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The “Creating Age-friendly Communities: Housing and Technology” publication presents
contemporary, innovative, and insightful narratives, debates, and frameworks based on an
international collection of papers from scholars spanning the fields of gerontology, social sciences,
architecture, computer science, and gerontechnology. This extensive collection of papers aims to
move the narrative and debates forward in this interdisciplinary field of age-friendly cities and
communities.
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Taking an international perspective of healthy ageing, people are living longer and are generally
in better health than previous generations. Yet, given the rapidly increasing number of older adults,
this demographic shift puts an increased level of stress on worldwide healthcare systems. The vast
majority of older adults wish to age-in-place, to continue to live in their choice of residence for as
long as they can. Yet, there is a small but significant percentage of older people who make use of
long-term care services, including homecare, rehabilitation services, and social support. According to
the Organisation for Economic Co-operation and Development (OECD) [1], cities in particular have
large numbers of older citizens and are home to 43.2% of the older population. In order to stimulate
and support urban ageing [2-6], cities can be improved to facilitate a more age-friendly environment.
One way to support older people to live the life they wish to live is through the age-friendly cities
initiative of the World Health Organization, a world-wide programme to improve cities to meet
the needs of older citizens [7-9]. An age-friendly city offers a supportive environment that enables
residents to grow older actively within their families, neighbourhoods, and civil society, and offers
extensive opportunities for their participation in the community [10]. In addition, an age-friendly city
optimises opportunities for health, participation, and security in order to enhance quality of life as
people age [7].

According to the OECD [1], ageing societies pose diverse challenges, such as redesigning
infrastructure and urban development patterns, social isolation, lack of accessibility and affordable
housing. When referring to age-friendly cities, there are a lack of studies looking at the outcomes
of age-friendly city approaches [3]. There are several questions that need to be addressed when
building age-friendly places, inclusive environments and/or technologies. With advances in technology,
engineering and design these domains offer a wide range of solutions to support daily function,
activities and participation; facilitate the provision of healthcare, and offer means for leisure to older
people. Too often, end-users of architectural and technological solutions are not consulted in the design
processes and the implementation of the solutions in practice. Their inclusion in these processes is
paramount to the success of the proposed and implemented solutions. Therefore, the purpose of this
Special Issue is to present an overview of studies addressing recent advances in age-friendly cities
in relation to housing (including urban planning) and technology, both in the broadest sense of the
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word. Apart from a focus on active and healthy ageing in cities, similar challenges can be found in
rural areas too.

Creating age-friendly communities and environments are key in the 21st century, which cannot be
ignored and must be continuously reviewed and refined to ensure respective environments—be-it
housing of all environmental types encountered in one’s housing career (for instance, own home,
nursing home, assisted living [11]), neighbourhoods and other public spaces; or the technologies that
enable and assist with living independently—are up-to-date and meet the needs of the respective
residents, carers and visitors. Atthe turn of the 21st century, citizens, residents, businesses, organisations,
educationalists, health practitioners and policy makers were actors in society; be-it as spectators,
observers, developers, entrepreneurs, care staff or other, engaged in the design, development,
implementation and refining of information communication technologies and peripheral devices and
software. The first two decades of the new millennium have been phenomenal from the standpoint of
technology integration within the day-to-day lives of citizens.

The WHO framework of age-friendly cities and communities [7] outlines very clearly the eight
domains that make-up this framework and to date there has been a growth in research and collaboration
between academe, policy makers, stakeholders and citizens on an international scale. The model itself
can be extended to include the implementation of technology in the daily lives of older people [12,13].
Gerontechnology aims at good health, full social participation and independent living up to an
advanced age, and to understand through research, development, design of products and services the
means of increasing quality of life [14]. Both older people and carers may be amongst the end-users of
such technological solutions [15]. Many contributions to this special issue deal with technology for
older people.

This special issue of Healthcare on “Creating Age-Friendly Communities: Housing and Technology”
is timely, comprising twelve papers [16-27] that traverse and intersect across the fields of gerontology,
health and social care, social sciences and gerontechnology.

Statistics show age-related, long-term conditions such as dementia are a primary focus and concern
for Western developed countries. There are currently over 47 million people worldwide living with
dementia and this number is projected to increase to 75 million by 2030, and 135 million by 2050 [28].
Thus, the accepted papers surrounding dementia have focused on the perspectives of healthcare
professionals in conjunction with meaningful activities for individuals diagnosed with dementia
residing in a nursing home environment [16,25], and installing and using aids and adaptations within
the home to create a physical environment that is more dementia-friendly [19]. Furthermore, exploring
and understanding technology use associated with care of individuals living with dementia in the
community from the perspective of stakeholders [23] is equally important as a systematic review to
ascertain the current landscape and offer readers the ability to see what areas need greater improvement
and expansion.

Five papers [16,17,19,20,23] take the standpoint of technology use and deployment within various
social contexts as a means of contributing to the national and international discussions and debates
surrounding the age-friendly landscape. Across these accepted papers, we have demonstrated the
growth in multi-and-cross disciplinary research, which intersects at various disciplines across academia
but also at policy levels associated with national [29] and devolved governments [30,31]. Huisman and
Kort [17] present the research study “Two-Year Use of Care Robot Zora in Dutch Nursing Homes:
An Evaluation Study” focusing on the deployment of Zora the robot into fourteen residential care
environments, and reported on the barriers experienced by healthcare professionals, which included
software failures and the start-up time, whilst the enablers of using such technology were seen positively
by service users, adding additional value to the work given by the healthcare professionals. Marston and
Samuels [18] take a position standpoint, focusing on the use of virtual assistants within the home and the
benefits such virtual assistants can have on dependent children and carers in later life. The respective
authors extend their position by opening up the discussion surrounding the age-friendly environment,
and the need for greater intergenerational focus, by proposing a series of recommendations and
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future work to expand the fields of gerontology, social science and gerontechnology. Chadborn and
colleagues [20] discuss the positive and negative perceptions and attitudes towards digital health
technologies. Conducting a citizen jury approach, Chadborn and colleagues were able to execute
a deliberative inquiry into such benefits as well as risks surrounding smart health technologies
and systems. Findings from this empirical research ascertained respective participants felt their
views were largely ignored by organisations who were responsible to implementing such systems.
Wang and colleagues [21] explored the perspectives of ambient-assisted living and artificial intelligence
technologies by older adults taking a user-centered design approach as a preliminary stage to
participating in a co-design process. A survey was deployed to collect privacy perspectives, followed by
two 90-minute focus groups with 31 community residents. Findings highlighted low digital literacy,
which included unfamiliar terminology coupled with physical challenges, making technology adoption
difficult. However, positive facilitators showed participants eagerness to learn, be part of co-production,
and to understand their data. Furthermore, participants showed an interest in having their voice heard
relating to the design of specific technologies to successfully age-in-place. Marston and colleagues [24]
reported the overall findings from the Technology In Later Life (TILL) study, which was conducted
across four sites located in two countries (United Kingdom and Canada). The sites were either
rural or urban, and the study aimed to understand the role in which technology impacts the lives
of adults aged 65+ years. Recommendations were proposed as a way of improving the lives and
social connectedness of older citizens, while for many participants living in rural locations, the use of
technology such as Skype was greater for maintaining a connection with children and grandchildren
living across the country or on a different continent. Lee and colleagues [22] explore in their body of
work “Living Alone Among Older Adults in Canada and the U.S.”, Canadian and American data
sets to understand the living arrangements of older adults and how one’s living arrangement can
affect wellbeing, whilst informing respective housing needs. In a second part of the data analysis,
they explore the various factors of immigrants who live alone. Based on these findings, Lee and
colleagues propose a greater need for innovative design and technology relating to age-friendly
housing, in particular for older adults who live alone, and state that attention is needed when
designing age-friendly housing for immigrants who may have different needs, requirements and
cultural preferences. Barrie and colleagues [26] explore and discuss external environments, relating to
the impact of good design and accessibility to mobility, independence, quality of life, and the ability of
older adults to age-in-place. This paper deployed a citizen science approach to data collection, using an
audit tool on smartphones to assess neighbourhood public green spaces. Citizen science data included
photographs, geo-coded location, survey data, and qualitative-based comments. This submission uses
an existing and popular methodological approach found in natural sciences, but less prevalent in the
social sciences to understand, from the older residents’ perspective, what makes a good public green
space for ageing well.

Finally, the last paper in this special issue is a scoping review by Marston and colleagues [27],
exploring contemporary literature surrounding mobile electrocardiogram devices available on the
market to consumers and offer healthcare professionals the opportunity to remote monitor patient’s
health concerns of arrhythmia and palpitations. The “Mobile Self-monitoring ECG Devices to Diagnose
Arrhythmia (AR) that coincide with Palpitations: A Scoping Review” offers an insight into how specific
technology can be deployed and used by specific professions and citizens. The respective authors
propose future work and recommendations to extend this work and include the need for work to
be conducted and evaluated in low, middle, income countries, and different geographic locations,
and to understand the adoption and adherence of this type of technology from both the patient and
provider perspective.

Age-friendly initiatives focusing on how communities can support older people to age-in-place
have gathered momentum in academic and policy circles [32]. However, although there is a growing
evidence base that demonstrates the positive impact that age-friendly environments can have on older
people, many environments still remain a challenge for older people. Technologies aimed at supporting
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older people to age-in-place have been proposed as one solution to overcoming these environmental
challenges. We know that older people are situated within a complex array of ‘material/physical,
social and psychological relations and affects” and that there is a need to go beyond just focusing
on technological innovation as a solution [33]. The papers in this collection clearly highlight the
complexities around what constitutes an age-friendly environment, from the perspective of older
people, people with dementia, formal and informal carers, and health and social care professionals.
Living arrangements and environments in the broadest sense are explored in this volume of work
as to how they impact on ageing. Supporting nursing home residents in meaningful activities [25],
the impact of living alone [22], the use of aids and adaptations to support well-being [19] and the
importance of public green space [16,26] all contribute to a discussion as to how to create an age-friendly
environment. Importantly, a number of included papers highlight the ‘expert’ role older people have
in their daily experience of the environments in which they live [26] and research in this area needs to
move away from technological innovations that are not rooted in this expertise. The implementation
of citizen science methodologies follows that of co-design and co-research [34-36], a movement that
may lead age-friendly cities to become age-inclusive cities. When creating age-friendly communities,
including housing and technology, the voices of people of all age groups matter and should be heard.
The scholarly work included in this special issue may help societies move forward in the quest to
become truly age-friendly.
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Abstract: It is well recognized that the physical environment is important for the well-being of people
with dementia. This influences developments within the nursing home care sector where there is an
increasing interest in supporting person-centered care by using the physical environment. Innovations
in nursing home design often focus on small-scale and homelike care environments. This study
investigated: (1) the physical environment of different types of nursing homes, comparing traditional
nursing homes with small-scale living facilities and green care farms; and (2) how the physical
environment was being used in practice in terms of the location, engagement and social interaction of
residents. Two observational studies were carried out. Results indicate that the physical environment
of small-scale living facilities for people with dementia has the potential to be beneficial for resident’s
daily life. However, having a potentially beneficial physical environment did not automatically
lead to an optimal use of this environment, as some areas of a nursing home (e.g., outdoor areas)
were not utilized. This study emphasizes the importance of nursing staff that provides residents with
meaningful activities and stimulates residents to be active and use the physical environment to its
full extent.

Keywords: physical environment/space; nursing homes; small-scale living; green care farms;
engagement; social interaction

1. Introduction

The importance of the physical environment for the well-being of people with dementia is well
recognized. The ecological theory of aging and the environmental press model developed over 30 years
ago stated that the fit between the environment and an individual’s cognitive and physical capacities
is associated with the ability of people with dementia to age in place [1,2]. The built environment can
avoid agitated or diffusing behavior, which might cause unnecessary harm [3,4]. Furthermore, it can
support people with dementia to attain their full potential by positively influencing their autonomy,
support their quality of life and well-being and attain the best possible potential of independence [4-6].

Literature reviews showed the importance of various environmental aspects for people with
dementia (e.g., sunlight, sounds, view, spatial layout, nature, orientation, music, privacy, autonomy;,
windows, comfort, facilities, staff, group size, non-institutional character, and domesticity) [6-8].
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Especially for people with dementia, the environment supports the physical and cognitive requirements
of an individual, implying the importance of a balance between the person and the environment.
Studies suggest that it is recommended to build nursing homes of smaller size with an open-plan
environment in which visual access is favored. These support orientation and social interaction,
and facilitate caregiving for nurses, as residents can be located more easily [9]. Sensory stimulation
should also be taken into consideration. On the one hand, it is important that stimulus reduction
features are considered to assure that residents are not overwhelmed by too much information
(environment press) or noise. On the other hand, the design should highlight useful stimuli such
as familiar cues to bathrooms and exits to safe outside areas [9]. Another essential design feature of
a nursing home is to create an atmosphere of familiarity with elements of the past, as this is what
people with dementia most easily recall. It is also important to consider privacy by providing private
spaces, in which residents can be alone or in close company of a friend. Moreover, public spaces for
community activities and other social interaction are important. It is also of great interest to support
people with their activities of daily living, to allow them to have their own routines and to provide a
homelike atmosphere [10].

The substantial evidence of the role of the physical environment for people with dementia affects
the nursing home care sector. There is increasing interest in the design of the physical nursing home
environment and how this supports person-centered care [5,11-13]. For instance, a homelike environment
positively influences residents” daily activities and social interactions [14]. Advances in the nursing home
care sector focus on the development of small-scale, homelike care environments such as green care
farms (GCFs). GCFs provide care for people with dementia in a small-scale homelike facility in which a
familiar atmosphere and normal daily living is emphasized. People with dementia have the opportunity
to engage in activities with, e.g., crops, livestock and woodland, in which they can make use a unique
physical environment consisting of several areas on the farm such as the kitchen, shed, gardens, farmyard,
and stables. Freedom of movement is emphasized and giving people with dementia autonomy on their
own lives (and the choices they make) is a central part of providing care at GCFs [15-17].

Consequently, a shift from a traditional medical model towards a psychosocial homelike model
of care takes place [18]. Instead of long corridors and shared rooms, nursing homes are increasingly
small-scaled and homelike with a familiar physical environment. Hence, a sense of at-hominess is
created by providing meaningful experiences of choice, mastery, and social interactions [11,18].

