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Abstract: There has been increasing interest in the application of virtual reality (VR) to occupational
therapy and rehabilitation fields. This work presents a VR-based city adventure framework designed
for occupational therapy. Its concept is based on taking the user to travel around a virtual city,
where the motion is powered by the execution of some type of physical exercise, namely cycling
in the current example. This framework is extensible and may integrate different goals focused on
improving/maintaining motor and cognitive skills necessary for daily activities, mainly through
upper and lower limb exercises and mental challenges. This led to the development of an immersive
system, which was tested with an elderly sample (15 participants) in a day center and at a retirement
home. Usability, satisfaction, performance and side effects were evaluated to understand future
applicability and work directions.

Keywords: virtual reality; serious games; user experience; active ageing; occupational therapy

1. Introduction

The topic of physical activity promotion and cognitive stimulation has been widely recognized as
being of central relevance for an active and healthy ageing process. It has been demonstrated that
continuous physical and mental stimulation in older adults can postpone the musculoskeletal problems
and cognitive decline related to ageing and therefore contribute to better quality of life. Health
professionals frequently advise elderly people to perform simple daily tasks such as walking, as they
contribute to preventing losses both in muscular tissue and, through the piezoelectric effect, in bone
density, while the vision, hearing and olfactory systems stimulate the cognitive process [1,2]. In fact,
remembering a path and/or finding a way, reading signs or names and relating them to some subjects
or memories, or simply triggering long-term memories from images, sounds or smells, contributes to
the maintenance of the cognitive functions.

Unfortunately, at an advanced age, people can stay inactive or even immobilized for a long
period. Consequently, features such as muscle mass and function decay rapidly, and mobility and
independence are severely impaired or lost. The result is a drastic reduction in activity, leading
frequently to long periods of sitting in front of a TV screen or sleeping. To explore any possibility
of recovering an adequate functionality level, it is very important to perform physical and cognitive
activities to regain fundamental skills, and this typically requires the services of health professionals
such as occupational therapists. These activities can be executed with an occupational therapist’s direct
supervision but also independently at home if there is no significant risk.
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The current work addresses home-based occupational therapy (OT) challenges through a virtual
reality (VR)-based cycling ride around a virtual city, with frequent stops to perform some physical and
cognitive stimulation tasks [3,4]. The main goal of this work is to integrate different types of activities
that can be used to train or exercise different aspects of the human body in one single application.
In this application, the user is able to switch from one task to another, while the environment,
the interface logic and interaction remain mostly unchanged, maintaining therefore the necessary
consistency among the interaction elements and therefore improving the user experience. Additionally,
specific parameters from the application tasks can be stored in a cloud database for later performance
evaluation [5].

The system is a tool that occupational therapists can use in their intervention with elderly people in
order to improve, regain or maintain motor and cognitive skills necessary for daily activities. It intends
to offer a serious gaming experience including different objectives: physical exercise (head/neck, upper
and lower limbs); cognitive tasks involving orientation and memory, such as following a path and
signs, or calculations; performing tasks of fine motor control, like shopping pre-defined quantities and,
finally, the possibility of choosing between movies in a cinema, where it is possible to select between
old movies from his/her youth or recent ones.

The purpose of this pilot study was to evaluate the usability, satisfaction, overall performance
and adverse side effects of the application for a better understanding of its applicability and for
future work directions of the current project. The work discusses a framework to be used in the
rehabilitation field, particularly in OT, since these professionals focus on using meaningful activities to
improve functionality, but the authors first need to understand the basic application requirements and
implications before further developing the framework.

Section 2 discusses the fundamental ideas and concepts of the project. Section 3 describes the
developed immersive environment. Section 4 presents the case study, the methodology and the sample
characterization and, finally, the results. This section embodies the focus of the present work, centered
on the concept validation, and, simultaneously, provides the authors with content for future work.
Section 5 synthesizes the conclusions.

State of the Art

In recent years, there has been an increasing number of studies regarding the benefits of using VR
in therapy, namely the features that enable the creation of an environment that motivates the patients
to engage in therapy at home. Lin et al. [6] describe the benefits of using VR to improve the motivation
of patients recovering from a stroke while engaging in home-based therapy. Given the fact that daily
usage and high number of repetitions are key aspects for a better outcome of the therapy, this VR
application was identified as potentially increasing the effectiveness of therapy service when conducted
at home. Additionally, Levin, 2011 [7] identifies the need to create some intense repetition-based
activities for motor recovery and VR is identified as an effective tool to design these environments.

Kober et al. [8] refers to the use of VR in the neurologic rehabilitation of spatial disorientation.
The results of this work show that VR can help in increasing the performance of spatial abilities in
neurological patients with spatial disorientation and, as well, in healthy users. Results show that,
over the five training lessons, participants learned and recalled different routes.

