro-
posed a prototype of an automated three-door cupboard with Internet of
Things (IoT) technology. The system now proposed fully virtualizes this
prototype and increases the cupboard with one more door (4 in total),
making data collection (response times and accuracy response) in a
more automated and simple way. We hypothesized that our IVR appli-
cation is an ecological task that can be effective for the assessment of
everyday memory. Our hypothesis will be validated with a traditional
method such as the method of loci. At the same time, we will check if the
task is sensitive to the typical age-related differences effect observed on
episodic memory tasks.

2. Materials and methods
2.1. Design of the virtual environment

In this work, we intend to bring to VR an instrumental ADL such as
the opening of a series of cupboards to take different objects that can be
found in them so that it constitutes a memory assessment tool. We have
chosen an IADL task because the associated functions are normally lost
before basic ADLs, and therefore the assessment of IADLs may identify
early decline (Ward et al., 1998). Fig. 1 shows the general scheme of the
IVR-based system. Immersion is achieved using a Head-mounted display
(HMD) device (Oculus Go) and a handheld controller that allows
interaction with the system. The results generated are stored in the local
database and sent to a remote server on the network, for a subsequent
analysis. Unity has been used as a game engine.

The virtual environment consists of a task (cupboard task) that is
based on an activity of daily life (ADL) for the assessment of everyday
memory. Fig. 2 illustrates the two stages of the game. In the training
stage (study phase) the user visualizes the elements inside the cup-
boards. The elements are placed automatically and randomly within the
shelves and the doors can be opened individually, with a waiting time
for learning that has been set at 10 s (Gonzalez-Landero et al., 2019). In
the evaluation stage (recall phase), the user must locate the elements
requested by the application, by selecting both the door and the desired
element. The user has a time limit to choose a door and an element (10
s), otherwise an error is recorded and the evaluation continues. Accu-
racy responses and response times were recorded in plain text files to be
saved in the local database and sent to the remote server (SFTP). The
data is first stored in a local database to protect us against eventual drops
in the WIFI signal in the place where the experiment is carried out. In the
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Fig. 2. Activities to be implemented in the VR application.

event of such drops or a poor signal, the data will be stored first in the
local database and the next time a proper connection is provided, the
data will immediately be sent to the remote server.

2.2. Tasks

To evaluate our IVR-based proposal, we implemented a task based on
the method of loci. To apply the technique, each participant had to
imagine a house with four rooms to act as the Memory Palace, where
different objects were placed in each room. The participant was asked
for the places where the elements were placed. The Memory Palace task
was implemented through a non-immersive approach (by means of a
desktop computer application and a mouse-based interaction). On the
other hand, the Cupboard task was implemented via an immersive
approach through HMD.

The participants were asked to answer the questions in the shortest
time possible. Both tasks were designed according to two levels of dif-
ficulty, by configuring 7 elements for the first level and 9 elements for
the second level. This means that tthe number of elements to memorize

was doubled (14 and 18, respectively). The main reason for selecting
such number of objects is twofold. On one hand, it has to do with the
experience of other studies dealing with memory tasks. Similar studies
such as the one conducted by Plechata et al., 2021 used four different
levels of difficulty with 3, 5, 7 and 9 items to memorize, respectively.
Other authors decided to work with a set of 21 faces to remember
(Krokos et al., 2019). Reggente et al. (2020) used a sequence of 15 3D
objects whereas Corriveau Lecavalier et al. (2020) used 12 articles in his
virtual store task and later recovered them in the recall phase from
among 24 objects. Although it was not a virtual task, Gonzalez-Landero
et al. (2019) used 15 objects to memorize in a 3-compartment physical
cupboard. On the other hand, since we worked in a virtual environment
the objects had to be placed in the different compartments with a
reasonable level of resolution according to the cupboard dimensions.
Finally, the design of interventions with different levels of difficulty has
previously been used in numerous cognitive training studies (Gamito
et al., 2019; Aarnoudse-Moens et al., 2018; Gamito et al., 2020).

