technologies
Article

The Design of New Technology Supporting
Wellbeing, Independence and Social Participation,
for Older Adults Domiciled in Residential Homes
and/or Assisted Living Communities †
Joan Cahill 1, *
1
2

*
†

ID

, Sean McLoughlin 2 and Sean Wetherall 2

School of Psychology, Trinity College Dublin, Dublin 2, Ireland
Oneview Healthcare, Blackrock Business Park, Blackrock, Co., Dublin, Ireland;
smcloughlin@oneviewhealthcare.com (S.M.); swetherall@oneviewhealthcare.com (S.W.)
Correspondence: cahilljo@tcd.ie; Tel.: +353-1-896-1623
This paper is an extended version of our paper in Proceedings of AAATE2017 Congres, Sheffield, UK,
13–14 September 2017; with permission from IOS Press.

Received: 15 December 2017; Accepted: 24 January 2018; Published: 26 January 2018

Abstract: Purpose: The purpose of this study is to identify and validate the requirements for new
technology supporting wellness, independence and social participation for older people domiciled in
residential homes and/or assisted-living communities. Method: This research adopts a stakeholder
evaluation approach to requirements elicitation and user interface design. Specifically, the study
design combines several qualitative human–machine interaction (HMI) design frameworks/methods,
including realist ethnography, scenario-based design, persona-based design, and participatory design.
Findings: New technology should reflect positive values around ageing and link to psychosocial
models of successful ageing, and biopsychosocial models of health and wellbeing. Resident
autonomy, wellness and social participation cannot be conceptualized outside an understanding of
the relationships older adults have with others. The design remit for this technology is to enable a
resident experience that is similar to living at home. New technologies should facilitate wellness
and communication/connection, and not simply risk assessment. New technology provides an
opportunity to bridge existing information gaps between care planning, care assessments and daily
care. Overall this technology needs to be intuitive and uphold the resident’s dignity and rights.
Person-to-person interaction is central to care delivery. The introduction of new technology should
enhance this interaction, and not threaten it. Conclusions: Future assisted-living (AL) technology
should be premised by biopsychosocial models of wellness and support relationships between older
adults and members of the personal and professional community. New assisted-living technology
affords the possibility for improved social relationships, enhanced wellbeing, better quality of
care, and independence. Such technologies require careful consideration in relation to adapting to
age/condition and managing issues pertaining to resident consent, privacy and human contact.
Keywords: ageing; assistive technology; relationship-centered care; care homes; wellbeing; social
participation; stakeholder evaluation

1. Introduction
1.1. Introduction to Study Problem
The purpose of this study is to identify and validate the requirements for new technology
supporting wellness, independence and social participation for older adults, domiciled in residential
homes and/or assistive living communities. This is a multifaceted research question/problem.
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Addressing this problem requires integrating insights from several diverse strands of theoretical and
applied research, and drawing practical implications from a design perspective. This is complicated
by the fact that existing relevant research fails to deliver adequate instruction in relation to user,
technology and design requirements. In many cases, salient questions pertaining to the application
of underlying theory, end user need, expected benefits, user acceptability, and ethical issues are
insufficiently explored. Further, the introduction of these technologies raises several interrelated
human factors issues concerning social participation and human contact. Arguably, the available
literature does not adequately interrogate these issues. Overall, further field research with older adults
and relevant stakeholders is required.
1.2. Review of Existing Research and Gaps
Biopsychosocial models of health and wellbeing provide a useful starting point for thinking about
technology requirements. Such models emphasize the varied determinants of wellbeing including,
medical, psychological, family and social factors [1,2]. However, the available literature does not
discuss the practical application of these models. How might new technology be designed to promote
the biopsychosocial dimensions of wellbeing? Are some functions more or less relevant in terms of
contributing to resident wellbeing?
Many different accounts of successful ageing have been proposed. Biomedical models
focus on the avoidance of disease and disability [3]. According to Rowe and Kahn, successful
aging is multidimensional encompassing the avoidance of disease and disability, the maintenance
of high physical and cognitive function, and sustained engagement in social and productive
activities [4]. Similarly, psychosocial models focus on life satisfaction, social participation, functioning,
and psychological resources [5,6]. The implications of these models in terms of the advancement of
assistive living (AL) technology are not discussed.
Models of care delivery abound. Patient-centered care focuses on visits involving care of generally
chronic diseases [7]. In contrast, person-focused care “extends beyond communication because much
of it relies on knowledge of the patient (and of the patient population) that accrues over time and is
not specific to disease-oriented episodes” [8]. Advocates of relationship-centered care emphasize the
importance of nurturing personhood and positive social relationships [9–11]. Again, the literature
does not provide guidance in term of identifying how these models of care might be taken into account
in relation to the specification of assistive living technology.
The concept of autonomy refers to exercising individual choice and being responsible for
oneself [12]. As human relationships are based on mutual dependence and partnership [13],
autonomy must be understood in the context of these relationships [14]. To this end, the concept
of relational autonomy has been posited [15]. Several studies substantiate the link between
self-determination/autonomy and quality of life for older adults in residential context [16,17].
By implication, future technologies might support relational autonomy for older adults.
New technologies are being advanced to support the needs of older people living independently
and in residential homes and/or assisted-living communities. Generally, this involves the use of a
range of connected devices (i.e., TV, tablets, smart phones, wearables and environmental sensors).
Critically, these technologies are not defined in relation to relevant theory/concepts. This includes
relational autonomy, relationship-centered care, successful ageing and wellness. Moreover, many of
the technologies deployed in residential care contexts are associated with keeping the resident safe.
Arguably, there is less of an emphasis on independence and supporting social participation. Further,
fundamental ethical problems have been raised in regard to existing monitoring technologies [18].
The use of close circuit television (CCTV) and its impact on human rights and civil liberties is well
documented [19]. In addition, certain practical issues associated with these new technologies have
been highlighted. Wearables are becoming more popular in relation to activity and health monitoring
(for example, pendants and wrist watches). Older adults have increased skin sensitivity which makes
wearing certain wearable sensors an uncomfortable experience. Although wearables may be available,
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there is no guarantee that they will be used (i.e., the resident may remove them or not wear them at
all) [20]. In relation to fall alerts (where pendants are typically used), a high number of falls occur at
night when the resident is less likely to be wearing it [20].
The introduction of these technologies raises several inter-related human factors issues pertaining
to social participation and human contact, which thus far have not been adequately explored.
This includes issues pertaining to addressing (a) loneliness/social participation, (b) the potential
reduction in human contact arising from the introduction of such technologies (i.e., care automation),
and (c) the potential for human error/neglect arising from either a reduction in human contact (i.e.,
care automation), and/or poor communication between staff and residents with communication
difficulties. Such issues warrant careful consideration. Social isolation and loneliness is a common
experience for people of all ages including older people [21]. Typically, older adults domiciled in
residential homes/assisted-living communities are at a risk of social isolation and loneliness. Residents
may have lost their partner, they may have limited social ties, and the residential home may be located
at a geographical distance from family/friends.
Social isolation can have a negative impact on an older person’s mental and physical health [22].
Khosravi, Rezvani and Wiewiora (2016) have identified eight different technologies that have been
applied to alleviate loneliness and social isolation for older adults [23]. This includes general
information communication technology (for example, Internet and Email), video games, robotics,
personal reminder information and social management system, asynchronous peer support chat
room, social network sites, Telecare and 3D virtual environments [23]. Although such technologies
can be used to reduce social isolation among older people, more studies are needed to evaluate the
effectiveness of these technologies [23]. In 2014, the Campaign to End Loneliness identified several
challenges concerning the use of technology to overcome loneliness [24]. Sending a message/making
a Skype call necessitates some prior form of social relationship with other persons (i.e., message
recipients). Finding people to communicate with is a significant issue for those with limited social
connections [24]. Other issues raised include: a lack of training in relation to using the technology,
offering training or technology can be perceived as pushing change onto people and a lack of
accessibility for people with sight loss or early onset dementia [24].
The rate of clinical incidences/errors resulting in patient harm and/or mortality is higher for older
people and persons with poor communication ability (i.e., persons with disability and/or cognitive
impairment) [25]. In care settings, family members/friends play an important role in relation to
monitoring the quality of care and advocating on behalf of the resident/patient (relational autonomy).
Often family members fill care gaps/breaches. These protections are not in place for persons with
limited social ties/family participation. Given this, such persons are potentially more at risk in relation
to poor quality care and neglect. The introduction of future technology may potentially amplify
this problem. Such technology may reduce face-to-face interaction between residents and caregivers.
The existing literature does not provide guidance in terms of how this is to be addressed.
Residential care facilities have historically addressed societal goals as opposed to addressing
the needs of those living in them [26]. Nursing goals can often be different to resident goals. To this
end, Charters of rights for older people living in care homes have been advanced both generally [27]
and in the context of residents with dementia [28]. These follow from the European Convention on
Human Rights [29]. In relation to the European Charter on Human Rights, several articles are salient
to assisted living—including Article 5 (the right to freedom and security), Article 8 (right to family and
private life) and Article 27 (prohibition of abuse of rights) [29]. In parallel, new legislation is being
introduced to ensure that issues concerning capacity and consent are properly addressed for adults
with disabilities, early cognitive decline and/or dementia (for example, Assisted Decision-Making
(Capacity) Act 205) [30]. Evidently the proposed new technology needs to be articulated from a rights
perspective and consider issues pertaining to user acceptability, choice, and privacy.
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2. Materials and Methods
2.1. Research Objective, Questions & Scope
The objective of this study is to identify and validate the requirements for new assisted-living (AL)
technology facilitating wellness, independence and social participation, for older people domiciled in
residential homes and/or assisted-living communities [31,32]. In this regard, three research questions
are defined:

•
•
•

Q1: What are the requirements for new technology facilitating wellness, independence, and social
participation, for older adults domiciled in residential homes and/or assisted-living communities?
Q2: What ethical issues, user acceptability issues and broader stakeholder concerns need to be
addressed, and how?
Q3: How can relevant theoretical models (including concepts of relational autonomy, relationshipcentered care approaches, biopsychosocial models of wellness and models of successful ageing),
be utilized from a technology design perspective?