Several instruments have been developed to map the physical environment of a care facility [9,19-22].
These instruments include aspects such as maintenance, cleanliness, safety, lighting, domesticity, noise,
and familiarity. However, these measurement instruments are rarely focused on people with dementia and
often focus on traditional medical environmental aspects, such as the presence of safety bars and slippery
floors. Hence, they do not comprehensively assess all factors of importance to well-being of people with
dementia. Most studies that compare different types of nursing home environments provide a general
description of the physical environment (e.g., large-scale versus small-scale), and focus on measuring
generic, broad outcomes such as quality of life, and quality of care outcomes such as falling incidents and
medication use [23,24]. Furthermore, only few studies investigate whether differences in environmental
aspects between nursing homes lead to benefits for nursing home residents with dementia in terms of their
daily life (e.g., activities or social engagement). Some studies suggest that a high-quality care environment
leads to residents that are more active, engaged, and have a better quality of life [10,12,13,25]. However,
research on how a physical environment is used by residents is scarce.

In this paper, two studies are described. First, an evaluation of different care environments
was carried out using the OAZIS-Dementia, an assessment tool specifically developed for the Dutch
nursing home context. It was investigated whether there are differences in terms of the physical
environment between traditional nursing homes, small-scale living facilities, and green care farms.
Second, a study was conducted in which how different nursing home environments are used by their
residents was assessed.
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2. Materials and Methods

2.1. Study Design

Both studies used a cross-sectional observational study design, and were part of a larger research
project investigating the effects of green care farms for people with dementia [15]. This study was
declared not to be invasive for people with dementia by the medical ethics committee of the Maastricht
University Medical Centre (14-05-003).

2.2. Study 1

2.2.1. Setting

Two types of nursing homes for people with dementia were compared: traditional nursing home
wards and small-scale living facilities. The latter consisted of three subtypes: (1) stand-alone small-scale
living facilities; (2) small-scale living facilities on the terrain of a larger nursing home; and (3) green
care farms. Table 1 provides a brief description of each type of nursing home. In total, the physical

environment of 18 nursing home wards was mapped.

Table 1. Description of the types of nursing homes.

Type of Nursing Home

Brief Description

Prominent Characteristics of the
Physical Environment

Traditional nursing home ward

>20 residents on the ward
Differentiated tasks for staff
Routines and rules of the
organization determine daily life

Large building, long corridors, shared
rooms, hospital-like atmosphere,
separate kitchen, facilities such as a
restaurant and activity areas are
attached to the ward

Small-scale living facility on the
area of a larger nursing home

Maximum of 8 residents

Joint household

Meals (including dinner) prepared
inside the home three times a day
Integrated tasks for staff

Small team of caregivers
Residents and informal caregivers
determine daily life

Homelike situation, single rooms,
familiar interior, common living room
attached to kitchen, facilities such as a
restaurant and activity areas are
attached to the ward,

outdoor area accessible

Stand-alone small-scale
living facility

Has the same characteristics as a
small scale living facility on the
terrain of a larger nursing home,
however situated in a
neighborhood

Aims at close connections with the
community and opportunities to
maintain a social network.

Archetype house, single rooms,
familiar interior, common living room
attached to kitchen, no direct access to
facilities provided at a larger nursing
home, outdoor area accessible

Green care farms

A type of stand-alone small-scale
nursing home facility in a rural
area Both care and agricultural
activities are important.

House on the area of the farm.

Homelike situation, archetype house,
single rooms, familiar interior,
common living room attached to
kitchen, freely accessible outdoor
areas, stables, gardens, animals

2.2.2. Instruments

The OAZIS-Dementia was developed to measure the physical environment of long-term care
environments in a Dutch setting [15]. During the development of the OAZIS-Dementia, face validity and
content validity were taken into account in various ways. Existing literature and instruments [6-9,20,26,27]
were reviewed systematically by two researchers to investigate whether the items were relevant for Dutch
nursing homes for people with dementia.
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Subsequently, the relevance of the theme items was discussed with experts in nursing home
care (care professionals, researchers, real-estate controllers, and location managers). During these
discussions, the categories of the OAZIS-Dementia and the specific items were addressed in detail.
A pilot test in three nursing homes during the development of the instrument showed that the
inter-rater reliability of the OAZIS-Dementia was high, with an ICC of 88.

The OAZIS-Dementia consists of 72 items, which assess aspects of the environment on a five-point
Likert scale, ranging from 1 (not at all) to 5 (completely). The checklist is divided into seven
categories that emerged from reviewing the existing literature and existing instruments: (1) privacy
and autonomy; (2) sensory stimulation; (3) view and nature; (4) facilities; (5) orientation and routing;
(6) domesticity; and (7) safety. Higher scores indicate a higher probability for the environment to have
a positive effect on its residents. Table 2 summarizes the categories measured with example items that
were scored for each nursing home. Each item in the OAZIS-Dementia has the same weight in terms
of calculating total scores. The OAZIS-Dementia is available upon request.

Table 2. OAZIS-Dementia categories and example items.

Category Item No. Examples

Residents have a single room

Privacy and Autonomy Item 1-7 Washrooms are discrote

Daylight glare and harsh reflections are prevented or can be
Sensory Stimulation Item 825  individually regulated with blinds
Staff can regulate temperature

Residents have views of nature and greenery

View and Nature Item 26-36 -
There are animals present

The outdoor area is accessible for people using a wheelchair or walker

Faciliti It 74 : e .
actihes em 37-45 There are several spatial facilities on the ward to meet other residents

The structure of the ward is open

Orientation and Routing  ltem 46-52 Use of clear icons/nameplates to denote toilet and bathroom

The ward has its own front door with a doorbell

Domesticity /Small Scale  Item 53-69 The staff does not wear uniforms

There are devices dedicated to security present at the toilets

Safety Item 7072 o s are not slippery

2.2.3. Procedure

Two researchers (who were involved in the development of the OAZIS-Dementia) visited all
wards for another observation study several times. The researcher, who visited a ward most frequently,
filled out the OAZIS-Dementia for that specific ward. The OAZIS-Dementia was filled out during
the third or fourth visit, so that the researcher was already familiar with the environment. It took
approximately 1 h to fill out all items. The designated scores were reviewed by the other researcher
and, in the case of disagreements, discussed.

2.2.4. Data Analysis

All 72 items were scored on a five-point Likert scale. For each category, an average value was
calculated by adding the item scores and dividing them through the number of items. A final score on
the OAZIS-Dementia was calculated in the same manner. Descriptive statistics were used to check for
differences between the types of nursing homes.

10
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2.3. Study 2

2.3.1. Setting

Three nursing homes were included in this study, which all have been purposefully built
according to the principles of small-scale, homelike care environments. All three nursing homes
can be categorized as a small-scale living facility on the area of a larger nursing home (from the
categorization of Study 1). Below, a more specific description per nursing home is given.

Nursing Home 1 (NH1) had six single standing residential units with eight residents with
dementia in each. The units were accessible individually via an entrance door either on street level or a
stairway. The three buildings were purposely built as archetypal houses. Every resident had his or her
own bedroom (215 ft?) including a bathroom, shared with a resident on the opposite side. Space for
staff was organized in the entrance area for privacy and confidentiality of the residents. Nevertheless,
staff took their breaks within the common spaces of the residents.

Nursing Home 2 (NH2) had six residents per unit designed specifically for people with dementia.
Every resident had his/her own bedroom, with a room (190 ft?) including a sink. Two bathrooms were
shared amongst the six residents. Nursing staff had no private or separate space. Spaces for nursing
equipment or exits to leave the unit were not freely accessible for residents. The main ground floor of the
facility accommodated a hairdresser, restaurant, physiotherapist, reception area, and offices for managerial
and administrative work and an accessible enclosed outdoor garden including an animal shelter.

Nursing Home 3 (NH3) incorporated 71 apartments, of which 32 were occupied by residents with
dementia and 39 by residents with somatic disorders. Each resident had their own unit (450 ft?) consisting of
a kitchen, bedroom, and private bathroom, furnished with familiar belongings from the residents” previous
homes. In addition to private apartments, the units had a communal kitchen/dining area and large living
area to share with another unit on the same floor occupying another eight residents. On ground level,
there were administrative offices for management or nursing and medical personnel, and a physiotherapist
practice. The facility was built in the countryside surrounded by other apartment complexes. Outside,
garden areas were accessible by residents accompanied by family, friends or personnel.

2.3.2. Instruments

To identify environmental features of the different settings in the study, the OAZIS-Dementia was
used in each setting. Additionally, there were two 10-h observations per nursing home (8.30-18.30),
composed of one-day shift and one-evening shift. Night shifts were deliberately excluded, as residents
were assumed to sleep during this timeframe. During these observations, the extent to which residents
used the physical environment was observed. A subset of the aspects of daily life observed with the
Maastricht Electronic Daily Life Observation tool (MEDLO-tool) was used [28]. The MEDLO-tool is a
tablet-based observational tool that assesses aspects of daily life.

The following aspects of daily life were observed: (1) the engagement in an activity (yes/no);
(2) the location where an activity occurred (4 options); and (3) the social interaction (type of social
interaction, and with whom). Table 3 gives an overview of the aspects that were observed to map the
usage of the physical environment in terms of daily life. The MEDLO-tool was demonstrated to be a
valid, feasible and reliable observation tool with high absolute agreement (86%) between observers
and Kappa values between 0.5 and 1.0. Thus, the MEDLO-tool has good psychometric properties [28].

Table 3. Scoring options during observations.

Aspects of MEDLO-Tool Operationalization Scoring Options

Yes, active engagement (participating in activity)

Yes, passive engagement (focus on activity)
Engagement in activity Five category options Yes, engagement with something else

No, not engaged (gazing without focus)

No, not engaged (sleeping)

11



Healthcare 2018, 6, 137

Table 3. Cont.

Aspects of MEDLO-Tool Operationalization Scoring Options
Communal area on the ward
Location Five category options Own room
gory op Communal area off the ward
Outside

No social interaction
No social interaction, resident attempts to
interact, gets no response

Level of social interaction Five category options No social interaction, environment attempts to
interact, but resident does not respond
Yes, interaction with someone else
Yes, interaction with two or more people

Negative restrictive (interaction that oppose or
resist resident’s freedom of action without good
reason, or ignore resident as a person)

Negative protective (providing care, keeping safe
or removing from danger in a restrictive manner
without explanation or reassurance)

Neutral (brief, indifferent interactions)

Positive care (interactions during the appropriate
delivery of care)

Positive social (interactions principally involving
“good, constructive, beneficial” conversation
and companionship)

Type of social interaction
of environment Five category options
towards resident

Staff
1 . Other residents
Social interaction . . - .
. Five category options Family and/or friends
with whom Others

Combination of the above

2.3.3. Procedure

The researchers who were involved in data collection for Study 2 received a short training on how
to use the OAZIS-dementia and the MEDLO-tool. The training consisted of studying the instruments
and their manuals, and discussing these with the main researchers (who were involved in developing
both tools). Example situations were discussed to make sure observers would score the same situation
in the same manner. These discussions were also carried out during data collection.

Furthermore, for this study, the observation procedure of the MEDLO-Tool, and the aspects
observed were slightly altered, due to practical reasons (available time/resources), and the aim of
the study (most relevant aspects of daily life were chosen). Residents were observed for 1 min each
on a randomized basis. Each resident was observed during a 1-min “snapshot” before moving on
to the next resident, until all residents with dementia residing in the small-scale unit at the time of
observation were captured. After 20 min, the first observation round was finished, filling in all items
of the MEDLO-tool. This procedure was repeated on six observation days for a 10-h observation shift
(08:30-18:30). Every 2 h, observers took a 30-min break.

2.3.4. Data Analysis

First, the OAZIS-Dementia scores were calculated as in Study 1. Second, descriptive analysis on the
aspects of daily life was conducted. For engagement and social interaction, percentages were calculated.
A percentage thus indicated the proportion of the observations that a resident was engaged in an activity,
or had social interaction. For the other aspects that were observed (location, type of social interaction,
and social interaction with whom), the percentages of the individual scoring options were calculated.

12



Healthcare 2018, 6, 137

3. Results
3.1. Study 1

Comparison between Types of Nursing Homes

Table 4 shows the mean scores on each category of the OAZIS-Dementia per nursing home type.
Furthermore, a total score is given. Lowest values are presented in orange and highest values in
green. In general, all types of small-scale, homelike care environments score better on environmental
aspects compared with traditional nursing homes, especially green care farms. Green care farms have
high scores on most categories (privacy and autonomy, view and nature, orientation and routing,
and domesticity), resulting in the highest total score as well.

Traditional nursing homes have the lowest values on almost all categories (privacy and autonomy,
sensory stimulation, view and nature, orientation and routing, and domesticity), resulting in the lowest
final total score. The stand-alone small-scale living facilities have the lowest on the facilities category.
Small-scale living facilities on the terrain of a larger nursing home have the highest score on sensory
stimulation and facilities. No differences were found for the safety category across the nursing home types.

Table 4. Scores on the OAZIS-Dementia per type of nursing home.

OAZIS-Dementia Tra'ditional Small-Scale I‘diving Facility Stand-Alor'le' Green Care Farm
Categories Nursing Home on the ?l“erram of a Larger Small:S.cale Living (n = 5)
Ward (n = 4) Nursing Home (n = 6) Facility (n = 3)
Privacy and autonomy 2.8 4.0 4.7 4.7
Sensory stimulation 3.5 44 3.7 4.2
View and Nature 29 3.6 3.0 43
Facilities 3.6 42 3.3 3.7
Orientation and routing 2.5 3.6 3.7 3.8
Domesticity 2.1 4.2 43 45
Safety 43 44 43 43
Total 3.0 41 3.8 4.2
3.2. Study 2

3.2.1. Comparison between nursing homes

Table 5 presents the outcomes of the OAZIS-Dementia assessment for each nursing home.
All nursing homes scored above 3 on every item, indicating high overall scores for each nursing home.
Minimal differences were found on the total scores (4.1, 3.9, and 4.1). Largest differences were found
on the categories of privacy and autonomy, and domesticity. Especially, the domesticity items include
not only physical environmental aspects (e.g., homelike appearance) but also items on organizational
environmental aspects, such as whether residents can decide the time they want to get up and go to bed.

