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Abstract

By 2030, the Government of Canada predicts that over 9.5 million (23%) Canadians will
be 65 years of age or older. For this growing demographic of older adults, intelligent home
health technologies have been proposed as one beneficial avenue to support and maintain
health and wellness as they begin experiencing ageing-related health effects. However, many
ethical concerns have been raised regarding the design and deployment of these technologies
in ageing-in-place settings such as long-term care and nursing homes.

This thesis aims to better understand the ethical concerns that long-term care
stakeholders have with a subset of intelligent home health technologies known as Ambient
Assistive Living (AAL) technology.

To obtain this understanding, a Systematic Literature Review (SLR) was conducted to
gather the different ethical concerns that long-term care stakeholders have with AAL
technology and to observe the various ethical design and engineering frameworks used to
develop AAL technology for aging-in-place settings. 41 publications were analyzed to identify
various ethical concerns held by ageing-in-place stakeholders and the different ethical design
and engineering frameworks used to address these concerns. The findings from the SLR
identified 17 ethical concerns that influenced how the research was conducted with long-term
care facility stakeholders.

Following the SLR, a Participatory Design methodology in the form of workshops and
interviews was developed and implemented with 30 long-term care facility stakeholders to
understand their ethical concerns with two AAL devices: the Hexoskin ProShirt™ - a wearable
device used to monitor and collect vital signs, and the AWS DeepLens™ camera - a machine-
learning enabled video camera used to make predictions. Through data analysis, 35 topics were
identified and grouped into 12 main ethical concerns for both devices.

Once a better understanding of long-term care stakeholders' ethical concerns with the
two devices was gained, a prototype of an ethical design tool—the Ethical DataSheet—was
proposed. An Ethical DataSheet is meant to support researchers, engineers, designers, and
others in developing a better understanding of the ethical concerns they must consider when
designing and developing AAL technology for ageing-in-place applications.

To create the Ethical DataSheet prototype, a snowball sampling literature review was
conducted. By conducting the second literature review, inspiration from different ethical design
tools was used to develop the prototype. The Ethical DataSheet prototype was then used to
create Ethical DataSheets for the Hexoskin ProShirt™ and AWS DeeplLens™, which present the
top ethical concerns that were identified through the workshops and interviews with long-term
care facility stakeholders.

The findings of this research will be shared with the PATH research community, who are
dedicated to providing nationwide testing and services for home health technologies that will
accelerate the availability of appropriate smart systems (i.e. AAL technologies) for seniors’ and
patients” home healthcare.
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1.0 Introduction

1.1 Background

Globally, life expectancies are increasing, and birth rates are decreasing, which has led to
a generational shift in population distribution. The United Nations (UN) estimates that by 2050
one out of every five people globally will be over 60 years old (Ting et al., 2020). In 2014, the
proportion of Canadians aged 55—-64 surpassed those aged 15-24 for the first time since 1971
(Statistics Canada & Government of Canada, 2015). With the current demographic trends, in
2030, over 9.5 million Canadians will be over the age of 65 (Government of Canada, 2016a). Other
countries, such as the United States, Britain, Germany, and Japan, are experiencing similar trends
(Novitzky et al., 2015)

For Canada, this growing demographic of older adults poses demands for healthcare
systems to provide a continuous high Quality of Life (QolL), health, and well-being for this group.
However, the feasibility of these demands remains challenging, as novel techniques,
technologies, and processes must be investigated to see if they can aid in achieving effective
health system outcomes.

One approach that has been gaining interest in recent years is the use of Assistive
Technology (AT). As defined by Fadrique et al., “AT refers to any item, piece of equipment, or
product [...] that is used to increase, maintain, or improve the functional capabilities of [the
user]” (2020, p. 1). AT aims to improve older adults’ quality of life by providing cognitive and
physical support in everyday tasks while maintaining their dignity, autonomy, safety, security,
and self-confidence. In addition, other stakeholders such as caregivers (family and friends) and
healthcare professionals (HCPs) can use AT to provide additional support to the older adult end-
user (Hlauschek et al., 2009; lenca et al., 2018; Novitzky et al., 2015; Panico et al., 2020).

This thesis focuses on a subset of AT known as Ambient Assistive Living (AAL)
technologies. AAL technologies blend AT with computational components such as Artificial
Intelligence (Al) and/or Machine Learning (ML) (Di Napoli et al., 2021). Overall, AAL technology
includes any device, software, or human-machine equipment that can aid older adults in
everyday activities to live actively, healthy, and autonomously in their own homes, regardless of
any physical, cognitive, or environmental impairments (Biermann et al., 2018; Panico et al.,
2020).

While much research has been dedicated to AAL technologies for older adults with
cognitive impairments such as dementia, it is important to note that these technologies can be
used to support anyone “ageing-in-place.” The Government of Canada (2016b) and the Centers
for Disease Control and Prevention (CDC) (2017) define ageing-in-place as: “The ability to live in
one’s own home, space, and community safely, independently, and comfortably, regardless of
age, income, or ability level.”

1.2 Ethical Concerns in the Context of Technology

Defining “ethical concerns” in relation to technology is challenging as it is a concept that
is very open-ended and has a very loose boundary around it. Other authors have encountered
this challenge, for example in the definition of Value Sensitive Design (VSD), which is a design
framework intended to motivate designers to think more explicitly about values and ethics



(Friedman & Hendry, 2019). As with VSD, this work defines “ethical concerns” from the view
that to consider ethical concerns in designing technology is to design a particular technology for
what a broad set of stakeholders consider to be important in their lives with respect to their
(potential) interactions, direct or indirect, with that technology (Friedman & Hendry, 2019). Put
another way, a particular ethical concern with a technology's design points to an issue that
conveys some sense of benefit or risk to a stakeholder, where the outcome of some design
decision has an impact on what the stakeholder considers to be important in their life.

Ethical concerns in the design of technology can motivate, or lead to, design decisions,
but what characterizes an ethical concern in design is an explicit focus on normative aspects
that link the technology and its design to those benefits and risks to stakeholders. This means
that when considering ethical concerns, those responsible for designing and developing
technology are explicitly considering a broad set of questions about how they should design and
develop a new technology with various benefits and risks (or permissibilities and
impermissibilities) in mind, rather than designing and developing a new technology because
they believe, for example, that a particular feature is what the user would want to do, or what
the designer would want the user to do. Therefore, normative aspects of a technology would
ask whether or not it is right (or permissible, justified, etc.) to design that feature. In using a
normative lens to design and develop technology, ethical concerns, such as autonomy or
privacy, are considered as a means of determining how to design a technology that is in line
with what stakeholders consider to be important in their lives, and in line with what is more
broadly justifiable on normative grounds. In using this mindset, considering ethical concerns
can be “useful no matter the particular sociotechnical context of stakeholders, values, tools and
technologies” (Friedman & Hendry, 2019, p. 5).

Therefore, just as with VSD, by understanding and designing for ethical concerns,
engineers, researchers, and designers have the ability “to make insightful investigations into
technological innovation in ways that foreground the well-being of human beings and the
natural world” (Friedman & Hendry, 2019, p. 3).

1.3 Ethical Concerns with AAL Technology

With the increased adoption of AAL technologies, many ethical concerns have been
raised regarding the design and development of this technology in ageing-in-place settings
(Panico et al., 2020; Stahl & Coeckelbergh, 2016; Wangmo et al., 2019). Such ethical concerns
include social isolation (Astell et al., 2020; Curumsing et al., 2019; lenca et al., 2018) as AAL
technology can be used to replace human assistance, and privacy (Biermann et al., 2018;
Etemad-Sajadi & Dos Santos, 2019; Zwijsen et al., 2011) given the vast amounts of personal
data required to develop Al and ML. As early as 2006, researchers such as Sparrow and Sparrow
(2006) started to voice concerns long before many of these systems had been proposed. They
argued that much of the research efforts towards robotics and Al for the healthcare industry—
AAL technologies among them—were driven more by researchers’ interests and curiosity rather
than any genuine concern for older adults’ needs, considerations, or desires (Sparrow &
Sparrow, 2006).

Even though such concerns were raised almost two decades ago, the ethical questions
and concerns regarding the use of technology to aid ageing-in-place, such as social isolation,
privacy, autonomy, and dignity, have only grown due to the advancements that Al has made



over the years (Astell et al., 2020; Jiang et al., 2019; Panico et al., 2020; Sanchez et al., 2019;
Schomakers & Ziefle, 2019; Skar & Soderberg, 2018; Wang et al., 2019)

1.4 AGE-WELL and the Program to Accelerate Technologies for Homecare (PATH)

AGE-WELL is a “Canadian-based network that aims to bring people together to develop
technologies and services for healthy aging” (AGE-WELL, 2022a). In trying to achieve this goal,
AGE-WELL has identified eight challenge areas that “demand innovation and deployment of
real-world solutions” (AGE-WELL, 2022b). In establishing these areas, AGE-WELL has opened the
door for researchers in academia and industry to suggest, research, innovate, and implement
projects that attempt to provide solutions to the proposed challenges.

One project that has emerged to address AGE-WELL’s challenge area of ‘Supportive
Homes and Communities’ is the Program to Accelerate Technologies for Homecare (PATH).
PATH’s mission is to provide a nationwide testing and optimization service for home health
technologies that will accelerate the availability of appropriate smart systems (i.e. AAL
technologies) for seniors’ and patients’ home healthcare. PATH’s unique program aims to
provide an affordable open-access infrastructure for researchers across Canada to propose
algorithms and test prototypes and concepts in real home environments while providing the
opportunity for rapid market access through established distribution channels. Overall, PATH is
meant to be a world-leading program that supports ageing-in-place by researching and
developing technologies that benefit from Al methods to fuse data, increase sensitivity,
eliminate false alarms, and do away with unnecessary data that is often a burden to caregivers
or HCPs.

PATH is a research collaboration across several major Canadian universities, including
the University of Toronto, the University of Alberta, the University of Ottawa, and the
University of Waterloo. A critical component of PATH involves sharing data across university
research sites to facilitate the development of Al algorithms for end-users (typically older
adults), and also includes sharing that data with an industry partner, SmartONE, that is
developing the data platform—the PATH Platform—and connected smart home technology.
SmartONE is a Canadian-based technology company responsible for the infrastructure that
connects environments (such as labs, apartments, or buildings), so that smart home data can be
collected and stored on the PATH Platform. Additionally, each university partner is connected
with a senior’s residence or Long-Term Care (LTC) centre in their community. By engaging with
community partners at the project’s onset, PATH allows its researchers to interact with the
people who will be impacted the most by any new technology that PATH suggests.

1.5 PATH devices

Launched in 2020, PATH is in its formative stages. Currently, PATH is in a testing phase,
where each site (Edmonton, Ottawa, Toronto, and Waterloo) is installing and testing the
devices for home health monitoring that were decided upon during the early stages of the
project. The testing phase allows researchers to debug the devices to confirm they are working
correctly, ensure that all data collected from the devices are correctly uploaded to the PATH
Platform (the shared data repository), and to test different scenarios they may want to
implement with their LTC partners.



Each university partner started with a suite of five devices provided by PATH. These
devices include:

e The Fitbit Aria Air™ is a wireless smart body weight scale with bioimpedance. The scale
tracks weight, body fat percentage, BMI, lean body mass, and body fat fluctuations of
the user over time.

e The AWS DeeplLens camera™ is a fully programmable video camera that utilizes deep
learning (a Machine Learning technique) to make predictions through computer vision,
algorithms, and Al models.

e The Empatica e4™ watch is a medical-grade smartwatch that monitors vital signs by
measuring photoplethysmography signals, temperature, and Galvanic Skin Response.

e The Hexoskin ProShirt™ is a wearable device that uses textile sensors to monitor
cardiac, respiratory, and movement activity and can collect 36,000 data points a minute.

e The Withings Sleep Mat™ is a pneumatic mat placed under a mattress to track sleep and
snoring patterns.

