ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/362969069

Free of Walls: Participatory Design of an Out-World Experience via Virtual
Reality for Dementia In-patients

Conference Paper - July 2022

DOI: 10.1145/3511047.3537651

CITATION READS
1 31

5 authors, including:

Maria Matsangidou Fotos Frangoudes
a University of Kent RISE
34 PUBLICATIONS 338 CITATIONS 17 PUBLICATIONS 77 CITATIONS

SEE PROFILE SEE PROFILE

% C. S. Pattichis
i
- University of Cyprus
533 PUBLICATIONS 9,009 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Motion Analysis of the Carotid Artery View project

Project Stroke Risk Prediction Based on Ultrasound Carotid Plaque Image Analysis View project

All content following this page was uploaded by Maria Matsangidou on 18 September 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/362969069_Free_of_Walls_Participatory_Design_of_an_Out-World_Experience_via_Virtual_Reality_for_Dementia_In-patients?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/362969069_Free_of_Walls_Participatory_Design_of_an_Out-World_Experience_via_Virtual_Reality_for_Dementia_In-patients?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Motion-Analysis-of-the-Carotid-Artery?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Stroke-Risk-Prediction-Based-on-Ultrasound-Carotid-Plaque-Image-Analysis?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Matsangidou?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Matsangidou?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Kent?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Matsangidou?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fotos-Frangoudes?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fotos-Frangoudes?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fotos-Frangoudes?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/C-Pattichis?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/C-Pattichis?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Cyprus?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/C-Pattichis?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maria-Matsangidou?enrichId=rgreq-f2f03367b61fcc4226f49847604c2c29-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjk2OTA2OTtBUzoxMTQzMTI4MTA4NDk0MzQxMkAxNjYzNTA4ODUwMDgz&el=1_x_10&_esc=publicationCoverPdf

Free of Walls: Participatory Design of an Out-World Experience
via Virtual Reality for Dementia In-patients

Maria Matsangidou
CYENS - Centre of Excellence,
Nicosia, Cyprus
matsangidou.m@gmail.com

Ersi Papayianni
"Archangelos Michael" Alzheimer’s
disease / Dementia nursing home,
Nicosia, Cyprus
ersi.papayianni@gmail.com

ABSTRACT

Many people with dementia residing in long-term care may face
barriers in accessing experiences beyond their physical premises;
this may be due to location, mobility constraints, legal act and/or
mental health restrictions. Previous research has suggested that in-
stitutionalization increases the co-existing symptoms of dementia,
such as aggression, depression, apathy, lack of motivation and loss
of interest in oneself and others. Despite the importance of support-
ing the mental well-being of people with dementia, in many cases,
it remains undertreated. In recent years, there has been growing
research interest in designing non-pharmacological interventions
aiming to improve the Health-Related Quality of Life for people
with dementia within long-term care. With computer technology
and especially Virtual Reality offering endless opportunities for
mental support, we must consider how Virtual Reality for people
with dementia can be sensitively designed to provide comfortable,
enriching out-world experiences. Working closely with 24 dementia
patients and 51 medical and paramedical personnel, we co-designed
an intelligent and personalized Virtual Reality system to enhance
symptom management of dementia patients residing in long-term
care. Through this paper, we thoroughly explain the screening pro-
cess and analysis we run to identify which environments patients
would like to receive as a Virtual Reality intervention to minimize
the aforementioned co-existing symptoms of dementia, and the
development of an intelligent system using the selected environ-
ments, that adapts the content of the Virtual Reality experience
based on physiological and eye-tracking data from the patients and
their personal preferences.

CCS CONCEPTS

« Human-centered computing — Human computer interaction
(HCI); HCI design and evaluation methods; User studies.
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1 INTRODUCTION

The World Health Organization (WHO) estimates that in 2021 over
55 million people lived with dementia worldwide [1]. As the global
population is increasingly ageing, it is expected that the number
of people living with dementia (PwD) will increase to 139 million
within the following 30 years [1]. This expected growth has made
imperative the need to support PwD [2]. The Dementia Global
Action Plan has set out to improve the Health-Related Quality of Life
(HRQoL) for PwD characterizing it as a public health priority [3].
It also emphasized the drive for improvements in related research
and innovation [3].

Previous research has shown that pharmacological interventions
are overprescribed among PwD compared to other older adults [4],
and are ineffective in treating side symptoms [5]. As a result, and
in line with the Global Action Plan, it was recommended that best
practices reflect the use of pharmacological interventions only as
a last resort to treat complex cases where non-pharmacological
interventions have proven unsuccessful [3]. The goal, therefore,
remains to deliver non-pharmacological innovations, enhanced by
the development of proper information systems for dementia, that
can support patients’ HRQoL.

Technology is increasingly taking over the way we relate to the
world, and in particular, Virtual Reality (VR) is now becoming a
massive success in the gaming industry, due to the miniaturization
of electronics and the declining hardware costs. Fully immersive
VR systems, using dedicated head-mounted displays to enclose the
vision of the user, can now provide an immersive experience that
can be perceived by the brain as real. Such experiences also allow
the user to interact within the Virtual Environments (VE) using
controllers or sensors that promote natural interaction [6].
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Over the last two decades, VR has slowly begun to have a
presence in the healthcare sector introducing innovative non-
pharmacological ways of delivering treatment and care. The
technology has found use in areas such as pain management
[71[8][9][10][11], physical rehabilitation [12][13][14][15][16], and
mental health disorders [17][18]. One of the advantages of VR is
that it can create naturalistic environments and replicate experi-
ences that may be difficult to achieve or are inaccessible in the real
world [19].