Table 5. Scores on the OAZIS-Dementia per nursing home.

OAZIS-Dementia Categories Nursing Home 1 Nursing Home 2  Nursing Home 3
Privacy and autonomy 49 4.3 5.0
Sensory stimulation 3.8 3.8 4.2
View and nature 3.6 3.6 3.8
Facilities 4.4 4.0 4.3
Orientation and Routing 3.6 3.9 3.3
Domesticity 4.2 3.3 3.7
Safety 4.3 43 4.7
Total 41 3.9 41

13
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3.2.2. Use of the Physical Environment

In total, 2043 observations were conducted, 807 observations in NH1, 524 in NH2, and 712 in
NH3. The number of six residents living in this facility can explain the comparatively lower number of
observations in NH2. The other nursing homes accommodate eight residents per unit, resulting in a
higher number of observations.

Table 6 provides an overview of where residents spent their time during the observations, how
often they were engaged in an activity, and whether they had social interaction. Residents of NH1
spent 54% in communal areas. Residents directly found themselves in different communal areas upon
leaving their bedrooms. In contrast, resident rooms of NH2 and NH3 were located along the hallways.
Overall, residents of NH2 spent most time in communal areas (78%, see Table 6), and residents of
NH3 the least (40%). Private rooms furnished with own belongings, which were recognizable for
residents, were used more often. This was observed in NH1 (34%) and in NH3 (57%) where residents
had their own apartments with different housing areas (kitchenette, living room, bedroom, bathroom).
Residents of NH2, which had the least homelike bedroom and the least volume in space, spent 9% of
their time in private space, over the course of observations. NH1 had an outdoor patio, which was
used in 8% of the observations. The balcony of NH2 was used in 4%. Easily accessible balconies of
NHS3 have not been observed to be utilized by residents (see Table 6).

When activities took place, residents mostly engaged in that main activity. Participation was
observed to be highest in NH1 (92%), followed by NH3 (87%). NH2 had the least engagement in
activities with 82%. When residents were not engaging in main activities, they were engaged with
something else, gazing, or sleeping. Residents often fell asleep at the dining tables after mealtime.

Most social interaction was observed for NH1 (54%), followed by NH2 (52%), and NH3 (37%).
Residents in all three nursing homes spent most of their time interacting with staff within the communal
areas that were observed. Those in NH1 had more interaction with other residents than the other
two nursing homes. All nursing homes had mostly positive social interactions. In all nursing homes,
the amount of interaction with family, friends or others was very low (<5%).

Table 6. Percentages on location, engagement and social interaction.

Nursing Nursing Nursing
Category Home 1 Home 2 Home 3
Communal area on the ward 54% 78% 40%
Locati Own room 34% 9% 57%
ocation Communal area off the ward 4% 9% 3%
Outside 8% 4% -
Engagement in an activity 92% 82% 87%
Social interaction 54% 52% 37%
Staff 35% 37% 49%
Social i . Other residents 29% 15% 13%
C?C;a 1}1:teract10n Family and/or friends 1% 5% 1%
with whom Others 9% 12% 11%
Combination of the above 26% 32% 27%
Negative restrictive 1% - -
. Negative protective 1% 1% 2%
Type of social Neutral 8% 16% 24%
Interaction Positive care 39% 25% 24%
Positive social 52% 59% 50%

4. Discussion

Results of the current study indicate that the physical environment of small-scale living facilities
for people with dementia has more potential to be beneficial for residents” daily life than the physical
environment of traditional large-scale nursing homes. Traditional nursing homes did not facilitate

14
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privacy and autonomy, sensory stimulation, view and nature, orientation and routing, and domesticity.
However, this study also found that having a potentially beneficial physical environment does
not automatically lead to an optimal use of this environment. Specific areas of a nursing home
(e.g., the outdoor area) were not utilized. Nursing staff appeared as an important factor for whether
the potential of the space was used.

Linking the physical environment to outcomes concerning daily life is important to investigate
the person-environment fit (P-E fit). Small-scale, homelike nursing homes may have a better P-E fit for
residents living with dementia [29] as they promote activity engagement and quality of life [30].
Matches are needed among a person’s needs, his/her abilities, and environmental demands to
support positive outcomes such as a higher well-being, better nutrition, less medication, and more
person-centered care [31-33]. However, the P-E fit may decrease for residents when the dementia
progresses and environmental demands may exceed functional abilities, resulting in lower activity
engagement [34]. This study found that especially green care farms adopt a positive physical
environment for residents with dementia. In another study, we found that residents of green care
farms displayed a more active daily life, were more socially active, came outside more often, and were
more actively engaged than residents in traditional nursing homes [25]. These results suggest that the
positive environmental components of green care farms may positively impact their daily life [25,35].

Results of this study suggest that nursing staff can be of importance for stimulating the optimal
use of a stimulating physical environment. In alignment with the ecological theory of aging, activity
involvement, high quality of life, and well-being for residents can be achieved by adjusting/tailoring
activities to different coping capabilities of older adults. Therefore, nursing staff should consider
individual preferences, and cognitive and physical conditions [30]. Moreover, interaction and
engagement by staff with residents foster a person-centered care approach [36-38], can arouse cognitive
abilities of people with dementia [39], and provide a meaningful use of the physical environment.
Therefore, staff are decisive for the use of different areas more purposively [40].

There is also a need for nursing staff to adapt their work to encourage residents to participate
in daily activities in their nursing home [38]. If the built environment can support this adaptation,
the likelihood of nurse encouragement may increase. For the staff working in an environment with
smaller facilities, tasks are more integrated and less specialized than in traditional wards [15]. In these
small-scale environments, nursing staff have responsibility not only for essential nursing tasks such as
medication administration and personal care, but for food preparation, housekeeping, and social and
recreational activities as well [12]. Providing an environment supportive to the nursing staff, which
accounts for time constraints and workload in small-scale living nursing homes is critical.

The built environment can play a significant role in supporting nursing staff in integrating
resident engagement into their daily nursing tasks. A recent study by Lee, Chaudhury and Hung
(2016) explored staff perceptions on the role of the physical environment in dementia settings. Staff felt
that being close to residents such as in a small-scale living space provided familiar positive stimulation
that empowered them to connect with the residents [41].

Continuing to participate in activity is vital to the quality of life of nursing home residents
and nursing care should include assisting residents with this participation. In the study, this was
accomplished in the nursing homes that had a supportive built environment through open, large
rooms, with visual access to each other and appropriate, comfortable seating. Additionally, in the open
kitchen/dining rooms, positive sensory stimulation was created; for example, when nursing staff were
preparing food, the smells and sounds of cooking could be sensed throughout the home, which may
encourage residents to gather. These features of small-scale living made it easier for the nurses and
residents to be together in the communal areas. This is in line with a recent review showing that the
physical environment can be linked with therapeutic goals for people with dementia [21]. The authors
of this review indicated that certain facility characteristics such as unit size, spatial layout, or having
an outdoor area can be linked with therapeutic goals such as maximizing awareness and orientation,
support functional abilities, and social contact [21].
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Limitations and Recommendations for Future Research

Some methodological considerations should be taken into account. First, the study had
an explorative, descriptive character, including a small number of participating nursing homes,
which limits the generalizability of results. Second, this study used mainly a quantitative approach for
data collection on activity involvement and use of space. Collection of qualitative data for example
by interviewing residents, family members or nursing staff would gain valuable information on why
certain spaces were used less or more and how the environment was experienced. One limitation is
that information regarding cognitive status and functioning levels across the three nursing homes is
missing. Although the nursing homes have similar admission criteria, it is difficult to determine how
comparable the residents across these nursing homes were. This could have affected the differences
that were found in terms of the use of the physical environment. Future studies should make sure that
observational data can be compared with information regarding cognition and functional status of
individual residents. The OAZIS-dementia instrument used in this study has some limitations that are
in line with other observational instruments to measure the physical environment. It is a relatively long
instrument to fill out. Furthermore, it is beneficial if a researcher has visited the nursing a couple of
times before answering all the items (which makes it more time consuming). Lastly, it remains difficult
to ascertain which aspects of the environment are associated with specific outcomes for residents due
to the interrelationships of the organizational, social, and physical environment [21]. Future studies
should focus more on specific relationships (e.g., by manipulating a certain part of the environment).

5. Conclusions

The physical environment of small-scale, homelike nursing homes has more potential to be
beneficial for people with dementia than traditional nursing homes. However, the environment is still
not utilized to its full potential, which can affect the engagement in activities and social interactions of
people with dementia living in a nursing home.
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Abstract: The use of the Zora robot was monitored and evaluated in 14 nursing care organizations
(15 locations). The Zora robot, a Nao robot with software, is designed as a social robot and used
for pleasure and entertainment or to stimulate the physical activities of clients in residential care.
In the first year, the aim was to monitor and evaluate how the care robot is used in daily practice.
In the second year, the focus was on evaluating whether the use of Zora by care professionals can
be extended to more groups and other type of clients. Interviews, questionnaires and observations
were used as instruments to reveal the progress in the use of the robot and to reveal the facilitators
and barriers. Care professionals experienced several barriers in the use of the robot (e.g., start-up
time and software failures). The opportunity they had to discuss their experience during project team
meetings was seen as a facilitator in the project. Furthermore, they mentioned that the Zora robot
had a positive influence on clients as it created added value for the care professionals in having fun
at work.

Keywords: long-term care facilities; older adults; gerontechnology

1. Introduction

These days, life without technology is unthinkable and more and more care organizations
incorporate technology in daily care routines. Technology implemented in care organizations comprises
video conferencing not only for telecare and teleconsultations but also for the use of robots. There
are different types of robots in healthcare, for example service robots and social robots [1]. Service
robots mostly serve as an aid for elderly or disabled people. Social robots are developed for social
interaction with elderly people, for example, to improve their health and psychological well-being.
Different social robots are already available on the market for the elderly [2]. Research shows that
the use of social robots in the care of people with dementia has intriguing possibilities, addressing
support issues in caring for people with dementia [3]. In healthcare, robots are used for rehabilitation
therapy or to assist persons in their daily activities. Furthermore, robots are now also used for social
activities and entertainment. One example of such a social robot is PARO. The PARO seal robot is
used for the social support for older adults [4]. It is known that the PARO seal robot, when offered to
persons with dementia in nursing homes, will lead to engagement. Several other studies show that the
PARO robot [5,6] has a positive influence on older persons with dementia.

This paper reports on the use of the Zora robot (Figure 1) also as a social robot in nursing homes.
Zora is an acronym made up of the first letters of the Dutch words for care, elderly, rehabilitation
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and animation. Zora is a humanoid robot of 57 cm in height, with functional sensors for seeing and
hearing. Zora is a Nao robot with hardware developed by Softbank Robotics and with software made
by a Belgium company (Zorabots). In this paper, the robot is referred to as Zora. Zora is used for
rehabilitation practice (see Figure 2), social activities and entertainment. Nao robots are also used
for children with autism, and they contribute to the development of those children [7]. A recent
study on understanding older people’s use of technology showed that performance expectancy, effort
expectancy, and perceived privacy and security are direct predictors of older people’s intentions to
use technology innovations such as videoconferencing [8]. Another recent study showed that for the
implementation of eHealth in homes for the elderly, the preconditions must be clear and, therefore,
more qualitative research is needed to reveal the perspectives of older people on technology and to
investigate their motives for considering technology [9]. In the Netherlands, the use of care robots by
professionals in care for the elderly increased from 3% in 2016 to 8% in 2017 [10].

Hier woont
en werkt Zora'

Figure 2. A demonstration of the robot Zora (student physiotherapy).

The technology innovation stage and the extent of take-up in society can be illustrated by the
pyramid of technology which distinguishes between the technology stages of envisioned, operational,
applied, accepted, vital, invisible and naturalized [11]; see also Figure 3. Envisioned means just having
an idea for a technological innovation, while operational means this idea has moved into something
that does work. Applied and accepted mean that the technology works in practice and is accepted
by users. Vital, invisible and naturalized apply to a technology innovation which is part of daily life
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(mobile phone, electricity or cooking, for instance). In this pyramid of technology, the Zora robot is
still in the pioneer phase, namely between the operational and applied stages.

Clothing, Cooked food

GPS, Alphabet, Clock Invisible

Internet, Toilet Vital
Cars, Mobile Phones Accepted
Solar Energy, Nuclear Energy Applied
Self-Driving Cars, Lab Grown Mea Operational
Quantum Computing Envisioned }.’;"{;)/

Figure 3. The pyramid of technology.

Fourteen care organizations in the Netherlands formulated the ambition to use the social robot
Zora in daily (residential) care for older persons with a long-term care demand, and therefore, the
project “Care innovation with Zora” was started. The project is supported by IVVU (Institutions for
Nursing and Care in Utrecht), a regional association for long-term care facilities in the Utrecht region,
The Netherlands.

The project objective is to innovate nursing home care by introducing robot technology to
care professionals and making them acquainted with the Zora robot up to the level of acceptance.
Furthermore, the project was initiated to get a better insight into what technology can mean for daily
practice and to investigate the facilitators and barriers. The main research questions were how to apply
the use of the Zora robot in residential care and what is the perspective of care professionals regarding
the acceptance of the robot. Therefore, this study investigated to which extent professionals and clients
engage with the Zora robot and/or accept the robot. In addition, we investigated the facilitators and
barriers in using the Zora robot to formulate recommendations in order to move away from the pioneer
phase towards the acceptance stage of this technology innovation.

2. Materials and Methods

2.1. Design

This practice-based study used a mixed-method design. Quantitative data were collected in
relation to mood and involvement with the Zora robot while qualitative data included observations
and interviews. The following questions were leading:

e  For which client groups is Zora used?

e Is the robot used in a group setting and/or in an individual setting?

e  How many departments and/or locations of the organizations did work with Zora?
e  Which type of care professionals uses Zora?