In terms of scope, the primary focus is on the resident experience and the associated resident
solution. Solutions for other stakeholders (i.e., nurse, care assistant and family) are being advanced for
the purpose of (1) complementing workflows associated with the resident solution (for example, a nurse
accessing a resident wellness survey), and (2) providing task support for these other stakeholders in
relation to addressing resident wellbeing (for example, a nurse viewing resident profile information
and/or reporting on resident wellbeing). Appendix A provides more information on the specific
solutions advanced.
2.2. Background
Human factors research is being undertaken as part of an industry and academia collaboration
involving researchers from Trinity College Dublin (TCD) and Oneview Healthcare [31,32]. As defined
in ISO 6385, human factors concerns “the practice of designing products, systems, or processes to
take proper account of the interaction between them and the people who use them” [33]. Prior to
the commencement of this research, a preliminary “assisted living” (AL) product was advanced by
the Oneview “assisted-living product team”. The initial concept, functionality and user interface (UI)
design was specified based on market analysis data and feedback from subject matter experts and
prospective clients. Currently, this preliminary product is being elaborated.
Human factors research is being undertaken in parallel to this product development/elaboration.
In this context, there is a requirement to (1) provide ongoing feedback to the product team, (2) define
preliminary requirements at an early stage, (3) quickly translate field research findings into design
requirements (i.e., prototyping), (4) iteratively elaborate on requirements and design solutions and
(5), validate the design solution, taking into account those functions that deliver benefits to different
stakeholders (i.e., co-design/evaluation). Overall, the proposed methodology takes into account the
above requirements. The collaboration model is defined in relation to the provision of research services
elapsing over a two-year period. The product owner and members of the project team are members
of the AL “community of practice” and are involved in certain research activities. Specific research
outputs are integrated into product development, following a review by the product owner and project
team. As detailed in Appendix B, this has involved the iterative handover of personae, requirements
specifications and prototypes, at predefined project milestones.
2.3. Overview of Study Design
This research applies the gold standard for human factors action research pertaining to new
technology development. Specifically it deploys a stakeholder evaluation approach to requirements
elicitation and user interface design [34]. This is underpinned by the participation of a “community of
practice” [35]. The study design combines several qualitative human–machine interaction (HMI) design
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frameworks/methods. In relation to needs analysis, the methodological approach is underpinned
by realist ethnography [36–38]. The emphasis is on understanding lived experience and the context
and meaning of experience [39]—and especially, the interactions between older people and relevant
stakeholders in their personal and professional community (i.e., nurses, family members, carers, friends,
GP and specialists). In relation to requirements specification, prototyping and design/evaluation
activities, the methodology combines aspects of “personae-based design” [40], “scenario-based
design” [41] and “participatory design” [42].
In line with Wenger’s approach (1999), the stakeholder evaluation approach involves the active
and ongoing participation of stakeholders throughout the project [35]. As part of this, a “community
of practice” comprising internal and external stakeholders has been advanced [35]. As indicated
in Table 1 below, both internal and external stakeholders participate in different research activities.
The composition of the community of practice is outlined in Appendix C.
Table 1 below provides a summary of research phases and activities and what has been achieved.
To date, forty-seven interviews have been undertaken (external stakeholders: N = 38, internal
stakeholders: N = 9). This includes interviews with older people living independently, aged care
nurses, family members, volunteers and experts in ageing and dementia. Preliminary observations
have been undertaken in two day hospitals providing care for older people in the community.
Initial observations have also been undertaken at a residential home. Following the analysis of
field research findings, a Version 1 prototype was developed for use in the co-design activities. The first
phase of co-design/evaluation sessions with the stakeholder panel (N = 6) has been completed.
Currently, the second phase of co-design activities is underway (N = 3).
Table 1. Research Phases and Activities.
Research Phase

Research Phase/Activity

Timeline

Stakeholders

Personae

Prototype

Status

Internal stakeholders

-

-

Complete

1

Literature analysis

September to
November 2016

2

Preliminary definition of
approach, concept, high-level
requirements and personae

December 2016

Internal stakeholders

Personae 1

-

Complete

3

Needs/Requirements
Elicitation (interviews and
observations with end users
and stakeholders)

January to July 2017

External stakeholders

-

-

Complete

4

Needs/Requirements Analysis:
Elaboration of concept and
philosophy and specification of
detailed requirements and
personae

July to August 2017

Internal stakeholders

Personae 2

-

Complete

5

Production of Initial Prototype

August 2017

Internal stakeholders

-

Prototype
V1

Complete

6

Co-design and evaluation,
Phase 1

September to
December 2017

Internal and
external stakeholders

-

Prototype
V 1 and V 2

Complete

7

Co-design and evaluation,
Phase 2

December 2017 to
March 2018

Internal and
external stakeholders

-

Prototype
V 2 and V 3

Ongoing

8

Needs/Requirements
Elicitation (Residential
Home Study)

February 2018 to
July 2018

Internal and
external stakeholders

Personae 3

Prototype
V 3 and V4

To do

9

Co-design and evaluation,
Phase 3

April to July 2018

Internal and
external stakeholders

-

Prototype
V5

To do

10

Final specification and design

September 2018

Internal and
external stakeholders

Final
Personae

Prototype
V6

To do

Internal stakeholders = members of project team; External stakeholders = older persons, nurses, family members,
dementia experts, residential home managers/owners and gerontologists.