2.3. Intervention

The experiment took place during the covid-19 pandemic, where the
mobility conditions for the dates of the experiments were severely
restricted. This resulted in a very hard recruiting process. Although an
RCT may provide more evidence, we opted for a quasi-experimental
one-group design, in order to seek greater efficiency of the statistical
contrast by reducing variability and so increasing statistical power.

The experiment was performed in two different days. The first day
was devoted to the Loci task, whereas the second day the cupboard task
was performed. Before carrying out the Loci task, each participant
worked on concentration exercises for 15 min to prepare them for the
task. In the VR task, users were familiarized with the virtual environ-
ment prior to the start of the tests for 15 min approximately (handling of
the laser pointer to open doors, selection of objects, etc.). Therefore, the
intervention time for every participant was about 30 min each day (60
min for the whole experiment). Fig. 3 shows a participant performing
the Cupboard task with the Oculus Go.

2.4. Statistical analysis
Statistical analysis was carried out using SPSS 16. Shapiro-Wilk test

was performed to check for data normality (the sample is less than 30
participants). Pearson’s Chi-squared test was used to verify the
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Fig. 3. Participant performing the Cupboard task with the Oculus Go.

homogeneity regarding to gender. To check for any association between
performance and age, performance with years of education, and reaction
time with age, the Pearson’s correlation was used. One-way ANOVA was
used to check for differences in performance by gender. We also per-
formed a reliability analysis with a two way mixed effects model where
people effects are random and measures effects are fixed. Therefore,
intra-class correlation coefficient with absolute agreement was reckoned
to assess the consistency or concordance of the measures made by both
the Memory Palace method and the cupboard IVR task. Finally, a us-
ability test was completed by the sample to measure feasibility of the
developed IVR task. The statistical significance level was set to 0.05.

2.5. Participants

Initially we wanted to detect a large correlation according to Cohen
(1988) (> 0.5), between both methods. Therefore, for a significance
level equal to 0.05 and a power of 80% (the usual value in research),
GPower software (G Power, 2020) gave us a sample of 21 subjects. A
total of 22 healthy subjects were recruited. The Mini Mental State Ex-
amination (MMSE) test was used as a screening measure in the enroll-
ment phase. The inclusion criteria were: (a) ages between 18 and 65
years old; (b) MMSE score greater or equal to 26 as suggested by Kukull
et al. (1994); and (c) no physical limitations, especially in the hand they
use most frequently. Initial training was given to the participants prior to
the experiment to give them the opportunity to get familiar with the VR
setup (understanding of controls and basic actions). The study was
carried out according to the Declaration of Helsinki and was approved
by the Institutional Review Board of Universidad Tecnoldgica Indoa-
merica (protocol code UTI-IIDI-054-2021, approval date 18 March
2021). All the participants were volunteers and signed an informed
consent previous to their participation in the research. The de-
mographics of the participants is depicted in Table 1. No significant
differences were found in the sample with respect to gender (p = .394).

3. Results

We present the results obtained after the experiments for both tasks,
as well as a comparison in terms of accuracy response. Table 2 shows the
accuracy response results as a percentage for both tasks (memory palace
and VR Cupboard).
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Table 1

Participant demographics.
Demographics Value % Demographics Value
Gender: Age
Male 9 40.91 Mean 36.64
Female 13 59.09 SD 12.91
Experience VR Education years
Yes 7 31.82 Mean 13.59
No 15 68.18 SD 4.24
Cognitive exercise
Yes 17 77.27
No 5 22.73

3.1. Memory palace

The results obtained after applying the memory palace method
collected the precision and reaction times of the 22 participants in 2
levels of difficulty (with 2 rounds per level). Although a positive and
high significant association (r = 0.477) was observed in the accuracy
response in the two levels, the paired-samples t test did not reveal sig-
nificant differences between levels (t (21), p = 0.219). No association
was found between performance and age (Pearson’s correlation not
statistically significant) either. Regarding reaction times, we only found
a significant positive correlation with age only in the case of 9 elements
(r = 0.551, p = 0.008).

