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Abstract
Objectives: In the context of rehabilitation, the use of new technology such as Virtual Reality Technology (VRT) offers multiple possibilities to
modulate the functional stimulation of subjects according to needs.
Material and methods: In this study, the validity and reliability of our VRT system were investigated in fifteen healthy aged adults (HAA)
and seven aged subjects with mild cognitive impairment (MCI). One implicit session was designed through two virtual environments (VEs) in
order to induce the adapted activities associated with balance and postural control. In comparison, the same activities were achieved in explicit
sessions with a physiotherapist. This cross-over study made use of a qualitative method to collect participants’ feelings in both implicit and explicit
sessions.
Results: The results allowed us to validate the embedded technologies in our system and also the VE features for MCI subjects and their healthy
counterparts. The analysis of participants’ feelings showed that implicit tasks were preferred to explicit ones.
Conclusion: This study highlighted that the use of VRT generated a competitive spirit in all participants. This point underlines the major role
of reward motivation in motor learning processes in rehabilitation.
© 2016 AGBM. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction
In the context of rehabilitation and a prevention program
linked to cognitive and motor impairment in persons with mild
cognitive impairment (MCI) or in the early stage of Alzheimer’s
disease (AD), the use of new technology, such as Virtual Reality Technology (VRT) offers multiple possibilities to assess and
stimulate functional abilities. The literature shows that this noninvasive and non-pharmacological approach is useful to assist
* Corresponding author at: INSERM U1093, Univ. Bourgogne FrancheComté, BP 27877, 21078 Dijon, France.
E-mail address: julien.bourrelier@u-bourgogne.fr (J. Bourrelier).

AD patients in cognitive activities of daily life [1,2]. Indeed,
cognitive programs involve many types of exercises, which
stimulate and/or assess spatial memory, executive functions and
cognitive flexibility [3]. By contrast, the recent investigations
highlighted the early increase in motor impairment in the course
of the illness [4]. The main impairments reported in the literature concern gait and balance processes through anticipatory
postural adjustment, which is affected in MCI and AD patients
[5,6].
VRT generates virtual environments (VEs) that provide the
sensations associated with cognitive and motor tasks of daily
life through realistic stimuli. Based on the degree of immersion and the level of interaction, these features play a crucial

role in the representation of real-world situations [7,8]. For
instance, fully-immersive VEs, which use 3D stereoscopic vision, provide a better representation of real-world situations and
thus promote usual behavior during an assessment of patients’
abilities [9]. However, this technical feature can induce cybersickness, a visual motion sickness, which can arise during or
after immersion in VEs [10]. As regards the level of interaction, the reliability of VEs using an egocentric point of view (the
player carries out the movement directly and not via an avatar)
was studied in MCI subjects [11]. Finally, we have to determine
the validity and reliability of VEs in aged people with cognitive
impairment.
In rehabilitation or geriatric prevention programs the main
difficulty is to take into account the characteristics and needs of
individual aged people and to succeed in transferring the results
to daily life. To this end, VEs offer various adapted activities in
ecological conditions. Furthermore, the literature reports that
the enrichment of a patient’s environment is associated with the
learning of new skills and an increase in brain reserves [12,13].
We also know that learning processes involve the stimulation of
sensorimotor and cognitive abilities and also the activation of
positive brain plasticity [14].
As regards motor learning, the literature also shows that implicit motor learning is better accepted and more reliable than
explicit motor learning in MCI subjects and AD patients [15,
16]. The implicit learning of motor skills involves processes (a)
which select and identify the environmental goals from sensorimotor interactions, (b) integrate a new relationship between
the stimuli and the motor responses, (c) learn the sequencing
of sub-movements related to the action required, and (d) translate the spatial targets into muscle commands [17]. Indeed, in
implicit conditions, the desired movement emerges only from
environment constraints and in the absence of specific instructions. Accordingly, the use of VEs seems appropriate to induce
implicitly the realization of motor tasks by a subject with cognitive impairment.
In this preliminary study, the validity and reliability of
our VRT system were investigated in MCI subjects and their
healthy counterparts. To this end, two VEs were designed to induce the adapted activities associated with balance and postural
control. This feasibility study made use of a qualitative method
to collect participants’ feelings.
2. Materials and methods

Table 1
Summary of subjects’ demographic information.