To date, the stakeholder panel comprises 47 participants. Internal stakeholders (N = 9) include
members of the assisted-living project/research team (i.e., human factors researchers, user experience
designers, developers, product owners, nurses and experts in health informatics). External stakeholder
comprises two participant groups (1) end users and (2) other stakeholders (N = 38 participants).
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End users include older adults living independently with/without care in the home, potentially
living with one or more morbidities, with different levels of functional and cognitive ability and
an age range of between 60 to 90 years. Other stakeholders include three sub-groups, (a) family
members, (b) formal aged care staff—(i.e., aged care nurses, care assistants and community nurses)
and (c) other stakeholders (i.e., GPs, geriatricians, experts in ageing, volunteers in active ageing groups
and volunteers/staff of relevant groups/societies). It is anticipated that the composition of the external
stakeholder panel will broaden following Phase 8 Research (i.e., participation of older adults, geriatric
nurses and administration personnel).
Older people, especially those living with cognitive impairment are a vulnerable group and
safeguarding their dignity, rights and privacy is a key concern. The study has been conducted in
accordance with the principles of the Declaration of Helsinki (as amended in 2013) [43]. It is intended
that older people with benefit from this research (Principle 20). Participant decision making in terms of
participating in research was based on a full understanding of what is involved (Principle 20). This was
a process, rather than simply a document to be signed. All participants gave their voluntary informed
consent for inclusion before they participated in the study (Principle 25). Every precaution has been
taken to protect the privacy of participants and the confidentiality of their personal information
(Principle 24). Research methods have received ethics approval from the School of Psychology,
Trinity College Dublin, Ireland. Phase 8 Research (needs analysis at post-acute care facility) has also
received ethics approval from the Institutional Review Board of the Mater Hospital, Dublin.
2.4. Literature Review and Development of Approach, Initial High Level Requirement, Sceanrios and Personae
The literature view focused on providing a qualitative summary of existing evidence pertaining
to successful ageing, wellbeing, care approaches, stakeholder need, technology requirements and
ethical issues. Relevant theoretical literature pertaining to successful ageing, wellbeing and care
approaches was reviewed. Policy documentation and research studies pertaining to the advancement
of assisted-living technologies were also examined. Further, an analysis of the existing competitor
offering was undertaken. Lastly, the researcher reviewed requirements documentation provided by
three prospective customers.
The output of this was a definition of the overall concept and approach, a specification of
preliminary personae for older adults in different contexts (for example, residential care, assisted-living
communities, home care and palliative care), the specification of initial scenarios, and the definition of
preliminary requirements.
Preliminary personae and scenarios were derived from analysis of literature review findings.
Following the approach of Rosson and Carroll (2002) and Goodwin (2011), the initial high-level
scenarios describe the future task practices/workflows supported by this new technology [44,45].
Both the preliminary personae and scenarios were further refined following field research with
stakeholders. As outlined in Appendix D, all proposed resident functions/requirements were defined
in relation to (1) end user states/benefits, (2) biopsychosocial model of wellness and (3) successful
ageing models.
2.5. Needs/Requirements Elicitation (Interviews and Observations)
Semi structured interviews were conducted in person either at the participants home or their
workplace. Four separate interview guides were developed to support interviews with (1) older adults,
(2) family members, (3) nurses/care staff and, (4) ageing experts and volunteers. Specific interview
questions linked to key research questions and relevant themes emanating from the literature review.
In each case, the participant was posed questions pertaining to their own experience and needs,
and also that of other stakeholders. Overall, forty-seven interviews were conducted with external
(N = 38) and internal (N = 9) stakeholders. In terms of interview duration, 25 long interviews
(approx. average duration 2 h) and 22 short interviews (approx. average duration 0.5 h) were
undertaken. In all cases, the researcher took written notes. There was no audio or video recording.
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In terms of participant breakdown, external stakeholders included 11 older adults (mean age mean age
79.36 years), 7 family members, 5 experts in ageing/dementia, 1 ICT expert, 4 nurses, 5 representatives
spanning two “care for the elderly” day services, 3 representatives from a post-acute care service,
and 2 representatives from a residential home. Appendix E provides an overview of the profiles of older
adults. Internal stakeholders comprised 1 product owner, 2 experts in ICT for ageing, 2 former nurses
currently working in healthcare ICT-based roles, 2 Graphic Designers/User Experience Designers and
1 GP/Health Informatics Expert.
Preliminary observations were undertaken taken at two day hospitals and one residential home.
A short walk around was undertaken at one day hospital (approximate time: 0.5 h). The researcher was
accompanied by the Assistant Director of Nursing. A detailed walk-around was undertaken at a second
day hospital (1 day). Here the Researcher was accompanied by the Nursing Manager, along with
other staff (Dietician, Case Manager and Pharmacist). The researcher observed several settings—case
rooms, occupational therapy room, service user interviews and assessments and service user social
activities/interaction in the common room. Further, the researcher received a walk-through of relevant
technologies used by different staff, to document casework. A third observation was undertaken at a
residential home (approx. time 2 h). Here, the researcher visited indoor and outdoor social spaces,
dining rooms, activity rooms and resident rooms accompanied by the residential home owner. In all
cases, the researcher collected artifacts from the settings including paper forms and information leaflets.
In relation to the second day hospital, the researcher took screenshots of the technologies used by the
different roles, and schedule/workload information presented on nurse whiteboards.
2.6. Needs/Requirements Analysis and Refinement of Scenarios and Personae
Following the interviews/observations, the researcher’s notes were transcribed. Data analysis
focused on understanding/defining the lived experience of older adults, care approaches and
specific stakeholder technology requirements. A thematic analysis of field research findings was
undertaken [46]. The thematic analysis was initially driven by the research question and associated
theory (i.e., not inductive). In support of this, a preliminary coding/data frame with high-level nodes
was defined. An initial review of sample manuscripts across different stakeholders was undertaken.
Following this, the coding frame was refined and sub-nodes were identified (i.e., link to emergent
themes). Appendix F provides an example of the final coding frame. The qualitative data analysis
software NVivo was used to support the thematic analysis of data.
2.7. Production of Intitial Prototype
Stakeholder personae and scenarios were used to (1) support problem solving around stakeholder
requirements and (2) the user interface design of prototypes. Early stage prototypes were developed
using the wire-framing tool Balsamiq. The primary focus was on the resident solution. Three different
prototypes linking to three high-level resident contexts were defined—(a) resident is considering
moving to residential home, (b) resident is in the admissions process and (c) resident is domiciled in
residential home. The specification of (c) involved the parallel definition of complementary prototypes
for other stakeholders. This includes prototypes for nurses, care assistants and family members.
The initial prototype was reviewed by members of the project team (internal stakeholders, N = 2),
in advance of the co-design activities.
2.8. Codesign and Evaluation: Phase 1
As indicated in Table 1, the first phase of co-design/evaluation occurred after the analysis
of field research and the specification of the initial prototypes (prototypes 1). The evaluation
focused on eliciting stakeholder feedback regarding the high-level product concept for the resident
application, and a subset of the other stakeholder solutions (for example, nursing staff, families,
pre-admissions and admissions). External stakeholders included older adults (N = 4) and nurses
(N = 2). In advance of viewing the prototypes, participants reviewed a short Microsoft power-point
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presentation that provided a background to the research and preliminary findings, a summary of the
different applications and functions, and an example persona. The example persona referred to Frank.
Frank is 71 years old, has Type A Diabetes, moderate functional decline and early cognitive decline.
The review/co-design of prototypes then commenced. The initial prototypes were demonstrated
to stakeholders using a laptop computer. Participants were invited to review prototypes based on
(1) their own experience and need, and (2) on the imagined situation of Frank. Feedback pertaining to
user need, user expectations, user acceptability and issues related to ethics and privacy was elicited.
Appendix G features some examples of this version 1 prototype.
2.9. Codesign and Evaluation: Phase 2
As indicated in Table 1, the second phase of co-design is currently underway. Overall, this has
involved the same procedure as phase 1. However, the second phase of co-design is focused on the
resident and nurse applications only. The prototypes demonstrate basic level functionality on the
tablet (i.e., touch interaction). The focus here is on (1) eliciting more specific usability feedback (i.e.,
task workflows, interaction style, nomenclature and iconography) and (2) following up on certain
key human factors issues (for example, reduction in human contact). To date, the participant panel
includes older adults (N = 2) and a nurse (N = 1).
2.10. Next Steps
Two further phases of co-design/evaluation with the participant panel are planned. These
will focus primarily on the (1) resident solution and (2) nurse/care givers solutions. In relation to
(1), this will involve the evaluation of a working product in a test environment (i.e., resident room
with full sensor kit). Further, it may include a demonstration of a “multi-modal” resident solution
(including voice, touch and potentially gesture interaction). In relation to (2), the primary focus will be
(a) evaluating those functions which pertain to resident wellness (for example, reporting on resident
status and activity, ensuring meaningful interactions with the resident, evaluating resident changes
and making a case for new assessments/care plan updates), and (b) exploring how best to manage
issues around reduction in human contact/optimizing human contact in care delivery.
In addition, field research will be undertaken at a post-acute care community unit and at a
residential home (Phase 8). As part of the initial needs/requirements elicitation (phase 3 research),
the researcher previously undertook preliminary observations and interviewed staff members at these
sites. This phase of field research will involve the participation of patients, nursing home residents
and nursing/care staff. This will involve a mix of realist ethnography and co-design/evaluation.
Collectively, the output of these activities will feed into the final prototype specification.
3. Results
3.1. Overview
This section presents the results of Phase 3 research (i.e., needs/requirements elicitation).
First, general findings reflecting the needs/perspectives of all stakeholders are reported. Following
this, specific stakeholder technology requirements are reported. This spans older people, nurses,
care assistants, family members and care home mangers/owners.
3.2. General Findings
There was general agreement that independence for seniors is linked to interdependence. That is,
independence for older adults necessitates support from other actors in an older person’s personal and
professional community.
Participants emphasized the importance of the psycho-social dimensions of ageing. Overall,
there was agreement that the technology should support wellness, independence, social connection/
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participation and privacy. Table 2 below provides a summary of the specific states to be (1) promoted,
(2) managed and/or mitigated and, (3) avoided.
Table 2. Lived Experience, States and Benefits.
Promote/Support
Quality of Life
Wellness
Independence
Social Participation
Privacy and protection of personal sphere
Communication
Safety
Ability
Identity
Empowering Person
Dignity/respect
Purposeful living
Active and healthy living
Sense of community
Sense of belonging
Sense of purpose
Sense of usefulness
Acceptance
Resilience/coping
Self-management of health
Calmness
Engagement
Sense of confidence in own ability
Awareness (including sensory awareness)
Nurturing person
Citizen participation

Manage, Mitigate and Reduce
Loss of identity
Loss of privacy
Loss of physical liberty
Physical discomfort
Communication difficulties
Fear
Boredom
Sense of powerlessness
Difficulty with new information
Difficulty with change
Restlessness
Feeling lost
Overstimulated
Stress
Apathy/loss of interest
Wandering
Frustration
Confusion
Agitation
Negative thinking
Depression
Aggression/Anger
Sleep disturbances and sun downing
Suspicions and delusions
Self-neglect

Avoid
Deception
Infantilization
Elder abuse
Objectification of the dementia patient
Unsafe behavior
Reduction in human contact
Neglect

