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ABSTRACT

As the global population ages, the number of people suffering from Alzheimer’s disease (AD) increases.
AD is the most common cause of dementia. In recent years interactive architecture has been developed
to enhance the lives of people coping with this disease. This article presents an extensive literature review
from existent research projects on how assistive technology (AT) has been used as a physical and
cognitive rehabilitation aid to AD and other dementia patients. The review served to identify gaps in AT
implemented place. That revealed the following findings: (1) a notable improvement in both physical and
cognitive rehabilitation when integrating AT in patients’ therapeutic environments, (2) a positive effect
for caregivers when patients used AT individually, and (3) a lack of clarity due to limited studies on the
use of AT for daily activities in residents’ rooms at healthcare centers. However, further studies are
necessary to explore the AT potential integrating strategies to promote daily activities in the residents’
rooms at healthcare centers, and the architectural factors that could affect ATs’ efficiency.

Keywords:
Assistive technology, Alzheimer’s disease, interactive architecture, therapeutic environments, virtual
environment.

OVERVIEW

This review is part of a cumulative doctoral dissertation comprising three substantial articles and an
exegesis. The dissertation is on an interdisciplinary topic consisting of architecture, human-computer
interaction (HCI), and environmental psychology. Developing this research through interdisciplinary
studies creates a powerful learning experience that emphasizes integrative learning, critical thinking,
and creative problem solving. The aim of this dissertation is to develop the implementation of
interactive indoor environments for persons with Alzheimer disease (PWAD) to support their orientation
abilities in performing their daily tasks in their rooms at long-term healthcare centers in order to
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increase their quality of life (QoL). This aim leads to several related research questions: To what extent
can interactive architecture add to the experience of an indoor therapeutic environment for people with
Alzheimer's at long-term healthcare centers? What are the key system characteristics of integrating
assistive technology (AT) as an assistive tool in residents’ rooms at these centers? What kind of
contributions could the use of virtual environments (VEs) in their rooms offer to PWAD? What are the
architectural factors that could affect VEs’ efficiency? What are the barriers to adopting VEs in residents’
rooms? Which VEs could be used to motivate and orient the residents to do specific daily activity in their
rooms (e.g., for toileting)? How can VEs be integrated in both single and multiple occupancy rooms?
How do PWADs react to VEs? Studying residents’ orientation in their rooms, how do they act before and
after the use of VEs? What is the effect of the use of VE?

To answer these research questions, this dissertation targets objectives at three levels. The first
objective is a scoping review to systematically map the research done in this area, as well as to identify
any existing gaps in knowledge. The second objective is to study different assistive technology systems
scenarios (which are used to motivate and orient residents’ in their rooms to do a specific daily activity)
through the user experience design concept, to investigate various aspects of using interior elements
as information displays, taking into consideration the residents’ as an end user. The third objective is to
create a framework that can guide the researchers and designers to use interactive architecture in long-
term healthcare centers for people with Alzheimer’s.

INTRODUCTION

Alzheimer’s disease (AD) is the most common type of dementia and account for between 50% and 75%
of all cases (Alzheimer's disease and Dementia 2017). Cognitive scientists have defined AD as a
progressive, chronic disease that severely impairs cognitive functions, including memory, reasoning,
linguistic ability, depth perception, and mobility (Alzheimer's association 2018; National Institutes of
Health, National Institute on Aging 2017; Alzheimer’s disease International, n.d.). Van Hoof, Demiris,
and Wouters (2017) provided an accurate definition of AD that gave a narrower perspective: precisely,
it is the loss of necessary knowledge about “how to,” including how to carry out the various tasks of
daily living and how to interact appropriately with the environment. This definition provides an initial
approach to resolving the larger problem at hand here. Therefore, prior understanding of the transition
between disease stages is necessary (Mayo Clinic Staff). This transition may take several years, and
patients in different stages of the disease have different requirements. Table 1 summarizes the familiar
symptoms of AD over its three stages.

TABLE 1: Alzheimer’s Symptoms (Alzheimer's Society 2018b; Mayo Clinic Staff; Heerema, 2015)

Stage Activities Affected by Alzheimer’s disease Alzheimer’s disease Symptoms

A person may seem to be healthy but has increasing difficulty

Memory, speech, complex organization, ; )
¥, P P g making sense of the world around them. Short-term memory is

; social skills, judgment and logical thinking,

Preclinical L impaired, all skills and senses worsen, but substitutes may be
mobility, senses. o
used to eliminate problems.
o More intensive supervision and care become necessary, which
Memory, speech, complex organization, e N .
Il. ) Lo ) L can be difficult for many families. The ability to take care of
social skills, judgment and logical thinking, ) o ) ) ;
Moderate oneself is lost, as is independent judgment. Orientation

mobility, senses. )
deteriorates.