3.2. Cupboard task

The procedure to be carried out in the Cupboard task was similar to
the previous one. With regard to the relationship between performance
and age, a very high and negative Pearson correlation (- 0.751) signif-
icant at the 0.01 level was found. On the contrary, we did not find any
association between performance and years of formal education (p >
0.05). There were no differences by sex in terms of performance at this
level either (F (1.20) = 0.379, p = 0.545)). Regarding reaction times,
three were recorded: the cupboard time (CT) or time to select the
cupboard, the object time (OT) or time it takes to select the object, and
the total time (TT), or sum of the previous times.

On the other hand, and for level 1, we found a high and positive
association (Pearson’s coefficient = 0.814) significant at the 0.01 level
between the cupboard reaction time and the age of the participants. We
repeated the calculation for the total reaction time of the task, and we
find a very similar situation (Pearson’s coefficient high (0.831) and
significant at the 0.01 level). We also had a negative and high associa-
tion between total reaction time and performance (Pearson’s coefficient
=-0.928, p < 0.001), which indicates that the longer the reaction time,
the worse the results. Regarding the relationship between performance
and age, no significant Pearson correlation was found. Similarly, no
association was found between performance and years of formal edu-
cation (p > 0.05). Therefore, the performance in the execution of the
task (in the two levels of difficulty) does not depend on the educational
level of the participants. We did not find differences by sex in terms of
performance at this level (F (1,20) = 2.413, p = 0.136)) either. The
paired-samples t test did not reveal significant differences between the
accuracy response at the two levels (t (21), p = 0.795).

In relation to reaction times (cupboard time) and age, we found a
moderate and positive association (Pearson’s coefficient = 0.457) sig-
nificant. Although in the case of 9 objects the correlation is lower than in
the case of 7, in both cases it is observed that the older the subject, the
longer the response time is. We found a very similar situation (Pearson’s
coefficient =0.504 and significant p = 0.017) after repeating the
calculation for the total time. We also had a negative and high associ-
ation between total reaction time and performance (Pearson’s coeffi-
cient = -0.690, p < 0.001), which indicated that the longer the reaction
time, the worse the results.
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Table 2
Accuracy response results (%) for both tasks (Memory Palace and VR Cupboard).

International Journal of Human - Computer Studies 167 (2022) 102885

Memory Palace [%]

VR Cupboard task [%]

Measure Round 1 Round 2 All Round 1 Round 2 All
Level 1 Mean 62.5 71.99 67.24 71.38 70.86 71.12
SD 25.61 27.81 26.85 20.91 17.47 19.04
Level 2 Mean 69.7 76.26 72.98 70.48 70.66 70.57
SD 24.77 20.94 22.91 16.32 14.99 15.49
3.3. Accuracy response. Comparisons between methods
Bland-Altman Plot (Level 2)
In this section we compare the two methods for memory assessment. 50
To assess the consistency of the measures made by both the Memory 40
Palace method and the cupboard task and thereby validate the latter, we 20 e =
have reckoned the intra-class correlation coefficient with absolute 0
agreement. This measure is much more robust than Pearson’s correla- P LA™
tion coefficient, since the latter does not assess agreement since it is not § 10 L ) ® ®
sensitive to differences of constant type or proportional type, £ 0 et e
respectively. ® 00 10 20 30 40 50 % ) 80 9 100
° <
For the first level (7 objects) an intra-class correlation coefficient of 20
.614 was obtained, while for the second level (9 objects) an intra-class 30 e -
correlation coefficient of, 0.662 was obtained, which according to Cic- 20

chetti (1994), correspond to a good level of clinical significance (reli-
ability coefficient between .60 and .74). In addition, in both cases the
result of the ANOVA analysis reflects the absence of bias because the
means obtained with these two tools do not present significant differ-
ences (F = 0.507; p = 0.484) for the case of 7 items and (F = 0.917;p =
0.349) for the case of 9 items, respectively.

To complement the validity analysis of our method, and since the
differences in measurements between the two methods followed a
normal distribution (Shapiro-Wilk test non-significant), we were able to
apply the Bland-Atman graphical test (Bland-Atman plot), whose result
is depicted in Figs. 4 and 5, respectively. We see that the mean difference
is close to zero, -3.32 at the first level (see Fig. 4) and 3.2 at the second
level (see Fig. 5), respectively, which indicates that both methods obtain
similar means. For the first level (7 objects), the VR Cupboard method
overestimates the results with respect to the Loci method (negative
mean), since it measures 3.32 more units on average. On the other hand,
in the second level (9 objects), the VR Cupboard method underestimates
the results (positive mean), since it measures 3.2 units less (on average).
Anyway, such value (systematic bias) is limited to +3%, approximately,
with respect to the maximum of the scale, which implies a good
approximation of the methods. It is observed that 95% of the differences
between both methods are located between the limits of agreement.