Concepts of “relationship-centered care” resonated for all participants. It was agreed that
the proposed stakeholders for this new technology might include residents, family members,
nurses, care assistants and administrative staff (i.e., staff working in admissions and involved with
co-ordination with family members). As observed by participants, all such stakeholders might benefit
from this technology; specifically, in relation to promoting meaningful interaction, monitoring the
resident (i.e., tracking health status, activity, mood and pain), and addressing individual needs on a
real-time basis.
Older adults, family members, community nurses and ageing experts expressed a strong
preference in relation to supporting older people remaining in their own homes. Daily routines
were reported as closely bound up with “being in their own home” and “having access to their own
things/furniture”. Also, the home was reported as ”a place closely associated with memories and personal
identity”. In this regard, it was agreed that future technology should enable older adults to remain in
the home. Older adults might first interact with AL technology in their private homes. Aspects of this
technology might be replicated in a residential context. Older adults and family members expressed
concerns/fears in relation to the transition to a residential home. Consistently, this was reported as
something to be “put off ” until “it becomes inevitable”.
Participants reported that many older people domiciled in residential homes have early cognitive
decline and/or dementia. As such, their ability to interact with tablet systems might be limited.
However, participants noted that the advancement of solutions for nursing and care staff along with
family members would be beneficial for residents with dementia.
All participants highlighted the need to distinguish between a residential care context and an acute
care context. As reported by participants, although residents may need help with specific activities
of daily living (ADL) and/or have cognitive impairment, “they are still living” and “require purposeful
activity”. Further, “the residential home is their home”. Unlike a hospital setting, “the intention is that
residents live in the residential home as they would do in their own home”. In this regard, it was suggested
that the proposed design remit for this technology might be to enable a resident experience similar to
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“living in one’s own home”. Participants characterized “home” in relation to (1) free movement, (2) eating
and sleeping in different spaces, (3) spending different parts of the day in preferred living/social
areas (including outdoor spaces), (4) having control over their direct environment/room (i.e., light,
noise, heat, opening/closing of windows and doors), (5) having access to social/communal spaces,
and (6) the ability to receive visitors. Moreover, participants observed that just like a private home,
(7) the residential home must be integrated with the community. Where possible, the resident should
be able to come and go—engaging with the outside world on their own terms. Many participants
(and specifically ageing experts) remarked on societal tendencies to segregate older people (i.e.,
confined to residential homes which are removed from the community).
There was a general concern that the introduction of this technology might be focused on serving
organizational goals (i.e., reducing the costs of care and risk assessment), as opposed to having a
resident focus. All participants suggested that the technology might reflect a balance between resident
needs and organizational needs (including needs of nurses and caregiving staff). In addition, family
need might also be considered.
Every older person is unique and has specific needs and different abilities. Accordingly,
it was agreed that needs assessment and customization is a necessary first step in relation to the
implementation of such technologies for individual residents. All participants observed that AL
technologies might be useful in relation to keeping residents active and socially engaged. It was noted
that future technology might enable residents to maintain social connections and “keep in touch with
family and friends”. This was distinguished from “providing companionship”. As reported by participants,
a tablet solution can afford the opportunity to make a telephone or video/Skype Call. However,
it cannot replace the lived experience of “being in a relationship” and/or “the company of family and
friends” and associated communications/supports.
The application of passive technology to monitor resident safety, prevent falls and raise alarms
(if needed) was welcomed by all (i.e., passive sensors in beds and activity monitoring sensors). Further
participants noted that they wander management technology (i.e., door sensors and sensors in the
environment), would be acceptable, if this meant that they could move around freely. Participants
liked the idea that from a resident perspective, much of the technology might be happening in the
background (i.e., bed sensors, sensors on windows/doors etc.).
All participants emphasized the importance of upholding resident rights and dignity. In particular,
participants stated that personal and medical information should be protected (and not shared with
other without permission) and that the technology should allow residents to have a voice (i.e., articulate
their needs and concerns).
All participants highlighted the importance of in person care (i.e., person-to-person
communication). Participants observed that we should not lose touch with the human element
of care characterized by human presence and responsive/empathetic communication. Specifically,
nursing participants observed that interaction with residents informs care plans, care assessments and
family communications.
One of the big issues reported by all participants, is that the introduction of this technology
(for example, activity sensors, bed sensors, fall sensors, health monitory technology [including
wearables], smart room technology [control windows, doors and environment], and technology
linked to virtual social participation) may lead to (a) a reduction in human contact, and (b) poor quality
contact/care. Participants observed that if care staff are using the tablet while in the resident’s room (i.e.,
reading information and completing forms), then this will negatively impact on certain key dimensions
of person-centered care (for example, eye contact, touch, active listening and conversation). Moreover,
participants noted that if monitoring is automated, and in person contact mostly initiated by electronic
help requests, then this might become quite isolating for residents. For example, it might result in
situations where residents only receive in-person contact if they request contact/help. As stated by one
participant, “If the nurse can see on computer screen that I am ok, would they still call to my room?” It was
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suggested that new process/procedures should be designed to mitigate the potential loss of social
contact arising from the introduction of this technology.
All participants highlighted the importance of the care assistant’s role. Care assistants have
significant interaction with residents—providing support for ADL (for example, dressing, washing,
toileting, eating and drink, grooming, transport around the residential home), room cleaning and
answering resident requests/calls. Further, care assistants often act as a communication/coordinating
interface between the resident and nursing/administration staff.
Family members and nursing/care staff highlighted the importance of the resident’s admissions
process in terms of (1) eliciting information about the resident (i.e., who they are, what matters and
key contacts) and (2) enabling a smooth transition to their new environment.
3.3. Need and Requirements: Residents (Residential Homes and Assisted Living Communities)
Overall, the Tablet might provide simple/fast access to a small number of functions that are
meaningful to older people (as opposed to unnecessary noise). In this regard, participants stated that
a level of realism in relation to proposed functionality is required. Functionality enabling access to
entertainment functions (radio, TV), enabling the provision of feedback about mood/pain, supporting
communication with family and friends, and the provision of access to photos/videos of family is
useful. In addition, technology to support stress management and relaxation (automation of music at
specific times, providing easy access to preferred TV stations/programs) is beneficial. Functionality
to support self-management of health (education, access to medical records) might not be used.
Participants noted that they would not like instructions/prescriptions from a piece of technology in
relation to lifestyle choices, diet/exercise and social engagement. Having said that, it might be useful
to view information about events, obtain medicine reminders and exercise prods, and/or participate
in interactive physio exercises. Overall, this might “help keep a person engaged’ and “give some purpose
to the day’. In this regard, all participants welcomed the idea that during the admissions process,
the tablet menu options and technology functions might be customized based on resident preferences
and what is meaningful and realistic for them. Moreover, participants indicated that the resident might
obtain training in relation to the use of the tablet. There was a mixed response to concepts around
the provision of daily notifications for residents (i.e., engagement versus overload). It was suggested
that such functionality might only be used by residents with significant computer experience and/or
strong motor and cognitive ability.
3.4. Need and Requirements: Nursing Staff
From a nursing perspective, future systems might address issues around assessing patient acuity
and enabling easy and real-time access to resident information (i.e., risk, health status, care plan,
and assessments information). It was noted that medication reconciliation/management is a key task.
To this end, new systems might support medication management across the process timeline (i.e.,
admissions, daily care, assessments, care planning and discharge {if respite}). Electronic rounding
systems might present resident well-being information elicited from resident self-reports, ambient
sensors, and nurse/caregiver reports. Moreover, such systems might provide information about the
person (i.e., social and personal history), what matters to them, important calendar dates (i.e., birthdays,
wedding anniversaries), care routines and preferences. Participants reported that not all residents
require the same level of rounding/checks. Also, in many cases, nurse observations may occur outside
the resident’s own room (i.e., corridors and communal/social space). Participants responded positively
to the concept of developing a resident “wellness profile”. It was suggested that all aspects of wellness
be considered. For example, mood, pain, duration of sleep, bed exits, care/help requests, challenging
behavior events, fall events, wandering events, eating/drinking, social activity and physical activity.
As reported by participants, one of the benefits of such a system is that might be used to build a
picture of what is normal for a person (i.e., baseline context), so that any changes from this baseline
might be easily flagged and interpreted by caregivers. For example, over time, the system (i.e.,
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triangulation from sensors, nurse reports, resident surveys) might build a picture of a person’s
typical sleep patterns (i.e., two bed exits during the night, and 6 h sleep). Deviations from this
“baseline normal” might be highlighted with yellow/amber/red icons to indicate a change from
normal. As reported by participants, this would be particularly useful for short-term contract/agency
staff (i.e., such staff may not have had sufficient time to develop a rich picture of the resident). Further,
this would help in relation to error avoidance/mitigation (i.e., briefing errors, failure to complete a full
handover of resident information). Participants observed that it is also important for the system to
track how nursing and care staff have addressed such changes. As stated by one participant, “to be
effective, the technology needs to evaluate our responses to signals. This ensures that key response tasks are not
omitted or forgotten”.
Following from this, nursing participants noted that the proposed system might help bridge
gaps between daily care, care planning and assessments. It was noted that care plans change, as the
status of the resident changes. Often, care plans fail to reflect the current situation of the resident (i.e.,
fall behind resident changes), and/or, the latest feedback from assessments. In this regard, it was
suggested that smart tracking of information about the resident arising from daily care activities (i.e.,
nurse/care giver feedback’ and social activities, might be used to flag the requirement to undertake a
new assessment and/or revise a care plan.
In relation to care requests, staff may receive in verbal care requests from residents outside their
room location (i.e., not just using a call button). This needs to be considered in terms of contributing to
resident wellness models and associated data analytics.
Some participants noted that the tablet might distract nursing staff from core communication/
care-giving activities (i.e., the nurse might become distracted scanning information and reporting
on care tasks). This might impact negatively on resident interactions. Participants also expressed
concerns that the introduction of an electronic rounding system might increase workload as opposed
to reducing it. Further, participants queried whether such a tool might be used to justify a case for less
staff (potentially increasing caregiver burden). In addition, participants expressed concern regarding
the impact of such technologies on existing reporting processes (i.e., compliance). As highlighted
by participants, it is quite common for nurses to undertake and report on care tasks at different
times. As stated by one participant, “what happens if somebody in the next room is calling, and I am
reporting my current check using the tablet? What should I do? Can I leave the reporting task until later?”
Participants noted that from a practical perspective, the technology should not force nurses to report
on rounding/resident checks at a fixed point in time.
3.5. Needs and Requirements: Care Assistant
Future systems might enable caregivers to report on tasks relating to managing resident ADL and
resident requests. It was agreed that this would deliver significant benefits to the resident. Further,
it was noted that care assistants are more likely to notice resident changes –specifically, changes in
relation to mood and behavior and physical health (including skin changes). Thus, new systems might
enable caregivers to report on wellness observations, to support the activities of nurses and clinicians.
Further, such systems might enhance the communication between residents and care assistants,
and between care assistants and the wider nursing/clinical team. It was also suggested that care
assistants should have access to the residents’ personal and social profile, to enhance communications
both with residents and with family members.
3.6. Needs and Requirements: Family Members
For family members, future applications might enhance the feedback loop between residents,
caregivers and family members. Specifically, family members might obtain information about the daily
routines of their loved ones, key health and activity parameters (including both social and physical
activity) and any changes. It was noted that although promoting contact with family members is good,
this technology cannot mitigate negative family relationships.
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Family members also suggested that a separate system might be provided to elicit information
about their loved ones, in advance of their being admitted to the residential home. Such a system might
allow family members to input information about who the person is and what matters, care preferences,
health status, allergies and past assessments.
3.7. Needs and Requirements: Care Home Mangers/Owners
Care home owners expressed a strong preference that this technology support health monitoring,
resident safety, behavior management (i.e., identifying changes in behavior and potential for
challenging behavior) and risk assessment (i.e., identifying/flagging fall risks, swallow risk and
potential for self-harm or harm to others). It was also suggested that this technology might
promote positive interactions between care/nursing staff and residents and purposeful engagement
(for example, recording of resident personal/social profile and interests). It was agreed that this
technology might also enhance social interaction (1) between residents, (2) between residents and their
social network (i.e., friends and families) and (3) between residents and the wider community (i.e.,
maintaining links to volunteer groups and activities, and providing information about social events in
the community).
4. Proposed Concept and Technology Solution
4.1. Introduction
This section presents the overall technology solution, as emerged in the iterative requirements
specification, analysis and co-design activities. As mentioned previously, the initial technology
concept and associated prototypes (i.e., prototypes for resident and other stakeholders) were advanced
following an analysis of the findings of the literature review (research phases 1 and 2), and field
research with older adults and other stakeholders (phase 3 research). These prototypes were further
elaborated during co-design activities with internal and external stakeholders (research phases 6
and 7). First the overall concept and suite of applications is reported. Following this, the resident
solution is outlined. A brief description of solutions for the nurse and care assistant are also provided.
For more information on the proposed solutions for family members, pre-admissions, and admissions,
please see [25,26,41].
4.2. Overall Concept and Applications
The proposed functionality is conceptualized in relation to stakeholder relationships and enabling
relationship-centered care. A suite of interrelated technologies has been advanced for older people
and other stakeholders (i.e., nurses, care assistants, admissions/administration personnel and family
members). Appendix A provides more information on the suite of applications and associated roles.
The frame of reference for the suite of solutions is the resident (and associated need, context and
potential benefits). Solutions have been advanced for the resident (1) prior to transitioning to the
residential home, (2) while undertaking the admissions process and, (3) to support daily life once
domiciled in residential home.
In relation to (1), this involves a web interface that the older person/family member can access
from home. Equally, the family member can use this on their own (assuming prior permission by the
older adult). This system captures information about the resident to support the admission process.
In relation to (2), the resident does not interact directly with this system. Rather, an Admissions
Coordinator would use this system—sharing their screen with the resident and/or family member.
Specifically, it is used to capture information about the resident to ensure a positive and safe transition
to the residential home.
Overall the focus of this research has been in relation to (3). In this regard, the tablet solution
and associated sensor kit has been advanced. Overall, the tablet solution and sensor kit supports
the resident experience—enabling (a) residents, (b) family members and (c) all staff in the residential
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4.4. Resident Wellness: Biopsychosocial and Information Sources
4.4. Resident Wellness: Biopsychosocial and Information Sources
As indicated in Table 3 below, information pertaining to resident identity, wellness and ability
As indicated in Table 3 below, information pertaining to resident identity, wellness and ability
is captured at different points in the care process (pre-admissions, admissions and real-time care),
is captured at different points in the care process (pre-admissions, admissions and real-time care),
from all staff (i.e., caregivers, administration and concierge) using different tools as indicated above.
from all staff (i.e., caregivers, administration and concierge) using different tools as indicated above.
This information is in turn integrated with data from sensors (for example, activity sensors, bed
This information is in turn integrated with data from sensors (for example, activity sensors, bed sensors)
sensors) using a data triangulation process. In turn, the system can represent
using a data triangulation process. In turn, the system can represent consistencies/inconsistencies
consistencies/inconsistencies across different data sources in relation to specific resident wellness
across different data sources in relation to specific resident wellness parameters. For example, it can
parameters. For example, it can highlight that the resident is reporting good sleep to the nurse, but
highlight that the resident is reporting good sleep to the nurse, but the bed sensor indicates that sleep
the bed sensor indicates that sleep has been poor. This information can be used to support more
resident centered communications and uncover wellness problems.
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has been poor. This information can be used to support more resident centered communications and
uncover wellness problems.
Table 3. Resident information and Sources.
Wellness Pillar