Garcia-Betances et al.’s [9] work discusses the usage of VR in cognitive training of the elderly and
improving the quality of daily life activities of people with mild cognitive impairment and Alzheimer’s
disease. Cognitive rehabilitation can be attempted by two main schemes, known as restorative and
functional approaches. Both schemes can be applied to patients during the first stages of Alzheimer’s
disease and mild cognitive impairment. Results of this study suggest that VR can increase the therapy
availability, access to real-time data and feedback from the patient’s usage of the application and create
an environment specific to each patient’s needs.

A systematic review of VR in rehabilitation and therapy [10] creates a discussion around the usage
of VR in rehabilitation and therapy by covering a list of potential benefits and challenges to current
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and future use of this technology. Some of the benefits [10] identified are as follows: gaming factors
enhance motivation; self-guided exploration and independent practice are enabled, and VR helps to
create hierarchical delivery of stimulus challenges across a range of difficulty levels. On the other
hand, the perception that VR will eliminate the need for the clinician and how to minimize side effects
(such as cyber sickness) [11] and interface methods that fail to foster lifelike interactions are some of
the challenges that the authors identify.

Like all the VR applications described above, most of those currently available and used in therapy
have the purpose of treating only one single problem relating to either the physical, cognitive or mental
state of the patient.

2. Work Concept

2.1. Principles Supporting the Work Idea

As a consequence of the present pandemic situation, people have been forced into daily stress and
physical activity limitations that contribute to neglecting the relevance of exercise and stimulation,
which can later in life have a negative impact on cognitive, emotional, physiological and physical
states [12,13], increasing the probability of frailty and disability at an elderly age. Additionally,
other negative associations with physical health and motor skills may appear. Moreover, different
studies show that preserving a better cognitive state is related to regular exercise [14,15]. Furthermore,
participating in intellectually challenging activities during the course of life is also important in order
to improve cognitive reserve and to maintain cognitive health in elderly age.

As stated in [16], old age is not too late to participate in challenging activities and improve our
health and functionality so as to prevent several age-related problems. OT can be important in defining
the correct activities and exercises that individuals can perform safely to improve their overall quality
of life.

OT can be conducted either at health/social institutions or, in some cases, simple exercises
can be recommended by the occupational therapists to be carried out at home [17,18]. However,
home-based therapy sometimes does not have the expected outcome, mainly due to insufficient
commitment, which can be due to multiple factors including lack of motivation, either because there is
no sense of progress in a small timeframe or because the exercises can be monotonous and repetitive.
At home, people might prefer to watch television, for example. Additionally, some OT services can
be overcrowded, making the immediate necessary therapy postponed, compromising a possible full
recovery [19,20].

VR can help in some of the problems described above by increasing motivation for performing the
exercises or increasing patients” autonomy in their therapy, with the additional benefit that dedicated
VR applications can either be available in institutions or at home. Another strong feature of VR
applications is that it can include patient activity tracking, making it possible to gather quantitative
evidence to evaluate the patient’s performance, helping the therapist to perceive their progress and
change the therapy plan accordingly. VR can be used as a single method or in a blended approach
towards rehabilitation.

Increasing patient autonomy in rehabilitation can be also significant in pandemic situations, e.g.,
COVID-19, where social distance is recommended and people are compelled to stay at home rather
than going to rehabilitation centers. In this context, VR applications or tele-rehabilitation can be of
great value, making it possible for the patients to continue their exercises and keep track of their
performance and evaluation without being dependent on the therapist. The 24/7 availability of therapy
is also one of the benefits of engaging in these activities, overcoming some of the OT shortfalls.

2.2. Proposed Concept

The current work aims to contribute to OT resources by proposing the use of a VR framework,
consisting of a virtual city that supports the integration of different activities by means of additional
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modules. Each of these modules/tasks may be placed at selected locations within the city to create
an additional playful space or activity that will provide specific classes of physical or cognitive
stimuli. This is in line with one of the commonly used retention strategies frequently explored in
video games. In the current VR framework, besides supporting therapeutic specificity, it also enlarges
activity diversity, therefore reducing the monotony and increasing the motivation for the proposed OT.
Additionally, it enables an open and target-based approach by challenging the patients to progressively
adjust the performance to their needs, which, in turn, are consistently and gradually overcome.
As aresult, VR supports a training program aligned to the patient’s needs in one moment but then
adjusting to the next step of the therapy. While aiming for daily usage, or as otherwise recommended
by the occupational therapist, the patient will follow a game-based approach where leveling up is both
motivating and a tactic to assess the effectiveness of the proposed therapy plan. Data from the users
performance can also be stored to be analyzed by therapists or by machine learning-based algorithms
that will leverage the difficulty on the tasks, taking into account his/her performance recordings.
The potential to encourage competition between groups of OT patients is also one of the benefits of
this approach, serving to motivate the patient and helping the therapist to create a group dynamic.
In the proposed concept, the work aims to help in different types of rehabilitation, which can

7

include physical activity or cognitive stimulation to help maintain or improve the patient’s situation.
All different tasks available via some different spots spread around inspire the user to navigate from
one to the other, throughout the virtual environment and at his/her own pace.