People in this stage of AD cannot communicate and are
completely dependent on others for their care. They lose the
ability to walk, sit, and swallow and have increasing difficulty
communicating.

Cognitive ability to achieve anything
ll. Severe | complex (including dressing oneself),
memory, mobility (often bed-bound).
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These cognitive problems have attracted substantial attention to the design and development of special
care units for people with Alzheimer disease (PWAD). These units must provide a supportive
environment for daily activities and increase PWAD's physical and mental independence. The loss of
self-esteem linked with dependency in daily activities can be a devastating experience for PWAD (Yates
et al., 2019).

PWAD need support to engage in activities that provide multisensory stimulation, as they may
be incapable of accessing this type of stimulation by themselves. An adequate level of sensory
stimulation helps to relieve stress and boredom. All the senses—sight, touch, taste, smell, sound, and
movement—need stimulation. The senses related to movement can be divided into proprioception (the
sense of where the body is in space) and vestibular awareness (awareness of velocity and direction of
movement (Fowler, 2008).

Dementia-friendly design integrates the key principles that support maximum independent
functioning without inducing anxiety (Adi et al., 2015). In incorporating these principles, architectural
design aims to improve PWAD’s vision and recognition by removing distracting objects, directing their
attention to environmental cues, and highlighting key features in the surrounding environment. Virtual
environment (VE) technologies can assist in this endeavour.

VE technologies are now a viable alternative to conventional rehabilitation methods. They have
diverse properties and capabilities in patients’ physical and cognitive rehabilitation—from conventional
2D graphic displays that provide no immersive or semi-immersive virtual reality (VR) scenarios to more
advanced approaches, such as head-mounted displays and 3D smart TV technologies, with realistic
multisensory interaction devices and neurophysiological feedback capacity. Such approaches are
considered to be the most promising developments, as this review highlights. Additionally, it is desirable
that these VR applications for PWAD be easily and affordably transferable to in-home and nursing home
environments (Garcia-Betances et al., 2015).

METHODS

The goal of the literature review is to inform primary research by (1) clarifying the importance of
implementing a therapeutic environment for persons with Alzheimer’s disease (PWAD) and identifying
the characteristics of a positive outcome for these residents; (2) identifying the latest advances in
technological solutions for interactive therapeutic environments in long-term healthcare centers for
improving the PWAD’s quality of life. The focus is on virtual environments (VEs) as assistive technology
(AT) tools, (3) identifying the gaps in the AT-implemented place, looking at which types of AT have been
integrated into the residents’ rooms, the purpose of their usage, and whether the residents are using
them individually or with caregivers’ help. The literature review represents an embedded study, by
collecting and analysing both quantitative and qualitative information. It involves a mixed research
synthesis, by using quantitative research approaches to synthesize quantitative-based works and
qualitative research approaches to synthesize qualitative-based works. The review is organized into two
parts: (1) searching the literature and selecting relevant work and (2) categorizing the selected works
and their use. In the first part; a systematic literature search was conducted in six scientific databases
to identify relevant empirical studies. A focus was on the databases related to health, nursing,
environmental psychology, the built environment, HCI and assistive technology. Therefore, a literature
search was performed in PubMed, Web of Knowledge, IEEExplore, ScienceDirect, and Google Scholar
electronic databases, using the following keywords: assistive technology, interactive architecture,
therapeutic environment, virtual environment, multisensory stimulation, multisensory environment,
and augmented reality. The keywords were combined with the terms “dementia” and “Alzheimer’s” to
identify papers on the topic, as well as pilot studies. Published studies were next identified using a search
strategy based on the three facets of the research question: persons with Alzheimer’s disease and other
dementia, interactive therapeutic environments, and long-term healthcare centers. Only English-
language peer-reviewed journal articles published after 2003 were considered in investigating the
importance of the therapeutic environment. Articles published after 2014 were particularly considered
to examine the use of more recent technologies. Eligible articles were those that examined the effects
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of no immersive, semi-immersive, and/or fully immersive virtual, augmented, or mixed reality
interventions using head-mounted devices on participants’ quality of life, depressive symptoms, social
interaction, enjoyment, and acceptability. In the second stage of the review, the retrieved VR studies
and applications were categorized according to the classification in Figure 1.