Type
Health profile, ability, medications and
medical directives

Bio-medical

Social

Psychological

Source
Care Plan and Assessments

Diet and nutrition, modified diet and allergies

Care Plan and Assessments

Current Vitals/health status

Nurse report, health monitoring wearables

Daily care status

Caregiver and nurse reports
Sensor—care calls, care visits

Medications status

Nurse report

Current physical activity

Sensors—falls, bed
Self-reports
Caregiver and nurse reports

Current Frailty and ADL

Caregiver and nurse reports
Sensors—activity, fall

Communication ability

Care Plan and Assessments

Daily Routine

Personal Profile, Care Plan

Bio: personality and preferences

Personal Profile

Family and friends

Personal Profile

Interests and Activities, Club Memberships

Personal Profile

Current social activity—events/clubs

Events calendar (attendance, level of, change)

Current family visits (recent and upcoming)

Family visits log
Events calendar

Current visits outside

Events calendar
Concierge requests (taxi, bookings)

Permissions (information sharing/access)

Admissions agreement

Mood

Self-report
Report from nurse/caregiver, family
Social activity (level of, change)
Sensor—nurse calls, activity

Behavior and challenging behavior

Report from nurse, caregiver, family
Sensors—bed, activity
Care Plan and Assessments (triggers and
soothers)

Bio: who you are and what matters,
important/meaningful dates, entertainment
preferences

Personal profile

4.5. Resident Solution: Tablet and Sensor Kit
4.5.1. Overview
The concept is to develop a range of self-decided services based on what matters to older people,
and to allow for personalization (i.e., rights framework). The resident chooses what functions are
available on the tablet and how they appear on the user interface. Equally, the resident chooses what
sensors are used and how this information is distributed/used (i.e., privacy). For residents with
cognitive impairment, this is negotiated between the resident, their family members and the care team.
Importantly, the resident is involved in this decision-making.
The resident directly interacts with certain technology (for example, the resident tablet),
while other technology is invisible (i.e., sensors). The primary interaction will be with the resident
tablet device (touch interaction). This tablet device may or may not cast to the resident’s in room TV.
The design solution is adaptive in terms of age-related changes and characteristics. Interactions are
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natural using touch (and potentially speech and gesture). Currently, outputs are text/image-based.
Research is currently addressing multimodal aspects (i.e., voice and gesture). Depending on the
functional and cognitive ability of the resident, the resident may receive help using the tablet device
(ability philosophy). In the case of a resident with early to mid-stage Dementia, the tablet features a
reduced icon-based menu. Each menu item leads to a simplified user interface with picture-based
content and functions. It is anticipated that the resident might interact with this interface (touch-based),
with Technologies
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their
caregiver
or family member. This promotes engagement and ability. 16 of 33
2018,
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promoting self-management and purposeful ageing. In general, the resident solution promotes:
(1) Identity, (2) Wellness, (3) Independent Living, (4) Communication, (5) Social Participation and
Community Engagement and (6) Self-Management. More detailed information about these themes
and the resident experience is provided in Table 4 below.
Table 4. Resident Experience and Technology Features.
#

1

2

3

4

5

6

7

Theme

Resident Experience and Technology Features

Identity, Rights and Control

Technology elicits information about who the person is,
what matters, preferences—at different points in process
timeline
Person is active decision maker and consents to
devices/sensors
Access all personal and health information
Person involved in care/decisions
Control over who sees what information
Capture/record information about medical directives and
power of attorney

Wellness (biopsychosocial)

Wellness surveys
Free movement (monitoring not surveillance)
Engagement—social participation, activities
Relaxation/stress management
Sharing of wellness data with relevant actors (nurse, family)
Access to entertainment functions/information
Control over room settings

Enabling Social Participation

Buddy system
Social coaching re club events, residential home events,
events in wider community
Social profile—share with others
Focus on clubs and membership of community

Communications with Family

Communications with Circle of care
Sharing photos
Activity updates
Quick access to Skype
Notifications—new video message

Communications with Care Team

Beyond just emergency help
Getting information about care team today
Personalized messages (video/text)
Making care requests
Profile info (who are/what matters) available to care staff
(prime them about person and what matters)
Care team view recent social activity
Care team see surveys—how feeling/sleeping

Taking control/independent living

Access to health records and care plans
Meal ordering
Attending events
Concierge—order taxi, book hairdresser
Adjusting room settings
Capture/record information about medical directives and
power of attorney
Opt in/out sensors
Maintaining identity
Control over who sees what information