Each of the tasks will be designed according to its specific therapeutic purpose, which can be the
stimulation of cognitive functions like perception, spatial orientation, executive processes or others.
These can be achieved in several ways, such as creating environments to offer the user references to
music and movies; creating landmarks and asking the user to identify a specific mark or color in the
area; creating road signs or road marks to ask the user to follow a specific path or presenting a map of
the virtual environment and telling the user to go from point A to point B. Alternatively, tasks may be
used to encourage the user to perform some type of physical activity. In this case, the activity must be
tracked and represented in the virtual world. These tasks should consist of simple movements that can
be quickly interpreted, with simple to no explanation to the user. We suggest tasks like walking, riding
a bicycle or raising and lowering the arms, with a quick real-time simulation in the virtual world and a
possible avatar.

3. Materials and Methods

3.1. Software Tools and Development

Based on a generic 3D city model, work was developed in order to optimize its complexity using
Blender (https://www.blender.org). This program was also used to create the collision mesh to be
applied to the model. Finally, these two meshes were integrated together in the Unity (https://unity.com)
game engine. The Unity software package supports physics simulations, integration of interaction
hardware and the development of the 3D virtual city as a VR application. Its libraries simplify the
integration of the head mount display in what concerns the visualization of virtual objects according to
the user movements and a pair of touch controllers and their associated constellation sensors to track
hand movements.

To promote physical exercise, a pedal system was integrated with this VR environment. A Bluetooth
sensor was attached to the main axis of the pedals, enabling the integration of the activity-related
data into the application. The velocity at which the user is pedaling and their direction (forward or
backward) are then used to animate the user’s movement.

To prevent dizziness and nausea while using the application, some aspects of the user interaction
were taken into special consideration, such as having a minimal amount of text or making some objects
bigger than normal [21], but the main change was to make the users tilt their head while making a turn
during movement around the streets of the city. Tilting the head more than 10 degrees, to either left or
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right, will make the user start turning to the desired direction, and the bigger the angle, the faster the
turn. The choice of this type of interaction is inspired by the natural way that people tend to tilt their
bodies and heads for performing turns while riding a bicycle.

3.2. The PeViC Application

The application “Pedaling in a Virtual City—(PeViC)” aims to create cognitive and visual
stimulation while the user is performing physical exercises. Among the possibilities, the choice was
made to explore a bicycle ride for promoting exercise and centering the interaction metaphor of the
application, as it is familiar for most people and may bring memories of joyful moments of the past.
More than taking the user on a tour through the city, the application enables the user to explore the
city, following his/her curiosity. To stimulate this curiosity and to contribute to engaging the user in
an exercise that will enable traveling and simultaneously provide cognitive stimulation, the user has
goals to be reached. In this game, the user will search for specific tasks, locating and performing them.

The sit-down pedal that can be seen in Figure 1b, is a traditional piece of low-cost rehabilitation
equipment and is recommended by occupational and physical therapists for patients” home use in order
to keep their legs active while watching television, for example. One of our decisions for our design
was to use some universal and low-cost equipment—in the present case, the pedal system—integrated
with VR to increase motivation in its use, combining physical exercise with cognitive stimulation,
which is crucial to reduce cognitive decline and prevent dementia. The decision to target this device
was based on its price, portability, usability and safety. The rejection of the treadmill and option for the
pedal was based on the inadequacy of the former for many potential users due to physical limitations
related to the ageing process and safety concerns, whereas the sit-pedal is usable and safe for most of
them. Furthermore, the similarity of a sit-down pedal to riding a bicycle can elicit memories and skills
associated with a familiar vehicle for leisure or for transportation while ensuring the individual’s safety.

(a) (b)

Figure 1. (a) Example of a task in the virtual city; (b) Example of using the application.

The game interaction is carried out via a sit-down pedal and an Oculus Rift with its touch
controllers. The user, to be able to make the bicycle move forward, needs to pedal, and the speed
at which the user is pedaling is sent to the application via a Bluetooth device. The Bluetooth sensor
used to measure the pedaling cadence and speed was a traditional and low-cost electronic unit that
can be attached to any bicycle; in this case (Sunding SD-518), one which is easily adaptable to the
traditional pedal.