Together, these devices, and any additional devices that researchers decide to add later,
are designed to collect physiological and other data from users that can be stored and used to
design and build AAL technology for ageing-in-place applications.

1.6 Research Objectives
This thesis has two primary objectives:

OBIJ1: Investigate and understand how the ethical concerns raised by stakeholders,
including older adults, caregivers (family and friends), and HCPs, have been, and should be
addressed in the design and development of AAL technology.

OBJ2: Prototype an ethical engineering design tool that conveys stakeholders’ ethical
concerns with devices used in AAL technology.

The tool proposed in the second objective is meant to assist those responsible for
designing and developing AAL technology to better understand the ethical issues and
considerations they should keep in mind throughout the design and development process so
that they might develop AAL technologies that better anticipate stakeholders’ ethical
expectations and requirements. For example, as the results of this thesis will be shared with the
PATH community explained above, the tool should be used by PATH researchers, engineers,
and designers to gain a better understanding of LTC stakeholders’ ethical concerns with a
device before it is integrated into more complex AAL technology. In using this tool, PATH
researchers, engineers, and designers have a way to collect and understand LTC stakeholders’
ethical concerns so that those concerns can be addressed throughout the design and
development phases of new AAL technology, with the hope that LTC stakeholders will be more
willing to accept and adopt the technology into their daily lives.

To address the two objectives discussed above, three research questions were
developed:



To satisfy the first objective (OBJ1) of identifying the ethical concerns that stakeholders
raise with AAL technology and how engineers and designers are addressing those concerns, the
following research question was posed:

RQ1: How are ethical concerns voiced by long-term care stakeholders influencing the
design, development, and implementation of AAL technology?

To answer this research question, a systematic literature review (SLR) was conducted,
which first analyzed stakeholders' various ethical concerns towards AAL technology (See
Chapter 2.0). The SLR identified and analyzed the different ethical design and engineering
frameworks that have been used and are being proposed to identify and address ethical
concerns in the development of AAL technology.

While many ethical design and engineering frameworks were identified from this SLR, it
was found that Participatory Design (PD), a methodology where many relevant stakeholders
that will be impacted by a proposed idea or solution are involved throughout the design
process, can be a useful framework/methodology for identifying and addressing stakeholders’
ethical concerns. Therefore, PD was chosen to address the second research objective (OBJ2).

The second objective of this thesis is to propose an ethical engineering design tool that
effectively conveys the ethical concerns of stakeholders, such as older adults, caregivers, and
HCPs. This way, those responsible for designing and developing new AAL technology can
understand the concerns that stakeholders have with the devices used in the technology and
are therefore able to accommodate the concerns so that stakeholders are more willing to
accept and adopt the technology in the future.

Two devices from the original PATH suite were chosen to create the first versions of this
ethical engineering design tool: the Hexoskin ProShirt™ and the AWS DeeplLens™. These AAL
devices were selected as they were the two devices anticipated to raise an interesting and
broad set of ethical questions with long-term care facility (LTCF) stakeholders.

A PD methodology was deployed through workshops and interviews with LTCF
stakeholders to gain the necessary insights to develop the ethical engineering design tool.
Interactive workshops were held with LTCF tenants (older adults who live independently and
require little to no additional assistance with everyday tasks). In addition, interviews were held
with LTCF residents (older adults who need more intensive or around-the-clock care), caregivers
(family members and friends), and LTCF HCPs. The goal of these workshops and interviews was
to answer the second research question:

RQ2: How well does a Participatory Design methodology work to uncover the ethical
concerns that long-term care facility stakeholders have regarding the Hexoskin ProShirt™
and the AWS DeeplLens™?

Once all workshops and interviews were completed, the data was transcribed and
analyzed to determine the significant ethical concerns LTCF stakeholders saw with the Hexoskin
ProShirt™ and the AWS DeeplLens™.



Once the data analysis was complete and findings were collected, a smaller literature
review was conducted to get a clearer sense of what kinds of ethical design tools other
academic and industry researchers have proposed to communicate ethical concerns regarding
Al and ML technology. Inspired by what has been proposed in the past, and adding elements
unique to PATH and the devices chosen for this research, this thesis presents a prototype for an
ethical design tool called an Ethical DataSheet (EDS). The creation of this prototype goes
towards answering the third and final research question:

RQ3: How can Ethical DataSheets be created to convey the ethical implications that must
be considered before an AAL device is developed and deployed?

This third research question, and second objective of this thesis, are to propose a tool
that PATH researchers, engineers, designers, and any other interested party, can use to identify
the ethical concerns their LTCF stakeholders may have with devices used in AAL technology
early in the design lifecycle. By anticipating these concerns, researchers, engineers, and
designers have a better understanding of the ethical elements they must consider when
designing and developing their AAL technology for ageing-in-place applications. Therefore, an
EDS aims to translate applied ethics research into practical ethical engineering supports (Millar,
2020) so that critical ethical concerns that are already present or may arise with a particular
device are highlighted.

For this thesis, the EDS prototype is presented first so that it is available for others to
use upon completion of this research. The EDS prototype is also used to create EDS for the
Hexoskin ProShirt™ and the AWS DeepLens™. The EDSs for the two devices are populated using
the data collected from the workshops and interviews with LTCF stakeholders.

1.7 Scope and Outline

To achieve the research objectives outlined above, this thesis proceeds as follows.

Chapter 2.0 presents a Systematic Literature Review (SLR) that aims to answer the
question: Have ethical design and engineering frameworks been implemented in the
development of Ambient Assistive Living technologies for ageing-in-place? This SLR first
presents the ethical concerns that LTC stakeholders, such as older adults, caregivers, and HCPs,
have with AAL technology. The SLR also investigates the current landscape for ethical design
and engineering frameworks that could be used to help address ethical concerns while
designing and developing AAL technology.

Chapter 3.0 discusses the participatory design study that was conducted with LTCF
stakeholders. This chapter details the purpose of the study, the methodology that was
developed and followed, and the recruitment of participants. Finally, the outcomes of the
workshops and interviews after qualitative analysis are presented, documenting the benefits
and concerns LTCF stakeholders had with the Hexoskin ProShirt™ and the AWS DeeplLens™.

Chapter 4.0 focuses on prototyping the Ethical Datasheet. This chapter starts with a
snowball sampling literature review conducted to gather and analyze different ethical design
tools that have been proposed. Elements from various tools were then used to develop an
Ethical Datasheet prototype that can be used for other devices outside of this research. The



protoype is then used to create Ethical Datasheets for the Hexoskin ProShirt™ and the AWS

DeeplLens™.
Finally, Chapter 5.0 summarizes the overall project, the complications that arose during

the research, the overall takeaways and insights that were gained, and the ideas for future
work.



2.0 Review of Ethical and Responsible Assistive Technology Design and

Development

Ambient Assistive Living (AAL) technologies, such as environmental and wearable
sensors that monitor vital signs and activity patterns, can have many benefits for its users and
other stakeholders; however, their practical deployment is challenging. Kong & Woods (2018)
note that while, theoretically, AAL technology can enable independence and autonomy for
older adults, in their application AAL technologies often raise many ethical concerns and are
unable to yield tangible results. Of particular interest to this research, many questions and
concerns voiced by long-term care (LTC) stakeholders (i.e. older adults, caregivers, and
healthcare professionals (HCPs)) centre around ethical considerations and decisions taken when
designing and developing AAL technology (Burmeister, 2016; Hlauschek et al., 2009; Hofmann,
2013; lenca et al., 2018; Remmers, 2010; Sparrow & Sparrow, 2006; Stahl & Coeckelbergh,
2016; van Hoof et al., 2011; Wangmo et al., 2019; Zwijsen et al., 2011). Furthermore, the
guestion of how ethical concerns with AAL technology voiced by stakeholders are addressed,
remains open.

This chapter presents a Systematic Literature Review (SLR) conducted to identify LTC
stakeholders’ ethical concerns with AAL technology used in ageing-in-place environments. This
SLR also maps the scholarly literature on methods and approaches employed during the design
and development process of AAL technology to provide insight into the ethical design and
engineering frameworks that are being used and developed to address stakeholders’ concerns.

Based on OBJ1 and RQ1 from Chapter 1.0, this SLR aims to answer the question:

SLRQ: Have ethical design and engineering frameworks been implemented in the
development of Ambient Assistive Living technologies for ageing-in-place?

For this SLR, “ethical design” and “engineering frameworks” refer to engineering
frameworks that include ethical design elements throughout the framework.

2.1 Methodology

2.1.1 Initial Meta-analysis

To begin the process of conducting an SLR to answer the SLRQ, we reviewed the major
SLRs available in the domains of “ambient intelligence”, “sensor technologies”, “assistive
devices”, and “elderly care”. Specifically, we reviewed earlier SLRs that were peer-reviewed and
published in scientific journals between 2010 — 2018. This initial meta-analysis provided a basic
set of normative principles, ethical concepts and considerations, and practical opportunities
and challenges of the relevant technologies. This set of principles and concepts informed the

search syntax defined in the next section.

2.1.2 Defining the Search Syntax

Subgroups were then defined for the database search syntax, see Table 2-1, using terms
from the initial meta-analysis to gather relevant publications. The searched databases excluded
Google Scholar for reasons of questionable reproducibility of the search results (Gusenbauer &



Haddaway, 2020). Research suggests that search in full-text databases yields higher quality
results (Lin, 2009). However, the tested databases with full-text search (ScienceDirect,
Dimensions.ai) provided inconclusive results (the defined search syntax was too long for
ScienceDirect; in Dimensions.ai, the full-text search with the defined syntax resulted in an
error). For this reason, all our search queries were conducted with the defined syntax in Table
2-1 against the titles, abstracts, and keywords of the three database entries. Whenever needed,
the search syntax was adjusted according to the specifications of the particular database, as

shown in Table 2-2.

Table 2-1: Generic Syntax Query

Domain Generic Syntax
(((ethical OR moral OR autonom*) AND (judgement? OR argument? OR
reason* OR value? OR decision?)) OR (ethics OR morality OR normative)
OR utilitarian* OR deontolog* OR virtue OR virtuous OR libertarian*
Ethics OR communitarian* OR just* OR rightful* OR norm OR decision OR

"policy guideline" OR "policy guidance" OR "policy recommendation” OR
principl* OR regulation OR intent* OR (independen* OR dependen*) OR
oversight OR accountab* OR liab* OR responsib* OR dignity OR "human
right" OR ELSA OR ELSI OR "technology assessment")

Design and engineering of
smart and assistive
technologies

(("ambient assistive technology" OR "ambient assisted living" OR
"active assistive technology" OR AAL OR telehealth OR (smart AND
(environment OR home)) OR IoT OR sensor?technolog*) AND (design OR
framework OR living?lab* OR fab?lab* OR ((participatory OR inclusive
OR empathic OR emotional OR user?centred OR user?centered OR value-
sensitive) AND design) OR (human?computer AND (interaction OR
interference)) OR human?factor?))

Elderly care

("vulnerable person” OR "marginalized group" OR elderly OR
((long?term OR chronic) AND care) OR dementia OR PwD? OR resident OR
frail OR ((cognitive OR physical) AND (impairment OR handicap OR
frailty)) OR ageing?in?place OR aging?in?place)

Table 2-2: Database Adjusted

Syntax Query

Database

Database-adjusted syntax

Web of Science
URL: (https://clarivate.com)

Set #1: TS=(((ethical OR moral OR autonom*) AND (judgement? OR
argument? OR reason* OR value? OR decision?) ) OR (ethics OR morality

OR

normative) OR utilitarian* OR deontolog* OR virtue OR virtuous OR lib
ertarian* OR communitarian* OR just* OR rightful* OR norm OR decision
OR "policy guideline" OR "policy guidance" OR "policy recommendation
" OR principl* OR regulation OR intent* OR (independen* OR

dependen*) OR oversight OR accountab* OR liab* OR responsib* OR digni
ty OR "human right" OR ELSA OR ELSI OR "technology assessment")
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan=2018-2021

Set #2:

TS=(("ambient assistive technology" OR "ambient assisted living" OR
active assistive technology" OR AAL OR telehealth OR (smart AND
(environment OR home) ) OR IoT OR sensor?technolog*) AND (design OR
framework OR living?lab* OR fab?lab* OR ((participatory OR inclusive
OR empathic OR emotional OR user?centred OR user?centered OR value-
sensitive) AND design) OR (human?computer AND (interaction OR
interference) ) OR human?factor?))