Apathy is a common symptom in dementia, affecting over a quar-
ter of the demented population. As a result, they may avoid taking
part in activities and restrict their interactions with others. This
could have negative consequences on their mental health and limit
the therapeutic benefit of various activities. VR has the potential to
provide consistent care within a controlled environment, and allow
PwD to revisit VE and activities they enjoy on-demand, without
the risk of extraneous variables such as weather, etc. [20].

VR has also been used with PwD as an intervention tool to reduce
anxiety and agitated behaviours [21][22]. For example, in [21] PwD
were exposed to a virtual nature experience, through the use of a
semi-immersive VR system. The reduction of anxiety and agitation
after the VR session was validated using heart rate measurements
and observational data. More recently, in a similar work [22], which
followed a single-case design and used a fully-immersive VR system,
it was shown that VR can be an effective intervention to decrease
agitation in PwD. The evidence, from both of the above studies,
even though limited, supports the efficacy of VR for such purposes
and warrants further exploration.

In line with the above guidance, we present the participatory
design process of a non-pharmacological based intervention, to
regulate the emotional state of PwD, reduce stress levels, and lead
to behaviour change with a reduction of agitation and displayed
behaviours of challenge. The intervention, which is designed for
use in healthcare facilities, includes two components, starting with
the monitoring of physiological data (i.e., heart rate and stress
levels) of PwD using a smartwatch worn throughout the day. The
second component, allows PwD to experience various VEs in a fully
immersive VR system that dynamically adapts the displayed content
and personalizes the experience based on recorded physiological,
and gaze data, and the user’s preferences.

2 METHODS
2.1 Ethics

Participants were recruited from a National Health in-patient hospi-
tal that specialises in progressive neurological conditions, including
dementia and Alzheimer’s disease. The hospital provides special-
ized care to older adults who present physical and cognitive decline.
Ethical approval was received from the hospital as well as the Na-
tional Health bioethics research committee (Reference Number:
EEBK EP2019.01.98). All participants signed a consent form before
the study, and all employed procedures were per the Declaration of
Helsinki. Where concerns were expressed with regards to individu-
als’ capacity to consent to their participation, capacity assessments
were completed using the Mental Capacity Act (MCA) 2005 Assess-
ment Checklist. For any individuals that lacked capacity, consent
was received on their behalf from a relevant party.
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2.2 Participants

In total, 75 PwD and medical and paramedical personnel were
involved in the study. Specifically, 24 PwD (14 male, 10 female)
with a mean age of 82.61 years (SD = 7.8), and a total of 51 medical
and paramedical personnel (22 male, 29 female), aged between 23
to 54 years (M = 35.7, SD = 9.87) participated. Most of the PwD
(16/24) were at the second stage of dementia (i.e., moderate), while
the rest were dealing with third (i.e., severe) (5/24), and first (i.e.,
mild) (3/24) stage. The medical and paramedical personnel were
mostly nursing staff and formal caregivers (32/51), psychiatrists,
psychologists, social workers, speech, and art therapists (10/51),
physiotherapists and occupational therapists (6/51), managers, and
research directors (3/51).

2.3 Study Design and Procedure

The study design emerged from rigorous discussions with experts
in the field of healthcare, specializing in dementia care, social and
computer scientists, and Human-Computer Interaction (HCI). To be
informed by the bibliography systematic reviews of research that
examined the effectiveness of VR for PwD [23] and neurological
diseases [24] were carried out. Data were collected over a month
via questionnaires and focus groups.

2.4 Materials

Questionnaires. Demographic characteristics of the participants
were collected (i.e., sex, age, stage of dementia, healthcare profes-
sion). The initial preferences for the content were measured through
open questions (e.g., “Let us know where you would like to be (give
as much information as you can)”).

Focus groups (n = 2). Focus groups were organized at a Na-
tional Health in-patient hospital offering treatment to PwD. The
focus groups were conducted to reflect on patients’ and healthcare
experts’ preferences on VR content to complement their mental
health care and define the aspects that must be avoided. Notes were
taken to identify potential VE focused on the patients’ interests and
needs.

3 RESULTS
3.1 VEs Selection

A two-hour annual conference was conducted at the participat-
ing National Health in-patient hospital. Attendees were a group
of 34 specialists in dementia care such as clinical psychologists,
psychiatrists, nurses, and managers, and 11 PwD. At the confer-
ence, the researchers presented an introduction to VR technology
and the results of the systematic literature reviews along with
some preliminary findings from interventions using VR with PwD
[23][24][25][26][27].

Afterwards, attendees were asked to brainstorm the type of
VR content suitable for PwD. Attendees suggested the following
themes: 1) Travel (e.g., google maps, cities around the world, cruise);
2) Nature (e.g., beach, woodland, parks); 3) Arts Experiences (e.g.,
music, cinema, museum); 4) Hobbies and Sports (e.g., football, fish-
ing, golf, bowling); 5) Social (e.g., restaurant, pub); 6) Home (e.g.,
kitchen, workshop, and garden); 7) Pets (e.g., puppies, kittens); 8)
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=
()
b= Potentially relevant VEs identified for screening (n = 150)
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- Excluded for not including a pre-designed VE (n = 66)
Potentially relevant VE identified (n=84)
= > Excluded intimidating or scary VEs (n = 8)
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[ 7]
Excluded VEs with a total number of triangles >1.000.000 (n = 21)
Potentially relevant VE identified (n=55)
— Excluded VEs rated low (n = 41)
=
<
_3 VE included into the study (n = 14)
=

Figure 1: Identification and selection process of the VE included in the system.