Bland-Altman Plot (Level 1)
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Fig. 4. Bland-Altman plot for both Memory Palace and VR Cupboard task in the
first level of difficulty (7 objects). Horizontal axis: mean of both methods.
Vertical axis: differences between methods (paired values). Lower and upper
limits of agreement mean 95% CI for differences between methods.

means

® diff mean lower upper

Fig. 5. Bland-Altman plot for both Memory Palace and VR Cupboard task in the
second level of difficulty (9 objects). Horizontal axis: mean of both methods.
Vertical axis: differences between methods (paired values). Lower and upper
limits of agreement mean 95% CI for differences between methods.

Only a couple of outliers appear at level 2 (9 items), which may be due to
the increased difficulty. These limits establish the range in which the
differences will be found in the data of both methods (approximately
95% of the time). Finally, it is important to mention that the variability
is consistent throughout the range of values and around the bias line
(mean difference line).

3.4. Usability analysis

To assess the feasibility of the application from the participants’
point of view, the USEQ (User Satisfaction Evaluation Questionnaire)
(Gil-Gomez et al., 2017) satisfaction test was applied. The results
showed us a high degree of participant satisfaction (see Table 3). In
general, the participants approved the characteristics of the system and
considered that the proposal may be helpful in cognitive rehabilitation.
An additional question about their task preference (Memory Palace vs
Cupboard Task) was asked to the participants, and 86.36% of them
showed preference for the Cupboard Task.

Table 3
USEQ test results for the VR Cupboard task.
Question Mean SD
Q1. Did you enjoy your experience with the system? 4.82 0.49
Q2. Were you successful using the system? 4.43 0.53
Q3. Were you able to control the system? 4.91 0.29
Q4. Is the information provided by the system clear? 4.95 0.21
Q5. Did you feel discomfort during your experience with the 4.82 0.49
system?
Q6. Do you think that this system will be helpful for 4.95 0.21
rehabilitation?
Total: 28.89/ 0.37
30
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4. Discussion
4.1. Construct validity

Our hypothesis regarding the construct validity of the VR-based
designed task was that the memory performance in the Cupboard task
would have a great deal of concordance to that obtained via a traditional
assessment method, such as the method of loci. The results obtained
(accuracy response) after comparison of the developed system with a
conventional memory measurement system (method of memory palace
or loci), attest to this. The measure of consistency or concordance (with
absolute agreement) of both methods, performed through the intra-class
correlation coefficient, has revealed a good level of clinical significance,
according to Cicchetti (1994). This was true for the two levels of diffi-
culty implemented in the task. Moreover, no bias was observed between
the means obtained by both methods and both levels of difficulty. The
choice of this measure of concordance, through ICC (instead of Pearson’s
correlation), together with the verification through the Bland-Atman
diagram, provide us with a high degree of validity in the confirmation
of our hypothesis. Although our results align with previous studies
pointing out that VR can measure similar constructs as those measured
by clinical or experimental measures, we find some differences with
them.

Taking into account similar studies identified in the literature, some
of them do not make any comparison between the performance of both
methods (VR task versus traditional cognitive tests) to validate the
experimental method (Goverover et al., 2010; Lamargue-Hamel et al.,
2015; Plechata et al., 2021). Other studies use the Pearson’s correlation
to see the degree of association between the cognitive performance
achieved with the virtual tool and some traditional cognitive tests
(Ouellet et al., 2018; Moffat et al., 2001; Parsons and McMahan, 2017).
For example, Moffat et al. (2001) found moderate to low correlations
between navigation performance in the virtual task and traditional
psychometric measures of cognitive aging. Parsons and McMahan
(2017) only found moderate correlations with the traditional neuro-
psychological memory scores in her Virtual Environment Grocery Store
task for both conditions imposed in their study (low distraction and high
distraction on the virtual task). Ouellet et al. (2018) only found mod-
erate correlations in the scores for correct recall in the Virtual Shop task
compared to traditional neuropsychological measure of episodic mem-
ory (r=0.35). However, they found no association between performance
on the measure of episodic memory and the Multifactorial Memory
Questionnaire (Troyer et al., 2006). Therefore, the degrees of associa-
tion found by the aforementioned studies were moderate to low,
whereas our study found a good clinical validity in our comparison
through an ICC greater than 0.6.