Self-Management

Notifications—biomarkers
Education and goals
Access to health records and care plans
Communicate about how feeling
Coaching in relation to attending events, planning activities
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A large focus on the technology is on social participation and communication. The technology
enables residents to report on mood and sleep, share their social and personal profile with other
residents and care staff, report on social activity, register for events, share information with loved ones
(i.e., photos and music), make Skype calls, and communicate with care staff (routine and emergency
communications).
Figure 3 provides an example of the daily survey (reporting on mood and
sleep).
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Machine learning is utilized to refine the idea of “normal behavior” for the resident. For example,
an individual may be accustomed to getting out of bed to sit at the window to pray at a particular time.
This behavior would not need a care event to be raised (even though the resident may not have moved
and has not returned to their bed).
4.6. Nurse Checks/Rounding Solution
The nurse rounding application is task-based and provides wellness notifications at different
levels (i.e., summary and detailed). As indicated in Appendix I, an initial summary screen provides
status information about all residents assigned to the nurse. Currently, this includes information about
their type of care, whether rounded, mood, sleep, nurse calls and falls. All of this information is
derived from resident reports and data analytics. In the future, this might flag additional information
(for example, recent challenging behavior, pain, level of care contact and level of social engagement).
The nurse selects a resident to view more detailed information and report on the resident round/check.
As illustrated in Appendix J, this detailed view is structured in terms of a series of tabs: (1) status;
(2) care plan and assessments; (3) profile; and (4) reports and analytics. The status tab includes
summary information about the resident, rounding status, nurse concerns, self-reports, social activity,
events and analytics, acute event and goals and education. The nurse interprets this data. The system
does not prescribe what to do. The user interface design of the system is based on the aircraft cockpit
philosophy (i.e., dark and silent). A traffic lights system provides notifications in relation to tasks
outstanding and/or resident changes. The layout supports quick reading/information scanning.
The system permits the nurse to save draft versions of a rounding report and complete reports at a
later time.
4.7. Care Assistant Solution
The Care Assistant application allows caregiving staff to view information about the resident’s
current wellness, their activities, and their social and personal profile (i.e., who they are, what matters to
them, and important calendar dates). The application also allows caregivers to report on their own task
activities (i.e., support for ADL and care requests), and to provide feedback on the resident’s mood and
behavior. Further the system allows caregivers to communicate with nursing/clinical staff—reporting
on any issues related to the resident safety and wellbeing, and specifically resident/family concerns.
5. Discussion
5.1. Summary of Study Purpose and Key Findings
As defined earlier, the overall purpose of this study is to identify and validate the requirements for
new technology supporting wellness, independence and social participation for older people domiciled
in residential homes and/or assisted-living communities. Table 5 below provides a summary of the
key findings. These findings are discussed in more detail below.
Table 5. Summary of Key Findings.
#

Summary of Key Research Findings

1

Overall, participants expressed a preference for older people to remain in their own
homes and that future AL technology might follow certain trends in terms of what is
used in the home

2

Ageing is multidimensional and includes psychosocial elements

3

Participants agreed that new technology should reflect positive values around ageing

4

Participants agreed that technology should be underpinned by concepts of relational
autonomy, relationship-centered care and biopsychosocial concepts of wellness
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Table 5. Cont.
#

Summary of Key Research Findings

5

Participants agreed that the design of new technology should reflect a careful balance
between organizational goals and resident needs and ability

6

It was agreed that the design remit for this technology is to enable a resident
experience which is similar to “living in one’s own home”

7

Technology should be customized to resident need and ability

8

Technology should promote resident wellness, independence and social participation

9

Participants agreed that new technology should take into account ethical issues

10

Participants agreed that in person contact is central to care delivery and that new
technology should not negatively impact on the frequency and quality of human
contact with caregivers and family members

11

The introduction of new technology requires the parallel implementation of new
processes to address issues pertaining to human contact

12

New technology provides an opportunity to bridge information gaps between care
planning, care assessments and daily care

13

New technology affords the possibility for improved social relationships, better quality
of care and user control/independence in residential care contexts.

14

It is not likely that residents with mid to late-stage dementia will have significant
interaction with Tablet/TV systems. Solutions for other stakeholders (family,
nurses and care staff) will yield benefits for such residents.