To improve cognitive simulation while riding the bicycle, there are different signs spread around
the city to inform the user of the direction that he should follow in order to reach his destination.
Other simple physical stimulation implemented was the head movement, to take advantage of the VR
hardware. The Oculus Rift is the component responsible for creating the immersive environment and
for enabling the user to observe and explore the surrounding environment, where the user can look
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around and sight-see while riding the bicycle, and in order to turn either left or right, the user can
simply tilt his head in the direction in which he wishes to turn. Tilting the head is also very important
to help reduce the motion sickness induced by VR, since it is our natural instinct to tilt the head
when turning while riding a vehicle [22]. The use of the touch controllers provides the user with the
capability for virtually handling and controlling tasks in the environment by moving his/her hands in
the real world, enabling them to explore and interact in a more active and realistic way. The application
requires that users hold both touch controllers and use the head mounted display (HMD). This is the
reason that it is necessary to have the user tilt his head to make turns instead of using a steering wheel,
for example. Otherwise, the user would need to alternate between holding the touch controllers and
grabbing the steering wheel while wearing the HMD and vice-versa, in tasks where he/she needs
the touch controllers. Therefore, this approach was implemented in order to minimize the lack of
familiarization with the VR equipment and make the adaptation period as short as possible.

To avoid confusion and frustration, small clues will guide the user’s path in the initial steps. Later,
if the user gets lost or takes more than a certain amount of time, arrows can be shown to direct the user
to the next point. Depending on the user abilities and choices, the game may propose more elaborate
tasks in locations that the user has to visit in order to accomplish the set of defined tasks. Examples
of these simple tasks are shopping in a fruit street market for a predefined number of fruit pieces
(see Figure 1), going to a music store to select a number of CDs, etc.

To direct the user from the first to the second task, there is a predetermined path, which is
indicated via green or yellow arrows, whose meanings will then be explained to the user before using
the application. The green arrow-marked path is easier: its length is shorter and there are less turns
that the user needs to make in order to move on to the second task. The yellow arrow-marked path is
longer: it requires the user to pedal more and make more turns, which leads to the need to tilt the head
more often and faster. This makes the task significantly harder for the target group.

Besides the physical training of leg and arm muscles, the tasks aim at recalling some familiar
activities that may activate positive memories and emotions and stimulate cognitive functions such as
perception, spatial orientation and executive processes.

For cognitive stimulation, other tasks are also implemented, such as shopping for fruit or going to
the cinema (see Figure 2). In the shopping task, the user is requested to buy a specific amount of fruit
of different types. Therefore, he/she has to select the fruit, pick it up and buy it as he/she used to do in
a real shop. To accomplish these tasks, he/she uses the touch controllers associated with the HMD to
track the hand position and to represent them in the virtual world. This allows the user to interact
with the virtual world like in the real world, also forcing him/her to perform physical activity using
the upper body limbs. Going to the movies might also help to create memory stimulation. Since the
target population of the study was a group of senior citizens, old movies were used in this version of
the application.

Figure 2. Example of the movie theater.
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In the current state of the framework, these are the tasks that were implemented, and a small pilot
study was carried out in order to perceive the acceptance of VR, the framework and the tasks already
implemented in a small elderly group. This was aimed at understanding the participants’ interest
and acceptance in order to better define and continue with further development as well as the use of
technical features which in the future may increase the usability of the system.

4. Pilot Project

4.1. Description of the Case Study

The study consisted of two parts: use of the system and questionnaires. The participants were
asked to use the PeViC system and to answer a questionnaire before and after having used it in order to
determine some side effects that frequently may result from the use of VR. The applied questionnaire
was the simulation sickness questionnaire (SSQ) [23].

The conducted study [24] describes the measurements of the cyber sickness effect caused by
different sources and refers to a strong association with the field of view and the navigation. At present,
a training phase is not considered relevant for attenuating this problem. In any case, due to time
restrictions, this was not possible to perform.

Before the activity, the SSQ was conducted. After, it was explained how to use the system,
and the objectives of the study and of the developed PeViC system were communicated to participants.
The conceived activities consisted of performing two consecutive tasks: first, riding a virtual bicycle
through the streets of a city; then, going shopping in a fruit street market. To finish, the last task
includes a new SSQ, with a few extra questions regarding the use of the PeViC system.

4.2. Methodology and Participants

A cross-sectional study was conducted using a non-probabilistic sample of 15 elderly individuals
(73% women; between 61 and 88 years old; mean age of 77 years). Participants volunteered after
information regarding the study was disclosed in two local community institutions (a social center and
anursing home). Volunteers had to be at least 60 years old and could not have severe motor or cognitive
deficits. Data collection was carried out in September 2019 by a trained researcher. Each institution’s
review board approved the study and all participants gave their written informed consent.