We also think that the good results obtained by our task could have
come from the fact that the task, as occurs with the loci method, re-
inforces an object-location binding behavior during encoding (Reggente
et al., 2020). This is one of the strengths that we have tried to exploit in
the VR Cupboard task, which reinforces theoretical memory models that
emphasize spatial context in encoding as the core of mnemonic function
(Reggente et al., 2020) and adds evidence to the fact that spatial context
has influence on event memory (Robin et al., 2018). Some authors such
as Wallet et al. (2011) have suggested that spatial knowledge from
virtual environments could be transferable to the real world.

Another aspect that has been widely discussed in the literature and
that has been able to contribute to obtaining good results in our study
lies in the fact that the assessment task is based on an instrumental ac-
tivity of daily living (IADL). Our results may have been influenced
(positively) by the inclusion of a more meaningful environment as evi-
dence suggests that memory for real-life objects is more efficient when
the objects are in a context (Pflueger et al., 2018). This makes this type
of memory assessment tasks closer to the functioning of everyday
memory and therefore can better predict problems related to memory
than clinical tests, as pointed out by Pflueger et al. (2018). Also the
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elicitation of a strong sense of “being physically present”, as well as the
induction in the observer of virtual embodiment that these immersive
systems provide, has also been able to contribute to the good results of
our task.

4.2. Age-related differences

In addition to the above, we wanted to demonstrate that the task
would be sensitive to typical age-related differences effect observed on
episodic memory tasks. In fact, our task was sensitive to age, as younger
adults performed better than older adults as far as the accuracy response
was concerned. This means that the VR task thus designed is sensitive to
typical memory impairment (Craik, 1986). These results align with
other recent and related studies on VR tasks for memory assessment
(Corriveau Lecavalier et al., 2020; Pflueger et al., 2018). The study of
Plechata et al. (2021) implemented the same task (shopping task) in two
systems (immersive and non-immersive) and found age-related differ-
ences in terms of both assessed performance and user experience,
respectively, when dealing with episodic memory. Other studies have
corroborated this same age-related decrease in performance when
dealing with spatial memory (Moffat, Zonderman, and Resnick, 2001;
Maidenbaum et al., 2019; Coutrot et al., 2018). Regarding reaction
times, the observed correlation between age and reaction times on our
task aligns with other visual working memory tasks (Garcia-Magarino
et al., 2020). In the work of Armstrong et al. (2013) there was also a
positive correlation of age with the average response times for the two
VR conditions in their experiment. Ouellet et al. (2018) also found
longer completion times in older adults compared to younger ones.

4.3. Influence of the type of virtual environment

Another noteworthy issue that we have not addressed because it was
not the subject of study, deals with the influence of the type of virtual
environment used (immersive vs. non-immersive) on performance in
memory tasks. Krokos et al. (2019) found that the participants in the
immersive condition performed 8.8% higher compared to the
non-immersive condition as far as the overall average recall perfor-
mance was concerned. Similarly, Huttner et al. (2019) concluded that all
the average scores in the immersive condition were approximately 5 to
7% higher than those in the non-immersive condition. However, Maid-
enbaum et al. (2019) found that humans display similar spatial memory
performance in a spatial memory task both when performing it via a
standard computer screen and via an HMD. In our case, we have not
found significant differences in performance between the two methods
(loci vs. VR Cupboard task) and conditions (immersive vs.
non-immersive). We realize that the studies carried out to date are not
conclusive in this matter and therefore the debate is still open and de-
serves due attention.