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan=2018-2021

Set #3:

TS=("vulnerable person" OR "marginalized group" OR elderly OR ((long?




term OR

chronic) AND care) OR dementia OR PwD? OR resident OR frail OR ((cogn
itive OR physical) AND (impairment OR handicap OR

frailty) ) OR ageing?in?place OR aging?in?place)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan=2018-2021

Set #4:

Set #3 AND Set #2 AND Set #1

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan=2018-2021

Scopus
URL:
https://www.scopus.com/

TITLE-ABS-KEY ((((ethical OR moral OR autonom*) AND (judgement? OR
argument? OR reason* OR value? OR decision?)) OR (ethics OR morality
OR normative) OR utilitarian* OR deontolog* OR virtue OR virtuous OR
libertarian* OR communitarian* OR just* OR rightful* OR norm OR
decision OR "policy guideline" OR "policy guidance" OR "policy
recommendation” OR principl* OR regulation OR intent* OR (independen*
OR dependen*) OR oversight OR accountab* OR liab* OR responsib* OR
dignity OR "human right" OR ELSA OR ELSI OR "technology assessment")
AND (("ambient assistive technology" OR "ambient assisted living" OR
"active assistive technology" OR AAL OR telehealth OR (smart AND
(environment OR home)) OR IoT OR sensor?technolog*) AND (design OR
framework OR living?lab* OR fab?lab* OR ((participatory OR inclusive
OR empathic OR emotional OR user?centred OR user?centered OR value-
sensitive) AND design) OR (human?computer AND (interaction OR
interference)) OR human?factor?)) AND ("vulnerable person" OR
"marginalized group" OR elderly OR ((long?term OR chronic) AND care)
OR dementia OR PwD? OR resident OR frail OR ((cognitive OR physical)
AND (impairment OR handicap OR frailty)) OR ageing?in?place OR
aging?in?place)) AND ( LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-
TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-
TO ( PUBYEAR , 2018 ) )

Dimensions.ai
URL:
https://app.dimensions.ai/di

scover/publication

(((ethical OR moral OR autonom*) AND (judgement? OR argument? OR
reason* OR value? OR decision?)) OR (ethics OR morality OR normative)
OR utilitarian* OR deontolog* OR virtue OR virtuous OR libertarian*
OR communitarian* OR just* OR rightful* OR norm OR decision OR
"policy guideline" OR "policy guidance" OR "policy recommendation" OR
principl* OR regulation OR intent* OR (independen* OR dependen*) OR
oversight OR accountab* OR liab* OR responsib* OR dignity OR "human
right" OR ELSA OR ELSI OR "technology assessment") AND (("ambient
assistive technology"” OR "ambient assisted living" OR "active
assistive technology" OR AAL OR telehealth OR (smart AND (environment
OR home)) OR IoT OR sensor?technolog*) AND (design OR framework OR
living?lab* OR fab?lab* OR ((participatory OR inclusive OR empathic
OR emotional OR user?centred OR user?centered OR value-sensitive) AND
design) OR (human?computer AND (interaction OR interference)) OR
human?factor?)) AND ("vulnerable person” OR "marginalized group" OR
elderly OR ((long?term OR chronic) AND care) OR dementia OR PwD? OR
resident OR frail OR ((cognitive OR physical) AND (impairment OR
handicap OR frailty)) OR ageing?in?place OR aging?in?place)
Publication Year = 2018 OR 2019 OR 2020 OR 2021

2.1.3 Selection Criteria

The resulting set of publications from the database search were evaluated, and primary
studies were collected and used in this SLR based on the following criteria:
e Type of publication: The studies were published in internationally recognized peer-
reviewed journals and conference proceedings, indexed in the search databases in
Error! Reference source not found.-2. The search for relevant terms in full-text results is
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a comprehensive overview of contemporary literature that goes beyond the metadata
fields.

e Date of publication: The studies were either published or scheduled for publishing
between 2018-2021 (including accepted and pre-print entries), as defined in Table 2-2
when conducting the search.

e Relevance to the review question: The title and abstract of the retrieved documents,
following the syntax query containing the relevant search terms, were scrutinized based
on the authors’ relevance to the research question. A publication was deemed suitable
if its text was in English and it referred to all of the following criteria: a) engineering and,
or design application or system, b) elderly care (with or without any physical or cognitive
impairments), and c¢) ethical or value-sensitive methodology, reflection, or evaluation of
the system.

e Relevance assessment: The final relevance of the identified primary studies was
established by reading the article. The main focus was whether and in what particular
way ethical design has been implemented in the domain of assistive technologies for
ageing-in-place and which engineering frameworks have been utilized during the
development of such smart tools and environments.

2.2 Results

Based on the selection criteria defined above, the database queries yielded 731
publications (114 from dimensions.ai; 367 from Scopus; 250 from Web of Science). The results
were qualitatively assessed following the selection criteria in two rounds, first, by checking their
relevance based on the title (132 remaining items) and second, based on their abstract (44
remaining items). During this process, any duplicate items found were excluded. Three of the
44 relevant publications were unreachable with institutional access, leaving 41 relevant papers
for in-depth analysis.

Figure 2.2.1 depicts the flow in which type of outlets the relevant publications are
published. The highest proportion of publications target journals in the field of Computer
Science, followed by Healthcare, and finally, Ageing. Most researchers represented a designer
cohort, followed by healthcare professionals and computer scientists. Only a fraction of the
author teams were multidisciplinary. Representatives from fields of human-computer
interaction, humanities, and social sciences were in the minority. The relevant papers were
concerned mainly with topics linked to older adults, followed by designers, caregivers, and
HCPs.
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Publications

Journal Focus

Authors' Viewpoint

Stakeholders Concerned

| Basarudin, et al. (2018)

| Fadrique, et al. (2020)

| Cesta, et al. (2018)

1 Canill, et al. (2019)

1 Borelli, et al. (2019)

| Schomakers, et al. (2019)
| Kong, et al. (2018)

| Kolkowska, et al. (2018)

| Johannsson-Pajala, et al. (2019) Social Sciences |

| Cook, et al. (2018)

| Biermann, et al. (2018)
| Balaji, et al. (2018)

1 Astell, et al. (2020)

| Ting, et al. (2020)

| Skar, etal. (2018)

| Sanchez, et al. (2019)
1 Joe, et al. (2018)

| Greenhalgh, et al. (2018)
| Etemad-Sajadi, et al. (2019)
| Bedaf, et al. (2018)

1 Menghi, et al. (2019)

1 Arthanat, et al. (2020)
1 Wang, et al. (2019)

1 Nikou, et al. (2020)

1 Mincolelli, et al. (2019a)
| Ferati, et al. (2018)

| Tsuchiya, et al. (2018)
| Shuhaiber, et al. (2019)
| Pal, etal (2018)

1 Mincolelli, et al. (2018)
1 Jiang, et al. (2019)

| Grossi, et al. (2020)

1 Di Napoli, et al. (2021)
| de Belen, et al. (2019)
| Curumsing, et al. (2019)
| Boppana, et al. (2019)
1 Bajenaru, et al. (2020)
| Alsulami, et al. (2020)
| Panico, et al. (2020)

1 Corcella, et al. (2019)

| Azzi, et al. (2020)

Intemet of Things

Ageing

Healthcare

Digitalization |

Policy »
Design |

Human-computer Interaction |

Computer Science

Muttimedia Studies |

General STEM |

Researchers |

Social Sciences, Humanities I

Human-computer Interaction |

Healthcare Professionals

Management Sciences |

Multidisciplinary

Designers

Computer Science

Policy-makers

End-users |

Healthcare Professionals

Caregivers

Older adults

Healtncare Providers |

Persons with Dementia =
Family »

Designers

Researchers I

Figure 2.2.1: Alluvial Diagram of Relevant Publications, Journal Outlet Focus, Authors’ Represented Viewpoint, and
Targeted Stakeholders Concerned

Figure 2.2.1 also suggests that no major dedicated journal type is specific to where the
respective authors from design and related fields target their publications. In addition, the
stakeholders concerned are also spread throughout the various author teams and journal types,
without preference for a specific stakeholder perspective or author viewpoint. Finally, while
most of the papers focused their attention on designing and developing AAL technology for
older adults, many of the publications focused on challenges associated with designers,
caregivers, and HCPs, and not the older adult end users.

Figure 2.2.2 visualizes the occurrence of ethical concerns that emerged in the literature

for AAL technology. Most of the ethical concerns in the analyzed literature are associated with
social isolation and loneliness, followed by topics of autonomy, personal privacy, and
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independence. A relatively high number of publications referred to data security and privacy as
ethical challenges. However, a low proportion of articles mentioned informed consent,
maintaining quality of life (QoL), or dignity as ethical concerns.

Ethical Concerns mentioned in Publications

25

20

Trust I -
Safety NN -
Dignity I -

Number of Occurance
o o = o
Autonomy NG -
Control NG -

Confidence G -

Independence NG
Data Security NG -
Data Privacy NG -

Transparency [ -

Quality of Life

Personal Privacy [N :

Personal Security | GG -

Informed Consent [ «
Accountability Il »~

Stigmitization/Sterotypes INIEGIGIGINGNGEG <

Social Isolation and Loneliness

Ethical Concern

Figure 2.2.2: Clustered Column Chart showing the number of publications that mentioned different ethical
concerns relating to AAL technology

2.2.1 Ethical Concerns and Findings

The reviewed literature listed multiple stakeholders’ concerns when considering AAL
technology. While a large number of factors may influence a stakeholder’s reasons for adopting
a technology or not (Figure 2.2.2), some authors suggest that due to the lack of user
involvement throughout the design and development phases of AAL technology, many of the
stakeholders’ concerns are not being understood or addressed (Fadrique et al., 2020; Kong &
Woods, 2018). While AAL devices are proposed as a cost-effective and less resource-intensive
approach to eldercare, Kong & Woods (2018) highlight that current technology is approached
from technologists’ “functionalist perspective,” meaning that the critical conversation with
older adults is missed, often leading to a considerable resistance against, or abandonment of,
the devices when deployed.

2.2.1.1 Stereotyping
Many older adults worry that people will judge them based on their use of an assistive
device, i.e., stereotyping (Astell et al., 2020; de Belen et al., 2019; Joe et al., 2018; Mincolelli,
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Marchi, et al., 2019; Tsuchiya et al., 2018). Older adults are also fearful that by using AAL
technology, such as a wearable fall detection monitor or a touchscreen health tool, they will be
classified as ‘different,” ‘dependent,” ‘frail,” ‘old,” ‘weak,” or will just look foolish when
interacting with friends and loved ones (Astell et al., 2020). Such adjectives are not congruent
to older adults’ self-image, as they wish to be perceived as ‘capable,” ‘confident,” ‘competent,’
‘independent,” and ‘self-reliant.” Therefore, Astell et al. (2020), Curumsing et al. (2019),
Fadrique et al. (2020), and Joe et al. (2018) point out that when a particular AAL device
reinforces a stereotypical dependent ‘elderly person’ persona, older adults quickly and
decisively reject the technology. This observation led Johansson-Pajala et al. (2019) to suggest
that if such stereotypes manifest into crucial design decisions, AAL technology will only
frustrate and upset the older adult. The research done by Joe et al. (2018) further underscored
that older adults’ depictions of ideal AAL devices avoided common stereotypes. Instead, older
adults desired devices that resembled inconspicuous everyday items rather than apparent
health devices (Joe et al., 2018).