Conducting the study about the application use and data collection through the SSQ, there was no
previous training period, either with the HMD, the touch controllers or the sit-down pedal equipped
with the Bluetooth device.

To collect the SSQ data, the questionnaires were presented before and after the use of the
PeViC system.

The results collected before and after participant activity were then compared. The activity was
performed in periods of 15 min per person, where the participants needed to conduct two different
tasks. In the first, the participant rode a bike around a city, using the sit-down pedal and the HMD.
The objective of this task was to let the participant choose from two different predetermined paths
represented by green or yellow arrows, after being informed that the green path was shorter than the
yellow one. Then, the bicycle ride ended in a typical street market stand. The decision regarding which
path to take was freely made by the participant. Participants in this task needed to be pedaling with
a constant rhythm in order to move forward. To make turns and change moving direction, the user
just needed to tilt his head by around 10 degrees in the desired direction (to turn left, tilt the head left;
to turn right tilt, the head right, as normally happens when riding a bike) and carry on pedaling to
make the bicycle follow the path. The second task was shopping in a fruit market. Apples, pears,
bananas, strawberries and kiwis were the available fruit options.

For shopping in the street market, the user needed to also use the Oculus Rift touch controllers.
The first task was to pick up the shopping basket, and then the following task was to collect the required
fruit pieces, according to visualized recommendations (how many bananas, apples, ... ). In the end,
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the user had to drop off the basket at its marked location. With the touch controllers, the user simulated
his/her virtual hands within the immersive environment and by pressing the correct buttons could
grab or drop either the shopping basket or the fruit pieces.

Four of the fifteen participants did not feel able to perform the full exercise; once they started to
feel severe nausea while using the HMD, the test was immediately aborted.

4.3. Results and Discussion

All the participants had little or no knowledge of the technology involved in this system, never
having been in contact with an HMD or touch controller. The group of participants never had
experienced any type of VR environment. To conduct the study, there was no training period for
familiarization, which revealed some difficulties for the participants in using the devices, especially
the touch controllers. These adversities turned the fruit market shopping into a difficult or extremely
difficult task. A training period for the participants was desired because the required task was
particularly difficult since none of the participants had ever used the Oculus Rift or the touch controllers
(needed to grab a piece of fruit or the basket). The lack of familiarization with the device, combined with
using the HMD, led to difficulties in knowing the necessary button positions. Furthermore, this task
demanded fine motor skills without visual support, which can limit performance. However, at the time
that the tests were performed, the training sessions were not possible due to time constraints.

Nevertheless, most of the participants showed quick adaptation to the first task controls,
which included using the sit-down pedal and the HMD, performing well: 100% of the participants
chose to go through the easier path, represented by the green arrows.

The study started with 15 participants, but due to physical and perceptual limitations, four were
not able to finish. From the 11 participants that concluded the tasks, nine of them enjoyed using the
PeViC system, revealing that they would happily use it in OT activities with the help of local staff.

All participants easily recognized the created virtual environment and all the elements present
during its use, like arrows, streets, sidewalks, buildings, lamp post, fruit stand, fruit pieces and
shopping basket.

To perform an evaluation of the discomfort created by this system in the participants, the SSQ was
used [21,25]. The answers to this questionnaire were given on a 4-point Likert scale and the results can
be observed in Table 1. Two additional questions were added to evaluate the perceived difficulty of the
controls used in the two tasks through a 3-point Likert scale, whose results are shown in Figure 3.

How hard was to use the bicycle How hard was to use the fruit stand
controls controls
10 8
¢ 7
z 56
- -
26 g5
< S 4
° 4 -
2 é 3
g 2 52
z -
] 0
0 0
Easy Medium Hard Easy Medium Hard
(a) (b)

Figure 3. (a) Results of questionnaire regarding bicycle controls; (b) Results of questionnaire on fruit
stand controls.
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Table 1. Results of the simulation sickness questionnaire.