Age (years)
Gender Female (Male)
MMSE** Score
TUG (s)**

MCI (n = 7)

HAA (n = 15)

p-value

79.1 ± 4.7
4 (3)
23.2 ± 2.4
13.3 ± 3.6

76.6 ± 5.1
6 (9)
28.5 ± 1.6
9.5 ± 2.1

0.28
<0.001
0.005

** Indicates p < 0.001 difference between groups. Data are presented as mean
± SD. MMSE, Mini Mental State Examination; TUG, Timed Up and Go test.

of diagnosis based on NINCDS-ADRDA criteria, [19] which
was created by a medical team in the Memory Center (Centre Mémoire de Ressources et de Recherche (CMRR) of Dijon
University Hospital, Dijon, France). Participants were selected
on the basis of the neuro-evaluations. In addition, inclusion was
validated after obtaining consent from the participant. For the
MCI group, the inclusion criterion was an MMSE score between 15 and 27. We also collected age and gender for each
participant. Moreover, all subjects carried out the Timed Up and
Go (TUG) test in order to determine their functional level [20]
(see Table 1). All of the participants had normal vision and audition, whether corrected or not.
2.2. Tasks and procedure
2.2.1. Description of VEs
The VEs were designed using a visual immersion system
called CAVE (Cave Automatic Virtual Environment). This environment is made up of two screens (resolution of 1024 by 768
pixels), the first was a front wall measuring 2.70 m high and
3.40 m wide and the second was a floor measuring 3 m depth
and 3.40 m wide (see Fig. 1). First, the interactivity between
the participant and the VE was supported by two complementary technologies. Indeed, this system uses active stereoscopic
vision (NVidia 3D Vision Pro) with special 3D glasses. In addition, the system is designed in accordance with a tracking
system composed of 4 infrared cameras (ART DTrack 2) operating at 60 frames per second with a precision of 1 mm. Two
parts of the participant’s body are tracked, which allows an
egocentric interaction in the VEs. Markers are positioned on
the 3D glasses to capture movements of the participant’s head.
Other markers are placed on a wand, which is gripped by the
participant to capture the movement of the dominant arm. The
interaction between the participant and the VEs is managed using “iiVR” software.

2.1. Participants
Twenty-two subjects aged over 70 years old participated in
this experiment after giving written informed consent in accordance with the requirements of the local ethics committee (Dijon University Hospital, Dijon, France). Fifteen Healthy Aged
Adults (HAA) made up the HAA group and seven participants
with mild cognitive impairment made up the MCI group. The
absence of dementia in the healthy volunteers was confirmed
using standardized dementia tests and the mini mental state
examination (MMSE) [18], which evaluates the cognitive capacities of subjects. The MCI participants followed a process

2.2.2. Implicit session in the VEs
The implicit session included two “harvesting fruit” scenarios. They take place in an orchard atmosphere with a main tree
in the center of the VE. In this VE, several targets are represented by several fruit (pears, apples, oranges). As regards the
postural stimulation, we differentiated between two conditions
for the action space: (1) in the peripersonal space (pps) (action
without displacement of the feet) and (2) in the extrapersonal
space (eps) (displacements are required) [21].
More precisely, in the implicit PPS condition (Ipps), the
player maintains a standing position in front of the virtual wall.

Fig. 1. Explicit therapy and implicit virtual environments.

ber of trials, the number of targets, their positions on the front
wall, the distance between them, their size, or even the fruits,
their colors, and the position of basket... In this experiment, we
adjusted the VE according to the length of the player’s arm.