2.2. Locations and Process

The use of the Zora robot was investigated on 15 locations in the Utrecht region. The project was
initiated and started in 2015 by the association of care-organizations in the Utrecht region (IVVU).
Students and research staff visited the care organizations in spring and autumn of 2016 and spring
and late autumn in 2017. The starting times of the 14 care-organizations (15 locations) are given in
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Figure 4, since this varied per location. The Nao robot with software from Zorabots, referred to as Zora
in this paper, was purchased from Zorabots. All fifteen locations received the Zora robot and were
allowed to choose to use Zora for any purpose in care. The basic functionalities of the robot include
walking, sitting, talking, moving and dancing, in other words, social activities and entertainment. Care
professionals could use the robot for entertainment and rehabilitation.

2015
123456 7 8 9101112

2016
123456 7 8 9101112

2017
123456 7 8 9101112

Healthcare
organizations

Start Zora

13-10-2015
30-7-2015
30-7-2015
18-8-2015
18-8-2015
30-7-2015
15-1-2016
28-7-2015
27-7-2015
27-7-2015
11-9-2015

1-2-2016
21-8-2016
21-8-2015
24-2-2016

0OZZr"R——IOTMMUOUO®>»

E====
E

Training session

mm"m"""“""m"m Practical worksession (train-the-trainer)

Figure 4. The monitoring and evaluation scheme of the project from the start in 2015. The first year

of monitoring and evaluation was 2016, and 2017 was the second year. The field trial period of
each location is indicated in blue. The measurement moments (observations and questionnaires) are
illustrated in green. The start of the IVVU project is indicated by the red dotted line.

To monitor the project and to capture the facilitators and barriers of each subproject on location,
the research staff attended the central meetings for project leaders organized by IVVU, which were
held every six to eight weeks. The project leaders within each of the participating care organizations
visited these meetings. At these meetings, notes were taken, categorized and systematized via open
coding. This was done by marking the notes explaining the views and opinions of the project leaders
about the use of Zora. In addition, an axial coding process was executed to rearrange the codes and
to develop themes which indicate the facilitators and barriers in the use of Zora in daily practice.
An overview of all the instruments used can be found in Figure 5.

Auim: capture expectations
about the use of Zora

care professionals who gained
some experience with using

Aim: examining the usability
of Zora from the view of care

Attending project leaders
Open interview Modified USE Obscivatiod meeting as organized by
Semi-structured interview | Aun: investigate the view of questionnaire IVvu

Ain: examining the
interaction of Zora with

Aum: monitoring the project,
capturing barriers and

Zora professionals clients facilitators from the view of
project leaders
Management —_— _— . = — =
& Board (Care)Professionals Clients Project leaders
2016 2016-2017 20162017 2016-2017

Figure 5. An overview of the methods used and the aims during the two-year research.

2.2.1. Semi-Structured Interviews

The semi-structured interviews used were to capture the expectations of board members and

care professionals on the added value of Zora. These interviews were also executed to identify the
facilitators and barriers prior to the use of Zora on a daily basis. The semi-structured interviews
were based on the 7A theory for implementation [12]. The questions asked were about the

awareness, availability, accessibility, affordability, acceptability, appropriateness and adequacy of
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Zora. The questions were “When and in what way did you hear about Zora?”, “What made you decide
to start with the project?”, “How does the use of the robot fit with the strategy, and is it aligned with
your policy for daily care and the client’s lifestyle?”, “Did you work with a business plan?”, “How
do you want to create awareness about the use of Zora in care?”, “What is the expected added value
of using Zora?” and “Do you also work with other organizations with respect to the use of Zora?”
All the interviews were recorded after permission was given. The Management and Board (N = 15)
and professional carers (N = 20) were interviewed. The analysis of the phrases in the text was carried
out with the open coding method followed by axial coding. The codes used were in analogy with
the topics in the 7A theory [12], and the codes used were such as awareness, use in daily practice,
willingness/eagerness to use, acceptance, technical/software issues, experiences with Zora, skills and
functions of Zora.

2.2.2. Open Interviews

Open interviews were conducted to investigate the view of care professionals who gained some
experience with using Zora about the added value of Zora and to reveal the barriers and/or facilitators
for using the Zora robot in nursing homes after having gained experience with the use of Zora.
To examine the actual use of Zora in practice, students visited the organizations for at least one day or
up to four days to monitor how the organizations worked with Zora throughout the day. The variation
in number of days was due to the availability and willingness of the project leader and the organization
to cooperate. Students were only welcomed in 12 care organizations. Organizations were also given
the opportunity to ask students for support with the use of Zora in daily practice; students had been
trained in using the robot. Via this easy approachable contact with professionals, the facilitators and
barriers could be revealed. In addition, the functionalities of how Zora could be improved from the
perspective of daily practice was investigated.

2.2.3. Modified Use Questionnaire

A modification of the Usefulness, Satisfaction, Ease of Use (USE) questionnaire from Lund
(2001) [13] was used. The internal validity was reached via discussions with students and staff in a
think-aloud session about which questions needed to be added or replaced. Adjustments were made
for the context of the use of the Zora robot, and the topics that were added concerned the effects
Zora might have on clients and about the staff’s work satisfaction. The questionnaire included the
following dimensions: usability, ease of use, ease of learning, satisfaction, effects and work experience.
Staff could also add remarks. The participants who filled out the USE questionnaire during the
different research periods were all staff who worked with Zora. The participants had different ages,
gender, education(al) (levels), functions and experiences with Zora (Table 1). There were participants
whose position, for example, was activity counsellor, nurse, trainee, policy maker, physiotherapist or
volunteer. Some of them had worked with Zora for a couple of hours; others worked with Zora on a
regular basis of once a week or more. The majority of the staff received training in working with Zora.
The students monitored the use of Zora in 13 organizations by using the modified USE questionnaire.

Table 1. An overview of the professionals’ characteristics in the two research years.

Age (Year) Work Experience in Care Received Training in

Year (Range (Mean)) (Years) (Range (Mean)) Gender Use Zora? (Yes/No)
2016 (N = 44) 16-57 (36) 0-30 (11) 77% female 35 Yes; 9 No
2017 (N = 18) 20-62 (43) 1-43 (16) 83% female 13 Yes; 5 No
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2.2.4. Observations

Furthermore, activities with Zora were monitored via an observation method in accordance with
Groenewoud et al. (2017) [14]. The validation of this method was set within their project. Students
conducted more than 150 observation sessions during the development of games for people with
dementia. With this method, the interaction of older people with a technology innovation was rated
on mood and involvement. In each care organization, at least one group activity with Zora was
observed. The observations were executed by students who had been instructed on how to conduct the
observations. Students were trained to keep a neutral attitude towards clients and staff and also taught
how to work in accordance with the protocol and how to use the observation form (see Supplement A).
Two students were assigned to each observation, so both could observe half of the group. The group’s
activities included the participation of six to ten clients. During the observations, clients’ moods
and their involvement with Zora were scored from 15 min before the start of the activity, during the
activity and at least 15 min after the activity with the Zora robot. Each student observed a maximum
of four clients. All clients were older adults with a high intense care demand, similar to people with
psychogeriatric problems. The scale scores mood range from —5 to +5 for very negative emotions (e.g.,
sad, afraid) to happy and joyful (e.g., laughing/relaxed facial expression and posture) respectively.
The scale for involvement is from —1, scored for turning inwards (e.g., eyes closed or looking at the
ground), to +5, scored for highly involved (e.g., concentrated on the activity, no distractions) [14].
The average scores were used to calculate the extent of mood and involvement of an individual
client. Activities with Zora were conducted by care professionals and/or occasionally by volunteers
or trainees. In addition, clients and professionals were questioned about their experience with Zora.
Questions such as “Would you like to do the activity again?” and “What did you dislike about the
activity with Zora?” were asked. An example of the observation on mood is given in Figure 6, and one
for involvement is given in Figure 7 (both with 6 clients). The Y-axis gives the average score per client
during one session on mood (Figure 6) or involvement (Figure 7) for each client. The X-axis reflects the
time of the observation given in blocks of 5 min, starting, prior, during and after the activity with Zora.
Each colored bar reflects one individual (client).

Observation October: Mood
Start of the .an:iv:il:_v End of tha .a.n:!:iv:it_v

[¥E]

Score

o JHNGHR QO I il
-10 | -5 5 10 15 [20 |25 [ 45

Time (minutes)

mClient_1 mCient_2 Client_3 Client_4 wmCiem_5 wmClient_ 6

Figure 6. An observation score on mood during a group activity with the Zora robot in which six
clients participated. All clients are from a psychogeriatric ward. Each colored bar represents one client.
On the X-axis, the time prior to an activity (—10 and —5), the time during the activity (0-25) and after
the activity (+5) are given. On the Y-axis, the mood score (—5 to +5) is given. The black vertical lines
mark the start and end of the group activity with Zora.
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Observation October 2016: Involvement

Start of the achvify End of the activity

Score
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Figure 7. An observation score on involvement during a group activity with the Zora robot in which
six clients participated. All clients are from a psychogeriatric ward. Each colored bar represents one
client. On the X-axis, the time prior to an activity (—10 and —5), the time during the activity (0-25)
and the time after the activity (+5) are given. On the Y-axis, the involvement score (—1 to + 5) is given.
The black vertical lines mark the start and end of the group activity with Zora.

Ethical considerations: Ethical approval was given via the client and employees councils.
All participating care organizations informed their employees and clients councils, and all received
approval from their client councils to execute the project. The topic is not covered for review by the
Medical Research Involving Human Subjects Act (http://www.ccmo-online.nl). Data from clients
and professionals are protected in the cloud of the university only and are anonymized. Clients and
professionals participated on a voluntary basis and were free to stop with the project/activity at
any moment.

3. Results

The views of the Management and Board, followed by the views of the professional carers and
the findings of the client observations are presented at the end of this section.

3.1. Management and Board

In total, fourteen board members and one member from the management staff were interviewed
about their expectations regarding Zora.

Most of the board members and management staff first heard about Zora through the IVVU.

The view of the Management and Board is that participating in this project pioneer phase is
aligned with the mission and vision of the care organizations. A quote given by one of the board
members is “Zora fits in with the vision of the organization, in which we consider the well-being of
our clients.”

Furthermore, board members felt that the project offered the possibility to gain experience with
technology in care. One of the quotes is “We want to anticipate the future.”

Board members think that staff could explore and gain more experience in understanding the
use of robots in daily care practice. A quote: “We want our employees to be exposed to technology
innovations in healthcare.”

They also envisioned that the project will enhance the view of staff on technological innovations
in a positive way and stimulate the curiosity of professionals.

During the project, it became clear that it is necessary to improve the ICT (Information and
Communications Technology)infrastructure in the care organization in order to contribute to the
optimal functioning of Zora. That is why in the short-term Wi-Fi access in the buildings was improved.
In addition, an implementation for further improvements of the ICT infrastructure was placed on
the agenda.
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Board members also expected that a snowball effect will occur in sharing knowledge between
professionals about using social robots in general and more specifically about hints and tips for
using Zora.

The expectation is that in the long run, working with Zora will be part of the daily routine.

At the start of the project, the care organizations did not collaborate with other organizations
which are not part of the IVVU project. A quote: “There is no collaboration at this moment, but in the
future, this would be possible when the use of Zora increases.”

3.2. Professional Carers

3.2.1. Professional Carers’ Views on Using Zora in Care

Based on the work satisfaction questions in the modified USE questionnaire, seventeen
professionals working on the wards gave their views on how they experienced working with Zora.
A third of the professionals stated that there is no collaboration for using Zora and that they don’t
experience support from colleagues. They did not know that they were allowed to choose to work
with Zora (it was not mandatory). Two thirds of the professionals experienced more fun at work due
to the fact that they were able to work with Zora. Almost all professionals (79%) indicated that they
were happy when they worked with Zora. Most professionals felt that they received enough time to
learn how to work with Zora. The support given was sufficient and aligned with their needs to use
Zora. Almost every professional believed that clients are content when Zora is used; that is why they
believe it is good to use Zora.

3.2.2. Facilitators and Barriers Mentioned

The following were seen as facilitators: the project leader’s meetings, doing the project together,
instruction training given by Zorabots and the availability of their Helpdesk by phone or email. Project
leaders” meetings are planned for all persons from in the care organizations who use Zora, to receive
support and to exchange knowledge and experiences. The Helpdesk responded, in general, within
two days. In some care organizations, the Wi-Fi connection was not sufficient and was considered
as a barrier. An optimal connection is necessary to use Zora properly and to update Zora remotely.
Although Zorabots is constantly improving Zora, many new software versions were launched in a
short period. In addition, starting Zora takes more time than expected by the professionals. A care
professional stated, “The long start-up time is disappointing”. For them, it was frustrating when
Zora failed to start immediately. The battery life of Zora was also seen as too short according to the
organizations. In 2016, Zorabots still had to develop a virtual composer to make it easier to create
your own activities/compositions. This may improve the exchange of compositions between the care
organizations. The care organizations mentioned that Zora’s listening proficiency and speech skills
were poor (speech is unintelligible, and the responses of elderly clients are misunderstood, leading to
incorrect responses). A care professional said, “Zora has a tinny voice, and the language was unclear.”
This is seen as a barrier: The professionals experienced many software failures with Zora; see also
Table 2 for a summary of the facilitators and barriers mentioned with regards to working with Zora.
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Table 2. A summary of the facilitators and barriers regarding using Zora in 2016.

Facilitators Mentioned Barriers Mentioned
e Wi-Fi connection
e  Projectleader’s meetings e  Too complicated to program activities on Zora
. . T f fZ

. Doing the project together/participation in the * 20 tware deates Ol £ora composer

association of care-organizations in the Utrecht ~ ® tart-up .tlme

region (IVVU) project (peer support) *  Battery life

Instruction training by Zorabots e  Missing the virtual composer (a way to make programs

without a connection with Zora)
e Speech intelligibility and the interpretation by Zora
of responses
Software failures (at the start of the project)
Experiencing time pressure
Few preprogrammed activities available
Communicating through Zora is difficult because you have
to type the words on the composer at the same time (wWhen
you want to have a smooth conversation, you have to type
very fast and without errors.).

Availability of the helpdesk (phone/email)
Clients liked Zora’s activities.

Zora stimulates people to move.

Zora provides reactions from clients.
Preprogrammed dances and games are funny
for the clients, and clients are actively involved.
e  Preprogrammed music makes

residents reminisce.