5.2. New Approach and Addressing Gaps
This research provides a roadmap for the implementation of future technology in assisted-living
contexts. Critically, the proposed concept and associated user interface design solution is (1) premised
on human factors research pertaining to stakeholder need, technology requirements and benefits.
Further, it is (2) underpinned by relevant theory. In addition, the proposed solution (3) directly
addresses key issues concerning resident rights, issues of user acceptability and specific issues
pertaining to social participation and human contact.
In relation to (1), the emerging concept is predicated stakeholder evaluation research, using best
practice human factors/HMI design methods. The specification of need/requirements does not fall
short of design instruction. Specifically, the use of co-design techniques bridges the gap between
requirements elicitation (i.e., user interviews and observations), requirements specification and user
interface design. Further, the use of co-design techniques has enabled problem solving/evaluation in
relation to ethical issues and issues of user acceptability.
In relation to (2), this new approach positively addresses the gaps in existing research in relation
to providing a principled and theoretical basis for technology design. Firstly, the technology solution
is conceptualized in relation to concepts of relational autonomy and relationship-centered care.
These concepts provide the conceptual framework for thinking about need, and associated concepts of
independence, quality of life and social participation. Overall, the approach is to develop technology
from the perspective of understanding the social relationship and interdependencies between different
stakeholders. These relationships and interdependencies are modeled in terms of information flows,
which contribute to an overall picture of resident wellness. This ensures that the states/lived experience
outlined in Table 2 are positively addressed [31,32,47]. Critically, the technology enables all actors to be
involved in delivering care to older adults. Further, the proposed technology provides functions which
link to all three wellness pillars (i.e., biological, psychological and social) [1,2]. Certain individual
functions directly link to specific wellness pillars (for example, communication functions and social
wellness). However, to promote positive states of wellbeing for residents, the overall solution
needs address all three pillars of wellbeing. Moreover, in keeping with models of successful ageing,
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the proposed technology enables psychosocial occupation and social connection, while also addressing
resident safety.
In relation to (3), this research directly tackles issues of resident rights and user acceptability.
Further, it addresses existing gaps in the literature specifically pertaining to social participation
and human contact. As indicated with field research with older adults and other stakeholders,
the advancement of assistive technology raises overarching questions in relation to the values of society
and how the design of future technologies both reflects and upholds these values [47]. In particular,
this includes questions about (a) the value we place on promoting autonomy, wellbeing and social
participation for older adults and (b) protecting resident dignity and privacy. Overall, the technology
should be designed to promote positive values around ageing [47]. The proposed technology
must enhance the ageing experience and deliver positive outcomes in terms of how residents live
in residential settings. In keeping with the literature, the technology needs to support resident
independence [15], social connection [21,23], and physical liberty [16,17]. In line with expressions of
rights for older people domiciled in residential homes [27,28], and the European convention on human
rights [29], new systems should respect an older adult’s privacy and choice. The older person must be
the “driving seat”—opting in and out of all services, as required (promoting independence and quality
of life). Residents should have control over their personal sphere, including any information captured
about the biopsychosocial dimensions of their health and wellbeing.
This research indicates that future systems should not be used to replace person-centered care
and/or to reduce the time that nursing and care staff spend with their patients. Further, it should
reflect a careful balance between optimizing the ability/strengths of the person while considering
the needs (and workload) of caregivers. As noted previously, all participants expressed concern that
the introduction of this technology might lead to (a) a reduction in human contact, and (b) poor
quality human contact. Further, as reported earlier, participants raised concerns that in person contact
would no longer be routine/the cornerstone of care processes. As humans, we need companionship
and social connection. This is an issue for all residents. However, it is particularly salient, for those
residents with limited social ties, reduced mobility, poor health (i.e., confined to bed) and those with
communication difficulties (i.e., mid to late-stage dementia). As highlighted earlier, the incidence of
clinical errors resulting in patient harm and/or mortality is higher for older adults and those with
poor communication ability (i.e., persons with disability and/or cognitive impairment). Further,
the presence of family members (i.e., care advocates) has an impact on care. Those with reduced or no
social ties/family participation are potentially more at risk. Overall the goal is to enhance the quality
of care by providing all staff with the right information at the right time. Specifically, the objective
is to use the technology to inform those actors who have leverage over addressing/managing the
problem. This is critical in relation to issues around highlighting (1) deteriorations in resident physical,
mental, social and emotional health, (2) self-neglect and/or harm, (3) poor quality care and/or abuse,
and (4) resident safety. For example, in relation to (1), the technology should be used to identify resident
issues in relation to social participation. Accordingly, it should generate prompts for Entertainment
Coordinators to set up purposeful resident activities and/or to prompt families to visit. The technology
should also be used to boost or act as a trigger for “face-to-face” interaction (i.e., provision of social
profile, membership of clubs, reminders of events). In this way, it can be used to bring people together
around common interests (i.e., being in a club, sharing information about club events, sharing photos,
sharing stories). Further, the technology might also be used to track what activities the resident enjoys
or finds purposeful—learning about the resident to improve care.
Questions of automation are specifically salient in relation to reporting on lived experience
(i.e., reporting on sleep, mood and pain). The nurse may have received this information (i.e.,
computer mediated). However a meaning conversation still needs to occur between the resident
and nursing/care staff. Survey feedback becomes an interaction prompt. “I see from your sleep survey
that you did not sleep very well. How are you feeling now?” The technology is about improving the
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information picture (triangulation of information from different sources), not removing meaningful
contact/communication. As such, the technology changes the starting point for this conversation.
In relation to evaluating the quality of care, the technology can track time spent with the resident.
Evidently, this metric does not indicate quality of care. For example, staff may be in the room, but they
may not be interacting with the resident. However, it is a useful starting point. Potentially a future
technology implementation might provide feedback/analytics in relation to evaluating the quality of
care delivery. That is, the technology might be used to monitor and evaluate human contact—flagging
risks in relation to poor quality human contact/communications (i.e., superficial communication,
lack of care, lack of compassion and abuse).
5.3. AL Technology: Solving Problems only to Introduce others
The proposed technology is predicated on addressing specific states associated with resident
independence, wellbeing, quality of life and social participation. However, the introduction of new
technology to address these states can inadvertently create new problems. Conceptually, two related
issues can be defined. Firstly, the introduction of new technology to optimize a given resident
state (for example, independence/ability) can occur at the expense of other states (for example,
social participation/loneliness). For example, there is a potential risk that reduced social contact
(and potentially loneliness/isolation), becomes a byproduct of this technology. The tablet allows
the resident to undertake certain tasks (previously requiring human assistance) without the help of
nursing/care staff (i.e., meal ordering, transport coordination, switching on the TV, turning on/off
lights, adjusting heating, requesting room cleaning and do not disturb requests). Interacting with a
nurse or caregiver is replaced with interacting with a tablet. Although the older person is enabled,
it comes at a real cost. As reported by participants, the face-to-face social interaction/conversation,
which once formed part of this task, is now removed. Potentially, over the course of a day,
several opportunities to communicate face to face with another person are lost. Importantly, the other
communications, which follow from such care requests, are also lost. For example, while taking a meal
order, a caregiver has the opportunity to ask the resident how they are feeling or enquire about social
activities and/or family visits.
As such, in introducing new technology, we need to be mindful of how the technology can generate
positive outcomes for certain resident states, while simultaneously creating negative outcomes in
relation to other states. The introduction of new technology is task-based. Specific technology functions
address unique tasks (i.e., resident meal ordering) and often link to single states (i.e., independence)
and/or a subset of states. Thus, the implementation of a specific technology function cannot address
all states simultaneously. However, the implementation should consider the advancement of other
technology functions which might mitigate the potential negative states/outcomes arising from a
given technology function. This includes a consideration of technology for (1) residents and (2) other
roles that interact with residents (both directly and indirectly). Moreover, the total technology solution
should be evaluated in relation to addressing all relevant resident states (holistic perspective)—bearing
in mind the technology delivery both for residents and other relevant roles.
Secondly, the use of new AL technologies will unavoidably lead to behavior change for residents
and other roles. New task practices and/or communication norms will arise. As such, we are designing
new ways of being (ontological design). From a human perspective, such innovation does not always
result in better ways of doing things. In transforming task practices (i.e., promoting independence
and introducing task efficiencies for care staff), we may change some fundamental aspects of what
it means to be human, to communicate and to provide care. For example, as noted by participants,
the provision of Skype functionality makes it easier for residents to stay in touch with family and
friends. However, making a Skype call or sending a wave/photo to a loved one, does not replace
in-person communication. Further, if such communications becomes established (i.e., the new norm),
then this has the potential to have a more far-reaching impact. Potentially, the provision of Skype
will result in less in person visits. Thus, the behavior change, which arises from the introduction of
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this new technology, has consequences for resident wellbeing/quality of life. The technology enables
and fosters one form of communication (i.e., virtual communication) at the expense of the other (i.e.,
in person communication).
5.4. Transforming Care through Improving Information Flows between Care Planning, Assessments and
Daily Care
This technology provides an opportunity to bridge information gaps between care planning,
care assessments and daily care. The initial care plan is derived from (1) inputs from the resident
and/or family members in relation to resident need, what matters to the resident and typical daily
routine/habits and (2) the outcome of relevant assessments (i.e., activities of daily living/functional
independence, nutrition, medication, cognitive, social and behavioral). Once in the system, this picture
can be both validated and strengthened, in relation to eliciting information from daily care (i.e.,
information gleamed from nursing and care personnel, and from resident and family feedback),
and establishing a baseline for the person (i.e., what is normal/what is a change from normal indicating
something to be checked). To improve care, we need to ensure that these information flows are both
integrated and current. This information flow is bi-directional. Daily care information can be used to
set the schedule for assessments (i.e., taking into account resident changes and not merely compliance
requirements). Further, information from assessments can be funneled to caregivers to support both
care planning and daily care. Moreover, real-time inputs (i.e., care concerns and rounding observations)
from relevant roles (i.e., nurses, caregivers, resident’s/family member) can be acted on immediately.
Critically, this technology generates evidence to support clinical decision-making in relation to resident
wellness and the requirement to undertake new assessments and/or revise care plans. Insofar as this
technology transforms this process (i.e., flagging nurse/family concerns and highlighting wellness
changes), it improves care.
5.5. Human Role in Relation to Technology and Requirement for New Processes to Mitigate Issues Pertaining to
Loss of Social Contact
Some of the human factors issues raised by the introduction of this new technology may not be
solved by the advancement of complementary technology designed to mitigate potential negative
outcomes for the resident (i.e., other resident technology and/or technology for other roles). Rather,
the problems may require redefinition of the human role in relation to technology usage and specifically,
other socio-technical interventions. This includes new care processes/procedures, staff training,
care culture interventions and so forth.
5.6. Study Limitations
As noted previously, this is an action research study. The requirements elicitation and solutions
space is vast. In this regard, the initial requirements elicitation and co-design activities have focused
primarily on the resident solution. Solutions for other stakeholders (i.e., admissions coordinator,
nurses, care assistants and family members) have been addressed in relation to delivering resident
benefits. These solutions require further definition.
Certain limitations regarding the composition of the participant panel should be noted. Interviews
with older adults (N = 11) involved the participation of 10 females and 1 male. It would be useful to
obtain additional insights from older males. Two participants were classified as active and healthy,
6 had one or more morbidities and 3 had some level of functional decline. Of the eleven participants,
one was in receipt of formal care supports in the home, while four others depended on informal
supports in the home (i.e., help from family and friends). The panel did not include older persons
domiciled in residential homes. However, nurses and family members provided indirect feedback
in relation to the perspective of such residents. Co-design activities involved the participation of
older adults, but not actual care home residents. Currently, ageing experts and family members
have provided feedback in relation to the needs of older adults with diverse physical/functional and

Technologies 2018, 6, 18

24 of 33

cognitive abilities. Additional research is required with older adults with diverse age related physical
(i.e., sight, motor and auditory challenges) and cognitive challenges (i.e., early cognitive decline and/or
dementia). As stated earlier, it is anticipated that some of the above challenges will be considered in
research phases 8 and 9.
The initial observations were not that extensive. More detailed observations of care delivery and
resident experiences are required. The proposed solution has not been implemented in a care setting
(i.e., ecological validity). The elicitation of implementation feedback (i.e., user/stakeholder feedback
predicated on product interaction over a period of time) is a key human factors design/evaluation
activity. Such feedback offers insights into what is actually acceptable to end users, how end users
actually use the product, usability issues and constraints. Further, it provides information regarding
implementation challenges at an organizational level (including process change, resourcing and
capacity and cultural issues). This feedback is necessary to validate the solution. It is anticipated
that the proposed assisted-living (AL) product will go live with customers during the lifecycle of this
project. Depending on the implementation timeline, evaluations will be undertaken with residents,
care staff, nurses and family members. Such feedback will be used to strengthen the ecological validity
and usability of the final solution.
6. Conclusions
This study indicates that resident autonomy, social participation and quality of life cannot be
conceptualized outside an understanding of the partnerships older people have in their personal
and professional community. Accordingly, the approach is to develop technology that promotes
resident ability, wellness and rights, and is premised on supporting relationships between different
stakeholders. New technologies have been developed to support communication/community dwelling
and not simply risk assessment. These technologies enable a resident experience that is similar to
“living in one’s own home”. As indicated in this study, new assisted-living technology can promote
social connection and enhance relationships/communications. However, it is not a solution to
loneliness. This study suggests that there is a potential risk that reduced social contact (and potentially
loneliness), may become a byproduct of this technology. This is a key challenge to be addressed.
New processes/procedures might be introduced to mitigate the potential loss of social contact arising
from the introduction of this technology and to ensure that the fundamentals of person centered care
delivery are not compromised.
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Appendix A.
Table A1. Summary of Applications.
#

1

Process

Preadmissions

Actor

Sales Representative

Application and Device

Pre-admission app (website)

Description
Resident and/or loved one provides
background information about the
resident—social and personal profile,
health status, prior assessments and ability.
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Table A1. Cont.
#

Process

Actor

Application and Device

Admissions App (Desktop
Computer and Tablet)

Assessments App
(Desktop Computer)

This records resident assessments
information—comprising general wellness,
nutrition, activities of daily living and
functional ability, cognitive, behavioral etc.

Resident App (Tablet)

The resident solution is customized in relation
to resident need and ability.
The resident can select from a series of
functions—based on need/interest.
Residents with mid to late-stage dementia—are
not expected to interact directly with tablet
system (require assistance).

Nurse Rounding App (Tablet)

The nursing solution promotes meaningful
interaction with the resident, based on a real
time picture of the resident’s state,
and background information about who the
resident is and what matters to them.
This application is also used to record
rounding information—structured from
biopsychosocial perspective.

Care Assistant

Caregiver App (Tablet)

This care assistant application enables
reporting on ADL and caregiving tasks—it also
provides access to information about the
resident—personal history, what matters.

Nurse Manager

Care Console (Desktop Computer)

Supports queries/data analytics in relation to
resident wellness, assessments, activity and so
forth. Also provides real-time information
about the resident.

Family App (phone, web)

This allows the family member to view
relevant real time and historical information
about their loved one. Used also to upload
content/information etc.