Familiar Patient-Content (e.g., Christmas or a thanksgiving content
with the family, locations from earlier life).

After the conclusion of the conference, we searched systemat-
ically in Unity’s Asset Store! for relevant assets using the HCI
Bargas-Avila and Hornbzek methodology [28]. We used the follow-
ing search terms aiming to cover any type of relevant VE in each
theme:

o Arts Experiences: Cinema; Concert; Exhibits; Museums;
Sculptures.

e Familiar Patient-Content: Birthday; Christmas; Celebra-
tion; Church; Infant; Office; School; Temple; Village.

o Hobbies and Sports: Earth; Gym; Hobbies; Pool; Sailing;
Ship; Space; Sports.

e Home: Apartment; Bedroom; Furniture; Garden; Home;
House; Kitchen; Living Room.

o Nature: Beach; Flowers; Forest; Mountains; Meadow; Na-
ture; Ocean; Park; Sea; Trees; Valley.

e Pets: Animas; Birds; Cats; Cow; Dogs; Ferrets; Fish; Gerbils;
Goat; Guinea Pigs; Hamsters; Horses; Pets; Rabbits.

e Social: Bowling; Café; Club; Gardening; Golf; Library; Pub;
Restaurant.

e Travel: Austria; Belgium; Bulgaria; China; City; Cyprus;
Czechia; Denmark; Estonia; Finland; France; Germany;
Greece; Hungary; Ireland; Italy; Latvia; Lithuania; Lux-
embourg; Malta; Netherlands; Poland; Portugal; Romania;
Sights; Slovakia; Slovenia; Spain; Sweden; Travel; United
Kingdom; United States?.

Overall, we identified 150 potentially relevant VEs which were
collected for further exploration (Figure 1). We manually excluded
any content which was not consistent with the following inclusion
criteria that were agreed upon by the research team: 1) Pre-designed
VE (i.e., we excluded packages that only included individual models
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or did not include a pre-designed VE) to provide the PwD with the
sense of being in the VE; 2) elements of the VE cannot be perceived
as intimidating or scary by the PwD; 3) the VE has a total number
of triangles less than 1,000,000 to avoid simulator sickness and long
loading times. Based on these criteria, we identified a total of 55
VEs across all themes (Table 1).

Seventeen specialists in dementia care such as nursing staff (4/17),
physiotherapists (4/17), psychiatrists and psychologists (3/17), phys-
ical trainers (2/17), a social worker (1/17), speech therapist (1/17),
and other (1/17), and 13 PwD (8 male, 5 female) with mean age
82.61 years (SD = 7.8), and mild (1/13), moderate (9/13), and severe
(3/17) dementia participated in this phase for the final selection
of the VEs. At the beginning of the session, all participants were
presented with a laminated A3 paper that included the title and
a representative picture from each of the selected VEs and were
asked to rate positively their preferred VEs. Through this process
14 VEs were selected for final inclusion as shown in Table 1.

Once the final selection of the VEs was completed, an iterative
process followed for their enhancement with additional elements
to personalize them for PwD. The process included the addition of
cultural-related elements (i.e., a video playing on the TV with local
dancers, commonly used decorations/equipment, etc.) that would
increase the familiarity with the VEs. Furthermore, placeholder
elements were also added that would allow further personalization
of the environments with personal items from the PwD (i.e., picture
frames for family photos, landscape drawings could be added, etc.).

Uhttps://assetstore.unity.com/

%Since the study run in the European Union, we restricted our search mostly in
European Union Member States. We also added the United States since it is a common
country to travel for our population.
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Table 1: VEs identified and included in the study per theme

Selected for Evaluation Included in the study

Theme Identified through search
Arts Experiences 11

Familiar Patient-Content 23

Hobbies and Sports 12

Home 10

Nature 54

Pets 9

Social 14

Travel 17

Total 150

5
10

—_
(=]
N OO W Rk NO

—_
'S

3.2 Development of an Intelligent Personalized
Assistive System

The selected VEs from the above selection process were then used
for the development of an intelligent personalized assistive system
that can enhance the HRQoL of PwD. The system aims to offer
PwD an empowering space capable of a) managing and reducing
the co-existing symptoms of dementia, such as depression, apathy,
lack of motivation, and loss of interest in oneself and others and b)
helping the demented patient maintain emotional well-being. The
system comprises two components, one for monitoring patients,
and a VR-based intervention.

3.2.1 Patient Monitoring. A smartwatch (i.e., Samsung Galaxy Ac-
tive 2%) is worn by the demented in-patients throughout the day.
A dedicated smartwatch application was developed using Tizen
Studio, which uses the sensors of the smartwatch to record the
patients’ heart rate and stress level every second. The recorded
data are sent via Bluetooth every minute to a mobile application,
which in turn forwards the data to a back-end server for monitoring.
Based on research, elevated heart rate corresponds to an indication
of stress [9], and therefore once an elevated heart rate is detected,
the system informs the caregiver to administer a VR intervention.
To prolong the battery life on the smartwatch the Wi-Fi, GPS, and
vibrations are disabled, and the display is set to low brightness. In
our testing, we found the specific model to have a battery life of a
bit over 2 days and a 2-hour charge time.