Experimental Session

Levels Participants before n (%)  Participants after n (%)
Not at all 8 (73) 6 (55)
. Slightly 3(27) 4 (36)
General discomfort Moderately 0 0
Very 0 1(9)
Not at all 9 (82) 4 (36)
. Slightly 109) 5 (45)
F
atigue Moderately 1(9) 19)
Very 0 1(9)
Not at all 7 (64) 7 (64)
Slightly 2 (18) 2 (18)
Headache Moderately 2 (18) 1(9)
Very 0 109
Not at all 6 (55) 6 (55)
. Slightly 2 (18) 2 (18)
Eyest
yestrait Moderately 2(18) 1(9)
Very 1(9) 2 (18)
Not at all 5 (45) 5 (45)
e . Slightly 5 (45) 4 (36)
Difficulty f
ihiculty focusing Moderately 19 2(18)
Very 0 0
Not at all 11 (100) 7 (64)
Slightly 0 109)
Nausea Moderately 0 2 (18)
Very 0 1(9)
Not at all 8 (73) 7 (64)
Slightly 3(27) 109)
Fullness of head Moderately 0 3(27)
Very 0 0
Not at all 8 (73) 7 (64)
.. Slightly 19) 1(9)
Blurred vision Moderately 2 (18) 3(27)
Very 0 0
Not at all 8 (73) 6 (55)
. Slightly 3(27) 4 (36)
D
izzy (eyes open) Moderately 0 19)
Very 0 0
Not at all 7 (64) 6 (55)
. Slightly 3(27) 3(27)
Dizzy (eyes closed) Moderately 109) 109
Very 0 109
Not at all 7 (64) 6 (55)
. Slightly 2 (18) 3(27)
Vert
erugo Moderately 2 (18) 2 (18)
Very 0 0
Not at all 10 (91) 9 (82)
Slightly 109) 1(9)
Stomach awareness Moderately 0 1(9)
Very 0 0
Not at all 6 (55) 6 (55)
. Slightly 5 (45) 4 (36)
B
HPIng Moderately 0 1(9)
Very 0 0

Fields in which there was no change from before to after were omitted from the table.
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According the results presented in Table 1, there is a global increase in adverse symptoms
associated with the use of the system, with some components, such as nausea and fullness of head,
increasing from none/slight to moderate/severe in some cases. However, most of the symptoms were
absent or mild, and no expressive differences between pre- and post-usage were found.

The increase in the SSQ score might be related to the lack of repetition and familiarization with
the tasks, equipment or virtual environment [26].

In terms of the perceived value, the results of Figure 4 are reasonable and the transmitted intention
of use was also encouraging [27].

Nausea Oculomotor Disorientation Total

70
60

SSQ results
— D W B W
c o S 3 & S

m Before use m After Use

Figure 4. Results of the SSQ conducted before and after use of the application.

The PeViC immersive system was tested in an elderly population from two institutions: a day
center and a retirement home. Usability and satisfaction, game activities and side effects were evaluated
for understanding the functionalities, applicability and future work directions.

From all the participants that concluded the study, the overall acceptance in using the application
was good. Participants were immersed in the virtual environment and engaged in the application,
most of them revealing that they would use the application if available in their institution.

The observed increase in the SSQ score can be related to different factors: participants did not
have time to adjust to the system before its use, never having been in contact with VR technology or
this application. Since one of the main factors to reduce cyber sickness induced by VR is to have the
participants repeatedly use the same application [28,29]; a second and possibly a third study with the
same group of participants should be conducted in order to allow further analysis and comparison of
the SSQ results and to better understand the main causes of the induced side-effects.

5. Conclusions and Future Directions

This work proposed an immersive framework for increasing the engagement of elderly people in
different types of stimulating activities, with the main focus on physical exercise. The present prototype
supports leg exercise, arm movement, fine hand movement skills and cognitive stimulation tasks.
On the cognitive side, the stimulation is obtained while following a path or performing the selected
fruit shopping task.

A pilot test was conducted aiming at analyzing users’ acceptance and pointing out problems
and needs. It was oriented to understand the interest of participants, in order to carry out further
development and the use of technical features that will increase the system’s usability and create a
more user-friendly environment. Additionally, considering the age range of the participants in the
study, which was 61 to 88, it was also important to understand their acceptance and how well could
they adapt to the application and the technology.

The results are encouraging, but it is clear that a larger study, including a bigger sample, will be
needed for deeper conclusions on the application efficacy as well as on its final achievable performance.
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In terms of future work, the authors intend to add other tasks more related to hobbies, helping to
increase memories and renew interests.

Other possible features to be implemented, to target other types of stimuli, would be based on
creating walking routes through the city or even establishing meeting points in the city and allowing
the user to rely on his sense of orientation to reach his destination using a map; creating landmarks or
places of interest and asking about specific details (colors, markings); placing road signs in the streets
and asking the user to follow the traffic rules.

Future studies should analyze participant engagement and the PeViC system effect through
physiological measures and increases in patient performance after multiple sessions.