Fig. 2. Design of this cross-over study. HAA, healthy aged adults; MCI, Mild
Cognitive Impairment; pps, peripersonal space condition and eps extrapersonal
space condition in implicit and explicit session, I/E respectively.

He has to reach out as fast as possible with the dominant arm
to pick a ripe fruit, which is defined before the start of the exercise. The ripeness is indicated by the color of the fruit, which
goes through several stages (for instance, with an apple: from
green to red and then to yellow). After picking the fruit, the
player drops it in a virtual basket. The basket is located on the
virtual floor between the front wall and the player. This spatial
configuration implicitly restricts the displacement of the player.
All of the fruit are displayed at the same location but the speed
of color change varies randomly between 1 and 3 s. The score
is displayed at the end of exercise. The number of appropriate
movements (nAM) corresponds to the number of ripe fruit harvested during the exercise.
The implicit EPS condition (Ieps) consists in harvesting a
maximum of number of fruit and placing them in a virtual basket on the floor in 3 min. The virtual fruit were located on the
side of the player’s dominant arm. Here, there were nine target positions. The nine fruit were displayed at the same time.
Once the nine fruit had been harvested, nine new targets were
displayed and so on. Simply, the score was the number of fruit
harvested during the 3 min. In this way, the VRT allows scenarios to be adapted to the abilities of subjects though the exercise
features. For instance, we can change the time limit, the num-

2.2.3. Explicit session
The explicit session was similar to a conventional physiotherapy session directed and managed by a physiotherapist. The
therapist asked the subjects to perform an arm-pointing movement in two conditions. The same physiotherapist was used for
all participants. The subject had to point explicitly to a target in
the pps or eps spaces. The circular target was held by the physiotherapist. One side was “red” indicating preparation for the
movement and the other side was “green” indicating the start of
the movement. The physiotherapist used these visual stimuli to
initiate movement. Moreover, he gave the instructions explicitly
in order to obtain the desired movement according to both action spaces. The performance in these explicit conditions (Epps
and Eeps) was also measured according to the nAM achieved
by the subject.
2.3. Design of the study
The participants were distributed in the HAA and MCI
groups. Each participant performed two sessions on the same
day. Both the implicit session and explicit session comprised
both types of exercise Ipps and Ieps, and Epps and Eeps, respectively. Here, a cross-over design was used to prevent a session
order effect. Indeed, one half of each group was randomly selected to participate in the implicit session and then the explicit
session, and vice versa for the other half (see Fig. 2). The implicit session included three Ipps exercises with nine targets
to reach and three Ieps exercises with a time limit of 3 min.
There was a break of 1 min between each exercise repetition.
The explicit session has the same features as the implicit con-

ditions. The duration of both implicit and explicit sessions was
approximatively 40 min. In addition, we evaluated (1) the nAM
performance of the subject during the implicit and explicit conditions and (2) the participants’ feeling during and after the
sessions through a qualitative method as described below.
2.3.1. Interview to assess participants’ feelings
A qualitative method was used to collect participants’ feelings about their personal experience during the experiment. All
of the subjects participated in a semi-structured interview of
30 min in a quiet room. It was directed by a sociologist. Each
interview was recorded on a smartphone in order to avoid stress
in the subjects. Before the start of the experiment, the interview
guidelines were validated in healthy subjects to assess their
understanding and the reliability of sentence introduction and
sentence stimulus given during the investigation. This investigation was divided into an observational stage and an interview
stage in order to ensure that the behavior observed during the
sessions was in accordance with the information provided in
the interview. Specifically, this investigation focused on three
main points: (1) the participants’ relationship with new “technologies” including virtual reality, (2) their feelings about the
interactivity, the comfort and the use of accessories in the VEs,
and (3) their understanding of instructions and the game aspect
of the implicit and explicit sessions.
2.4. Data analysis
The interview was conducted according to an interview grid,
which allowed each interview to be analyzed according to the
three main points. This grid provided the potential strengths and
weaknesses of our system but also made it possible to compare
implicit with explicit sessions.
The individual performance was obtained though the variable nAM, Beforehand, the homogeneity and normality of the
variables were checked by the Levene test and the Shapiro–
Wilk test, respectively. Specifically, Session (implicit and explicit) for two groups (HAA and MCI) was analyzed by means
of repeated measures ANOVA. Post hoc analyses were conducted using HSD Tukey test. The alpha-level was set at p =
0.05.