The USE questionnaire (N = 19) supported the facilitators mentioned, for example, the ease of
learning scores were high and also, the effect of Zora on the clients gets high scores, both >5 on a
scale of 7. The ease of use and satisfaction about Zora score were lower, both scored <4 on a scale of 7.
Table 3 shows the scores for 2016 and 2017; the scores of 2016 are based on a more than three months
period of use.

Table 3. The scores of the modified Usefulness, Satisfaction, Ease of Use (USE) questionnaire, scored
on a seven point Likert scale (except work experience five point scale). Given is the Mean (M) and
Standard Deviation (SD).

Scores of the Modified USE Questionnaire 2016 (N =19) 2017 (N =18)
Usefulness (M =+ SD) 2.94 4+ 0.99 2.46 + 0.94
Ease of use (M + SD) 3.58 £ 1.00 3.02+£1.17
Ease of learning (M % SD) 499 +1.04 481 +1.15
Satisfaction (M + SD) 3.89 + 1.51 3.04 +1.38
Effect of Zora on clients (M =+ SD) 454 +1.31 3.71+1.29
Work experience (M =+ SD) 2.90 + 0.38 2.89 +0.28

3.2.3. Professionals’ Views on the Added Value for Clients

The professionals’ view is that Zora stimulates some clients, leading to spontaneous participation.
According to these professionals, Zora also has a positive effect on clients and it is highly valued. With
some clients who were agitated or withdrawn, the use of Zora in a one-to-one situation gave positive
results in the sense that a client who had not spoken for a while started to speak to Zora during an
activity. For clients in day care and/ or with somatic problems, Zora lost credibility when having
technical malfunctions. This group is more aware than residents with psychogeriatric problems that the
robot is an instrument. At the same time, Zora may have added value to this group, in rehabilitation,
for example.

3.2.4. Practical and Implementation Questions

In spring 2017, students visited most of the care organizations to retrieve information about the
implementation issues. Issues raised by the (care) professionals were about software updates and QR
codes (Quick Response codes). For most of the organizations, it is hard to update the Zora software.
Running software updates is important because Zorabots is continuously improving the robot. In 2017,
Zorabots introduced control via QR codes. It became clear that Zora had some issues with reading the
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codes. Printing the QR codes on different kinds of paper or with another format solved the problems
to a large extent. Students made folders on the composer containing the QR codes of all the programs
in order to make it easier for care professionals to use the QR codes.

In 2017, Zora was used more often than in 2016. In this experimental phase, the use of Zora went
from ad hoc to a more structural use in 2017. Most of the organizations (N = 13) used Zora once or
twice a week. Almost all users of Zora used the robot for movement activities while Zora was often
used for cognitive training and music in combination with singing in groups sessions.

The work experience of the professionals in relation to Zora is similar to that of 2016. The findings
from the USE questionnaires revealed that the professionals still experience more fun at work and
that they are contented when they work with the robot. Furthermore, professionals” opinions are that
clients are content when Zora is used. One professional said, “Clients do enjoy it when Zora is used.”

As can be seen in Table 3, the topics of the USE questionnaire in 2017 scored a bit lower than in
2016, while professionals, for example, indicated in interviews that the ease of use increased due to the
introduction of the QR codes for the control of Zora.

3.2.5. Facilitators and Failures Mentioned after One Year Use of Zora

The appearance of Zora has a positive effect on the clients. According to the professionals, the
positive effect Zora has on clients is one of the success factors of the care robot, especially with the
activities of dance, singing and games. The control pad, added by Zorabots, with the QR codes added,
increased the ease of use of Zora. It makes it easier for professionals to work with Zora.

In 2017, Zorabots developed a virtual composer, as requested by the care organizations in 2016,
to enhance the usability. The project leaders of the different care organizations believed that there
could be other possibilities for the use of the virtual composer, namely to improve the exchange of
compositions between the different care organizations in the project.

The most frequently mentioned (>5) problems after one year of using were care professionals
indicated that the comprehensibility was poor (users do not always understand the speech of the
robot), the reliability (sometimes the robot is not working as expected), the listening proficiency is
poor (the voice of the clients is not always audible for the robot), the starting time is still too long, the
usability improved but not according to the expectations of care professionals and the stability is low
(the robot falls unexpectedly when moving). A quote from one of the professionals: “Our clients have
better hearing than Zora.”

Problems that have been (mostly) solved by Zorabots or by care professionals since 2016 were the
network connection (Wi-Fi) improved, a virtual composer was developed that enhanced the usability,
fewer software failures were experienced due to several software updates, more preprogrammed
activities were available via the new software and the battery life was prolonged.

3.3. Clients

3.3.1. Observations of the Activities

In the research period, 39 activities were observed with 245 clients. Figure 6 shows the mood of
six clients, and Figure 7 shows the time on the involvement of six clients of a psychogeriatric ward.
It is clear that not all clients were engaged during the ZORA activities. The involvement status of
client 1 prior to, during and after the activity with Zora stayed the same, while the others were more
involved, indicating a positive influence of Zora. In Figure 6, client 2 becomes more content when the
activity with Zora starts, and after the activity, the mood score becomes lower. Figures 6 and 7 are the
results of one observation during the same activity.

From 2016 onward, a slight increase was seen in the numbers of locations that worked with Zora,
and more client groups were involved. More than 15 locations can be seen because Zora can be used
on more than one ward (Figure 8). Group activities to stimulate the physical activities of sedentary
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older adults ranged from singing together to playing old traditional games (Figure 9). Zora is also
used in a one-to-one setting.

Client group ZORA

Number of wards
=

1

(=]

Psychiatry

Client group/division

v April/May 2016 == October/November 2016

Figure 8. The client groups using Zora given per type of ward (2016): The “Move group” comprises
clients who can do exercises to music.
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Figure 9. The number of locations where the different types of activities with Zora were given (2016).
3.3.2. Using Zora in Care Organizations

One of the goals after one year of use was to use Zora in more and different types of client groups.
An estimate was made of the number of wards and locations based on 13 organizations. After one
year of the introduction of Zora, Zora is used in approximately 59 locations/departments, so 37% of
the total of 160 locations.

Zora is used in five different types of client groups, namely psychogeriatrics, day care, somatics,
psychiatry and move groups. Move groups include groups with clients doing exercises to music.
This is different from the music group in which music used is entertainment for listening to music
and/or singing. All the locations examined used Zora for people with dementia (see Figure 8).

Zora is often used in group settings, for moving (rehabilitation), memory training (quiz),
entertainment (stories), music (singing together), dancing (demo dances) or games (bingo). However,
it is also possible to use the robot in a one-to-one setting. A quote about the one-to-one setting:
“Especially in the one-to-one situation, Zora definitely gives added value for the clients.” Professionals
used this possibility to provoke interactions and emotions and to stimulate clients. Zora was also
used occasionally in the case of restlessness. Eleven of the thirteen organizations used Zora in a
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one-to-one situation. This was not easy to establish for the care professionals due to the fact that it’s
time-intensive and that they have to type the words to communicate through Zora, but they mentioned
that meaningful moments can be created, especially when using Zora for clients with dementia.

4. Discussion

The Zora project is in a pioneer phase in terms of the pyramid of technology innovation [11].
Looking at the pyramid of technology innovation, the use of Zora moved between the envisioned
phase and the applied phase. The iterations between the operational phase and the applied phase are
relevant in order to move towards a phase of acceptance. The acceptance of a new technology will
occur when this innovation has reached full utilization. Full utilization not only addresses the use
of the technology as instructed but also means that professionals a) are aware of the purpose of the
innovation, b) are trained and competent to use the technology and c) are able to use the technology
aligned with the context of the client situation and d) that the costs do not exceed the costs of normal,
standard care. More focus on training could help the process toward full utilization. Zorabots advises
users to follow a Zora training before using the robot, but this was not always the case. However, two
project leader meetings were used to practise and to share experiences with each other, aligned with
the “train the trainer” principle. Most of the end users who completed the questionnaire (N = 18) had
training, but still, five professionals worked with Zora without any training at all.

Also, a more methodical approach by using the Normalization Process Theory of May and
Finch (2009) could be used. This theory focuses on the implementation and evaluation of a complex
intervention, new theories and business processes in healthcare [15]. The theory describes that it is
important to focus on what people should do, not on the attitude. To reach the methodical approach,
it is probably necessary to focus on collaboration and exchange but also on training, for example, by
using the “train the trainer” principle. Furthermore, the iterations made the staff and management
realize that they are part of the further development of the technology innovation and that they all act
as co-designers of the Zora software. This means that the board and managers have to be careful in
managing the expectations of the use of Zora in daily practice. The Management and Board became
aware of the fact that the project with the care robot is a development project; this is apparent from
the fact that almost every organization continued the project with Zora in 2017 without additional
financial support given (subsidies).

While participating in the project, professionals realized that things can work out differently from
what was than expected. Therefore, they needed to monitor the use of Zora carefully. During the spring
of 2016, professionals experienced more difficulties than in autumn. They had negative experiences
because of technical and software related issues; in autumn, they had enough experience to start with
Zora. The spring and autumn trainings in 2016 were highly appreciated, as was the software update in
summer. Professionals were less aware of the fact that a group activity with Zora has to be planned
by themselves and that time to start with an activity has to be set aside. The findings in this study
are comparable with the findings in a Finnish study about the impact of the Robot in Finnish Elderly
Care [16]. They concluded that clients” reactions differ, and care professionals should know the clients
well to anticipate their reaction. The Finnish study also concluded that care professionals need time
to familiarize themselves and to experiment with Zora. Furthermore, they concluded that clients are
positive about Zora. However, in our study, the Zora robot did not engage all clients as can be seen in
Figure 7.

The relative decrease in scores of the USE questionnaire when comparing 2017 with 2016 can
be explained by the fact that the care professionals stated that improvements of Zora take longer
than they expected. They see the potential, but time after time, the problems frustrates them. This is
probably the reason why they are less positive about Zora in 2017. Some of the quotes are “When Zora
works correctly, it is a nice tool to use.”, “Zora may contribute to the quality of care if it becomes more
reliable.” and “I feel that we are not much further with Zora than a year ago.”
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Prior to the visit of the organizations in 2016, all the care organizations were requested to provide
their internal project proposal for using Zora at their own location. Each organization wrote a proposal
about how they intend to use Zora, including a description of their project organizations, planning
and strategy. The proposals of all the organizations were requested in order to examine whether
their objectives are feasible. Unfortunately, not all the organizations provided their internal proposal.
This could point to a lack of vision or interest in the implementation of Zora for daily practice on
the wards.

In case of another social robot namely the KASPAR robot, used for children with autism spectrum
disorder, professionals indicated that on an organizational or management level, vision needs to
be developed and deployed on how to implement and use the KASPAR robot [17]. This indicates
the relevancy of having a solid project proposal which should be authorized by the Management
and Board. Moreover, in that particular study, training was only limited to instructions about the
technological components and did not incorporate a social interaction (developing skills and feelings)
component as recommended by Huijnen [17].

In our study, professionals had to explore which client group activities Zora can be used for
optimally and what the optimal conditions are. At the end of this project, Zora was used successful in
one-to-one situations and for movement activities during rehabilitation therapy. The monitoring in
2017 confirmed that the use of Zora is most successful in psychogeriatric departments. From May to
November 2016, professionals gained more experience in composing a program for an activity using
the preprogrammed activities available on the Zora composer. Professionals became more experienced
in scheduling activities because they took into account the necessary preparation time for an activity
with Zora. The professionals indicated that the number of preprogrammed activities should be higher,
as they felt that composing a group activity themselves was too complicated. The online composer
launched in 2017 could probably help professionals compose more specific programs because then,
there is an opportunity to conduct activities without a connection with Zora and there is an option to
share the conducted programs with all project leaders.

To gain more knowledge about which client groups the Zora care robot could be deployed
effectively for, a more systematic way of implementation and evaluation of Zora activities is required.
This current study could not answer the question “Does the Zora robot have an influence in the care
organization?” because the use of Zora in the organizations was limited to one or two locations in each
care organization.

In the elderly care setting, Zora has been welcomed and the clients appreciate Zora [18], but
Zora is also used in other settings, for example for children with (physical or mental) disabilities.
The research of Van den Heuvel, Lexis and De Witte (2017) concludes that the deployment of Zora
seems to be promising in situations where clients need to learn movements again and also promising
with (cognitive skills) communication and social interaction [19]. The Nao humanoid robot, with
software other than Zora, also has a positive influence on children with autism; it contributes to their
involvement and achievement of goals in school activities [7].

4.1. Limitations

The quantitative data from the observations in spring and autumn of 2016 were not comparable
because observations were not scored by the students in a comparable manner. In spring, students
observed one activity at each location, and in autumn, two activities were observed. While in spring,
each individual student observed a certain number of clients, in autumn, some of the students observed
all the clients. Unfortunately, the observation method was not carried out consistently in accordance
with the instructions. This is inherent in applied research in a practice-based setting when working
with students. Different remarks were given in the observation forms as to how the students had
experienced the observation. The following statements were made:

e “I'was able to observe well, had a good view of the clients and was not distracted.”,
e  “My presence did not affect clients.”,
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e  “My presence influenced clients; they looked at me all the time.”,
e “Iparticipated in the activity to motivate clients to participate.” and
e “I'was able to observe, but there was some distraction by people passing by.”

Another limitation was that each organization was able to set up its own project plan. The result
was that some of the organizations gave professionals time allocated to Zora activities whilst others
did not. This is one of the characteristics of a field trial with multiple cases. In future studies, the
monitoring and evaluation should be executed in a more controlled situation. That would result in a
more comprehensible comparison of the use of the Zora care robot in daily practice.

The willingness of the care organizations was very important in this research to get the information
needed. Sometimes organizations were less willing; this affected the results.

4.2. Practical Implications

Working with a social robot like Zora is still in an experimental phase. Professionals have to be
aware that things will not work perfectly immediately. Communication with staff and clients about
this is crucial. Participating in such a project means acting as codesigners to enhance the technology
innovation performance. In this phase, the Zora care robot showed added value when used in a
rehabilitation setting to stimulate the movements of the clients while having fun. At the same, clients
with psychogeriatric disorders might also benefit from the Zora activities, especially those where the
Zora robot is used in one-to-one situations.