This finding also confirms that older adults are not fearful of technology—another
common stereotype (Arthanat et al., 2020; Bedaf et al., 2018; Biermann, Hannah et al., 2018;
de Belen et al., 2019; Joe et al., 2018; Sanchez et al., 2019). Older adults are not ‘too old’ or ‘too
scared’ to use technology; instead, they are often eager to learn how to use it and what it could
mean for the future of their care (Johansson-Pajala et al., 2019; Tsuchiya et al., 2018). Much of
the hesitation that older adults have regarding AAL technology stems from a lack of confidence
and experience (Biermann et al., 2018; Sanchez et al., 2019; Tsuchiya et al., 2018; Wang et al.,
2019). Therefore, de Belen et al. (2019) suggest that for the successful adoption of an AAL
device, it must be designed as “socially acceptable and even desirable” (p. 10) from the older
adult’s perspective.

2.2.1.2 Privacy & Trust

Privacy was another commonly discussed concern among stakeholders, including older
adults, caregivers, and HCPs. In general, privacy is the state of being free of observation or
disruption (Merriam-Webster, n.d.). AAL devices impact privacy on two fronts, physically and
digitally, and both concern older adults, caregivers, and HCPs.

Regarding physical privacy, stakeholders found themselves nervous and uncomfortable
with the possibility of being observed or having their personal space monitored by an AAL
smart camera device (Etemad-Sajadi & Dos Santos, 2019). Family members and healthcare
professionals shared similar concerns when visiting the older adult (Cahill et al., 2019). The
study from Biermann et al. (2018) confirmed that the placement of AAL devices significantly
impacted older adults’ comfort with technology in their space. For example, devices placed in
fixed locations, such as windows and light switches, were acceptable; however, devices placed
in more intimate areas such as the bedroom or bathroom were rejected (Biermann et al.,
2018). In the same study, older adults voiced that they preferred human monitoring to digital
surveillance (Biermann et al., 2018). Similarly, Bedaf et al. (2018) found that older adults
preferred interactions with a human caregiver over technology, especially for intimate tasks
where privacy is often desired, such as showering or dressing.

AAL technology in ageing-in-place settings also significantly impacts digital, or data,
privacy, which concerns capturing and storing personal, social, physical, and behavioural data
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(Shuhaiber et al., 2019). Although eager to use the technology, many older adults are often
unfamiliar with the technical terminology and capabilities of AAL devices (Shuhaiber et al.,
2019). Common questions stemming from this unfamiliarity include ‘what is my data being
used for?' (Fadrique et al., 2020), ‘how is my data being stored?’, ‘who can access my data?’
(Schomakers & Ziefle, 2019), and ‘what if someone uses my data in nefarious ways? (Biermann
et al., 2018; Fadrique et al., 2020; Schomakers & Ziefle, 2019; Wang et al., 2019). Consequently,
these concerns lead to feelings of anxiousness and discomfort with the device and the data
collection, all resulting in the rejection of the technology (Shuhaiber et al., 2019).

Stakeholders’ concerns regarding trust in the technology were also reflected in privacy
concerns. Both Etemad-Sajadi & Dos Santos (2019) and Pal et al. (2018) note that trust
influences stakeholders’ acceptance and adoption of technology. For example, Pal et al. (2018)
state that “older adults are reluctant to share their private data with their close friends and
family”, and “are extremely concerned and sensitive about the data that smart homes can
collect...” (p. 10). Pal et al. (2018) surmise that for stakeholders to trust the technology, they
must be able to understand what is happening to the data the technology is collecting.
Additionally, Etemad-Sajadi & Dos Santos (2019) discovered that the level of trust in a device
impacts a stakeholder’s perception of usefulness and the degree of intrusion. For example, if
older adults trust the device, they often find it very useful in their day-to-day lives and don’t
find the technology intrusive. However, the opposite is true if the user considers the technology
untrustworthy (Etemad-Sajadi & Dos Santos, 2019).

2.2.1.3 Autonomy & Control
Many older adults fear losing autonomy when conversations regarding AAL technology

ability human beings have to determine the course of their own lives. In the context of AAL
technologies, “autonomy means to ensure that the assistive devices developed for elderly care
must not interfere with the will of the person they are caring for” (Panico et al., 2020, p. 3). In
Sanchez et al. (2019), older adult study participants were critical about who would make
decisions regarding the technology if they were to become weaker or cognitively impaired.
Participants also wondered if they would be forced to use AAL technology if their health
declined, “... sacrificing their autonomy to the economic interests of the municipality” (Sanchez
et al., 2019, p. 11). Similarly, from the study by Cook et al. (2018), some caregivers revealed
that the main reason they suggested AAL technology to their older loved ones was for their
own (i.e., caregiver’s) benefit, not the benefit of the older adult. Regardless if older adults use
the technology due to outside influences or of their own volition, older adults are resolute that
they have no qualms about rejecting AAL technology that does not maintain, improve, or
respect their autonomy (Cahill et al., 2019; Corcella et al., 2019; Joe et al., 2018; Sanchez et al.,
2019).

Kolkowska et al. (2018) highlight the relationship between autonomy and control. For
AAL devices, control is seen as an empowering force and something that can quickly be taken
away. Kolkowska et al. (2018) comment that AAL technology could help older adults regain or
maintain control of their lives, e.g., stay on top of their health and, in doing so, have meaningful
conversations with caregivers or HCPs. On the other hand, the technology could become
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overwhelming, leading to older adults feeling insecure and vulnerable and as though their lives
are out of their control (Tsuchiya et al., 2018). Similarly, in Biermann et al. (2018) and
Curumsing et al. (2019), study participants expressed that they feared they would lose control
of their lives if they became dependent on technology.

When it comes to AAL technology, older adults want the capability to make decisions
about the devices, including when a device is on or off, what type of data a device is collecting,
and what information is shared with other people (Biermann et al., 2018; Corcella et al., 2019;
Schomakers & Ziefle, 2019). This also explains the findings from Schomakers & Zifle (2019) and
Wang et al. (2019), where participants state that control is vital for their privacy preservation.

Just as with autonomy, older adults also want to maintain their independence. Panico et
al. (2020) define independence in terms of AAL devices as “the device supporting users in
functioning socially and in solitude without constant intervention from other human carers”

(p. 3). Many older adults see independence as an influential factor in their QoL and consider it
an essential facet of ageing well (Astell et al., 2020; Cesta et al., 2018; Nikou et al., 2020). In the
literature, older adults expressed their desire to remain independent for as long as possible,
avoiding becoming a burden on their family members or the healthcare system (Astell et al.,
2020; Cesta et al., 2018; Nikou et al., 2020). In the study by Arthanat et al. (2020), the
researchers conclude that independence and safety are correlated after finding that
independence positively affects home safety. When investigated further, researchers
discovered that the older adults who believed an AAL device could provide them with
independence found their living spaces safer than devices that offered no independence or less
independence than they previously had (Arthanat et al. 2020).

2.2.1.4 [solation, Loneliness, Human Care

Finally, one of the most significant concerns noted throughout the literature was the
social isolation and loneliness that could stem from using AAL technology in ageing-in-place
settings. Curumsing et al. (2019) define social isolation as a “lack of structural and functional
support” and loneliness as a “perceived absence or loss of companionship” (p. 10). The authors
stress that while these terms are often interchangeable, they are not identical. Social isolation
can be circumstantial or a chosen path, while loneliness is involuntary (Curumsing et al., 2019).

Some researchers propose that AAL technology can combat social isolation and
loneliness for older adults. They do this by explaining that the technology may ease the burden
and stress on caregivers and HCPs so that they can spend more time with their loved ones or
patients (Arthanat et al., 2020; Etemad-Sajadi & Dos Santos, 2019; Joe et al., 2018; Johansson-
Pajala et al., 2019; Nikou et al., 2020). Grossi et al. (2020) also note that social participation is a
crucial element of ageing well. This was demonstrated by Bajenaru et al. (2020), who found
that older adults with no social contact did little to no physical activity and were in a poor
emotional state, likely leading to negative consequences they experienced with their health and
Qol. The insight from Grossi et al. (2020) is even more important when considering a finding by
Jiang et al. (2019), where the researchers discovered that as an older adult’s ability to
participate in social events decreases, their desire to take part is often stronger than those who
can participate.

Even though older adults and other stakeholders show interest and excitement for AAL
devices, many still fear that the technology could cause social isolation and loneliness (de Belen
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et al., 2019). From Cahill et al. (2019), all older adult participants shared the concern that
introducing AAL technology into their lives could reduce human contact and promote an
inferior quality of care. For many older adults described in the literature, the idea of technology
replacing humans in their care was unpopular (Biermann et al., 2018; Cahill et al., 2019; Cesta
et al., 2018; Corcella et al., 2019; Curumsing et al., 2019; de Belen et al., 2019; Sanchez et al.,
2019; Tsuchiya et al., 2018). Both Cesta et al. (2018), and Sanchez et al. (2019), found that older
adults much preferred the idea of human care to technological care. This finding caused Cesta
et al. (2018) to recommend that “technical solutions should not replace human contact, rather
they should be seen as a means to foster and promote human communication and support” (p.
8). In the study of Bedaf et al. (2018), while caregivers and half of the participants rejected the
idea of a care robot attending to older adults, the remaining half of older adults surveyed said
they preferred to receive support from the robot; the willingness of which increased with the
likelihood of requiring more intensive care in future (Bedaf et al., 2018). Therefore, AAL
technology should meet the communication need but not cut off all other avenues of contact
between older adults and other stakeholders such as caregivers and HCPs.

2.2.1.5 Acceptability, Heterogeneity of Needs

All the concerns discussed above impact stakeholders’ willingness to use, accept, and
adopt AAL technology. For stakeholders, such as older adults, caregivers, and HCPs, the
concerns listed above are only a fraction of what may impact their willingness to accept or
adopt AAL technology into their lives. As Biermann et al. (2018) and Sanchez et al. (2019)
discovered, older adults often decide to use assistive technology when they believe it’s
necessary for their health and safety. This reflects similar statements from Arthanat et al.
(2020), Bedaf et al. (2018), Biermann et al. (2018), and Sanchez et al. (2019) that older adults
see the value of assistive technology but want very little to do with it until it is necessary for
them, likely due to many of the concerns mentioned above. Jiang et al. (2019) suggest that
while older adults generally accept the idea of assistive technologies, they are more willing to
try a device than adopt it. This led the researchers to note that “designers should pay attention
to the different attitudes of the different groups of older [adults] towards different assistive
technologies and pay attention to distinguish [different] users” (Jiang et al., 2019, p. 10). This
guote highlights the idea that older adults are not homogeneous (Skar & Soderberg 2018).

In the same way that older adults have concerns about accepting and adopting AAL
technology, other stakeholders (i.e. caregivers and HCPs) have concerns of their own. For
instance, as discussed in Greenhalgh et al. (2018), for caregivers and HCPs an introduction of
AAL technology into an older adult’s life means not only will the family members or HCPs need
to learn how to use the technology, but they may also have to accept changes in their identity
as a primary caregiver. Some caregivers or HCPs may not see themselves as ‘technology savvy’
but now have to interact with technology regularly, or they may go from the primary caregiver
who helped with every task to someone who is no longer required as a constant presence in the
older adult’s care (Greenhalgh et al., 2018). The technology may also stress caregivers and
HCPs, change their care role, or, in the case of HCPs, threaten their jobs (Greenhalgh et al.,
2018). As mentioned above, family members and HCPs can considerably influence older adults
to use, accept, and adopt assistive technology. This means that just as designers and engineers
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need to take in the considerations and concerns of older adults, they also must factor in the
considerations and concerns of other stakeholders, like caregivers and HCPs.