First, the participants had varying degrees of experience with
“new technologies”. Most needed a computer to “conduct or
handle business” but overall said they “did not play computer
games”. Some participants used computer technology “to communicate” with the family. Only a minority of the sample had
not used a computer.
Interestingly, we noted that all participants reported personal
experience with virtual environments in the cinema or in leisure
parks but not in the context of gaming. Nonetheless, the use of
a wand and 3D glasses did not surprise the participants, who
accepted the requirement to use the wand to target the fruit.
By contrast, some participants who needed glasses in everyday
life were disturbed by the 3D glasses because “they slid down
my nose, especially during downward movements”. However,
the participants reported no motion sickness during or after the
implicit session.
For the second point, the participants enjoyed the game
world through the orchard atmosphere and showed good perception of the elements in the set (fruit, tree, the basket, the
score gauge, and the timer). However, several participants reported a lack of contrast between the green and yellow fruit and
the tree in the PPS condition.
On the last point, the participants reported difficulty understanding the instructions in the explicit session. Specially, this
point is confirmed in the stage of behavioral observation. Indeed, the physiotherapist gave a lot of instructions to adjust
the movement parameters such as the foot position. However,
the subjects said the explicit session, in comparison with the
implicit session, was motivating and entertaining thanks to the
presence of the physiotherapist. In addition, some participants
reported a large number of repetitions specifically in the explicit
session but not in the implicit session.
For all of the participants it was the first time they had played
in a VE: “it was amusing, a game, a little tiring, not physically
but in balance control”. The observation stage confirmed that
the participants were in a competitive spirit. Indeed, the majority of the subjects tried to improve their scores in different
games. “I enjoyed it because I gathered 85 fruit in the first trial,
88 in the second and 89 in the third”. This competitive spirit
was slightly lower in MCI subjects.
3.2. Performance in the implicit session

3. Results
The participants in the both HAA and MCI groups did not
differ in terms of age and education. The difference between
the two groups for MMSE scores (p < 0.001) and the TUG test
(p = 0.005) reflected cognitive impairment in MCI subjects,
and an overall deficit in functional abilities compared with their
healthy counterparts (see Table 1).
3.1. Participants’ feelings according to the interviews
This investigation concerned all participants who had given
oral consent for the recording and exploitation of their interviews. Three main points were developed through (1) the relationship with technologies, (2) the VEs and (3) the exercises.

As regards the results in the VE, a 2 × 2 ANOVA was conducted between Group (MCI, HAA) and Session (implicit and
explicit). This analysis revealed a significant main effect for
Session (F (1.20) = 30.70, p < 0.001). The nAM was significantly greater in the implicit session than in the explicit session.
In addition, this ANOVA showed a significant main effect for
Group (F (1.20) = 16.47, p < 0.001), which revealed a greater
number of appropriate movements in healthy subjects than in
MCI participants.
Interestingly, there was an interaction between the Session
and the Group (F (1.20) = 6.67, p = 0.01). The post-hoc analysis showed that MCI subjects carried out significantly fewer
appropriate movements than their healthy counterparts in the
implicit session (p < 0.001). In addition, this analysis revealed

Fig. 3. nAM performance in sessions and groups. * indicates p ≤ 0.001 and n.s,
not significant. nAM, number of appropriate movements.