3.2.2 VR-based Intervention. The VR intervention, which was de-
veloped using the Unity3D* game engine, aims to reduce any neg-
ative emotions PwD are experiencing. To accomplish this, users
get to experience and explore various VEs that meet their inter-
ests. For the intervention, the VIVE Pro Eye VR system® is used
since it provides an integrated eye tracker, that records data related
to where the user is looking at. The VEs that are included in the
intervention, were selected through the systematic selection pro-
cess described above. Within each VE, an optimal viewpoint was
selected where the user starts the experience. Since PwD are prone
to disorientation, and dizziness, and thus run a risk of falling, all

Shttps://www.samsung.com/global/galaxy/galaxy-watch-active2/#galaxy-watch-
active2

4www.unity3d.com

Swww.vive.com/eu/ product/vive-pro-eye
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experiences are viewed from a pre-defined viewpoint, without the
ability to move around.

An HCI expert and a computer scientist examined each VE and
identified areas of interest (AOI) within them. An AOI is defined as
an object or region in the environment that can act as a stimulus
to the user. The annotations for the AOIs are implemented within
the development framework of the system, following an ontology-
based approach based on W3C’s Web Ontology Language (OWL2)°.
Classes were defined for entities that can be found in the VEs (i.e.,
animals, people, furniture, etc.). For each class, various properties
were identified based on relevant characteristics, and the overall
themes identified above. For example, a bird, like other animals,
has a property isPet, which identifies if it is domesticated or in
the wild. Properties can be either static, like the above that do
not change during an experience, or dynamic. Dynamic properties
change values based on the behaviour of an individual’s instance
within a VE. For instance, a cat can transition between different
states (i.e., sitting, walking, playing with a toy), which in turn can
change the results of related properties.

For each user of the system, a profile is maintained with de-
mographic information and a reference to the ontology with pref-
erences towards different classes and property values. During an
intervention, the user starts by selecting a VE they would like to
experience first. Figure 1 depicts views from the starting menu, with
the option to select from the available themes. Once, within a VE,
physiological data (i.e., heart rate, and stress level) of the user are
analyzed in real-time, after the application of exponential moving
average (constant smoothing factor = 0.5) for filtering noise. More
specifically, in the event of increasing heart rate and stress level,
a negative score is assigned, while decreases in the above metrics
are assigned a positive score. The scores are proportional to the
amount of change observed between recordings.

The scores are then coupled with data recorded using an eye
tracker to update the displayed content. The AOIs the user fix-
ated on during the prior 5-second period are computed, and the
associated semantic information based on the ontology defined
above is identified. In the simplest form, annotations are updated
based on the class hierarchies. Directly associated (1% level sub-
classes/superclasses) annotations receive a greater change, while
ones at further levels receive a smaller change. For example, if a
negative event is identified when the user is looking at a cat with

Chttps://www.w3.org/TR/owl2-overview/
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Figure 2: Snapshots of the VEs offered to the PwD as displayed in the menu of the VR intervention.

a score of -1, the class “cat” in the user’s profile will decrease in
preferability by 1, while the class “animal”, that is a direct superclass
of “cat”, will receive a deduction of 0.5. This level-based deduction
follows an exponential decay, based on the distance from the af-
fected element. A similar idea is used to affect various properties
related to the classes.

The content in the VR intervention updates accordingly at fixed
intervals (i.e., by default every 10 seconds), driven by the observed
updates to the users’ profile based on the process described above.
These changes can vary in scale, based on the change from the last
interval and the current physiological state of the user (i.e., how
stressed they are or not). Greater changes (i.e., removing certain
elements from the VE) occur when the user is currently stressed,
with his condition not improving significantly. On the other hand,
if the user is becoming less agitated, the current environment and
elements are maintained with only minor changes occurring. An
illustration of the model guiding the above changes can be seen
in Figure 2. The same model is also used to guide the transition
between different VEs. Transitions between VEs occur at greater
intervals (i.e., by default every 45 seconds) but again following the
above process.

4 DISCUSSION

Our results drawn from the focus groups identified eight main
themes of VEs relevant for PwD. It is valuable to correlate the
findings of this work with previous design research. Particularly,
our survey of patients and medical and paramedical staff suggested
that the system should incorporate the following themes:
Animals/Pets. Previous research shows the benefits of pet therapy
for PwD. In particular, being exposed to an animal for a couple of
hours per week, within nursing homes offering care to PwD was
found to decrease agitated behaviours and a statistically significant
increase in social interactions for dementia patients [28][29]. It also
showed a significant reduction in aggression or behavioural distur-
bances [30]. A very promising finding was the increase in verbal
communication. In particular, being exposed to an animal helped
PwD to express themselves in more words containing meaningful
information [30]. This is because interaction with pets is linked
with positive emotions, feelings of accomplishment, and higher

330

HRQoL [30][31]. Interestingly, previous studies suggest that ani-
mals can enhance therapeutic healing with statistically significant
health benefits and improvements in blood pressure, heart rate, and
salivary immunoglobulin A levels, and offer a reduction in depres-
sion and anxiety [32][33][34][35]. There are also indications that
the above benefits can transfer even when viewing content with
animals on a screen. Research shows that viewing animal content
on a screen can have positive health benefits such as a reduction in
cardiovascular responses, stress, and anxiety [36]. For these reasons,
we enhanced all the VR environments with animals and pets to
maximize the expected benefits for PwD. For example, within a
VE of a forest, we added birds flying around happily chirping and
tweeting, while in a VE of a dining room we added a playful kitten.