As seen above, AAL technology raises many ethical concerns amongst stakeholders.
Therefore, it is crucial to identify and address these concerns to enable stakeholders to be
comfortable with AAL technology and consider using, accepting, and adopting it into their day-
to-day lives with dignity.

2.2.2 Frameworks from the Literature Review

This section concentrates on the ethical design and engineering frameworks used and
proposed to develop AAL technology. AAL technology has been developed for over a decade
(Sparrow & Sparrow, 2006), and many framework proposals have been suggested to assist the
design and development process. As such, ethical design and engineering frameworks for AAL
technology are meant to guide engineers, computer scientists and designers to consider
“ethical recommendations as a standardization process to strengthen bridges between theory
and practice” (Panico et al., 2020, p. 10). Therefore, based on the SLRQ, this review aims to
scrutinize suggested ethical design and engineering frameworks by learning more about their
creation, implementation, and impact. In conducting this overview, contributions can be made
by evaluating the current ethical design and engineering frameworks and providing insight for
future development.

Figure 2.2.3 displays two charts. The pie chart on the left represents the number of
publications that implemented ethical design and engineering frameworks for AAL technology.
The stacked bar chart on the right breaks down the frameworks that were discussed in the
publications. The bar on the left shows the number of existing frameworks (blue) compared to
the number of new frameworks proposed in a publication (orange) that discussed designing
and developing AAL technology. The bar on the right shows the number of existing frameworks
(blue) compared to the number of newly proposed frameworks from a publication (orange)
that were used to design and develop new AAL technology.

Publications that used an Ethical Design and Engineering Papers that Used Frameworks
Framework

= Framework = No Framework = Unable to Access

Number of papers

= Existing Frameworks = Novel Frameworks

Figure 2.2.3: Pie Chart representing the number of publications that used and didn’t use ethical design and
engineering frameworks and a stacked bar chart showing the number of publications that discussed and used
existing and novel frameworks to develop AAL technology

As seen in Figure 2.2.3, the collected literature breaks down into existing and novel

frameworks discussed and used to develop new AAL technology. Many of the existing
frameworks mentioned in the literature consist of User-Centered Design (UCD) (cited 6 times),

18

Framework Discussed in Publication Framework used to develop AAL technology in publication



Participatory Design (PD) (5), the Technology Acceptance Model (TAM) (3), Co-Design and
Person-Centred Design (2). In contrast, the remaining existing frameworks were discussed in
one publication each. For novel frameworks, manipulations of UCD and PD along with the
Quality Function Deployment (QFD) tool were the most popular, while the remaining novel
frameworks were discussed in the publication they were proposed in. Of the 44 publications
collected, 36 referenced one or more ethical design and engineering frameworks, where ten
proposed novel frameworks and nine used a framework to develop new AAL technology (six
using known frameworks and three using novel frameworks), as seen in Figure 2.2.3.

Though the papers proposing novel frameworks represent a relatively small percentage
(23%), the shift towards developing new ethical design and engineering frameworks for AAL
technology indicates that researchers are becoming increasingly aware of the high ethical
rigour required for developing these technologies. It also shows that researchers are beginning
to push the boundaries to ensure that future AAL technology is designed to meet stakeholders’
ethical concerns. This was most noticeable in publications that proposed new frameworks by
adapting or expanding on known frameworks, such as User-Centered Design (Kolkowska et al.,
2018) and the Technology Acceptance Model (Etemad-Sajadi & Dos Santos, 2019; Kolkowska et
al., 2018; Pal et al., 2018; Shuhaiber et al., 2019). Furthermore, the publications that modified
known frameworks to propose novel frameworks did so in such a way that the frameworks
were explicitly geared towards ageing-in-place stakeholders and AAL technology, rather than
being a general use framework.

Appendix A presents a comprehensive analysis of each ethical design and engineering
framework that was used in this SLR.

2.2.2.1 Existing Ethical Frameworks and Design Methodologies

2.2.2.1.1 User-Centered Design

From the literature collected, the most used ethical design and engineering framework
for AAL technology for ageing-in-place settings is User-Centered Design (UCD). As defined by
Bajenaru et al. (2020), a “User-Centered methodology is used to gain an understanding of what
the user really wants and needs, and which features can be accepted by” the user, in this case
older adults (p. 5). Once a user’s needs are identified, they can be translated into “development
requirements for a technology” (Bajenaru et al., 2020, p. 1). The UCD framework ensures the
involvement of users in the design process, as “User-Centered Design strives to develop
technology-based on users’ potential use, desires, or needs, rather than focusing on users to
adapt their behaviour or needs according to the technology” (Skar & Séderberg, 2018, p. 5).
Johansson-Pajala et al. (2019) further highlight that “early and ongoing user involvement has
been recognized as one of the principles that is particularly important in healthcare technology”
(p.12). Additionally, Cesta et al. (2018) emphasize UCD’s role for technology development,
which can substantially impact usability and accessibility for older adults.

The UCD framework has three phases for gathering user needs and requirements: 1)
identify and select users (e.g. older adults); 2) interact with users, so information about their
needs can be obtained through workshops, surveys, questionnaires, or focus groups; 3)
evaluation, where the user needs from phase two are transformed into design requirements for
the technology (Bajenaru et al. 2020; Borelli et al. 2019).
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However, UCD does present challenges. UCD relies on the idea that stakeholders share
their needs and desires with researchers. If stakeholders share nothing, researchers may be at a
loss regarding what stakeholders need or desire in AAL technology. Conversely, if they share
too many or drastically different needs, it can be hard to accommodate everyone (Johansson-
Pajala et al., 2019; Menghi et al., 2019). Furthermore, the needs of stakeholders are
determined by the people participating in the conversation, which can lead to participant bias
in the results. The needs and desires of the UCD participants may fail to address the needs and
desires of an entire group of people that the technology will affect (Johansson-Pajala et al.,
2019; Tsuchiya et al., 2018).

2.2.2.1.2 Participatory Design

The second most referenced framework from the literature is Participatory Design (PD),
also called co-design. PD is “a cooperative design process, with a focus on enabling different
stakeholders with different perspectives and competencies to cooperate.” (Ting et al. 2020, p.3).
PD attempts to bridge the gap between technical- and human-oriented approaches to
technology design as a way to consider and decide how best to include human-centered
concerns in technology (Ferati et al., 2018). The PD approach highlights the idea that ATs should
be looked at for more than just their technical functionality. Factors such as the user’s needs
and the overall experience should be considered since many elements will influence technology
acceptance and adoption (de Belen et al., 2019).

Rather than starting with a proposed solution, a PD framework requires researchers,
engineers, and designers to start by engaging stakeholders as a means of uncovering their
needs with the understanding that they are the people who will be most affected by the new
AAL technology (Borelli et al., 2019; Curumsing et al., 2019; Mincolelli et al., 2019). The
identified needs then feed into an iterative design and development cycle until a satisfactory
prototype is achieved (de Belen et al., 2019). While ensuring active user involvement (Ting et
al., 2020; Wang et al., 2019), this design process shifts away from designing for the users to
designing with the users, making older adults and other stakeholders co-designers of the
technology (Mincolelli et al., 2019; Ting et al., 2020).

PD methodologies can accommodate a variety of approaches during the R&D process,
e.g. large group discussions (Corcella et al., 2019; de Belen et al., 2019; Ting et al., 2020) or
visual exercises (Ferati et al., 2018; Joe et al., 2018). For example, Ferati et al. (2018) used
cartographic mapping, future workshops, and cultural probes to have participants visualize
interacting with proposed AAL devices in the future to elicit their needs and concerns. Similarly,
Joe et al. (2018) used the 6-8-5 method to have participants work individually to generate 6-8
ideal AAL devices, before sharing them for 5 minutes with a larger group, then repeating the
process, leading to rapid idea generation.

Of the publications that used PD to develop a technology (Bedaf et al., 2018; Corcella et
al., 2019; Ferati et al., 2018; Joe et al., 2018; Ting et al., 2020), the majority of the feedback
from stakeholders regarding the final product was positive. Ferati et al. (2018) note that PD
helped the researchers learn that participant priorities and needs were mainly in the bathroom
and kitchen areas. The researchers state that PD enabled them to work with participants to
identify their issues and how they could be overcome with new AAL devices. Corcella et al.
(2019) comment that after two rounds of iteration, participants saw value in the technology
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and found it easy to use. Participants were also proud of the product they were able to co-
create (Ting et al. 2020).

On the other hand, in a study conducted by Bedaf et al. (2018), where researchers
introduced stakeholders to a service robot which performed tasks in a home environment, such
as fetching a glass of water or turning off the light, stakeholders’ opinions were more skewed.
While stakeholders were positive about the idea of the service robot and had no complaints
about its technical performance, it lacked critical interaction capabilities, such as being able to
hold conversation. Caregivers also had concerns about social isolation for their loved ones
(Bedaf et al. (2018). These remarks confirm the importance of involving stakeholders from the
beginning of the design phase instead of mid-way through the design process.

PD’s prominence in much of the literature is due to its benefits for everyone involved.
The PD framework provides a way to “explore the opportunities and challenges that are
inherent to the development of an assistive technology” (de Belen et al., 2019). PD provides a
platform for older adults and other stakeholders, such as caregivers and HCPs, to have their
voices heard and to generate collaborative discussions with other stakeholders (Bedaf et al.,
2018; Corcella et al., 2019; de Belen et al., 2019; Ting et al., 2020). For those tasked with
designing and developing AAL technology for ageing-in-place settings, PD offers an invaluable
glimpse into a stakeholder’s everyday life and how the technology will impact them.

PD has its own set of challenges. For PD, the research must be conducted in such a way
as to elicit stakeholder thoughts, opinions, and concerns while still balancing technical
capability. This may mean that value tensions, or an imbalance between two or more values,
arise between what stakeholders ask for versus what technology can achieve (de Belen et al.,
2019; Joe et al., 2018).

2.2.2.1.3 The Technology Acceptance Model and the Unified Theory of Acceptance and Use of
Technology Model

Other known frameworks discussed in the literature are the Technology Acceptance
Model (TAM) and the Unified Theory of Acceptance and Use of Technology (UTAUT) model. The
TAM describes the two characteristics that influence a user’s (behavioural) intention and
attitude towards using technology: a) usefulness; and b) ease of use (Arthanat et al., 2020;
Biermann et al., 2018; Etemad-Sajadi & Dos Santos, 2019). Biermann et al. (2018) was the only
publication reviewed that used the TAM to develop a technology from the collected literature.
Following the TAM, the authors developed a deep understanding of how participants—older
adults—felt about using ultrasonic whistles in their environments. With the help of TAM,
researchers uncovered user preferences for its use, subjective (dis)comfort about their desired
placements of the technology, and factors influencing their intention to use these devices
(Biermann et al., 2018). While the TAM and UTAUT model are prevalent and can be applied to
various situations, they do face criticism that even though they address critical aspects of
decision-making regarding technology adoption, the understanding as to why the rejection of
technology still occurs is lacking (Astell et al., 2020). As is discussed with some of the novel
frameworks down below, some researchers believe that the TAM and UTAUT model do not go
far enough to investigate the various factors that influence technology acceptance, especially
for older adults (Astell et al., 2020; Etemad-Sajadi & Dos Santos, 2019; Pal et al., 2018;
Shuhaiber et al., 2019).
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2.2.2.1.4 The Capabilities Approach

The final established framework present in the reviewed literature is the Capabilities
Approach (CA). Just as with the TAM and UTATUT model, the CA can be applied to explain older
adults’ intention to use AAL technology (Nikou et al., 2020). The CA states that resources, such
as AAL technology, give people the freedom to live their lives in ways that they find valuable,
and capabilities refer to the opportunities, such as autonomy, that one is afforded by those
resources (Nikou et al., 2020). Nikou et al. (2020) argue that older adults decide whether or not
to use AAL technology by considering how the technology will enhance their capabilities to live
their lives in ways that are valuable to them. The CA has similarities to both the TAM and
UTAUT model as all three models have similar outcome expectations where they attempt to
explain an older adult’s intention to use AAL technology (Nikou et al., 2020). However, while
the TAM and UTAUT model consider outcome expectations regarding whether the technology
can enable specific tasks or activities to be performed, the outcome expectations for the CA
focus on whether or not the technology will allow people to live their lives in ways that are
meaningful to them (Nikou et al., 2020).