Methodology

'

The review is organized into two
parts: (1) searching the literature and
VRfor AD and Related Cognitve Disoders  Categorization | s selecting relevant work and (2) —

A systematic literature
search was conducted in
six scientific databases.
to identify relevant

categorizing the selected works and empirical studies.
their use.
Rssessment and Diagnosis tool Reha and Cognitive Training ool
Design and Training tool Interaction Technlgue used Focused on databases
[ t | Articles only in related to health,
Lo | ! ‘ English language nursing, environmental
Caregvers Training i Interaction type | | Methodologytype | | Immersion type peer-reviewed psychology, the built
journals. environment, HCI, and
] ] Passve Tashs Ful assistive technology.
Patiets Educaion
1 Acive Games Semi l
Design of | vithor [ADL Nen Records identified
VR environment whhuutnﬂl — — through searching

Duplicates removed PubMed, Web of
(= Knowledge, IEEExplore,
ScienceDirect, and
Google Scholar
electronic databases.

Ilustration of VR studies and applications categorized
according to the classification (Garcia-Betances et al.,

2015)

Articles published after 2003 were Identified using a search strategy

considered in order to investigate the based on the three facets of the

importance of the therapeutic research question: persons with

environment. After 2014, articles Alzheimer’s disease and other
were considered to allow for an - dementia, interactive therapeutic

examination of the use of more environments, and long-term
recent technologies. healthcare centers.

FIGURE 1. Flowchart of the literature search on the Interactive architecture as a therapeutic environment for people
with Alzheimer disease.
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RESULTS

This section outlines the results of the literature review. Numerous studies have confirmed a positive
correlation between the therapeutic environment design (especially when healthcare architects
consider patients as end users) and patient improvement (Bowes & Dawson, 2019; Zeisel, 2000, 2003;
Malkin, 1992; Marquardt et al.,, 2014; Smith & Watkins, 2016; van Hoof et al.,, 2017). Including
interactive architecture in patients’ environments improved their physical and cognitive rehabilitation
and their self-esteem (Marquardt et al., 2014; McCullough, 2005; Yates et al., 2019). VEs play an
important role in the improvement of PWAD’s physical and cognitive rehabilitation, including in such
areas as memory retention, attention, and problem solving (Dalton 2017; Fasilis et al. 2018; Hofmann
et al. 2003; Moyle et al. 2018). However, there are some gaps concerning the integration of VEs in
residents’ rooms. Other limitations include a lack of studies on the effects of architectural factors on
VEs’ efficiency, including illumination (day and artificial light), materials (ordinary and smart materials),
and the room area (James R. Benya, 2010). In addition, the role of VE integration in rooms with multiple
residents in healthcare centers remains unclear (Dalton, 2014).

1. THERAPEUTIC ENVIRONMENT ROLE

Recently multiple studies ( Marquardt et al., 2014; Smith & Watkins, 2016; Zeisel, 2000, 2003) have
acknowledged the relation between therapeutic environments and patient improvement. Many
researchers highly recommend considering the patient as an end user in the design process, as this
contributes to a more supportive therapeutic environment (McCullough, 2005). The research literature
in this field has grown rapidly in recent years. For instance, Bowes and Dawson (2009) have
systematically identified, examined, and evaluated studies on designing environments for people with
dementia (PwD). Marquardt et al., (2014) indicated that specific design interventions improve outcomes
for PwD, except in the area of their cognition.

Zeisel, (2003) examined indications of the most appropriate treatments for PWAD in order to
better understand the therapeutic environment (environment, behavior/communication, and
medication). Other research has focused on the use of technology in the therapeutic environment for
PWAD and other types of dementia. One study (Topo, 2009) suggested that universal design principles
can be a helpful starting point, but these must be supplemented with dementia-specific knowledge. This
requires that PwD be involved in the design process and implies that it is essential for technologies to
be thoroughly tested in a real-world environment and not solely in laboratory conditions. Another study
(Dalton, 2017) described a framework for a smart home environment that aims to comprehensively
address issues of environmental fit, in particular for people with dementia. This includes a means of
sensing the user affect as a factor in the system management of a smart personal living space and
generating environmental responses that adapt to changing user needs. The overall intention is to
maximize environmental congruence for the user, both functionally and psychosocially, by factoring in
adjustments based on changing patient status.

2. INTERACTIVE TECHNOLOGIES

Using interactive technology in everyday life can help PWAD maintain their independence, keep safe,
and stay active and involved (Alzheimer’s Society, 2019). This technology can assist individuals in the
process of remembering, including the receiving, encoding, storing, and retrieving of memories.
Memory problems can be caused by difficulties at any of these stages. A useful way to improve the
process of remembering is to establish a daily routine and break it into smaller steps (Alzheimer's
Society, 2018b). Assistive technology (AT) can play an important role in this process. AT refers to devices
or systems that help maintain and improve a person’s ability to function in everyday life. Such
technologies can assist with many difficulties, including problems with memory and mobility. AT
includes a broad range of items, ranging from electronic pill boxes to “smart home” systems
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(Alzheimer’s Society, 2018a). This section focuses on the main developments in AT and locating
evidence as to whether AT can improve the well-being of PWAD.