Arts Experiences were also suggested as content. Previous re-
search recommends artistic content and art interventions to create
meaningful, positive experiences for PwD [37][38][39]. It was fur-
ther suggested that being exposed to art can also enhance and
improve HRQoL for PwD [37]. These findings were further sup-
ported by physiological responses related to stress hormone levels,
heart rate, blood pressure, and respiration [41][42][43][44]. These
findings suggest that for PwD, a positive affect and improvements
in their mental health supported by physiological responses emerge
in the context of arts interventions. It is also worth mentioning that
arts-based interventions can improve communication between the
caregiver and the demented person, which in response improves
the overall care the PwD receives [40].

As for Nature, the findings of previous studies advised that view-
ing nature can improve physiological and psychological responses.
For example, heart rate and blood pressure tend to decline within
a few minutes of viewing nature [45], while it can also enhance
emotional well-being and aid recovery from stress [46]. Also, sev-
eral studies demonstrated that specific environmental features and
particularly the way nature is designed could enhance PwD HRQoL
[47]. It was suggested that for PwD, nature and the ability to be
in touch with it, support relaxation and connotate the sense of
freedom [48].

Familiar patient content / Personalized Content and Home envi-
ronment were also suggested. This is because many PwD are either
living within hospital care units for care to be provided to them or
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Figure 3: Model describing the size of the changes to the environment during the experience, based on the change in the
physiological data and the current physiological state (i.e., heart rate, stress level) of the user during the experience.

have limited capacity to travel. Those patients usually wish to visit a
memorable place or even return to their homes [49]. Also, and being
consistent with previous studies, we found our findings to suggest
that PwD reminisced through the similarity and resemblance of en-
vironments [19] and cultural themes [50]. Therefore, it is important
PwD be exposed to elements that can remind them of memories. VR
can offer the possibility of “home-return”, disregarding the hospital
boundaries restrictions.

Hobbies and Sports were also reported as preferable content by
both patients and health care professionals. In line with previous
research, it is suggested that caregivers believe that being able to
offer terminal patients the ability to engage with preferable hobbies
during the end life period is empowering for both the patient and
the therapist [51][52]. In addition, engagement with such activities
can enhance the HRQoL for the patient by managing pain [53],
which has been stated as one of the most important challenges in
offering care to dementia patients [54]. VR was shown to have the
ability to successfully tackle these challenges [55][56].

Social-interaction features were also suggested as previous re-
search documented that the sense of belongingness can enhance
the HRQoL for dementia patients [57][58][59]. Particularly, it was
found that access to social support and a sense of belongingness can
improve resilience coping mechanisms in dementia patients which
supports the reduction of anxiety and depression. This is contrary
to the common preconception that VR is an isolating experience
[60]. Opposite to that notion, and in line with a study that examined
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the suitable types of VR for PwD [61], we believe that VR can be
a space where social interactions can be held. This was further
supported by studies that suggested that VR can be the medium
through which patients open-up and communicate even more their
feelings and ideas [17][62].

Finally, Travel was also suggested as a relevant theme. Based
on previous research, dementia patients express a desire to travel
[63][64]. Assistive technology which was used to expose PwD to
travel destinations was found to have positive effects on their well-
being by improving their confidence and self-esteem and by moti-
vating them toward rehabilitation and independent living [63].

5 FUTURE WORK

Beyond the selection of the VE, we also presented the design of a
personalized system, using VEs from the above themes, that aims
to elicit positive emotions from PwD using it. This will in turn
lead to reduced stress levels, reduction in the display of behaviours
of challenge and agitation, and thus help with the long-term be-
haviour change of PwD. The behavioural change is driven by the
personalization of the VEs, and the adaptation of the experiences
based on data recorded from the user. Physiological data captured
from a smartwatch worn by the user, and gaze data from an eye
tracker integraded in the head-mounted display will be used to
guide this process. The analyzed physiological data, along with
information about AOIs within the VE that the user is fixated on,
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Figure 4: The interface of the VR intervention with a visualization of the gaze of the user (green line) that shows what the
PwD is looking at, and their current heart rate (bottom left of the picture)

are mapped together and used to compute the size of the change
that should occur in the environment to achieve the goal of the
system. These changes follow the users’ preferences based on their
profile which is maintained and updated during each experience.
This results in the continuous improvement of the system, based
on its use.

For the future deployment of the intervention, the VR content
will be streamed to an external monitor, mirroring the virtual inter-
actions of the PwD in the VE. Additionally, and only visible to the
therapist, and not to the PwD having the experience, will be the
data recorded from the user. The gaze will be visualized as a ray
toward what the user is looking at, allowing caregivers to provide
relevant prompts and support during the exposure (Figure 3). Also
visible, will be the heart rate and stress level recorded from the
smartwatch.

6 CONCLUSION

This paper presented the co-design process of an assistive applica-
tion for PwD. The process included a total of 75 dementia patients
and medical and paramedical personnel focusing on the co-design
of system. Through an iterative design process, we discussed the
design of eight different VR themes. Through a systematic search,
we identified 150 different VEs corresponding to the suggested
themes. The VEs were screened against a set of inclusion criteria
and then rated again by healthcare personnel and PwD. The evalua-
tion resulted in the selection of 14 VEs across five themes that were
used for the development of an intelligent personalised assistive
system comprised of a patient monitoring component and a VR-
based intervention for dementia patients. In the future, we aim to
evaluate the proposed system with dementia patients to explicitly
assess and explore the acceptability and effectiveness of these VEs
in a hospital setting to manage behaviour that challenges, as well
as decrease depressive and stress episodes, and at the same time
improve the patients” HRQoL.