Just as with the frameworks and models before it, the CA faces its own set of challenges
where, most notably, selecting relevant capabilities can be non-trivial and often involve
normative assumptions that can lead to various outcomes (Nikou et al., 2020).

2.2.2.2 Novel Ethical Frameworks and Design Methodologies

Ten of the reviewed publications proposed their own ethical design and engineering
frameworks. Many of these new frameworks build upon well-known frameworks mentioned
above (Alsulami et al., 2020; Azzi et al., 2020; Etemad-Sajadi & Dos Santos, 2019; Pal et al.,
2018; Shuhaiber et al., 2019).

Etemad-Sajadi & Dos Santos (2019) and Shuhaiber et al. (2019) propose modified
versions of the TAM, while Pal et al. (2018) suggest a modified UTAUT model. In all three cases,
the researchers add additional factors into the model that may influence a user’s (behavioural)
intention and should therefore be considered while developing AAL technologies. While
Shuhaiber et al. (2019) took a more general approach to modify the TAM to include factors
such as personalization, cost, and availability, both Etemad-Sajadi & Dos Santos (2019) and Pal
et al. (2018) included factors that they believe are specific to the acceptance of AAL
technologies for older adults. For example, in addition to the two TAM factors mentioned
previously, Etemad-Sajadi & Dos Santos (2019) also incorporated the factors of social presence,
trust, and the degree of intrusiveness. For the modified UTAUT model, Pal et al. (2018) suggest
the original factors of performance and effort expectancy, social influence, and facilitating
conditions are extended to include technology anxiety, perceived trust, perceived cost, and
expert advice.

Both modified TAM proposals share trust and privacy as being vital for increasing the
usefulness and ease of use of technology (Etemad-Sajadi & Dos Santos, 2019; Pal et al., 2018),
stating that “trust and privacy are central requirements for the implementation of such
technology in private spaces” (Etemad-Sajadi & Dos Santos 2019, p. 4). Additionally, Etemad-
Sajadi & Dos Santos (2019) further highlight the degree of intrusiveness in their modified TAM,
which, they note, is inversely related to trust.
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Alsulami et al. (2020), also inspired by TAM, created a decision-making framework to
help map the influences when adopting AAL technology. Their framework suggests 14 factors,
grouped into four dimensions, that influence technology adoption. These factors with their
respective dimensions are: a) Human (Training, User Acceptance, Awareness, Resistance,
Motivation, Culture); b) Technology (Privacy, Security); c) Organization (Strategy, Processes,
Infrastructure, Availability, and Lack of Information); and d) Business (Cost) (Alsulami et al.
2020).

In contrast, other studies suggest new frameworks based on ideas from previously
mentioned frameworks, like UCD and TAM, but with different objectives (Di Napoli et al., 2021;
Greenhalgh et al., 2018; Kolkowska et al., 2018). Di Napoli et al. (2021) propose the Normed-
Quality of Service framework, which generates and suggests assistive technology personalized
to specific groups of individuals rather than offering a general technology meant for everyone.
Using this approach, the authors expect increased user satisfaction and technology acceptance
(Di Napoli et al., 2021). Similarly, Greenhalgh et al. (2018) propose the Non-adoption or
Abandonment of technology by individuals and difficulties achieving Scale-up, Spread and
Sustainability (NASSS) framework. The NASSS framework was developed to help encourage
complex thinking about technological innovations and their adoption by understanding
domains such as technology, the health/care organization, and continuous adaptation over
time (Greenhalgh et al., 2018).

Kolkowska et al. (2018) propose the User-Centered Ethical Assessment (UCEA)
framework, developed to evaluate the ethical consequences of user-centered aspects of AAL
technology. The authors of UCEA took inspiration from two previously proposed frameworks—
the Norrlandicus method and the Ethical Value Matrix proposed by Nordgren (Kolkowska et al.,
2018). The Norrlandicus method is an elderly-centered assessment method, while the Ethical
Value Matrix supports identifying ethical, moral and practical values that are important
stakeholders (Kolkowska et al., 2018). The resulting UCEA framework can be used to “support
the evaluation of the ethical consequences as a part of user-centred [sic] aspects” (Kolkowska et
al., 2018, p. 6). The authors also note that the addition of the Ethical Value Matrix makes it
possible to record the favoured values of involved stakeholders to ensure that the resulting
design and development process is in line with their core values. With the UCEA framework,
Kolkowska et al. (2018) believe that techno-centric development can be prevented by seeing
the system in relation to the stakeholders’ values and expected results. Furthermore, the UCEA
framework allows for greater transparency and traceability, enabling developers to keep note
of which values were realized or not, influencing decisions so that they can be made with a
focus on the benefits for stakeholders. Even though Kolkowska et al. found many benefits with
their framework, they also pointed out a limitation, noting that value tensions arose in some
situations where “some of the values were in conflict with each other” (Kolkowska et al., 2018,
p. 11). However, in response to this, the authors note that “by being able to visualize the
conflict, the developers are given an opportunity to find a solution to satisfy both values”
(Kolkowska et al., 2018, p. 11).

Three publications from the collected literature developed their own ethical design and
engineering frameworks along with a technology based on the newly proposed framework. Two
of these publications, by Borelli et al. (2019) and Mincolelli et al. (2019), discuss the framework
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developed by a multi-group project (the HABITAT project!) and the technologies that were
developed using that framework. Using the new framework, HABITAT aimed to create five new
AAL devices combining UCD, PD, and a decision-making tool called Quality Function
Deployment (QFD) (Borelli et al., 2019; Mincolelli et al., 2019). The QFD tool “compares the
emotional and qualitative user needs with measurable characteristics of the product, identifying
the most important technical parameters that must be used for the final product” (Mincolelli et
al., 2019). As the study participants completed activities that helped identify their needs
concerning AAL technology, five QFD matrices were created for each proposed device to
identify the significant needs for the device in question. The correlation between the selected
needs and measurable product characteristics produced a technical assessment of the
importance of every technical feature for each device (Mincolelli et al., 2019). The final results
were then used to determine the design guidelines for each of the five device prototypes
(Mincolelli et al., 2019). In all, by combining UCD, PD and the QFD tool, the researchers
collected, analyzed, compared, and proposed design guidelines for proposed prototypes (Borelli
et al., 2019; Mincolelli et al., 2019).

Of the five devices developed using the UCD, PD, and QFD framework, all personal
evaluations of the devices were largely positive (Borelli et al., 2019; Mincolelli et al., 2019).
Participants, consisting of 19 older adults, declared that they were satisfied with the devices,
enjoyed interacting with them (Mincolelli et al., 2019), and had a high level of acceptance for
using the devices in their day-to-day lives (Borelli et al., 2019). An interesting finding for one of
the devices, a wearable recognition tag, was that while it was acceptable to participants, it was
the least-favourable device out of the five. Participants commented that they found it bulky and
noticeable (Borelli et al., 2019; Mincolelli et al., 2019). Through the collected literature, it was
observed that older adults are reserved when it comes to wearable devices, a finding that is
explored further in the discussion section of this chapter.

The publication by Curumsing et al. (2019) also proposes a new ethical design and
engineering framework called the Emotion-Oriented Engineering framework. It describes a new
technology called the SofiHub, an AAL platform for older adults, created using the novel
framework. The Emotion-Oriented Engineering framework comprises three different models: a)
the Role Model; b) the Emotional Model; and c) the Goal Model. The role model is meant to
“identify key user roles in the system” (Curumsing et al., 2019, p. 4). Key user roles may include
older adults, family members, healthcare professionals, etc. The emotional model “captures the
role’s pain points and translates them into threats and a set of functional, quality and emotional
goals” (Curumsing et al., 2019, p. 7). Functional goals look at the task at hand, quality goals look
at how the task should fit into the role’s life, and emotional goals look at how the role should
feel regarding the task. In this model, functional goals should be determined first once the
threat has been identified, and quality and emotional goals are ascertained afterward
(Curumsing et al., 2019). Finally, the Goal Model is a visual representation of the role and
emotional models using different shapes and colours to identify the key users (the roles), the
emotional threats the users see or anticipate in the system, and the functional, quality, and
emotional goals that are meant to address the emotional threats.

L http://www.eng.habitatproject.info/home
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Overall, the authors found that by using the Emotion-Oriented Engineering framework,
SofiHub was successful with older adults who tested it over many weeks. Overall, “SofiHub was
shown to successfully address the target users’ key emotional goals. In particular, SofiHub made
its users feel safe, supported, cared about, reassured, reduced their loneliness, and the
technology integrated well into their lives” (Curumsing et al., 2019, p. 10). In general, older
adults were excited about having SofiHub installed in their homes and were confident in their
ability to use the technology (Curumsing et al., 2019). Furthermore, they felt that as time went
on, they were more comfortable with SofiHub in their space, so much so that some participants
complained when it was time to remove the technology (Curumsing et al., 2019).

However, while the Emotional-Oriented Engineering framework was a success for older
adults, the engineers and designers tasked with implementing the framework struggled, stating
that “the framework is insufficient in self-guiding through the design and development phases
to ensure emotional goals are met” (Curumsing et al., 2019, p. 13). This finding led the authors
to suggest that the models in the Emotional-Orientated Engineering framework could be
“applied and further extended to create a set of design guidelines and heuristics to guide
designers in their tasks” (Curumsing et al., 2019, p. 13).

2.3 Discussion

The purpose of conducting this research was to provide insight into OBJ1 and RQ1 by
answering the SLRQ, “Have ethical design and engineering frameworks been implemented in
the development of Ambient Assistive Living technologies for ageing-in-place?” This research
confirms that various established and novel ethical design and engineering frameworks are
implemented in developing AAL technologies for ageing-in-place

Therefore, in the remainder of this section, we reflect on the most important recognitions
and gaps in the literature that were identified during this analysis.

2.3.1 Notable findings for AAL technology and Older Adults

While many ethical concerns were identified through this research, an interesting finding
that emerged was the concern older adults had about being stereotyped when using AAL
technology. This concern was especially apparent when older adults discussed wearable AAL
technology.

As noted above, wearable AAL devices raise interesting concerns for many older adult
participants in some of the collected publications (Astell et al., 2020; Joe et al., 2018; Mincolelli,
Marchi, et al., 2019). While many participants see the advantages of AAL devices, they have
little desire to wear them if the device makes them look weak or dependent in front of family,
friends, or acquaintances. Mincolelli et al. (2019) demonstrate this point in their study, where
participants approved of the wearable recognition tag; however, it was ranked the least
favourable out of the five devices presented. Much of the criticisms came from the fact that the
device itself was noticeable—its large size would draw the eyes of onlookers and make the
wearer feel uncomfortable or judged for wearing it. This finding made the study by Joe et al.
(2018) especially relevant, where older adult participants were encouraged to imagine their
ideal wearable AAL devices. The findings shared by Joe et al. (2018) showed that all the ideal
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devices resembled inconspicuous everyday items (e.g., a watch, a lamp, a tablet) that would not
indicate that the older adult had medical issues in their daily life.