2.1. Interactive technology effectiveness and issues

Recent literature reviews (Clay et al., 2020; D'Cunha et al., 2019; Garcia-Betances et al., 2015; Koumakis
etal., 2019; Adi & Aljunaidy, 2020; Montana et al., 2019; Sdnchez et al., 2013; Strong, 2020) and position
papers have addressed AT for PwD and PWAD from a broad perspective. Generally, these publications
discuss a range of topics to advance research and bring to market evidence-based solutions that are
usable and effective in patients’ everyday lives. While AT has potential benefits to offer PwD
(Alzheimer’s Society, 2018a), there are still a number of general issues around its provision that need to
be explored in detail. These include improving access, personalized care, analysis of limitations, ethical
considerations, and future developments.

A conference paper confirmed the lack of standards for relating quality of life (Qol) to AT
(Hayhurst, 2017). A number of ATs, including virtual reality (VR) and augmented reality (AR), have been
reported to enhance the QoL of PWAD. However, It can be difficult for PWAD and care personnel to
evaluate the products available to them (Hayhurst, 2017). Therefore, in future research, technology-
based QoL metrics would support the objective assessment of the impact of AR and VR.

“Interaction design must serve the basic human need for getting into place. Like architecture,
and increasingly as a part of architecture, interaction design affects how each of us inhabits the physical
world” (Alzheimer's association, 2019). Experts have stated that while some technology tools can be
helpful for PWAD, others do not work as promised. James Hendrix, director of global science initiatives
at the Alzheimer’s Association, stated that “there exist hundreds of products and computer apps to help
PWAD, but very few are clinically proven” (Alzheimer’s Society, 2019).

Several studies that examined the use of AT for PWAD have shown promising results. For
example, a case study of night-time wandering (Kenfack Ngankam et al., 2020) showed the importance
of context awareness architecture for ambient assisted-living applications. Another study presented and
reflected on recent findings on how PwD experience and manage their daily lives through their own
initiative, including their use of technology (Topo, 2009). Yet another study evaluated a novel kind of
interactive computer-based cognitive training in AD for rehabilitation and therapeutic interventions
(Hofmann et al., 2003).

2.2. Virtual environments as cognitive aids for people with Alzheimer’s

VEs are a promising technology that can be used for cognitive assessment and intervention (Alzheimer's
association, 2019). VR immerses the user in a dynamic VE in which they carry out cognitive and
sensorimotor activities while interacting with virtual stimuli. The use of interaction in VEs provides new
approaches to the treatment of memory deficits in elderly individuals (Corriveau Lecavalier et al., 2020).
Recent literature (Clay et al., 2020; D'Cunha et al., 2019; Sanchez et al., 2013; Strong, 2020) has shown
the effectiveness of VEs in improving patients’ performance on several tasks in physical and cognitive
rehabilitation, using immersive, semi-immersive, and no immersive options. These tasks include
reminiscence activities, such as using an interactive touchscreen device to involve discussing events and
experiences from the past and aims to evoke memories, stimulate mental activity and improve a
person's well-being. As well as spatial cognitive tasks, and enjoyable leisurely activities.

In addition, several pilot studies have shown promising results in the use of VR technologies as
cognitive aids for PWAD. One study (Fasilis et al., 2018) examined the effect of computerized cognitive
rehabilitation and interactive computer-based training on potential cognitive enhancement and
rehabilitation in persons with mild dementia. This study found a relative improvement in patients’
cognitive functions, including those related to problem solving, rigid thinking, and attention. Another
pilot study (Optale et al., 2010) implemented a VR training intervention to try to reduce cognitive decline
and improve memory functions. Moyle et al., (2018) measured and described the effectiveness of a VR
forest on engagement, apathy, and mood states of PwD and explored the experiences of staff, PwD, and
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their families. A study by Manera et al., (2016) tested the feasibility of using highly realistic image-based
rendered VR with people with mild cognitive impairment and dementia. The researchers designed an
attentional task to train selective and sustained attention and tested VR and paper versions of this task
in a single session. The above studies demonstrate that VR-based training can be a tool for improving
adherence to cognitive training among PWAD.