The students suggested some possible improvements based on their experiences and background.
The suggestions they gave are practical and technical in nature. These suggestions have not been
examined further.

e  Think about how Zora can be used in the future for other activities.

e  Use the function “word spotting” so Zora may respond (“listen”) better.

e  Think about other ways of charging Zora, for example, with contactless charging; organizations
will be able to use Zora for longer periods, for example, when they use Zora on a sheet with
charging sensors, the robot can be charged while Zora is dancing.

e  Use Artificial Intelligence Markup Language (AIML) to make it easier to have conversations.
AIML works with programming patterns/scripts.

5. Conclusions

According to the professionals, the Zora robot can have a positive influence on the clients and staff.
All the organizations see the potential of Zora and see possibilities for alternative ways of applying
Zora in daily practice. All the care organizations are still willing to continue using robot Zora so as to
offer clients alternative ways for pleasure and entertainment and rehabilitation sessions.

The results of this study are based on a single field trial, and therefore, any generalization should
be treated with caution.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2227-9032/7/1/31/s1,
Supplement A: Observation scheme: Mood and Involvement. This scheme is used during the observations at the
care organizations.
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Abstract: Many barriers exist in the lives of older adult’s, including health, transport, housing,
isolation, disability and access to technology. The appropriate integration of technology within
age-friendly communities continues to offer possible solutions to these barriers and challenges. Older
adults and disabled people continue to be affected and marginalized due to lack of access to the
digital world. Working collaboratively with planners, policy makers and developers, social and living
spaces in the future will ensure that residents are equipped to live in an era that continues to be led by,
and is dependent upon, access to technology. This review paper uniquely draws together the small
volume of literature from the fields of gerontology, gerontechnology, human computer interaction
(HCI), and disability. This paper examines the national and international age-friendly frameworks
regarding older adults who are carers of dependent people with disabilities.
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1. Introduction

The age friendly movement commenced in 2007 when the World Health Organization (WHO)
set out its global plan and framework [1] for Age-Friendly Cities. The WHO defines age-friendly as
“policies, services, setting and structure support and able people to age actively” [1] (p. 5). This programme
brought together 33 cities across 22 countries to identify and ascertain what key elements within the
urban environment facilitated and supported active and healthy ageing (AHA) [2]. The WHO Global
Network of Age-Friendly Cities was established for four reasons:

(1) To link participating cities to WHO and to each other;

(2) To facilitate the exchange of information and best practices;

(3) To foster interventions that are appropriate, sustainable and cost-effective for improving the lives
of older people; and

(4) To provide technical support and training [2].

To date, the global population stands at nearly 7.6 billion people, with 60% of world’s population
residing in Asia, 17% in Africa, 10% in Europe, and 9% in Latin America and the Caribbean. China
and India continue to be the most populous countries, with 19 and 18% respectively [3]. The growth of
the population is increasing at a rate of 1.10 per cent per year, slower than the last decade at 1.24 per
cent per year. By 2030, the United Nations (UN) estimate the global population will reach 8.6 billion
and increase to 9.8 billion by 2050. The global population is estimated to rise to 11.2 billon people by
2100 [3].
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The WHO Global Network of Age-Friendly Cities builds on the WHO active ageing framework.
Fitzgerald and Caro [4] reported the WHO definition of ‘active ageing” as “the process of optimizing
opportunities for health, participation, and security in order to enhance quality of life as people age. It applies to
both individuals and population groups” (p. 12) [5]. More recently, the WHO has replaced the previous
policy [5] with the term and notion of ‘Healthy Ageing’ [6]. The WHO ‘Healthy Ageing’ policy has
been set as a goal to achieve between 2015 and 2030 [6]. The WHO defines Healthy Ageing as “the
process of developing and maintaining the functional ability that enables wellbeing in older age” [6]. Under this
policy, the needs and abilities of an individual are measured through the following criteria:

e  Meet their basic needs,

e Tolearn, grow and make decisions,

e  To be mobile,

e  To build and maintain relationships, and
e  To contribute to society [6].

There are several points which one should consider under this definition, including: the intrinsic
capacity associated with the mental and physical abilities of an individual (i.e., walking, thinking,
seeing and hearing). These can be affected by a disease, injury and age-related conditions. Environment
includes several factors, including the home, community and society, interwoven in conjunction with
relationships, attitudes, values and policies. Health and social care provisions and systems should
ideally be interconnected, in a bid to support individuals’ intrinsic capacity [6]. There are two primary
considerations noted by the WHO and their Healthy Ageing framework:

(1) Diversity: There is no typical older person. Some 80-year olds have levels of physical and
mental capacity that compare favourably with 30-year olds. Others of the same age may require
extensive care and support for basic activities like dressing and eating. Policy should be framed
to improve the functional ability of all older people, whether they are robust, care-dependent or
in between [6].

(2) Inequity: A large proportion (approximately 75%) of the diversity in capacity and circumstance
observed in older age is the result of the cumulative impact of advantage and disadvantage
across people’s lives. Importantly, the relationships we have with our environments are shaped
by factors such as the family we were born into, our sex, our ethnicity, level of education and
financial resources [6].

This paper examines the national and international age-friendly frameworks with respect to
older adults who are carers for people with disabilities. Within its overview of existing age-friendly
frameworks and contemporary evidence, an overview of state-of-the-art technologies is presented,
followed by recommendations for expanding this work.

2. Background Literature

2.1. Age-Friendly Communities

Since the turn of the millennium, there have been several age-friendly initiatives building on the
WHO Global Age-friendly framework [1]. A review conducted by Steels [7] provides a synopsis
of global age-friendly cities and frameworks [2,8-12], illustrating their key features. Fitzgerald
and Caro [4] presented several features and elements which they deemed necessary to meet the
minimum requirements of an age-friendly city or community. These features include pre-conditions
that must be in place before any age-friendly initiative can commence. The preconditions include: the
density of population, climate, weather, topographical features (communities residing on hills such
as the favelas in Brazil), social and civic organisations, health and social care provision [4]. Within
diverse communities, ensuring residents have a variety of mobility options is crucial. This includes
ensuring the availability of public transport connections, accessible places to walk, and community
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transport services (e.g., dial a ride). Within these communities, the requirements of outdoor spaces
and buildings to facilitate and enable residents to successfully age in place is central to the success
of the environment. Early consultations between residents, planners and developers to identify key
challenges and potential barriers are crucial to the achievement of all of the above aims. Barriers
and challenges may not be identified, challenged and amended without consultations between the
residents, planners and developers. Moreover, community activities require that residents respectfully
build up their relationships with one another in conjunction with their friends, family and support
networks, ensuring residents are respectful of each other [4]. Several approaches such as focus groups,
face-to-face meetings, interviews (e.g., one-to-one or community) or surveys can be conducted to
identify needs and requirements from residents. It is important to ensure that all interested parties
have the opportunity to communicate and share their expectations and concerns.

Buffel [13] has conducted co-researching and co-production activities as part of the Manchester
Age-Friendly strategy (MAS) [2]. A significant element in the success of MAS is the enablement of
actors to share their experiences and learn from each other about the needs and requirements of their
communities. The concept of an ‘Age-Friendly Business’ has enabled businesses in the community
to make alterations to facilitate ease of access or service by residents [4]. Such alterations or changes
include: assisted devices to open doors, increasing the font size on menus, and changing the height
and access to toilet dispensers [4]. Already, across America and Ireland businesses have undertaken
alterations to provide residents with ease of access to the premises or services. Consequently, many
businesses increased their income as a result of word-of-mouth approval in the community [4].

In the UK, the city of Manchester was recognized by the WHO as an age-friendly city-region,
chosen as part of the age-friendly initiative programme [14]. McGarry and colleagues [2] provide an
overview of the two frameworks and approaches set out by the WHO and MAS [15].

The WHO age-friendly strategy includes eight domains of interest: (1) Outdoor spaces and
buildings; (2) housing; (3) transportation; (4) social participation; (5) respect and social inclusion;
(6) civic participation and employment; (7) communications and information and (8) community
support and health services. Primarily, the MAS 2020 age-friendly strategy [15] focuses on six of
the eight domains outlined by the WHO and includes: (1) lifetime neighbourhoods (environment,
community safety, housing, transport); (2) cross-cutting themes: improving engagement, improving
relationships; (3) cross-cutting themes: promoting equality; (4) income and employment; (5) culture
and learning, and (6) healthy ageing, care and support services [2].

To date, age-friendly initiatives have primarily focused on the needs and requirements of existing
ageing populations. However, there is little consideration and discussion surrounding the needs of
mid-older adults (<~45 years old) who are carers of children/young people and dependent adults
with disabilities. Furthermore, what are the implications, based on the national and international
age-friendly strategies associated to successfully age in place?

The aim of this paper is to review age-friendly virtual assistants and their effect on carers and
dependent adults in contemporary society.

2.2. Methods

This paper will be underpinned by identity theory posited by Burke & Stets [16]. The notion of
identity theory posits persons residing in society the opportunity to reserve a stable environment,
irrespective of any slight inconsistencies. This is succeeded by the change in peoples” actions, which in
turn results in the perceptions of persons aligned with the standard or ideal self [16], while the balance
within one’s environment shifts based on the deviation or non-verification of a person’s identity; this
results in a person’s modification of their behaviour.

For those parents, guardians and carers who are residing in disability friendly communities and
age-friendly environments, they have the opportunity to continue to live alongside their dependent
child. This, in turn, has the potential to alleviate stress, social isolation, loneliness, and promote
independence for both carers and dependent adults. Giving dependent adults the opportunity to
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live semi-independently or fully-independently alongside their parents, guardians and carers will
contribute to the creation of and dissemination of good practice.

Age-friendly cities can provide harmonious, supportive, inclusive living and social environments
regardless of age, race, gender or disability through face-to-face communications, created and
supported by technology. Through a myriad of activities, age-friendly cities can help to identify,
and tackle problems experienced by the residents, while providing immediate and on-going support
for both the carer and the dependent adult. Conversely, by encouraging the opportunities for social
encounters and by building upon the existing age-friendly frameworks, there are potential benefits
and improved social cohesion for all residents in the wider community.

2.3. Digital Exclusion

Automation and accessibility of goods and services (e.g., banking, shopping, health care
appointments) are increasing, which is resulting in limited access by some populations. According
to the UK Government “Digital inclusion, or rather, reducing digital exclusion, is about making sure that
people have the capability to use the internet to do things that benefit them day to day” [sic] [17]. Moreover,
in the UK Government Digital Inclusion Strategy 2014 policy paper, Francis Maude, Minister for the
Cabinet Office, stated, “We need to equip the whole country with the skills, motivation and trust to go online,
be digitally capable and to make the most of the internet” [17].

A worrying phenomenon relates to the continuation of digital exclusion relating to the “vulnerable
and disadvantaged groups in society” [17]. The policy identified five groups within society that are
most likely to be digitally excluded:

(1) Those in social housing,

(2) Those on lower wages, or unemployed,

(3) Those with disabilities,

(4) Older people, and

(5)  Young people. Only 27% of young people who are offline are in full-time employment [17].

Within existing debates surrounding digital cities, there are vulnerable members of society who
are marginalized and penalized because of limited access to and understanding of the digital world.
This in turn, has the potential to be a detrimental factor relating to their health and independence.

The digital divide is still an ongoing topic of discussion, which results in many communities, and
individuals not being able to access rudimentary technologies such as a computer and/or access the
Internet [18-22]. Ferguson and Damodoran [23] reported how the digital divide primarily focuses on
the ‘haves” and the ‘have nots.” However, it also relates to three points that differentiate those who
associated with the digital divide. First, connectivity: this relates to appropriate access to equipment.
Second, capability: ensuring everyone has the skills and knowledge to conduct tasks and to retrieve
relevant information. Finally, content: the perception of relevant content and the “motivation from the
‘pull’ of compelling functionality” (p. 5) [23].

Within the digital divide, digital participation is important for all citizens, be it those who are
vulnerable, or who are slow adopters, from the older/elderly person to the wealthiest of individuals.
Itis important to understand the motivations of digital participation to understand what the barriers are
to using technology, and to ensure access and availability is met. Ferguson and Damodoran [24] stated:

“[ ... 1 widespread digital participation can only come about through the confident and successful
take up by older people and others in the digital world and the way that services relevant to their needs
are designed and presented”. (p. 5)

The authors believe that by collaborating and communicating with communities at both grassroots
networks and with national organisations, there are opportunities to learn and understand the barriers
to and enablers of technology faced by older adults and slow adopters. Currently, there is a growth of
work in the domains of the digital divide and older adults” engagement. However, there is a paucity of
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work surrounding those individuals known as ‘slow adopters.” This cohort of society are individuals or
communities who are not just older people, but who are mid-older and younger people, who may live
in social housing; they are people who are unemployed or who are employed on precarious contracts
or receive low incomes. They are individuals with disabilities, who reside in different communities
both culturally (e.g., traveller) and geographically (e.g., rural), or who are homeless and are moving
between towns and cities, or who are moving around different areas within one place, or young people
who are not in employment, education or training (NEETs). All of these categories of citizens may
have no direct or limited access to public funds [24]. For some citizens, their level of literacy, numeracy
and digital literacy skills pose additional barriers to their digital participation.