332

ACKNOWLEDGMENTS

We thank the “Archangelos Michael” Dementia and Alzheimer
psychiatric hospital for providing the support to conduct this re-
search. We also thank all PwD who participated in the study and
their families. This project has received funding from the European
Union’s Horizon 2020 Research and Innovation Programme under
Grant Agreement No 739578 and the Government of the Republic
of Cyprus through the Deputy Ministry of Research, Innovation
and Digital Policy.

REFERENCES

[1] World Health Organization (WHO) (2021, September 02). Dementia. Retrieved
September 15, 2021, from https://www.who.int/news-room/fact-sheets/detail/
dementia.
Verbeek, H., Zwakhalen, S. M., van Rossum, E., Ambergen, T., Kempen, G. I,
& Hamers, J. P. (2010). Dementia care redesigned: Effects of small-scale living
facilities on residents, their family caregivers, and staff. Journal of the American
Medical Directors Association, 11(9), 662-670.
World Health Organization - WHO (2017). Global Action Plan on the Public
Health Response to Dementia 2017-2025. Geneva: World Health Organization.
Banerjee, S. (2009). The use of antipsychotic medication for people with dementia:
time for action report for the Minister of State for Care Services. Retrieved from
Department of Health
Banerjee, S., Hellier, J., Dewey, M., Romeo, R., Ballard, C., Baldwin, R.,Burns,
A. (2011). Study of the use of anti-depressants for depression in dementia: the
HTA-SADD Trial - a multicentre randomised double-blind, placebo-controlled
trial of the clinical effectiveness of sertraline and mirtazapine. Health Technology
Assessment, 17, 1-166.
Ma, M., and Zheng, H. (2011). Virtual reality and serious games in healthcare. In S.
Brahnam, and L. C. Jain (Eds.) Advanced Computational Intelligence Paradigms
in Healthcare 6 (pp. 169-192). Berlin: Springer-Verlag.
Matsangidou, M., Ang, C. S., Mauger, A. R., Otkhmezuri, B., & Tabbaa, L. (2017,
September). How real is unreal?. In IFIP Conference on Human-Computer Inter-
action (pp. 273-288). Springer, Cham.
Matsangidou, M., Ang, C. S., Mauger, A. R., Intarasirisawat, J., Otkhmezuri, B., &
Avraamides, M. N. (2019). Is your virtual self as sensational as your real? Virtual
Reality: The effect of body consciousness on the experience of exercise sensations.
Psychology of sport and exercise, 41, 218-224.
Matsangidou, M., Mauger, A. R., Ang, C. S., & Pattichis, C. S. (2020, July). Sam-
pling electrocardiography conformation for a virtual reality pain management
tool. In International Conference on Human-Computer Interaction (pp. 399-414).
Springer, Cham.
[10] Matsangidou, M., Ang, C. S., & Sakel, M. (2017). Clinical utility of virtual real-
ity in pain management: a comprehensive research review. British Journal of

[2

—

B3

e}

[4

o’

[5

—

G

-

7

—

[8

=

[

—


https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia

UMAP ’22 Adjunct, July 04-07, 2022, Barcelona, Spain

(1]

[12

(13

[14

[15

[16]

[17]

(18]

[19

[20]

[21

[22]

[23

[24

[25]

[26]

[27

[28

[29]

[31]

[32

[33

Neuroscience Nursing, 13(3), 133-143.

Pittara, M., Matsangidou, M., Stylianides, K., Petkov, N., & Pattichis, C. S. (2020).
Virtual reality for pain management in cancer: a comprehensive review. IEEE
Access, 8, 225475-225489.

Matsangidou, M., Schiza, E., Hadjiaros, M., Neokleous, K. C., Avraamides, M.,
Papayianni, E., ... & Pattichis, C. S. (2020, July). Dementia: I am physically fading.
can virtual reality help? Physical training for PwD in confined mental health
units. In International Conference on Human-Computer Interaction (pp. 366-382).
Springer, Cham.

Phelan, I, Arden, M., Matsangidou, M., Carrion-Plaza, A., & Lindley, S. (2021,
May). Designing a Virtual Reality Myoelectric Prosthesis Training System for
Amputees. In Extended Abstracts of the 2021 CHI Conference on Human Factors
in Computing Systems (pp. 1-7).

Phelan, L, Furness, P. J., Dunn, H. D., Carrion-Plaza, A., Matsangidou, M., Dimitri,
P., & Lindley, S. (2021). Immersive virtual reality in children with upper limb
injuries: Findings from a feasibility study. Journal of Pediatric Rehabilitation
Medicine, (Preprint), 1-14.

Phelan, L, Furness, P. J., Matsangidou, M., Babiker, N. T., Fehily, O., Thompson,
A, .. & Lindley, S. A. (2021). Designing effective virtual reality environments for
pain management in burn-injured patients. Virtual Reality, 1-15.

Phelan, L, Furness, P. J., Matsangidou, M., Carrion-Plaza, A., Dunn, H., Dimitri,
P., & Lindley, S. A. (2021). Playing your pain away: designing a virtual reality
physical therapy for children with upper limb motor impairment. Virtual Reality,
1-13.

Matsangidou, M., Otkhmezuri, B., Ang, C. S., Avraamides, M., Riva, G., Gaggioli,
A., ... & Karekla, M. (2020). “Now i can see me” designing a multi-user virtual
reality remote psychotherapy for body weight and shape concerns. Human—
Computer Interaction, 1-27.

Otkhmezuri, B., Boffo, M., Siriaraya, P., Matsangidou, M., Wiers, R. W., Mackin-
tosh, B., ... & Salemink, E. (2019). Believing is seeing: a proof-of-concept semiexper-
imental study on using mobile virtual reality to boost the effects of interpretation
bias modification for anxiety. JMIR mental health, 6(2), e11517.