Using both VR and AR, Hayhurst, (2017) addressed several technology design issues with VEs,
the first being the consideration of the stakeholders. AT often involves a level of technical intervention,
either to set up the application or to use it, which requires that caregivers or family members be able
to use such applications to support PwD. Furthermore, the designers of AT need to follow a user-
centered approach rather than a one-size-fits-all approach. Any intervention using AR or VR must be
designed considering the specific needs of the individual with dementia, as their needs may differ
depending on how their dementia is affecting them. AR and VR could be developed to support VEs that
are context-aware of PwD, thus resulting in a more immersive adoption of any intervention.

3. VIRTUAL ENVIRONMENTS AND ALZHEIMER’S-FRIENDLY BUILDING DESIGN

VEs stimulations can be used in various scenarios for health facility design. These include immersive,
semi-immersive, and no immersive scenarios. Most research related to VEs and AD has focussed on
enhancing the specific skills that tend to decline over the course of the condition, including spatial
navigation (Jiang & Li, 2007; Montana et al., 2019; Pengas et al., 2012; White & Moussavi, 2016). The
results are promising and suggest that VR training can facilitate neuro-rehabilitation and promote brain
plasticity? processes. Applications of virtual buildings and rooms can both evaluate and rehabilitate the
spatial memory of patients in different cognitive impairment phases.

Other studies have focused on creating multisensory spaces to enhance cognitive skills (Duchi
etal, 2019; Goodall et al., 2019). This stimulation of sight, touch, hearing, balance, and smell is expected
to lead to a reconnection with reality for PwD, resulting in an improvement in their overall well-being
and Qol. In addition, it can help patients improve their relationships in their social and personal
environments, since the aim is to provide an atmosphere of wellness and relaxation for the patient and
the specialist.

Eisapour et al., (2018) created two VR environments using the Oculus Rift head-mounted display
and Oculus touch controllers with the goal of increasing accessibility to exercise for PwD. This research
demonstrates the promising potential of VR exergames? for PwD. However, future studies are needed
to expand the available tasks, increase the available environments, and examine their clinical impact.
Suggestions have been made for dementia-friendly room designs, but the effectiveness of these in
improving the safety of dementia patients has not yet been tested (Dalton, 2014, 2017). The author
noted that the ideal environment for PwD should be adaptable to compensate for the loss of cognitive
function and to decrease the patient's susceptibility to stress of environmental origin, so that the room
environment becomes prosthetic or compensatory. This research used Barris’s model of environment,
including the following aspects: (1) objects; (2) tasks, meaning any series of actions that satisfy internal
motives to explore and be competent; (3) groups, since the care setting architecture can either advance
or limit connections to the greater physical and social context; and (4) culture, referring to family
culture, as the design context is a conscious recognition of the user’s or resident’s expectations. (Dalton,
2014, 2017) suggests that congruence in the architectural environment of care can be supported by the
incorporation of real-time sensing and actuation. In such an environment, affect becomes a
consideration in the management of environmental response, thus creating a feedback loop that
promotes salutogenesis3.

DISCUSSION

AD is a progressive disease, the symptoms of which differ from person to person (Alzheimer's
association, 2018; Alzheimer's Disease International, n.d.; National Institutes of Health, National
Institute on Aging, 2017). In all cases (Alzheimer's Society, 2018b), the problem is on of “how to,” as AD
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and other kinds of dementia often make performing the activities of daily living difficult. Tasks may be
done halfway, poorly, or not at all (Heerema, 2015). Therefore, healthcare designer should focus on the
remembering process when designing AD-patient-friendly buildings. The improvement of patient
outcomes depends on the therapeutic environment, as several pilot studies have shown theoretically
and practically.

As Smith & Watkins (2016) mentioned, the effects of environments can be either positive or
negative; only no environment is neutral. One of the first authors to describe the therapeutic
environment effect (Malkin, 1992) listed the following recommendations: (1) reduce or eliminate
environmental stressors, (2) provide positive distractions, (3) enable social support, and (4) give patients
a sense of control. These factors all influence the effect of the therapeutic space on patient outcomes.
In addition, Zeisel (2000, 2003) concluded that for positive therapeutic environment outcomes,
specifically for PWAD, healthcare architects should first classify the relevant symptoms and their
treatment. A useful classification scheme of Alzheimer’s symptoms includes the behavioral, functional,
cognitive, and physical manifestations. By identifying AD’s relevant symptoms, architects can design the
space to help reduce one or more of them.