In January 2019, the NHS (National Health Service) Digital announced the commencement of
a project focusing on the use of digital technologies by homeless community outreach workers in
Hastings, UK [25]. The project collaborates with several partners including NHS England, NHS Digital,
Good Things Foundation and The Seaview project. The aim is to use digital technologies to ensure
a suitable approach is conducted by and between support workers/organisations and the homeless
community. Physical locations such as libraries can provide public access to rough sleepers who wish
to search for specific information (e.g., health and wellbeing centres) on the Internet. However, little
work has focused on the barriers and enablers to technology faced by individuals of the homeless
communities. Additional issues and challenges can hinder technology use by rough sleepers and
include the varying types of data plans, access to charging points for a mobile/smartphone, and
possible exclusion from accessing public Wi-Fi. Furthermore, many mobile phone plans require a data
contract and bank account, which too could be problematic for rough sleepers who do not have access
to this type of information or accounts. There are many reasons why slow adopters and older adults
have barriers to adopting and using technology in their lives. This can include embarrassment around
their lack of technical knowledge and skills, and the design of technologies, while there could be limited
opportunities for learning outside of the workplace [24]. By understanding the needs of marginalized
and disadvantaged communities, support and guidance can be offered to ensure individuals within
these respective communities can become digital citizens. The UK Government [17] has outlined its
digital strategy, although, when it was outlined three years earlier, Adam Hillmore stated:

“We should not consider increasing online presence among older people on its own; it is easier to
bring people together as a community and to make using the internet part of that”. (p. 5) [24]

Taking a grassroots approach, as suggested in the quote above should safeguard all voices
are heard within respective communities. Ferguson and Damodoran noted that the position of local
governments is ideally situated within their communities to take the lead and to facilitate a ‘user-driven’
approach [24]. Local government is the ideal actor to take the lead role within communities and towns
regarding digital participation. Given that local governments own public space and buildings such
as libraries, they are ideally placed to input into schools and partnerships. Taking on this role,
local governments can encourage their respective networks and partners to become active members
across their communities. This, in turn, may link to different initiatives that can also benefit from
local government assisting with key issues [26]. Furthermore, understanding the exact needs and
requirements of marginalized communities is facilitated by employing a co-design/creation approach
rather than a top-down process. Seven needs have been reported by Ferguson and Damodoran [23]
based on specific user characteristics:

(1) Readily available,

(2) Trusted and sustained,

(3) Delivered in familiar, welcoming and local venues,
(4) Embedded in social activities and personal interests,
(5) Free of time pressure and assessments,

(6) Inclusive of problem-solving/trouble-shooting, and

39



Healthcare 2019, 7, 49

(7) Offering impartial advices and “try before you buy’ [23,27].
Furthermore, Ferguson and Damodoran argued:

“The UK Government Digital Strategy (launched 1 March 2017) states that it seeks to simultaneously
implement strategies intended to address connectivity issues (with the aim of completing the roll-out
of 4G and superfast broadband by 2020) and capability issues (e.g., creating the Digital Training and
Support Framework)”. (p. 6) [26]

Nonetheless, there are concerns that still need to be addressed for rural and marginalized communities,
and for those individuals who are slow adopters and older adults. The latter is equally important,
because, for many people, they learn how to use technology in the workplace. For those people
who have retired and were not exposed to technology, this too will result in limited and low digital
participation [26]. Moreover, Ferguson and Damodoran [26], note how evidence indicates “basic skills
training has reached most of those for whom it is appropriate” (p. 6). However, while basic skills training
may benefit some people in society, for those who are slow adopters, it is likely that they have not had
the opportunity [26].

Indeed, for many people using technologies to access the digital world, it is an integral part of
their daily lives and “not using the internet is different from ‘digital exclusion.” Some non-users have made
an informed and reasoned choice to be offline” (p. 1) [28]. While access to the digital world is available in
both public and social spaces, one requires a digital device (i.e., a computer, laptop, smartphone or
tablet) to access the Internet, which in turn leads onto other digital worlds. Moreover, the Centre for
Ageing Better notes, “As opposed to digital inclusion operating as a standalone intervention, digital support
should be embedded within the delivery model of a range of local community and public services wherever
feasible and appropriate” [28]. With on-going austerity and cuts to public services, it is of paramount
importance that local and national governments do not marginalize and penalize vulnerable members
of society further.

Mouland, Richardson and Damodoran [28] stated “Even for those who are engaged with existing
technologies, the pace at which technology develops places significant demands on us to learn new behaviors and
skills. Those who were raised in a digital world will still hit these obstacles over time and find new technologies
harder to adopt—particularly after leaving the workforce” (p. 6) [28].

3. Technology Solutions

Phenomenal technology developments have occurred over the last twenty years in the field
of enabling industries (i.e., video games, smartphone and small, medium enterprises (SME)) the
opportunity to design, develop and enhance solutions to reach a broad spectrum of users in society.

In the proceeding section, the authors will review different technologies, ICTs and contemporary
research projects aimed to facilitate and enhance users’ accessibility and ease of use, to support
successful ageing in place through active and healthy ageing (AHA).

3.1. Overview of Virtual Assistants

7

In recent years, we have seen the development of what is been coined as ‘personal assistants
or ‘virtual assistants,” designed in the form of ‘speakers’ that can be placed around the house and
respond to a voice(s), which in turn executes the command(s). The most commonly known devices are
smart speakers/personal assistants such as the Amazon Echo or Alexa [29,30]. There are other devices
with similar capabilities known as Google Home and Google Home Mini. Contemporary research has
suggested these ‘personal assistants’ can offer older adults the ability to maintain living independently,
and possibly support ageing in place. Indeed, according to the National Institute for Health Research
(NIHR), “A number of studies have explored integrated monitoring and response systems to check the health,
wellbeing and safety of older people living at home. Some of these are focused on particular groups, like those with
dementia. They range from systems using sensors, alarms or wearable technology to cameras, smart televisions
and service robots” [31] (p. 3).

40



Healthcare 2019, 7, 49

Therefore, the functionality of these virtual or personal assistants can provide a user with a wealth
of information (e.g., weather reports, checking events in a calendar), coupled with the ability to control
their heating and lighting on or off via three automation and third-party apps.

Additional features available through the virtual assistants offer users the opportunity to control
what music they listen to (via streaming services), set and manage alarms, order food (e.g., Domino’s
or Pizza Hut) and set reminders (e.g., for medication) [17-23,32—-41]. Homes which have ‘home
automation’ virtual assistants have the capacity to interact and connect with several manufacturers,
including Philips Hue and Nest [39-41].

Some existing users of Alexa say they feel a strong bond with their virtual assistant and perceive
their devices as a member of the family [30,41]. The notion of using Alexa and similar devices or virtual
assistants within the home can offer the users or residents a multitude of opportunities to engage
and receive information. Whether you are an older adult, a carer or a dependent adult, there are
opportunities to age in place by connecting with these types of devices through the primary interaction
of voice recognition.

Early adoption of new technology is key. For many people in society, learning how to use a new
piece of technology can be worrisome or a steep learning curve [42]. Nevertheless, for some people
it is crucial that the technical infrastructure allows several devices to seamlessly operate together, in
order to deliver an automated, self-monitoring smart home [43-46].

Li and colleagues [44] proposed the notion of neighbourhoods being connected via wireless
sensors, which, if triggered through deviant activity, can be recorded via surveillance cameras, which
in turn would inform all residents connected on the smart system. This follows the original conception
of the ‘Neighbourhood Watch’ scheme across the UK, where residents involved in the scheme
reported any suspicious behaviour or crime to the police. A ‘smart, connected,” age-friendly and
disabled-friendly community gives residents the potential to detect problems and protect one another.

3.2. Integrating Virtual Assistants into the Lives of Carers and People with Disabilities

While research concerning virtual assistants is still in its infancy, these devices have great potential
for people with a multitude of disabilities. For example, Hampshire County Council trialled the
Amazon Echo to help both the elderly and disabled [47,48] people in their communities. Similarly,
Virgin Trains have integrated Alexa to assist disabled passengers [49] with their communication and
interactions. Several factors affect dependent adults (e.g., physical, cognitive, speech and visual
impairments). These include low self-esteem and confidence and limited social networks, which in
turn increase their risk of loneliness, poor health and wellbeing. In some instances, one’s disability may
fluctuate throughout one’s life, and may deteriorate over time. Therefore, the use of virtual assistants
(Amazon Echo, Alexa, Google Home and Google Home mini) can offer dependent adult’s additional
options to communicating with friends and family members, more so than only participating in
dialogue when a specific answer is needed.

Devices including Amazon Echo, Alexa, Google Home and Google Home mini provide
individuals with disabilities the opportunity to communicate with the device and respond to
commands. One example of a disability that may affect an individual’s communication (i.e., speech
and language) is autism spectrum disorder (ASD). Many individuals who have been diagnosed with
ASD require an intervention focusing on the “aspects involved in producing or understanding speech and
language” [50]. The use of these devices may initially cause frustration for the individual, given the
initial inability of the device(s) to decipher speech. However, one of the benefits of virtual assistants is
the potential to help improve speech.

An example of this is demonstrated in the written account of Megan D, who reflected on her
six-year-old, disabled son, and who used the virtual assistant Alexa. Megan D noted how her son
communicates and connects with people through a series of questions that fall into his areas of interest.
Regardless of whether the son has asked these questions earlier on in the day or in previous days, the
use of Alexa is the primary way for the son to connect and communicate [51]. Since purchasing the
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Alexa device, Megan D has observed changes in her son. Typically, through repetition of questions,
Megan D’s son regularly engages in conversations with the Alexa device. However, it is the virtual
assistant’s capacity to answer the son’s repetitive questions on demand that has improved the quality
of life of Megan D and her son. Furthermore, the ability to recognize different voices and language
patterns makes this type of virtual assistant an ideal companion for many individuals with ASD.

The use of virtual assistants can be beneficial to individuals who have been diagnosed with
a neuro-degenerative condition such as multiple sclerosis (MS). Hampshire County Council, in
conjunction with NHS Digital, have launched a scheme which explores the integration of the Alexa
device into adult service care plans. For example, Claire Williams, who has been diagnosed with MS,
was one of the recipients of these virtual assistants. Williams notes “I can do loads of things for myself
now which when I was first diagnosed with MS seven years ago, I didn’t think I'd be able to do.” Furthermore,
Williams has reported positive improvements within her life due to the integration and use of the Alexa
virtual assistant. Williams has used the device for many things, including turning on the lights, playing
music, reading books and adding items to the shopping list, which is on her husband’s phone [52].

Likewise, Bogost shares his experiences of using Alexa with his 82-year-old father, who is
legally blind and has been since the age of 18. Bogost notes how the virtual assistant offers a
“hands-free operation for able-bodied folk and new accessibility for those with limited mobility or dexterity” [53].
Furthermore, Bogost [53] recognises his father’s willingness to embrace the new technology, for
example, using it playfully by asking the virtual assistant a series of questions he knows it
cannot answer.

While we have focused on the use and installation of virtual assistants in the home and an
age-friendly environment, there are further opportunities for bringing ageing and disability together.
These opportunities do not just safeguard against social disconnectedness, reduce isolation, and
improve communication, but also ensure physical and cognitive fitness can be maintained, therefore
demonstrating how ICT can help an AHA be achieved. There have been several key pieces of research
that have integrated technology investigating both physical and cognitive activities. In the following
section, we provide an overview of contemporary research that has the potential to offer older adults,
carers and dependent adults the opportunity to engage and interact with the technologies aimed at
enhancing AHA and intergenerational relationships.

3.3. Overview of Exergames

The iStoppFalls (ISF) European Union (EU) Project [54] was an international, multi-centre
study, which included a single-blind, two-group randomized control trial (RCT) involving
160 community-dwelling older adults aged 65 years and over [55]. ISF aimed to design and develop
information, communication and technology (ICT) based systems using physical activity to reduce
the risk of falling by adults aged 65 years and over. Additionally, strength and balance exercises
were conducted via user interaction and engagement with three purpose-built exergames. Gschwind
and colleagues [55-57] describe the ISF ICT-based system, which was comprised of several types of
technologies (Figures 1 and 2). The ISF system offered users a diverse range of interactive approaches
(Figure 3), including gesture, a remote control, speech and a tablet device. Participants randomized
to the intervention group (IG) had access to the ISF system through several menu options (Figure 4).
These included: fitness training, reviewing user performance, meeting point (for example, virtual
meeting place for all users), falls and health prevention.

Three purpose-built exergames were designed, developed and implemented into the ISF system.
Marston and colleagues [57,58] provide an extensive overview of the purpose-built exergames: the
Bumble Bee Park, Hills ‘n” Skills and The Bistro exergames (Figure 5). Each exergame incorporated
strength and balance exercises from the Otago programme [58], while additional Otago exercises
(Figure 6) were integrated into the system under the ‘training programme” option. Therefore, users
were able to continue building their strength and balance in conjunction with the exergames.
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Figure 1. The different technologies integrated into the iStoppFalls ICT-based system. (Permission
granted by the Dr Rainer. Wieching—P], [57].) (1) Set top box (iTV), (2) mini-PC (exergame), (3) Kinect
(gesture/voice), (4) Senior Mobility Monitor, (5) tablet (diary, control).
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Figure 2. The different modes of interaction available to users of the iStoppFalls ICT-based system.
(Permission granted by the Dr Rainer Wieching—P], [57]). (1) Remote control, (2) gesture, (3) voice or
(4) tablet.
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Figure 3. The different menu options available to users in the iStoppFalls ICT-based system.
(Permission granted by the Dr Rainer Wieching—P1I, [57]). (1). Page header. (2) Training: The area of
training. The user can exercise or determine their risk of falling. (3) Performance: The user can view
their feedback and results. (4) Meeting Point: The user can communicate with other users who use the
system. (5) Falls & Health: The area of learning, educational material and information on fall risks in
everyday life, and how to reduce this risk. (6) Gesture and Voice Recognition: Two buttons to activate
the gesture and/or voice control. (7) Change User: The user can either log out of the program or start
with a different user account. (8) Help: The user can find help in this section for the most common
problems and how to use the system.
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Figure 4. The three purpose-built exergames ((a) Hills 'n” Skills, (b) The Bistro and (c) Bumble
Bee Park) integrated into the iStoppFalls ICT-based system. (Permission granted by the Dr Rainer
Wieching—PI, [57]).

Fall risk assessment was integrated into the ICT-based system, which enabled users to be
initially assessed and included a physical assessment using the purpose-built software, the Microsoft
Kinect console and the Senior Mobility Monitor (SMM) developed by Philips Netherlands [55,57].
Four physical assessments were conducted between the user and the integrated sensors which in
turn enabled interaction via the user’s television. The assessments included several balance tests:
comfortable-bipedal, semi-tandem, near-tandem and the tandem stance [55-57]. Participants were
required to undertake the balance assessments twice for a maximum of 30 s each, leading with their
preferred foot. Participants were instructed not to change their preference (foot) in between stances
and to keep their eyes open. Reaction time was integrated and assessed in the ICT system through
hand and foot reaction times for each respective participant. This was calculated by hitting the green
button (when highlighted) on the table or on the floor of the virtual environment [55].