Siriaraya, P., & Ang, C. S. (2014, April). Recreating living experiences from
past memories through virtual worlds for PwD. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems (pp. 3977-3986).

Rose, F. D., Brooks, B. M., & Rizzo, A. A. (2005). Virtual reality in brain damage
rehabilitation. Cyberpsychology & behavior, 8(3), 241-262.

Reynolds, L., Rodiek, S., Lininger, M., & McCulley, M. A. (2018). Can a virtual
nature experience reduce anxiety and agitation in people with dementia?. Journal
of Housing for the Elderly, 32(2), 176-193.

Walden, A., & Feliciano, L. (2021). A Virtual Reality Intervention to Reduce
Dementia-Related Agitation Using Single-Case Design. Clinical Gerontologist,
1-11.

Rose V, Stewart I, Jenkins KG , Ang CS , Matsangidou M (2018) A scoping review
exploring the feasibility of virtual reality technology use with individuals living
with dementia. ICAT-EGVE 2018, pp. 131-139.

Schiza, E., Matsangidou, M., Neokleous, K., & Pattichis, C. S. (2019). Virtual reality
applications for neurological disease: a review. Frontiers in Robotics and Al, 100.
Matsangidou, M., Frangoudes, F., Schiza, E., Neokleous, K., Papayianni, E., Xenari,
K., MAvraamides, M., & Pattichis, C. (2022). Participatory design and evaluation
of virtual reality physical rehabilitation for people living with dementia. Virtual
Reality. https://doi.org/10.1007/510055-022-00639- 1

Rose, V., Stewart, I, Jenkins, K. G., Tabbaa, L., Ang, C. S., & Matsangidou, M.
(2021). Bringing the outside in: The feasibility of virtual reality with people with
dementia in an inpatient psychiatric care setting. Dementia, 20(1), 106-129.
Tabbaa, L., Ang, C. S., Rose, V., Siriaraya, P., Stewart, L, Jenkins, K. G., & Mat-
sangidou, M. (2019, May). Bring the outside in: providing accessible experiences
through VR for people with dementia in locked psychiatric hospitals. In Pro-
ceedings of the 2019 chi conference on human factors in computing systems (pp.
1-15).

Bargas-Avila, J. A., & Hornbzk, K. (2011, May). Old wine in new bottles or
novel challenges: a critical analysis of empirical studies of user experience. In
Proceedings of the SIGCHI conference on human factors in computing systems
(pp. 2689-2698).

Richeson, N. E. (2003). Effects of animal-assisted therapy on agitated behav-
iors and social interactions of older adults with dementia. American Journal of
Alzheimer’s Disease & Other Dementias®, 18(6), 353-358.

Filan, S. L., & Llewellyn-Jones, R. H. (2006). Animal-assisted therapy for dementia:
a review of the literature. International psychogeriatrics, 18(4), 597-611.
Chaudhary, S., & Srivastava, S. K. (2017). Own a Pet-Stay well and Happy: an
exploratory study. Indian Journal of Mental Health, 4(4).

Allen, K., Shykoff, B. E., & Izzo Jr, J. L. (2001). Pet ownership, but not ACE inhibitor
therapy, blunts home blood pressure responses to mental stress. Hypertension,
38(4), 815-820.

Luptak, J. E., & Nuzzo, N. A. (2004). The effects of small dogs on vital signs in
elderly women: A pilot study. Cardiopulmonary Physical Therapy Journal, 15(1),
9.

333

(34

[35

[36

[37

[39

[40

[41]

[42

T~
&

[44

[45

[46

[47

S
&

[49

[50

[51

[52

[60

[61

Maria Matsangidou et al.

Morrison, M. L. (2007). Health benefits of animal-assisted interventions. Comple-
mentary health practice review, 12(1), 51-62.

Stasi, M. F., Amati, D., Costa, C., Resta, D., Senepa, G., Scarafioiti, C., ... & Molaschi,
M. (2004). Pet-therapy: a trial for institutionalized frail elderly patients. Archives
of gerontology and geriatrics. Supplement, (9), 407-412.

Wells, D. L. (2005). The effect of videotapes of animals on cardiovascular responses
to stress. Stress and health, 21(3), 209-213.

Thomas, G. E., Crutch, S. J., Camic, P. M., & on behalf of the Created, S. (2018).
Measuring physiological responses to the arts in people with a dementia. Inter-
national Journal of Psychophysiology, 123, 64-73.

Young, R., Camic, P. M., & Tischler, V. (2016). The impact of community-based
arts and health interventions on cognition in PwD: A systematic literature review.
Aging & mental health, 20(4), 337-351.

Jonas-Simpson, C., Mitchell, G., Dupuis, S., Donovan, L., & Kontos, P. (2022). Free
to be: Experiences of arts-based relational caring in a community living and
thriving with dementia. Dementia, 21(1), 61-76.

Windle, G., Algar-Skaife, K., Caulfield, M., Pickering-Jones, L., Killick, J., Zeilig,
H., & Tischler, V. (2020). Enhancing communication between dementia care staff
and their residents: an arts-inspired intervention. Aging & mental health, 24(8),
1306-1315.

Kumar, A. M., Tims, F., Cruess, D. G., & Mintzer, M. J. (1999). Music therapy
increases serum melatonin levels in patients with Alzheimer’s disease. Alternative
therapies in health and medicine, 5(6), 49.