Zeisel's (2000, 2003) recommendation leads to another aspect of the space: the service to the
PWAD who could be served by the space itself. Considering the PWAD as an end user will lead to a
positive outcome (McCullough, 2005). Bowes & Dawson (2019) provided a foundation for the further
development of practical design work on environments that enable people with dementia to live better.
They concluded that there is currently disparate work available on a range of design items, prototypical
technologies, and interventions, and that research is needed to consolidate findings and identify the
core principles to guide design. In addition, they considered the environment not only as facilitating and
supporting good care but also as having a positive role to play in itself.

Dalton (2017) and Topo (2009) proved that patients had better outcomes when AT was inte-
grated into their therapeutic environments, which increased their autonomy and independence. AT can
be used in daily activities that exercise the remembering processes (Alzheimer's association, 2019;
Alzheimer's Society, 2018b, 2019), and a daily routine divided into small steps can improve patient
outcomes. As previously discussed, there are still a number of general issues around the provision of AT
that need to be explored and addressed in greater detail (Alzheimer’s Society, 2018a). These include
the following:

1. Improved access. This issue encompasses two points: (1) A lack of public awareness and
information, means that PWAD and their carers do not know what to ask for. (2) A lack of
professional awareness, means that there is also a need for Alzheimer’s advisers and other
memory services staff to receive AT awareness training.

2. Personalized care. It is very important that AT is personalized to the individual and not part
of a ‘set menu’ or ‘Alzheimer’s package’. PWAD experience various symptoms that require
different responses. In addition, the most appropriate AT will depend on an individual’s lifestyle
and circumstances, which change over time. This confirms the theory that ‘no one design can
fitall’.

3. Limitations. AT should not be treated as an ‘amend solution” for PWAD or used as a
replacement for human interaction and caring for them. Rather, AT should be seen as
complementing an individual's care and support to enhance their QoL. The AT design process
should include PWAD to produce technological aids that are 'fit for purpose' without being
overly complex or requiring extensive training. The key to some of the issues around AT for
people with AD and caregivers is how reliable off-the-shelf technical solutions are. For example,
for some PWAD telecare is of use only if it is backed up with human care, support, and training.
How useful AT is also depends strongly on the external environmental factors that are in place.
For example, adequate lighting can be a significant factor in determining whether PWAD are
able to navigate around their home or environment.
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4. Ethical considerations. To fully realize the beneficial effects of the technology, particular
attention should be paid to aspects of care planning including assessment, installation, and
obtaining consent.

5. Future developments. The proper promotion of AT benefits requires strong local and national
leadership, with advocates explaining the ways in which AT can bring benefits to PWAD and
their careers. AT can play an important role in several daily life activities of PWAD (Hofmann et
al., 2003; Kenfack Ngankam et al., 2020; Topo, 2009), as it has been shown training improved
the task performance of PWAD substantially, and they appeared to like this approach. New
interactive media, therefore, may vyield interesting opportunities for rehabilitation and
therapeutic interventions (Hofmann et al., 2003).

One promising form of AT is VEs, which are considered effective rehabilitation tools for PWAD
(Alzheimer's association, 2019; Corriveau Lecavalier et al.,, 2020). As previously mentioned, recent
literature (Clay et al., 2020; D'Cunha et al., 2019; Sanchez et al., 2013; Strong, 2020) has proved the
effectiveness of VEs in improving patients’ performance on several tasks through the use of immersive,
semi-immersive, and no immersive scenarios. These tasks include reminiscence activities and spatial
cognitive tasks that involve enjoyable, leisurely activities. Some people have argued that PWAD will not
enjoy or interact with VEs, but research has shown that PWAD have indeed enjoyed and interacted well
with VEs. Additionally, there was some improvement in their QoL and memory function after using VEs
in some tasks such as path finding, problem solving, and tasks to stimulate attention (Fasilis et al., 2018;
Hayhurst, 2017; Manera et al., 2016; Moyle et al., 2018; Optale et al., 2010).

Although the use of VEs in patients’ physical and cognitive rehabilitation has improved
outcomes, there are still some problems that need to be solved. For instance, the set-up and use of
some devices, such as headsets, tablets, and screens, requires a level of technical intervention. This
requires that caregivers have the ability to use such applications to support PWAD in their use of them.
A further problem is that caregiver intervention of this type will not help PWAD become more self-
sufficient. Moreover, not all VE designs fit all patients. Instead, designs are required that consider PWAD
as end users with individually specific needs (McCullough, 2005).