The ISF RCT concluded that the ICT-based system did reduce the physiological fall risks of
older adults aged 65 years and over that were living in their own home. Participants assigned to the
intervention group showed greater adherence and an improvement in postural sway, step reaction
and executive function [56].
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(a) Hannes Muster trainiert Otago Knie-Strecker

Figure 5. The different Otago exercises integrated into the iStoppFalls ICT-based system. (Permission
granted by the Dr Rainer Wieching—P]I, [57]). (a) Knee extension, (b) knee flexion, (c) leg abduction,
(d) toe raises, (e) calf raises. There is a demonstration via the icon on the bottom right hand side of the
screen. On the right side of the screen, the users are able to see themselves on the television screen.
The four buttons at the bottom of the screen (pause, instructions, tips, and abort) can be selected by the
users to execute the command.

To understand the usability, user experience and acceptance of technologies within the ISF
purpose-built system, Vaziri and colleagues [59] deployed the System Usability Scale (SUS) [60],
the Physical Activity Enjoyment Scale (PACES) [61] and the Dynamic Acceptance Model for the
Re-evaluation of Technologies (DART) [62], coupled with interviews and observations of participants.
The results showed the ISF ICT-based system to have an overall score of 62 out of 100, indicating good
usability, with most users enjoying the ISF exergames. The PACES measure and the DART measure
displayed user acceptance of the ISF system to be acceptable.

3.4. MobiAssist Project

The MobiAssist project (2015-2018) proceeded the iStoppFalls Project and aimed to explore the
social impacts of the ICT-based suite of exergames aimed at people with dementia and their caregivers.
Over a period of eight months, researchers used a co-design approach, while observing the daily lives
of informal and professional caregivers of 14 people who had been diagnosed with dementia [63,64].
Conducting a co-design approach enabled the research team to gain insights into the daily routines
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of the participants’ and their caregivers, coupled with biographical backgrounds, memories, social
environment and recording their experiences, attitudes and practices of using technology [64].

Figure 6. An overview of the MobiAssist ICT-based system and the technological components.
(Permission granted by David. Unbehaun [63,64]).

Participants were aged between 72-89.6 years, comprising six females and eight males [65].
The contents of the MobiAssist system include several digital technologies, software and purpose built
exergames (Figure 6) [63,64]. The MobiAssist ICT-based system contains exercises and exergames
enabling users’ performance to be measured and aims to “counteract the progression of dementia and to
help people with dementia to remain as autonomous as possible” [64].

The MobiAssist project includes a series of strength and balance training exercises (Figure 7) from
the Otago Exercise Program (OEP) [66], similar to the ISF ICT-based system [63,64]. The strength
training exercises from the OEP enable users to strengthen their upper and lower limb muscles, using
knee extensions, knee bends, sideways leg raises, toe-stands, the elbow bends and front raise aimed at
the shoulder muscles [63,66]. The exergames aim to enhance and improve the balance and coordination
of the participants [64]. Figure 8 left displays a visual representation of some of the games that are
implemented into the MobiAssist project.

A brief description of some of the games include: the ‘Apple game,” which requires participants
to collect virtual apples from a tree and place them into a basket; the ‘Mole game,” which requires
the participants to hit moles when they pop up from the ground at intermittent times. Participants’
engaging with the ‘Mole game,” requires the user to move sideways and move forward (take steps)
to hit the mole [64]. An additional game (Figure 8, left) is the “‘Wheel of Fortune,” which requires
the participants to raise their hands and spin the wheel. This game is aimed at problem solving and
cognitive tasks such as letter games, mental arithmetic, classification and completion of rhymes, verses
and poems or remembering music titles [64]. The second game, displayed in Figure 8, right, is based
on folk music, and, while the participant marches on the spot, the music continues to play. However, if
the participant stops marching on the spot, the music gradually fades out. If the participant wants to
continue listening to the music, they have to restart marching on the spot [64].

MobiAssist project reported several limitations, including the different settings and system issues
experienced by participants. For example, there were issues surrounding the Kinect recognition
by participants, relatives or caregivers who were standing too close to the camera. There was an
in/exclusion criterion to assist with the recruitment of participants and their support network(s).
In order to ensure coherent recruitment, process a mediator (care institution) was involved in the
recruitment procedure between the respective participants and the research team. Furthermore,
conducting interviews with participants who had been diagnosed with dementia was difficult at times,
in particular engaging with the MobiAssist ICT-based system. Therefore, participants were limited in
their ability to provide the research team with “meaningful and informative answers, largely because of the
deterioration of their cognitive and communicative resources and capabilities” [64].
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Figure 7. Integrated assessments in the MobiAssist ICT-based System. (Permission granted by David.
Unbehaun) [65].
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Figure 8. (Left) displays the strength and balance Park, Apple and Mole exergames. (Right) displays
the Wheel of Fortune and Music/walking on the spot exergames. (Permission granted by David.
Unbehaun) [64].

Both the iStoppFalls and MobiAssist ICT-based systems have the potential to offer carers and
dependent adults the opportunity to engage and socially connect with friends, family members and
with each other. The technology infrastructure will be a key concern (e.g., cost of Internet connection)
for some people, highlighting the very essence of the digital divide. The MobiAssist project shows
that there is potential to enhance social interaction and increase empowerment using serious games,
and simultaneously build intergenerational relationships between the carer and the individual. For
example, the research team concluded that the MobiAssist system has a positive trend to “support
workflows and thus improve institutionalized quality of care” [64].

Within an age-friendly environment, older carers and disabled people can connect and share
experiences with one another. The technology solutions discussed in the previous section offer users
across different age cohorts the motivation and opportunity to interact with both young and older
cohorts. This, in turn, has the potential to reduce the risk of social isolation and enhance social
connectedness, offering enhanced engagement, communication and ensuring the AHA mandate
is achieved.

Conversely, within the home environment and/or community, the notion of ageing-in-place can
in some instances require assistance from younger adults of the family or community. Thus, integrating
an intergenerational approach within an age-friendly environment has many positive benefits from
the perspectives of both younger and older generations. These benefits include learning and sharing
knowledge and experiences, caring opportunities for those who have fallen due to short, medium- and
long-term illness, enhancing and build upon one’s social skills, and enhancing social connectedness,
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which in turn will result in a decrease of social isolation. Steels [7] examines the Generations of Hope
Community (GHC) [65], a non-profit organisation and social welfare agency, which created a program
located in Illinois, U.S., “where children adopted from foster care can find permanent homes and develop
intergenerational relationships in a specially designed community” [67] (p. 48).

Hope Meadows is a neighbourhood located two hours outside of Chicago. It became the first
community planned by GHC and aimed “to improve the service delivery and policies of the child welfare
system; it ended up helping not only foster and adopted children but senior citizens as well.” (p.18) [68].

Marc Freedman stated, “The story of Hope Meadows offers not only a vision for how we can help take
care of some of the most vulnerable young people in the society—foster children who essentially have nowhere
else to turn—but how we can create neighborhoods that enrich the lives of all ages.” (2001) [67].

At GHC, there are at least three generations residing in the environment—older adults, families
and young people, facilitating a capacity to ensure care and support is available for the residents. By
integrating an intergenerational approach into the environment, it can offer different generations of
residents living within this type of environment an opportunity to undertake caring responsibilities,
whereby the younger residents (e.g., children/teenagers) can understand the ethos of giving and
receiving care in the future [68]. Through this social cohesion, each generation facilitates and teaches
the others the different complexities, issues, needs and requirements which are significant to them,
while learning from one another.

The approach undertaken at GHC enables older adults “who do not want retirement to mean the end
of their productive years, who want it to mean something more than a pension, health care, and a roof over their
heads” [68] (p. 51).

This concept facilitates a myriad of individuals and families to live together in one community,
serving a purpose for all residents. Utilizing the theoretical approach of identity theory purported by
Burke and Stets [16] in the age-friendly home and framework, it offers the residents the opportunity
to take on the role of carer. In particular, Hope Meadows facilitates older residents to re-establish
identities and roles previously held in society and their respective communities. For some older
residents in Hope Meadows, they have the opportunity to feel needed and/or useful through the
eyes of the parents of young children as a knowledgeable friend or community member. In some
instances, for the older residents, having the younger residents in the community who may need
assistance or care will provide the older person a sense of purpose. This notion also offers co-residents
the opportunity to share knowledge and experiences, thus resulting in a learned environment; thus,
intergenerational relationships are encouraged and fostered through the differing roles and identities
forming and reforming within this age-friendly community.

4. Discussion

This paper has presented an initial overview of the different types of virtual assistant currently
available on the market and how these devices can be integrated into existing age-friendly
framework(s), coupled with the integration of technology, which to date has not been a focal point
of contemporary age-friendly initiatives. This paper sets the scene for initial discussion combining
two popular societal domains that are worth exploring further. This review paper uniquely draws
together the small volume of literature from the fields of gerontology, gerontechnology, human
computer interaction (HCI) and disability. Furthermore, evidence of worldwide ageing populations
and the phenomenal developments of technology, in conjunction with the needs of local and national
governments, means that alternative solutions are required to address the concerns of citizens
ageing-in-place, be it from the standpoint of an older person or a parent/guardian of a dependent
person. This paper contributes to—and is at the intersection of—the fields of gerontology, HCI
and disability. Consequently, it offers insights into further discussions in the age-friendly and
technology [69] domains.

In the context of older and dependent adults, contemporary evidence illustrates a myriad of
opportunities for developers, researchers, health and social care practitioners, older carers and their
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young dependent children/adults so they can live together, in an environment that is familiar, safe
and adaptable to the varying and changing needs of both.

Despite an increase in evidence, there is still a lack of understanding of the barriers and enablers
to the take-up of technology by older adults, their support networks and healthcare practitioners.
Given the nature of preventative healthcare technology and the potential influences it has in day-to-day
activities, there is the self-perception and assumption that technology is not suitable for carers,
marginalized and vulnerable communities, dependent adults and children, commonly based on
their identification as being frail and/or lacking experience/understanding. Therefore, there is a need
to improve understanding of the importance of planning and prevention at an early stage. Moreover,
we need to demonstrate and highlight the benefits of technology in one’s life, family environment
and across communities, who may, in turn, want to use technology to enhance their intergenerational
experiences and relationships. The intergenerational exchange of knowledge and experiences can
be shared and passed on to younger people. At the same time younger people can facilitate a sense
of meaning and purpose for older adults. These shared experiences and community involvement
can offer and identify specific meanings to all residents, who may have several identities and roles
within the family, community, local area and community groups [16]. Burke and Stets [16] purport
that a person’s myriad identities are interconnected through their respective behaviour(s), feelings,
judgements and sentiments, which are influenced and integrated through identity and society. Identity
is associated with one’s role in society or community—this could be through their profession, being
a member of a community group (e.g., church, organisation) or network. Each identity has its own
characteristics and expectations associated with the respective identity, resulting in one’s expectations
being integral in the transformation of powerful stereotypes [16].

The authors have discussed the use of virtual/personal assistants such as Alexa, Echo and Google
Home. This type of technology offers users across society a variety of options and support in their
day-to-day tasks. For example, a British man who has cerebral palsy uses his virtual assistant to ensure
he is able to get in and out of bed safely [70]. Connecting the virtual assistant to a light bulb in the
bedroom and speaking the correct commands (i.e., switch light on/off) can offer a person enhanced
safety (reducing the risk of falling) and independence. This type of support or assistance ensures a user
who suffers from a disability, chronic health or life-limited condition the dignity, power and control
over his or her own life. While it is still necessary for carers and support networks to assist individuals
with deliberating conditions, virtual and personal assistants seem to offer users greater control.

Ferguson and Damodoran [23,24,26] have discussed and highlighted the needs and requirements
of grassroots networks surrounding the issues and concerns of the digital divide, while offering and
proposing solutions to local and national governments. Several recommendations include taking a
‘user pull’ approach rather than a top-down approach, to enhance and offer greater opportunities
to communities and marginalized communities. The suggested ‘user pull” approach encompasses
15 characteristics, including individuals who are community-based and trusted, drop-in sessions, user
centred practice enabling individuals to choose and set their own learning pathways, no demands
or assessments placed on the individual(s), and peer-to-peer learning. While fostering this type of
physical space, additional benefits are offered to users, including flexibility, which in turn enables
users to try new technologies without experiencing pressure from others (for example, sales/retail
assistants). Furthermore, by offering a safe, approachable, flexible and peer-to-peer learning space,
users’ fears and anxieties regarding learning new technologies are reduced. Similarly, this type of
physical space is paramount for individuals in the homeless community who wish to seek health
information and advice [25].

Using and engaging with a virtual assistant may facilitate the dependent adult to have an identity
and role within their environment, where previously this may not have been the case or may have been
very limited. From the standpoint of the carer, this may provide a greater sense of freedom, knowing
this virtual assistant has the capabilities to offer their dependent adult or child more confidence to
conduct different activities. Moreover, the use and deployment of smart home devices, wearable
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devices and communication tools such as virtual assistants can offer ageing carers and dependent
adults the option to monitor their daily activities, their wellbeing and their quality of life. Additionally,
this form of technology can offer inter-generational support, resulting in the perception of the role
and identity of a person to be positive, an authority figure role within the family, peer group(s) or
community group(s) as a tech-savvy dyad [16]. However, little is known about the use and impact of
technologies and the positive benefits of deploying virtual assistants into the lives of ageing carers and
dependent adults on a day-to-day basis. This is also the case with the age-friendly framework, and in
ascertaining whether one or both actors can age-in-place in their respective communities when faced
with the barriers and enablers of being digitally connected or disconnected.

5. Recommendations and Thoughts

Future work should incorporate technology being tested and used in real-life settings, with
dependent adults, their carers and support networks. Additional investigations should seek to include
health practitioners to examine their perspectives and impact of virtual assistants within their role(s)
and identity within the community.

Concomitantly, the cost-effectiveness of virtual assistants and associated technologies needs to be
explored and taken in to account. This would not solely relate to purchasing of technology, but also the
integration of technology into new construction projects (e.g., housing) and infrastructure [17,28].
Contemporary research and policy briefings show few or no evidence-based recommendations
associated with the cost of installing the Internet, and this should be evaluated for both short-term and
long-term adherence, focusing on a cost-benefit analysis to ascertain whether the cost implications
outweigh the benefits of integrati