These findings also relate to the study done by Astell et al. (2020), who note that older
adults do not want to be seen as dependent or someone who needs help from technology to go
about their daily lives. Instead, many older adults who require the assistance of AAL technology
would prefer if it was something unassuming that would not draw attention to its use.

The concern that older adults have about being stereotyped when using AAL technology
is interesting because it suggests that frameworks should be more detailed in their approach to
understanding stakeholders’ concerns with AAL technology. For example, a framework like the
TAM, which looks at the usefulness and ease of use of technology, would likely be unable to
identify stakeholders’ stereotyping concerns. Therefore, ethical design and engineering
frameworks that are proposed for the design and development of AAL technology should be
able to uncover and address the ethical concerns that stakeholders have with a proposed
technology, as their concerns will ultimately impact their decision to accept, and adopt, or
reject the technology.

As one of the devices investigated in this research is a wearable device (the Hexoskin
ProShirt™), it was important to explore older adults’ concerns present in the literature, so that
a better understanding of the concerns could shape the research conducted after the
completion of the SLR (Chapters 3.0 and 4.0).

2.3.2 Incremental Need for Ethical Design and Engineering Frameworks

As seen in Figure 2.2.3, of the 41 papers reviewed, only five publications did not use an
ethical design and engineering framework in their work. Moreover, almost 30% of the papers
that discussed an ethical design and engineering framework proposed modified versions of
existing frameworks specifically for AAL technology (Figure 2.2.3). This statistic indicates that
researchers are becoming more aware of the ethical rigour that AAL technology requires if it is
to be accepted and adopted by ageing-in-place stakeholders, including older adults, caregivers,
and HCPs. It also suggests that design and engineering frameworks may benefit from
customization to effectively capture and address the needs of particular stakeholders in
particular use contexts, such as LTC or ageing-in-place. Moreover, this SLR identified 13
publications introducing novel ethical design and engineering frameworks for AAL technology.
The introduction of these new frameworks also supports the idea that researchers are growing
more aware of the ethical considerations that AAL technology requires for LTC or ageing-in-
place settings.

2.3.3 Limited Testing and Lack of Standardized Comparative Measures of Efficacy

The result of this research shows that although many different research groups have
proposed novel ethical design and engineering frameworks for ageing-in-place AAL technology
over the decades, the frameworks receive little post-study attention. For example, from the
collected literature, only one of the newly proposed ethical design and engineering frameworks
has been investigated in a multi-centre setting—the reason was the researchers’ membership
in the same research consortium.
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Once a framework is presented, there is little evidence that the framework is used in
follow-up research to validate the initial claims, nor is there evidence to suggest that the
framework is used to develop an AAL technology elsewhere to see if the new technology meets
stakeholder needs and expectations. Therefore, this leads to unnecessary framework
fragmentation, with few having anything to recommend them but the original author’s claims.

Furthermore, this lack of follow-up validation makes it hard to ascertain the limitations
of each framework as many authors will comment about what benefits the new framework
brings rather than discussing its challenges or downsides. A notable exception to this is
Curumsing et al. (2019), where a lengthy discussion section not only highlights the benefits that
the newly proposed ethical design and engineering framework gave to the new AAL technology
but also discussed the challenges and pitfalls the framework raised when developing the new
technology.

This review did not find any large-scale studies in which AAL technologies were tested in
clinical trials across larger cohorts (e.g. 1000+ participants). This research reveals that many of
the frameworks and design approaches were explored by a small number of participants,
leading to a small data collection, which may limit the potential findings for future AAL
technology. While the small number of participants alludes to the fact that participant
recruitment can be very challenging, especially with older adults, such studies are desirable
considering the global societal challenge of ageing societies. Older adults are often keen to
participate in research studies, which they perceive as an additional socializing opportunity,
potentially alleviating their loneliness (Grénvall & Kyng, 2013). In addition, further studies may
also shed light on questions of AAL technology efficacy, where there is a lack of more profound
insights into the potential placebo effects of AAL technology (Novitzky et al., 2019).

2.4 Summary

This SLR provides an investigation into some of the concerns that ageing-in-place
stakeholders’ have with AAL technology. This SLR also investigated the ethical design and
engineering frameworks that have been proposed to identify, understand, and address
stakeholders’ concerns through the design and development of AAL technology.

Throughout the collected literature, stakeholders expressed many ethical concerns
regarding AAL technology. Overall, social isolation, autonomy, privacy (personal and digital),
independence and control made up the top six most-discussed concerns among older adults,
caregivers, and HCPs.

Therefore, these ethical concerns will be implemented in research with long-term care
facility (LTCF) stakeholders in Chapter 3.0. This research will test these six ethical concerns to
see if they are still concerns when evaluating two new AAL devices, the Hexoskin ProShirt™ and
the AWS Deeplens ™.

From the 44 publications collected and 41 publications reviewed, 36 publications (88%)
discussed or proposed an ethical design and engineering framework in their research.
Additionally, six publications used an ethical design and engineering framework to develop new
AAL technology, and three publications developed a new ethical design and engineering
framework and used the new framework to develop a new AAL technology. While small, the
number of papers that use an ethical design and engineering framework to develop new AAL
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technology shows that researchers are becoming aware of the ethical demands that AAL
technology requires if it is to be accepted and adopted by ageing-in-place stakeholders.

However, a caveat to the number of new ethical design and engineering frameworks
proposed for designing and developing AAL technology, is that while a framework may be
introduced and explained in a publication, there seems to exist little follow-up research aimed
at validating such frameworks. Additionally, participant cohorts tend to be quite small in the
studies proposing a new framework, and/or developing new AAL technology based on it. This
means that data collection is limited, and findings are hard to generalize.

Therefore, a PD methodology was chosen to conduct research with LTCF stakeholders in
the next chapter as it is adaptable and has shown promising results with ageing-in-place
stakeholders.
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3.0 Investigating Additional Ethical Stakeholder Issues with Ambient

Assistive Living (AAL) Technologies — A Participatory Design Approach

Conducting the Systematic Literature Review (SLR) presented in Chapter 2.0 provided a
better understanding of the ethical concerns that Long-Term Care (LTC) stakeholders (i.e., older
adults, caregivers, and healthcare professionals (HCPs)) have with current AAL technology. The
SLR also introduced and investigated the various ethical design and engineering frameworks
that are used to address stakeholders’ ethical concerns with AAL technology during the design
and development process.

In this chapter, | report on further investigations into ethical issues that LTC
stakeholders have with AAL devices. As this research involves different groups of stakeholders,
a Participatory Design (PD) methodology was chosen to conduct research with participants. This
methodology was used to better understand participants’ ethical concerns with the Hexoskin
ProShirt™ and the AWS DeeplLens™, two of the five AAL devices from the PATH device suite.

3.1 Purpose of the study

This research aimed to verify the ethical concerns identified from the SLR discussed in
Chapter 2.0, as well as uncover additional ethical concerns that LTC stakeholders have with two
AAL devices: the Hexoskin ProShirt™ and the AWS DeeplLens™, seen in Figures 3.1.1 and 3.1.2,
respectively. As introduced in Chapter 1.0, the Hexoskin ProShirt™ is a wearable device that
collects the wearer’s vital sign data, and the AWS DeeplLens™ is a deep-learning enabled video
camera.

HEXOSHIN

Figure 3.1.1: Hexoskin ProShirt™ from Men (left) and Women (right)
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Figure 3.1.2: Front (left), Side (middle), and Back (right) view of AWS DeeplLens camera™

By having a better understanding of stakeholder concerns with the devices mentioned
above, engineers and designers can develop AAL technology that addresses stakeholders’
concerns so that they will have an easier time using, accepting, and adopting future AAL
technology that uses these devices. Therefore, to better understand stakeholders’ ethical
concerns with the Hexoskin ProShirt™ and the AWS DeeplLens™, a Participatory Design (PD)
methodology was utilized to conduct workshops and interviews with different groups of
stakeholders at a regional long-term care facility (LTCF).

As discussed in Chapter 2.0, PD is a cooperative, iterative design process that
encourages stakeholders with different perspectives and abilities to work together on a task (de
Belen et al., 2019; Ting et al., 2020). PD starts at the very beginning of the design and
development process and shifts the narrative from ‘designing for the users’ to ‘designing with
the users’ (Mincolelli, Imbesi, et al., 2019; Ting et al., 2020). In taking this approach,
researchers, engineers, and designers have a much better understanding of stakeholders’
thoughts, opinions, and concerns with the proposed technology (Borelli et al., 2019; Curumsing
et al., 2019; Mincolelli, Imbesi, et al., 2019). Furthermore, PD can be implemented in many
settings, from being used in group conversations (Corcella et al., 2019; Ting et al., 2020), to
being used to develop group activities (Ferati et al., 2018; Joe et al., 2018). In this research, PD
was used in workshop activities and interviews with LTCF stakeholders to elicit their ethical
concerns with the Hexoskin ProShirt™ and the AWS DeeplLens™.

The results of this study will be used to prototype and propose an ethical design tool
called an Ethical DataSheet (EDS). The EDS is intended to be a tool for engineers, designers, or
other interested parties, to use before developing new AAL technology so that they can
understand the ethical concerns that LTC stakeholders have with a device before the device is

30



used in a more complicated technology. The process of researching and prototyping the EDS is
explained in Chapter 4.0.

3.2 Study Participants

As explained in Chapter 1.0, this research is a part of an initiative to develop AAL
technology for ageing-in-place settings. To do this, each PATH member institution collaborates
with an LTCF in their region. Participants included in this study were from different stakeholder
groups in the affiliated regional LTCF, who would be the most impacted by new AAL technology.
The LTCF in this research offers two types of accommodations for older adults, apartments and
LTC. The apartments are where tenants live. Tenants are older adults living at the facility who
are relatively independent, meaning they require little additional assistance from the HCPs
working at the LTCF. However, if tenants do require assistance, they have access to various
features offered by the assisted living program at the facility, such as support with meals,
personal care, house cleaning, and medications. Conversely, LTC is where residents live.
Residents are older adults living in long-term care who require partial to total assistance from
the LTCF HCPs. Tenants and residents comprise two of the four stakeholder groups who
participated in this research.

The third stakeholder group included as a part of this research were caregivers.
Caregivers are family members or close friends of residents or people living in LTC.

The final group included in this research was the LTCF HCPs. As the facility employs
many different types of HCPs, this research focused HCPs whom the device would impact if a
tenant or resident was to use it. Therefore, HCPs for this research consisted of nurses,
registered practical nurses, therapists, and Personal Support Workers (PSWs).

3.3 Study Design and Methodology

It is well documented that working with an older adult population is challenging due to
obstacles such as interest, availability and access, resident capacity and cognitive abilities, and
time commitment (Beeson et al., 2014; Boaz et al., 2018). Therefore, to design the workshops
and interviews with the identified stakeholder groups mentioned above, a Participatory Design
approach was implemented from the beginning of the study design. PD was used to collaborate
with the LTCF research coordinators to better understand the various stakeholder needs and
requirements when conducting research with them. Through meeting with the LTCF research
coordinators the decision was made to conduct interactive workshops with tenants, given that
tenants are capable of more interactive participation. At the same time, individual interviews
would be held with residents, caregivers, and HCPs. This decision was made based on guidance
from the research coordinators about stakeholders’ availabilities, attention span, cognitive
abilities, mobility constraints, workload, and COVID-19 protocols. Based on recommendations,
two one-hour workshops were held with tenants (one workshop per device), 20-minute
interviews were held with residents and caregivers, and 5 to 10-minute interviews were held
with HCPs. At the LTCF where this research took place, there are two buildings for tenants:
Building A and B. To accommodate tenant interest, the workshop in Building A looked at the
Hexoskin ProShirt™' while the workshop in Building B investigated the AWS DeeplLens ™.
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In developing the study design, inspiration was obtained from a PD methodology
(Ballard et al., 2019) titled “Judgement Call The Game” (referred to here as ‘Judgement Call’).
This methodology aims to have participants think and reflect on the ethical considerations for
an Al technology they are developing and how the technology will affect different stakeholders.
This is done by roleplaying as a stakeholder who is directly or indirectly impacted by the
technology in question, reflecting on their concerns by writing out a product review, and
providing a rating of the technology as their stakeholder character. At the end of the round,
participants are encouraged to converse with other participants who are roleplaying as
different stakeholders. By the end of the game, multiple rounds will have occurred, allowing
participants to have played as different stakeholders and to have considered various ethical
principles in relation to their product and how the product may impact the stakeholder
characters. As the authors note, “Together, [the reviews] paint a more holistic picture by
providing multiple perspectives on the same technology” (Ballard et al., 2019, p. 3).