The use of VEs for AD has developed recently in the architecture field. VEs have been used in
various ways in architectural design to improve AD patient outcomes, and several studies have shown
their benefits for these patients. The four main factors in the use of VEs are as follows: (1) the PWAD as
an end user, (2) the space the VE will be integrated into, (3) the type of VE, and (4) the assistive service
that the technology will provide to the PWAD. Table 2 illustrates this categorization.
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The table can be summarized as follows. (Eisapour et al., 2018) investigated physical rehabilitation for
PwD using VR exergames in a special room under caregivers’ supervision. The duration of this
rehabilitation was three weeks, and was provided to six persons living with dementia. The researchers
created two VEs using an Oculus Rift head-mounted display and Oculus touch controllers. An evaluation
compared the virtual programs with human/therapist-guided exercise in terms of the subjective
enjoyment, comfort, and difficulty level of the activities. The evaluation showed positive outcomes in
the PWAD’s physical rehabilitation that exceeded those gained from ordinary guided exercise.

Another study (Dalton, 2014) suggested using VEs to enhance PWAD’s QoL in addition to
assisting with cognitive rehabilitation by integrating biosensors in the residences’ single-occupancy
rooms at Alzheimer’s healthcare centers. The author used Barris’s model of the environment, looking
at the aspects objects, tasks, groups, and culture. The ‘My Room’ concept envisioned patient rooms
designed to include a comprehensive embedded responsive system, with multiple networked sensors,
allowing continuous activity-aware and contextualized sensing of a user’s psycho-physiological state.
This suggestion has not been tested in real life. The key characteristics of the My Room model are
summarized in Figure 2.

User-Centred

Functional Congruence Psychosocial Congruence

Architecture as Interactive Design

Person Activity Context

A4
Environmentally Embedded Sensing

Sensing of Person . Sensing of Context
Real-Time Environmental Response

Distributed System Machine-Learning
ntelli A

: Feedback Loop/OpenWork

FIGURE 2. System characteristics of an adaptive salutogenic room (Dalton 2014)

Goodall et al. (2019) examined physical and cognitive rehabilitation in addition to QoL for PwD by using
an immersive VE that combined VR and AR in a special room that was automatically adaptable to the
personal memories and individual preferences of the users. The design of the space is shown in [Figure
3]. The researcher combined multisensory stimulation with physical activity and techniques from
reminiscence therapy and Montessori methods. This stimulation of sight, touch, hearing, balance, and
smell was expected to lead to a reconnection with reality for the PwD. The researcher used a projector
to display information onto a large wall. The VE combined an AR game to improve the patient’s balance
and physical activity and integrated an interactive touchscreen device showing family photographs from
the individual’s life story to improve the patient’s sense of touch. In addition, an integrated sound
system with familiar music and background soundscapes was used to motivate and enhance the
patient’s cognitive rehabilitation. To complete the scene for the patients, an olfactory dispensary system
released familiar scents.

This case study demonstrated the effectiveness of the VE use in two areas. First, it had a positive
outcome on patients’ physical and cognitive rehabilitation and improved their QoL. Second, it had a
positive effect on both the formal and informal caregivers. The improvement in caregiver coping and
relief from stress, in turn, increased the quality of informal caregivers’ visits to PwD and enhanced the
quality of their relationships. In this study, patients used the VE without caregivers’ help, and it was safe
to be used individually.
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FIGURE 3. Architectural sketches of the SENSE-GARDEN space (left: interior, right: exterior Goodall et al. 2019)

Other studies by (Mrakic-Sposta et al., 2018; White & Moussavi, 2016) that investigated patients’
cognitive rehabilitation, specifically for spatial cognitive tasks, suggested that PWAD are able to transfer
information about the environment obtained from the VE to real life. The study used a cognitive
treatment program based on spatial navigation in a VE, having a man with early-stage AD navigate to
targets in a symmetric, landmark-less virtual building. The treatment took place in a special room under
a caregiver’s supervision. The study proved that an individual in the early stages of AD could learn to
navigate in a simple VR navigation environment, suggesting that such treatments might benefit other
people with AD.

The use of head-mounted displays and computer applications, however, comes with
disadvantages. In particular, it will not increase patients’ self-esteem, as it must be done under caregiver
supervision and in specific spaces. In addition, some studies have confirmed that head-mounted displays
can cause cyber-sickness and anxiety for seniors with AD or other forms of dementia (Nesbitt &
Nalivaiko, 2020; Pot-Kolder et al., 2018).