Suzuki, M., Kanamori, M., Watanabe, M., Nagasawa, S., Kojima, E., Ooshiro, H., &
Nakahara, D. (2004). Behavioral and endocrinological evaluation of music therapy
for elderly patients with dementia. Nursing & Health Sciences, 6(1), 11-18.
Norberg, A., Melin, E., & Asplund, K. (2003). Reactions to music, touch and object
presentation in the final stage of dementia: an exploratory study. International
journal of nursing studies, 40(5), 473-479.

Takahashi, T., & Matsushita, H. (2006). Long-term effects of music therapy on
elderly with moderate/severe dementia. Journal of Music Therapy, 43(4), 317-333.
Wohlwill, J. F., & Weisman, G. D. (2012). The physical environment and behav-
ior: An annotated bibliography and guide to the literature. Springer Science &
Business Media.

Maller, C., Townsend, M., Pryor, A., Brown, P., & St Leger, L. (2006). Healthy
nature healthy people:‘contact with nature’as an upstream health promotion
intervention for populations. Health promotion international, 21(1), 45-54.
Chalfont, G. (2007). Design for nature in dementia care. Jessica Kingsley Publish-
ers.

Hendriks, I. H., van Vliet, D., Gerritsen, D. L., & Drées, R. M. (2016). Nature and
dementia: development of a person-centered approach. International Psychogeri-
atrics, 28(9), 1455-1470.

Allen, J., & Tulich, T. (2015). ’I want to go home now’: Restraint decisions for
dementia patients in Western Australia. Law in Context, 33(2), 1-23.
Motta-Ochoa, R., Bresba, P., Da Silva Castanheira, J., Lai Kwan, C., Shaffer, S.,
Julien, O., ... & Blain-Moraes, S. (2021). “When I hear my language, I travel back
in time and I feel at home”: Intersections of culture with social inclusion and
exclusion of persons with dementia and their caregivers. Transcultural psychiatry,
58(6), 828-843.

Claxton-Oldfield, S., MacDonald, J., & Claxton-Oldfield, J. (2006). What palliative
care volunteers would like to know about the patients they are being asked to
support. American Journal of Hospice and Palliative Medicine®, 23(3), 192-196.
Keesing, S., & Rosenwax, L. (2011). Is occupation missing from occupational
therapy in palliative care?. Australian Occupational Therapy Journal, 58(5), 329-
336.

Chui, Y. Y, Kuan, H. Y, Fu, I. C,, Liu, R. K., Sham, M. K., & Lau, K. S. (2009).
Factors associated with lower quality of life among patients receiving palliative
care. Journal of advanced nursing, 65(9), 1860-1871.

Moss, M. S., Braunschweig, H., & Rubinstein, R. L. (2002). Terminal care for
nursing home residents with dementia. Alzheimer’s Care Today, 3(3), 233-246.
Wang, S. S., Teo, W. Z., Teo, W. Z., & Chai, Y. W. (2020). Virtual reality as a bridge
in palliative care during COVID-19. Journal of palliative medicine, 23(6), 756-756.
Niki, K., Okamoto, Y., & Ueda, M. (2020). Response to Wang et al., Virtual Reality
as a Bridge in Palliative Care during COVID-19 (DOI: 10.1089/jpm. 2020.0212).
Journal of palliative medicine, 23(7), 892-894.

Kelley, M. F. (1997). Social interaction among PwD. Journal of Gerontological
Nursing, 23(4), 16-20.

Lee, K. H., Boltz, M., Lee, H., & Algase, D. L. (2017). Does social interaction
matter psychological well-being in persons with dementia?. American Journal of
Alzheimer’s Disease & Other Dementias®, 32(4), 207-212.

Campo, M., & Chaudhury, H. (2012). Informal social interaction among residents
with dementia in special care units: Exploring the role of the physical and social
environments. Dementia, 11(3), 401-423.

Pringle, R. (2017). Virtual reality is still too isolating to be’the next big thing’in
tech. CBC News, 14.

Hodge, J., Balaam, M., Hastings, S., & Morrissey, K. (2018, April). Exploring the
design of tailored virtual reality experiences for PwD. In Proceedings of the 2018
CHI Conference on Human Factors in Computing Systems (pp. 1-13).


https://doi.org/10.1007/s10055-022-00639-1

Free of Walls: Participatory Design of an Out-World Experience via Virtual Reality for Dementia In-patients UMAP 22 Adjunct, July 04-07, 2022, Barcelona, Spain

[62] Blythe, M., Wright, P., Bowers, J., Boucher, A., Jarvis, N., Reynolds, P., & Gaver, [63] Asghar, I, Cang, S., & Yu, H. (2020). An empirical study on assistive technology
B. (2010, August). Age and experience: ludic engagement in a residential care supported travel and tourism for the PwD. Disability and Rehabilitation: Assistive
setting. In Proceedings of the 8th ACM Conference on Designing Interactive Technology, 15(8), 933-944.

Systems (pp. 161-170). [64] Bauer, I. L. (2019). Caregivers of travelers with dementia—a neglected travel

population. Journal of Travel Medicine, 26(7), taz061.

334


https://www.researchgate.net/publication/362969069

	Abstract
	1 INTRODUCTION
	2 METHODS
	2.1 Ethics
	2.2 Participants
	2.3 Study Design and Procedure
	2.4 Materials

	3 RESULTS
	3.1 VEs Selection
	3.2 Development of an Intelligent Personalized Assistive System

	4 DISCUSSION
	5 FUTURE WORK
	6 CONCLUSION
	Acknowledgments
	References