that in the HAA group but not the MCI group the number of
appropriate movements was significantly greater in the implicit
session than in the explicit session (p = 0.001). Finally, there
was no significant difference between the two groups for nAM
in the explicit sessions (see Fig. 3).
4. Discussion
The aim of this preliminary study was to investigate the validity and reliability of our VRT system in aged subjects with
and without cognitive impairment. In the context of motor training programs in MCI subjects and AD patients in the early stage
of the disease, the literature advises the use of implicit situations in order to engage the motor abilities of users in suitable
conditions [16]. In this way, we think that the use of VE makes
it possible to adapt and enrich the subject’s environment. This
crucial point in rehabilitation promotes sensorimotor learning
and cortical plasticity [22]. However, it seems essential to identify aged people’s attitudes and feelings in order to design a tool
that meets the needs of both the rehabilitation and the patient.
First, the qualitative investigation of participants’ feelings
allowed us to validate both the embedded technologies in our
system and the VE features. The use of high level immersion
with stereoscopic vision did not induce motion sickness during
or after the implicit session in any of the novice participants.
Indeed, the VEs were relatively stable. So, the orientation of
the VE moves according to the movement of participant’s head
while the elements of VE were fixed in 3D space. As regards
the VE features, all of the participants accepted the use of egocentric interactions. In our system, the subjects use the wand to
harvest the fruit. Indeed, the literature suggests that the use of
an egocentric point of view encourages embodiment in cognitive and motor tasks [23–25]. Moreover, the authors showed a
greater deficit of information encoding and storage in memory
tasks from an allocentric point of view (interactions between
player and VEs are driven through an avatar) than from an egocentric point of view for MCI and AD patients especially [26].

In addition, this study compared two specific interventions
with explicit and implicit sessions of motor and postural stimulation. The first aim was to highlight the acceptability and
reliability of an implicit postural task compared with an explicit postural task often used in conventional therapy. Indeed,
the literature shows that implicit methods improve the learning
of motor tasks, especially among aged persons with cognitive
impairment and in AD [27,28]. Here, the analysis of participants’ feelings confirmed the greater approval of implicit tasks
than explicit ones. The participants revealed that the long instructions of the physiotherapist made it more difficult to understand the explicit conditions. Moreover, they also reported
a feeling “of performing a large number of repetitions”, which
perhaps induced weariness during explicit sessions. In contrast,
the implicit session was supported by a game and a new motivating factor for aged participants. Naturally, the use of new
tool implicitly involves greater motivation and triggers curiosity. In these VEs, the performance score appeared as a reward
and feedback. The literature widely highlights the major role
of reward motivation in motor learning processes [29]. In this
study, this involvement in the implicit session was confirmed in
all participants through their desire to know their scores in the
trials and their place in the ranking. In this way, performance
analysis shows a greater number of appropriate movements in
implicit sessions than in explicit sessions for an equal period of
time.
In addition, this analysis of performance highlighted a significant difference between the HAA and MCI groups but only
in the implicit sessions. We can think that the abilities of HAA
subjects were underestimated by the type of assessment used
in this study. Because of this, the physiotherapist may have
imposed slower movements than the healthy participants were
capable of. In contrast, movement frequency in VR was selfpaced by the subject. Moreover our results in MCI patients
showed no significant differences between explicit and implicit
sessions. We can think that our motor stimulation exercises
caused greater difficulties in MCI patients than in healthy counterparts. These difficulties could be induced by the use of technology which may have disturbed the most vulnerable persons.
5. Conclusion
In this preliminary study, we confirmed the validity and reliability of our VRT system in subjects with or without cognitive
impairment. In the next stage, we will try to demonstrate the
validity of VEs in the rehabilitation context. Indeed, our aim is
to use this system to stimulate and improve postural abilities in
rehabilitation programs in patients with motor and/or cognitive
impairments.
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