Author Contributions: Conceptualization, ].R., PM. and M.T.R.; funding acquisition, M.T.R.; methodology, ].R.
and T.C.; software, J.R.; supervision, M.T.R. and P.M.; writing—original draft, ].R., PM., and T.C.; writing—review
and editing, J.R., PM., M.T.R. and T.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Researchers under the Associated Laboratory for Energy, Transports and Aeronautics
(LAETA) gratefully acknowledge the support of the research project REF: UIDB/50022/2020 of the Portuguese
Foundation for Science and Technology.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Miller, D.L; Taler, V.; Davidson, P.S.R.; Messier, C. Measuring the impact of exercise on cognitive aging:
Methodological issues. Neurobiol. Aging 2012, 33, 622.e29-622.e43. [CrossRef] [PubMed]

2. Hurley, B.; Reuter, I. Aging, Physical Activity, and Disease Prevention. |. Aging Res. 2011, 2011, 782546.
[CrossRef] [PubMed]

3. Weiss, P.L.; Rand, D.; Katz, N.; Kizony, R. Video capture virtual reality as a flexible and effective rehabilitation
tool. J. NeuroEng. Rehabil. 2004, 1, 12. [CrossRef] [PubMed]

4. Keshner, E.A. Virtual reality and physical rehabilitation: A new toy or a new research and rehabilitation
tool? J. NeuroEng. Rehabil. 2004, 1, 8. [CrossRef]

5. Carneiro, F; Tavares, R.; Rodrigues, J.; Abreu, P,; Restivo, M.T. A gamified approach for hand rehabilitation
device. Int. ]. Online Biomed. Eng. 2018, 14, 179-186. [CrossRef]

6. Lin, J.; Kelleher, C.L.; Engsberg, J.R. Developing home-based virtual reality therapy interventions.
Games Health: Res. Dev. Clin. Appl. 2013, 2, 34-38. [CrossRef]

7. Levin, M.E. Can virtual reality offer enriched environments for rehabilitation? Exp. Rev. Neurother. 2011, 11,
153-155. [CrossRef]

8. Kober, S.E.; Wood, G.; Hofer, D.; Kreuzig, W.; Kiefer, M.; Neuper, C. Virtual reality in neurologic rehabilitation
of spatial disorientation. J. Neuroeng. Rehabil. 2013, 10, 17. [CrossRef]

9.  Garcia-Betances, R.I; Jiménez-Mixco, V.; Arredondo, M.T.; Cabrera-Umpiérrez, M.F. Using virtual reality for
cognitive training of the elderly. Am. ]. Alzheimer’s Dis. Other Dement. 2015, 30, 49-54. [CrossRef]

10. Rizzo, A.S.;Kim, G.J. ASWOT analysis of the field of virtual reality rehabilitation and therapy. Presence Teleoper.
Virtual Environ. 2005, 14, 119-146. [CrossRef]

11. Patrdo, B.; Nascimento, P.S.; Menezes, P. How to deal with virtual reality sickness. In Proceedings of the
EPCGI'2015: The 22nd Portuguese Conference on Computer Graphics and Interaction, Coimbra, Portugal,
12-13 November 2015.

12.  Mattioli, A.V.; Puviani, M.B.; Nasi, M.; Farinetti, A. COVID-19 pandemic: The effects of quarantine on
cardiovascular risk. Eur. J. Clin. Nutr. 2020, 74, 852-855. [CrossRef] [PubMed]

13. Gavin, B,; Lyne, J.; McNicholas, F. Mental Health and the COVID19 Pandemic. Ir. ]. Psychol. Med. 2020, 74,
1-7. [CrossRef] [PubMed]

14. University of Birmingham. A Lifetime of Regular Exercise Slows down Aging, Study Finds Sciencedaily.
Available online: https://www.sciencedaily.com/releases/2018/03/180308143123.htm (accessed on 3 June 2020).

15. Hillman, C.H.; Erickson, K.I.; Kramer, A.F. Be smart, exercise your heart: Exercise effects on brain and
cognition. Nat. Rev. Neurosci. 2008, 9, 58-65. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.neurobiolaging.2011.02.020
http://www.ncbi.nlm.nih.gov/pubmed/21514694
http://dx.doi.org/10.4061/2011/782546
http://www.ncbi.nlm.nih.gov/pubmed/21748011
http://dx.doi.org/10.1186/1743-0003-1-12
http://www.ncbi.nlm.nih.gov/pubmed/15679949
http://dx.doi.org/10.1186/1743-0003-1-8
http://dx.doi.org/10.3991/ijoe.v14i01.7793
http://dx.doi.org/10.1089/g4h.2012.0033
http://dx.doi.org/10.1586/ern.10.201
http://dx.doi.org/10.1186/1743-0003-10-17
http://dx.doi.org/10.1177/1533317514545866
http://dx.doi.org/10.1162/1054746053967094
http://dx.doi.org/10.1038/s41430-020-0646-z
http://www.ncbi.nlm.nih.gov/pubmed/32371988
http://dx.doi.org/10.1017/ipm.2020.72
http://www.ncbi.nlm.nih.gov/pubmed/32475368
https://www.sciencedaily.com/releases/2018/03/180308143123.htm
http://dx.doi.org/10.1038/nrn2298
http://www.ncbi.nlm.nih.gov/pubmed/18094706