4.4. Usability

Finally, the usability analysis of the proposal yields satisfactory re-
sults meeting the expectations of the researchers (USEQ = 96.3%),
because the application was designed with practical and easy-to-use
features, including clear and reduced information, and limiting move-
ments within the virtual environment to avoid discomfort in the user.
These results are consistent with other proposals for immersive VR via
HMD, such as that of Hassandra et al. (2021) focused on older people
with MCI symptoms. Plechata et al. (2021) also reported a very good
user experience with the immersive tool, although they used an ad hoc
developed usability questionnaire.

4.5. Limitations

The study carried out has numerous limitations that should be taken
into account when interpreting the results. First, the experiment took
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place during the covid-19 pandemic, which resulted in a very hard
recruiting process and it took a lot to get the final number of partici-
pants. Since all the participants were volunteers, this detail could
introduce some selection bias. On the other hand, the dose used in each
task might have not been sufficient to achieve a greater improvement in
performance of participants. In addition, each task was performed only
once by each participant. Participants could have repeated the task after
an interval of 3 weeks, thereby making some assessment of reliability
through test-retest analysis. Another limitation that could be addressed
in further studies is that the recall process was tested immediately after
the encoding period, so we do not have a measure of long-term memory
durability. As far as technical aspects of the system are concerned, some
of the participants experienced some difficulties in handling the small
joystick that comes with the VR googles. Hence, the reaction times have
been longer. To overcome this limitation, we are working in a new
version of the system by using the Oculus Quest 2, a new generation of
HMDs. that allow the user interact with the VR environment with his/
her hands, yet they provide full hand tracking. On one hand, the par-
ticipants would not be worried and focused on pressing the right button
anymore, and at the same time kinematics parameters such us reaction
times will improve as they would be lower.

4.6. Applications and future work

The low cost and simplicity of our solution, together with the auto-
mation of data collection immediately, open the doors to its use as a
routine memory task for the early detection of cognitive decline, not
only in home-based environments, but in clinical settings. In a very
simple way, and with the designed task included in a rehabilitation
program, a routine that sends data to the occupational therapist to know
the cognitive status of each patient can be easily programmed. By
contrast, we have found in literature virtual tasks that are not easy to
perform in clinical practice, since they require specific facilities such as
sleep laboratories facilities. We found an example of such tasks in the
one designed by Lamargue-Hamel et al. (2015) (Driving Simulator Dual
Task), in which, in addition, some participants experienced motion
sickness and were not able to complete the task.

Future work deals with the design of proposals for both cognitive
assessment and training using immersive VR systems, to elucidate the
ability of these systems to improve the cognitive performance of popu-
lation. We also want to investigate of the effects of active navigation in
virtual environments on memory performance. The term active navi-
gation (mainly in virtual environments) refers to the idea of navigating
through an environment in an active, self-directed way, or by per-
forming a free exploration. Research in this area suggests that VE
exploration by means of an active navigation enables superior spatial
learning compared with a more passive, or observational encounter of
the same environment (von Stiilpnagel and Steffens, 2012). According to
Wilson et al. (1997), active navigation in VE can be divided into physical
activity (motor control) and psychological activity (decision-making).
The processes involved in active navigation constitutes a type of
enactment that can lead to memory performance enhances both in
spatial (Brooks, 1999) and episodic memory (Jebara et al., 2014).
Finally, we plan to carry on a randomized control trial (RCT) including
participants with some cognitive impairments such as people suffering
from Alzheimer’s disease. Such study could show us more evidence
about the discriminant ability of our task in the cognitive aspect.

5. Conclusions

This work showed that it is possible to use an IVR application to
successfully assess everyday memory. The results of our study have
demonstrated a good level of clinical significance, in addition to the fact
that the task maintains the characteristics of traditional memory tasks
(e.g. age-related differences). We have also demonstrated the potential
of IVR to establish a new methodology to develop valid tests that assess
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memory functions reliably and efficiently and within ecologically valid
contexts. The results obtained open the door to its use in clinical settings
for cognitive training (and promoting cognitive health) of patients with
MDI, DCI, Alzheimer, etc. with full guarantees of application, although it
must first be validated through a randomized control trial (RCT).
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