By analyzing the previous table through the four main aspects of the positive therapeutic
environment outcomes which are; (1) reduce or eliminate environmental stressors, (2) provide positive
distractions, (3) enable social support, and (4) give PWAD a sense of control. Had been found that the
use of fully immersive systems will not develop a therapeutic environment with a positive outcome. As
there’s a lack on aspects one and four. In this sense, display screens and semi-immersive systems, are
more comfortable to use. Although, (Goodall et al. 2019) had all the aspects of the effective therapeutic
environment, but the system had been integrated into a special room without any window. As the lack
of sufficient exposure to bright light during the day can negatively affect the health and well-being of
residents in Alzheimer’s and other dementia healthcare centers (Hanford & Figueiro, 2013; Konis et al.,
2018; Torrington & Tregenza, 2007)

This leads to the identification of the main research gap, which relates to the orientation of
PWAD in their rooms by having them use VEs as assistive technology tools to guide them in performing
specific daily activities (e.g., toileting, dressing, self-care, etc.), which differ from one patient to another.
The next step of the dissertation will be divided into two parts: (1) observing the PWAD’s orientation in
their rooms at healthcare centers and (2) studying assistive technology as an assistive tool to motivate
and orient them in performing specific daily activities through the design of experience concept and
using a mixture of qualitative and quantitative methods, including (1) data collection through a survey
and interviews by professionals at an Alzheimer’s long-term healthcare center in Vienna, Austria, as well
as through observing residents; (2) analysis of the collected data; and (3) developing a simulation for
the residents’ orientation in their rooms to create a narrative scenario for their orientation, and to
discover the influence of architectural elements on the efficiency of the assistive systems. The survey
will address the following questions: what are the residents’ needs in their rooms? What are their daily
activities during the day and night? What type of assistive technology are they using? What are the
reasons for this usage? Where do they use each type and when? At which stage of AD do they use them?
How do they interact with the assistive technology? What are the architectural barriers while using the
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assistive technology in their rooms? From a survey completed by professionals (n = 25) and interviews
held with specialists (n = 5) in an Alzheimer’s long-term healthcare center in Vienna, Austria, the
following daily activities were chosen to be investigated in the current study: (1) orient to bed, (2) orient
to toilet [Figure 4], (3) orient to wardrobe, and (4) orient to dining table.

room

Ooc::

FIGURE 4. illustrate sketch of the residents” movement to the toilet door in one of the
doubled room at the healthcare canter, Vienna, Austria.

CONCLUSION

This literature review of 55 articles, with a focus on interactive architecture in the therapeutic
environment for PWAD, confirmed that including interactive architecture in residents’ environments
enhanced their rehabilitation and self-esteem (Clay et al., 2020; D'Cunha et al., 2019; Sanchez et al,,
2013; Strong, 2020). The main problem for PWAD is the process of remembering “how to.” Every patient
experiences a different situation, however, which confirms the theory that “no one design fits all.”
Therefore, healthcare architects and interior designers need to consider PWAD as end users. In general,
the reviewed articles highlighted the importance of the therapeutic environment and its relation to
outcomes in PWAD. They identified the main design aspects that should be considered by healthcare
designers, as follows: (1) reducing or eliminating environmental stressors, (2) providing positive
distractions, (3) enabling social support, and (4) giving a sense of control. In addition, the versatile uses
and positive effects of adopting ATs in the therapeutic environment were also apparent, including
improving Qol, facilitating rehabilitation, and enhancing socialization. The studies confirmed that PWAD
are able to interact with ATs and that they enjoy using them.

Immersive, semi-immersive, and no immersive VEs have a positive impact on PWAD outcomes,
but some issues with VEs (using VR or AR) remain problematic. One issue is that most ATs require the
intervention of caregivers, which, overall, does not help to increase patients’ self-esteem. Additionally,
some studies found that head-mounted displays can cause cyber-sickness and anxiety for some patients.
The literature shows that PWAD have difficulty with way-finding, but that they can learn their way if the
environment is supportive (Cushman et al., 2008; Taillade et al., 2013). VR applications for the early
detection of dementia, including VR Practice, VR Park, and VR Games, have been developed to assess
the spatial memory of early-stage dementia patients (Wen et al., 2018). Researchers have used VR and
AR in the spatial domain by applying different devices for different purposes. Some have used head-
mounted displays with biosensors, while others have used VR glasses and interactive projectors with
biosensors in dedicated rooms. Experiments have indicated that all these devices have some
effectiveness, but this varies from one patient to another, depending on their condition.

There is a need for future studies to be designed with the aim of improving residents’
orientation in their rooms by their using VEs individually as assistive tools to motivate and orient them
to do a specific daily activities, which may differ from one resident to another. Moreover, there is a need
for more research focusing on the implementation of interactive environments in multiple residence
rooms at long-term healthcare centers, the use of VEs to stimulate patients in carrying out their daily
activities, and the effect of architectural factors on the efficiency of VEs.
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2 Exergames is a portmanteau of ‘exercise’ and ‘gaming’), or gamercising, is a term used for video games that are also a form of exercise.
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