Maintenance Managements
(Desktop and Tablet)

This application is used to process and manage
maintenance requests from residents and staff.

Event Managements (Desktop)

Manage resident social activities and events.

Concierge (Desktop)

Manage resident requests (i.e., travel, room
maintenance etc.).

2

Admissions

Admissions
Co-coordinator

3

Assessments
and Care
Planning

Nurse

Resident

Nurse

Daily Care

4

Description
The admissions application is used to complete
the resident profile picture, at the time of
admissions. Prior information provided at the
preadmissions stage is prepopulated in the
system. The admissions user interface is
conceptualized in terms of a series of steps to
promote familiarization for both residents and
care staff, and reassurance for residents and
family members.

Family

5

Maintenance

Maintenance

6

Resident
Activities and
Entertainment

Entertainment
Coordinator

7

Concierge

Concierge Manager

Appendix B. Research Milestones
Table A2. Research Milestones.
Description

Input to Product
Development

#

Dates

Research Phase

M1

End December 2016

1

Product analysis and problem
statement signoff

M2

End February 2017

3

Ethics application submitted

M3

End June 2017

3

Initial user research completed

M4

End July 2017

4

Specification of high-level concept,
requirements, demo scenarios and
expected benefits

Personae 2
High level user
requirements

M5

End August 2017

5

Production of initial version 1
prototype for use in
co-design activities

Prototype 1

M6

End October 2017

6

Production of Version 2 prototype
following co-design activities

Prototype 2

Summary of approach and
personae 1
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Table A2. Cont.
Description

Input to Product
Development

#

Dates

Research Phase

M7

End January 2018

7

Production of Version 3 prototype
following co-design activities

Prototype 3

M8

End May 2018

8 and 9

Production of Version 4 prototype
following co-design activities

Prototype 4

M9

End September 2018

10

Version 5 prototype (final prototype)
following co-design activities and
living lab evaluation/feedback

Prototype 5

Appendix C. Composition of COP (External and Internal Stakeholders)
Table A3. Composition of Community of Practice (External and Internal Stakeholders).
Stakeholder Type

Group

Older People

Total

11

External
Family

5

Ageing/ICT Experts

1

Nurses

4

Care for Older People Day
Service (2)

Post- Acute Care

Internal

#

A. Active and healthy seniors aged between 60
and 75. Living in own homes—fully
independent. Healthy.

3

B. Seniors aged between 70 and 85. Potentially
living with one or more morbidities. Living in
own home. May or may not have some level of
care (formal/informal).

5

C. Frail elderly aged between 70 and 90.
Functional decline—mobility issues. May or
may not have mild cognitive impairment/early
cognitive decline. Living in own home. May or
may not have some level of care
(formal/informal).

3

D. Seniors living in residential homes aged
between 70 and 90. Potentially living with one
or more morbidities. Potentially, some level of
functional decline. May or may not have early
cognitive decline

0

Community Nurse

2

7

Ageing/Dementia Experts

Care for Older People Day
Service (1)

Description/Sub Group

1

4

3

Residential Care

2

Product Owner

1

ICT Ageing

2

ICT Ageing/Nurse

2

Graphic Designer

2

Health Informatics/Dr

1

Total

47

Nurse/GP Service

1

Nursing Director/Nursing Homes Ireland

1

Nurse Manger

1

Nurse Manager

1

Nurse

1

Pharmacist

1

Dietician

1

Geriatrician

1

Nurse

2

Owner

1

Entertainment Co-ordinator

1
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Appendix D. Theory and High Level Functions/Requirements
Table A4. Theory and High level functions/requirements.

Process

High Level Function

Social functioning, leisure activities, integration and
participation in social/community activity, personal
growth, active engagement with life (including
maintenance of autonomy and social support)

Social engagement
and events

Daily Routine/Life

Model of Successful Ageing

States/Benefits (1) Promote,
(2) Manage/Mitigate and
(3) Avoid

Stakeholder
Relationships

Biopsychosocial Model

Promote sense of purpose, social connection, sense of
usefulness, citizen participation
Manage/mitigate: boredom, loneliness, depression
Avoid: isolation, reduction in human contact

Senior, carer, family,
friends, neighbors & GP

Social and psychological

Appendix E. Older Adults: Participant Profiles
Table A5. Older Adults—Participant Profiles.

#

Long/Short Category

M/F

Age

Lives
Alone

Home—Independent

Home—Needs
Help from
Informal Carer

Home—Needs
Help from
Formal Carer

Home—Providing
Informal Care for
Ageing/Ill Partner

FC

CD

Use PC

Use Mobile

User Internet

1

Short

A

F

75

Yes

Yes

No

No

Yes—since passed
away

No

No

2

Short

B

F

84

Yes

Yes

No

No

No

No

No

Yes—basic

Yes—basic

Yes—for
Skype only

3

Short

B

F

81

Yes

Yes

No

No

No

No

No

Yes—basic

Yes—basic

Yes—for
Skype only

4

Long

B

F

80

Yes

Yes

No

No

No

Yes

No

Yes

Yes
(ECD)

No

Yes—basic

Yes—needs help
for Skype

Yes—proficient Yes—proficient

Yes—proficient Yes—proficient

Yes—proficient

Yes—proficient

5

Long

C

F

84

Yes

Yes

Yes

No

Yes—since
passed away

6

Long

B

M

81

Yes

Yes

Yes

No

Yes—since
passed away

No

No

Yes—basic

Yes—basic

Yes—basic

7

Long

A

F

70

Yes

Yes

No

No

Yes—with Dementia

No

No

Yes—basic

Yes—basic

Yes—basic

8

Long

A

F

74

Yes

Yes

No

No

No

No

No

No

Yes—basic

Yes—basic

Yes

Yes
(ECD)

Yes—basic

Yes—needs help
for Skype

9

Long

C

F

89

Yes

No

10
11

Yes

Yes

No

Long

B

F

77

Yes

Yes

No

No

No

No

No

No

Yes—basic

Yes—basic

Long

C

F

78

Yes

Yes

Yes

No

No

Yes

No

Yes—basic

Yes—basic

Yes—basic

FD = functional decline, CD = cognitive decline, ECD = early cognitive decline.

No
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Appendix F. Data/Coding Frame
Table A6. Data/Coding Frame.
Research Question

#

Parent Node/Category (Key
Concepts of Analysis)

Lived experience of being old

1

Lived experience of being old

Home Setting
Residential Setting
Biopsychosocial
Relational autonomy
Social participation
Quality of life
Meaning of life
Ageism

Concepts of care

2

Concepts of Care

Relationship centered care
Person centered care

How is care provided in different settings?

3

Care Approaches and Settings

Home—independent
Home—care givers
Community Monitoring
Dementia care
Residential Home
Residential Community
Palliative

Care Settings and Issues to Be Addressed

4

Care Settings/Issues

Home—independent
Home—care givers
Community Monitoring
Dementia care
Residential Home
Residential Community
Palliative

Acceptability of AL Technology

4

Acceptability

New Tech and States of being

5

New Tech and States of being

States to be achieved
States to be managed/mitigated
States to be avoided

New Technology and Themes

6

Technology Themes

Identity
Independence
Quality of Life
Ethics/rights
Social participation
Communication

User Needs and New Technology Requirements

7

Technology Requirements

Older people—home
Older people—residential home
Family
Nurse staff
Care staff
Nurse Management
Preadmissions
Admissions

Expected benefits of new technology

8

Expected benefits of technology

Resident
Nurse
Org
Family

Expected problems/barriers

9

Expected technology problems

Reduction in Human contact
Tech ability
Cost
Workload

Implementation

10

Issues for Implementation

Home
Residential Home
AL Community
Palliative

Child Node: Subcategory
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Table A7. Resident Menu and Associated Functions.

Appendix H.
#
1

Resident Menu Item
Description of Menu Functions
Table A7 Resident Menu and Associated Functions.
Family and Friends
Add contact, email or message contact, send photo

#
1

Resident Menu Item
Description
of Menu
Functions
View clubs information,
view
club events,
view residential
2
Social and Events
home events,
community
events,
register
for event
Family and Friends
Add contact,
emailview
or message
contact,
send
photo
View
clubs
information,
view
club
events,
view
residential
home
3
Care Team
Contact care team
2
Social and Events
events,
view community
events,
register
4
Surveys
Complete
surveys—sleep,
mood,
pain,for
careevent
feedback
3
Care Team
Contact care team
View TV, Listen to Music, Add media, View recommendations
5
Entertainment Complete surveys—sleep, mood, pain, care feedback
4
Surveys
for media based on mood/sleep
View TV, Listen to Music, Add media, View recommendations for
6 Entertainment
My Health
View health information, view assessments, view care plan
5
media based on mood/sleep
7
Meals
Order food for self or guests
6
My Health
View health information, view assessments, view care plan
8
Concierge OrderOrder
request
room cleaning, request maintenance
7
Meals
food taxi,
for self
or guests
9 Concierge
Room
room settings
heat,request
noise) maintenance
8
OrderAdjust
taxi, request
room (light,
cleaning,
9
Room
Adjust room settings (light, heat, noise)
Appendix I. Nurse Rounding: Summary Screen
Appendix I. Nurse Rounding: Summary Screen

Figure A3. Nurse Application: Resident Summary Screen.
Figure A3. Nurse Application: Resident Summary Screen.
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Appendix J. Nurse Rounding: Resident Details Screen
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Figure A4. Nurse Application: Resident Details Screen.
Figure A4. Nurse Application: Resident Details Screen.
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