Information 2020, 11, 405 12 of 12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Garatachea, N.; Pareja-Galeano, H.; Sanchis-Gomar, F.; Santos-Lozano, A.; Fiuza-Luces, C.; Mordn, M.;
Emanuele, E.; Joyner, M.].; Lucia, A. Exercise attenuates the major hallmarks of aging. Rejuvenation Res. 2015,
18, 57-89. [CrossRef]

American Occupational Therapy Association. Occupational Therapy Practice Framework: Domain and
Process (3rd edition). Am. J. Occup. Ther. 2017, 68, S1-548. [CrossRef]

Matsuda, PN.; Shumway-Cook, A.; Ciol, M.A. The Effects of a Home-Based Exercise Program on Physical
Function in Frail Older Adults. |. Geriatr. Phys. Ther. 2010, 33, 78-84. [CrossRef]

Kallmann, M.; Camporesi, C.; Han, ]. VR-assisted physical rehabilitation: Adapting to the needs of therapists
and patients. Virtual Real. 2015, 69, 147-168. [CrossRef]

Ferreira, B.; Menezes, P. Gamifying Motor Rehabilitation Therapies: Challenges and Opportunities of
Immersive Technologies. Information 2020, 11, 88. [CrossRef]

Kim, HK.; Park, J.; Choi, Y.; Choe, M. Virtual reality sickness questionnaire (VRSQ): Motion sickness
measurement index in a virtual reality environment. Appl. Ergonom. 2018, 69, 66-73. [CrossRef]

Wada, T.; Fujisawa, S.; Imaizumi, K.; Kamiji, N.; Doi, S.I. Effect of driver’s head tilt strategy on motion
sickness incidence. IFAC Proc. Vol. 2010, 43, 192-197. [CrossRef]

Kennedy, R.S.; Lane, N.E.; Berbaum, K.S.; Lilienthal, M.G. Simulator Sickness Questionnaire: An Enhanced
Method for Quantifying Simulator Sickness. Int. ]. Aviat. Psychol. 1993, 3, 203-220. [CrossRef]

Rebenitsch, L.; Owen, C. Review on cybersickness in applications and visual displays. Virtual Real. 2016, 20,
101-125. [CrossRef]

Walter, H.; Li, R.; Munafo, J.; Curry, C.; Peterson, N.; Stoffregen, T. APAL Coupling Study 2019; The Data
Repository for the University of Minnesota: Minneapolis, MN, USA, 2019. [CrossRef]

Teasdale, N.; Lavalliere, M.; Tremblay, M.; Laurendeau, D.; Simoneau, M. Multiple Exposition to a Driving
Simulator Reduces Simulator Symptoms for Elderly Drivers. In Proceedings of the Fifth International
Driving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design, Big sky, MT,
USA, 22-25 June 2009. [CrossRef]

Regan, C. An investigation into nausea and other side-effects of head-coupled immersive virtual reality.
Virtual Real. 1995, 1, 17-31. [CrossRef]

Risi, D.; Palmisano, S. Effects of postural stability, active control, exposure duration and repeated exposures
on HMD induced cybersickness. Displays 2019, 60, 9-17. [CrossRef]

Regan, E.C. Some evidence of adaptation to immersion in virtual reality. Displays 1995, 16, 135-139. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1089/rej.2014.1623
http://dx.doi.org/10.5014/ajot.2014.682006
http://dx.doi.org/10.1097/JPT.0b013e3181deff9e
http://dx.doi.org/10.1007/978-3-319-17043-5_9
http://dx.doi.org/10.3390/info11020088
http://dx.doi.org/10.1016/j.apergo.2017.12.016
http://dx.doi.org/10.3182/20100831-4-FR-2021.00035
http://dx.doi.org/10.1207/s15327108ijap0303_3
http://dx.doi.org/10.1007/s10055-016-0285-9
http://dx.doi.org/10.13020/XAMG-CS69
http://dx.doi.org/10.17077/drivingassessment.1318
http://dx.doi.org/10.1007/BF02009710
http://dx.doi.org/10.1016/j.displa.2019.08.003
http://dx.doi.org/10.1016/0141-9382(96)81213-3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Work Concept 
	Principles Supporting the Work Idea 
	Proposed Concept 

	Materials and Methods 
	Software Tools and Development 
	The PeViC Application 

	Pilot Project 
	Description of the Case Study 
	Methodology and Participants 
	Results and Discussion 

	Conclusions and Future Directions 
	References