After reading through Judgement Call and playing through the methodology, similar
elements were used to develop the methods used for this research. However, they were
adapted to fit the purpose of this research. For example, in Judgement Call, the authors used
ethical principles to investigate stakeholder concerns relating to a device. For this research,
instead of using the principles identified in Judgement Call, six of the ethical concerns identified
in the Systematic Literature Review (SLR) from Chapter 2.0 were used as a starting point to
engage stakeholders in learning more about their ethical concerns with the Hexoskin ProShirt™
and the AWS Deeplens™.

The six concerns were meant to inspire conversation and questions from participants in
the workshops and interviews that would lead to new insights or ethical concerns that
participants had with the Hexoskin ProShirt™ and the AWS DeeplLens™. The six ethical
concerns are identified and described below:

Personal Privacy: the control one has over their physical self or space

Data Privacy: the control one has over information that is personal to them

Autonomy: the ability to make decisions for oneself

Independence: one’s ability to complete a task without help from others or

technology

5. Social Connectedness: the experience of feeling close or connected to others; it is a
sense of belonging to a social relationship

6. Comfort: the state of physical ease and relaxation

PwnNpE

It should be noted that while comfort was not one of the top six ethical concerns
identified in the SLR, | believed that for the two devices under study, comfort was an interesting
ethical question. In the SLR, wearable devices and cameras were recurring topics of
conversation and were not very popular with older adult participants. Therefore, the hope was
that exploring comfort with LTCF stakeholders would provide more insight into why wearable
devices and cameras were not as favoured by older adults compared to other AAL technology.

For the tenant workshops, each ethical concern was printed on a card (Figure 3.3.1),
with questions on the back to help stakeholders facilitate conversation (Figure 3.3.2).
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Autonomy Data Privacy Comfortable

Is the ability to make Is the control that you have Is something that provides
decisions for yourself over information that is physical ease and relaxation
personal to you

Concern Concern Concern

Figure 3.3.1: Examples of the ethical concern cards used in the workshops with tenants

For the interviews with residents, caregivers, and HCPs, the researchers followed a
semi-structured interview format to ask participants questions about their thoughts on the
ethical concerns in relation to the device.

Comfortable

Are there any comfort concerns you see with the
Hexoskin?

Are you comfortable wearing a health monitoring
device, like the Hexoskin, on your body?

Y Do you think you would be comfortable wearing
‘_s" the Hexoskin all day?

How do you think you would feel, having to wear
the Hexoskin all day?

Comfortable ‘ :
Do you think your mood would change by having

. i to the Hexoskin all day?
Is something that provides
How comfortable do you think you would be

physical ease and relaxation putting on and taking off the Hexoskin based on

what was in the video?

Do you think you would find the Hexoskin
irritating on your skin and under your clothes?

Concern

Figure 3.3.2: Front and back of the ethical concern card for Comfort for the Hexoskin ProShirt

To obtain a quantitative value of what participants thought of the device as a whole,
while keeping in mind the ethical concerns that they had discussed, at the end of the
workshops or interview, participants were asked to rate the device they looked at on a scale
from 0, meaning the participant could see no redeeming qualities with the device, to 5,
meaning participants would use the device immediately if they had the opportunity. For the
workshops, tenants were asked to rate the device for each ethical concern card that they
looked at, meaning there were six ratings per device from the workshops. The overall ratings
for each device are examined later in this chapter (see Section 4.6.12) and are revisited in
Chapter 4.0 when discussing the Ethical Datasheet Prototype.
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3.4 Participant Recruitment

Tenant recruitment for this research began as soon as Research Ethics Board (REB)
approval was received. Tenant recruitment was conducted in two stages in both apartment
buildings (A and B). The first stage consisted of hanging posters around the tenant living
quarters, drafting an email for the research coordinators to send to the tenant group email list,
and posting an article in the monthly tenant newsletter. The second stage is when researchers
visited tenants at the LTCF during their “coffee hour”—a social gathering held regularly during
the week. During this visit, researchers went over the purpose of the research, described what
tenants would be asked to do if they participated, and answered any questions the tenants had.
During this visit, researchers also went through the Informed Consent Form approved by the
REB and collected any signed documents from tenants willing to participate in the research. In
total, 14 tenants were recruited: ten from Building A and four from Building B. Each workshop
was scheduled to run for 1 hour.

To recruit residents and caregivers, the help of the LTCF research coordinators was
needed. The recruitment of residents and caregivers was a joint effort between the LTCF
coordinators and the researchers. Coordinators were responsible for identifying potential
residents and caregivers who might be interested in participating in the research. Once
identified, the researchers spoke to each resident and caregiver to give them an introduction to
the study and what they would be asked to do if they were to participate. Following this, the
lead researcher then went through the informed consent document with the resident or
caregiver. In total, six residents and two caregivers were recruited. The two devices were split
evenly among participants, meaning three residents participated in an interview about the
Hexoskin ProShirt™, and three looked at the AWS DeeplLens™. Similarly, one interview with a
caregiver focused on the Hexoskin ProShirt™, and the other, the AWS DeeplLens™. Each
interview with residents and caregivers was scheduled for twenty minutes.

Finally, the recruitment of the LTCF HCPs ran similarly to the recruitment of tenants. Just
as with tenants, recruitment was done in two stages. The first stage was to hang posters around
the LTC side of the facility, as well as to draft an email that the LTCF research coordinators sent
to the group HCP email. The second stage occurred when the researchers attended the HCP
monthly meeting to inform HCPs about the research, let them know what they would be asked
to do if they participated, and answer any questions the HCPs had about the study. In total,
eight HCPs were interviewed, consisting of two RNs, one RPN, two therapists, and four PSWs.
As with residents and caregivers, the two devices were split evenly among participants.
Therefore, four HCPs participated in an interview about the Hexoskin ProShirt™, and the
remaining four looked at the AWS DeeplLens™. Each interview with an HCP was scheduled for
no longer than 10 minutes, but it could be shorter if they needed to tend to something else.

3.5 Data Collection — Workshops and Interviews

In line with a PD methodology, it was decided that the best way to engage different
stakeholders would be to hold interactive workshops with tenants, while residents, caregivers,
and HCPs would participate in individual interviews.

The data collection process for the different stakeholder groups is described in the
following three sections.
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3.5.1 Data Collection Process for Tenants

To begin the workshops with tenants, participants were invited to have coffee and
donuts as soon as they entered the room the workshop was held in. Once all tenants arrived,
introductions were made. All participants and researchers were asked to introduce and share a
fun fact about themselves. This small activity allowed tenants to settle in, familiarize
themselves with participants they did not know, and become more comfortable with the
researchers.

After the introductions, the researchers explained the workshop’s purpose and what
tenants would be asked to do during the workshop. Researchers also reminded tenants that
they would be audio recorded throughout the workshop, as was explained in the Informed
Consent Document. Following the instructions, tenants were shown a short video about the
device their workshop would focus on (the Hexoskin ProShirt™ for Building A and the AWS
DeeplLens ™ for Building B). As the physical devices were not available to bring into the LTCF,
the video was meant to be a device showcase allowing tenants to see the device, learn more
about its characteristics, and what it does when turned on. After the video finished, tenants
were given a moment to ask any clarifying questions about the video or the device itself. After
all questions were addressed, the researchers provided the tenants with the instructions for the
interactive activity.

To start the activity, the researchers presented the tenants with a scenario of the device
that was the focus of their workshop. The scenario was critical as the devices were entirely new
for tenants, so the scenario was meant to give tenants an idea of how the device may fit into
their lives if they were asked to use it for research purposes or if they were to adopt it into their
daily routines. The scenarios used for this research can be found in Appendix B.

Once the researcher finished reading the scenario, the interactive activity began. For the
Building A workshop, tenants were divided into two groups (5 people per group) due to the
number of participants. Each group discussed three ethical concerns and how they saw the
ethical concern relating to the Hexoskin ProShirt ™. For Building B, since there was a smaller
number of tenants participating, all tenants remained together and discussed each ethical
concern card as it related to the AWS DeeplLens ™.

To start the interactivity activity, all ethical concern cards (Figure 3.3.1) were placed into
a box. One participant was asked to draw a card for their group to discuss. This was done twice
for building A, once for each sub-group, and once for building B. Participants were encouraged
to use the questions on the back of the concern card (Figure 3.3.2) if they did not know how to
start their conversation. Each group was also given blank cue cards and markers to write down
concerns, ideas, thoughts, or opinions as they arose throughout the discussion. Additionally,
the researchers were close by if the tenants had any questions.

After each discussion, each tenant was asked to provide a rating for their opinion of the
ethical concern in relation to the device. Tenants were asked to rate the device for the ethical
concern from 0, meaning they saw no positives with the device with regard to the ethical
concern, to 5, meaning the tenants believed the device addressed the ethical concern
completely. Once ratings were collected, a new tenant was asked to draw a new ethical
concern card from the box, and the activity continued until all six cards were drawn and
discussed by participants.
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After the final ethical concern card was discussed, a small debrief session was held with
all participants. This was an important element for the tenants in Building A because it allowed
both groups to see the ethical concerns that the other group discussed and talk about
commonalities between the two groups and any new insights or concerns that came out of the
smaller group discussions.

To end the workshops, the researchers provided more detail about what the data
collected from the workshops would be used for. In doing this, researchers introduced tenants
to the concept of the ethical design tool that would be created using the data collected through
the interactive activity. While explaining the ethical design tool, researchers also displayed all
the cue cards that were used throughout the exercise (Figure 3.5.1.1), grouped by ethical
concern, to give tenants an idea of how their comments, thoughts, opinions, and concerns
would be utilized to create the EDS.
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To finish the workshop, tenants were encouraged to comment their thoughts on the
idea of the EDS, anything they believed should be included in such a tool, or to ask or share any
remaining questions or opinions.

3.5.2 Data Collection Process for Residents and Caregivers

Interviews with residents and caregivers started similar to the workshops with tenants.
To begin, the researchers provided a quick introduction to the research and its purpose. They
also reminded the resident or caregiver that they would be audio recorded.
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Researchers began by playing the video for the device that was the focus of the
interview (the Hexoskin ProShirt™ or the AWS DeeplLens™). Researchers then provided the
residents or caregivers with a scenario so that they could picture the device as a feature in their
lives. Following the scenario, the researchers began a semi-structured interview process. Using
a semi-structured interview methodology allowed researchers to ask participants questions
while also allowing residents and caregivers to ask their questions, bring in new thoughts or
ideas, and voice any additional concerns with the device that had not been touched upon. The
interview questions were the same questions found on the back of the ethical concern cards
used for the workshops with tenants, each focusing on the identified ethical concerns from the
SLR.

To conclude the interview, the researchers asked the residents and caregivers to provide
a rating (from 0-5) for the device. Just as with tenants, this rating was meant to get residents
and caregivers to reflect on the conversation and the ethical concerns that were discussed, and
then provide a rating that reflected the benefits or concerns they could see with the device if it
was introduced in their or their loved ones’ lives.

3.5.3 Data Collection Process for Healthcare Professionals

The interviews with HCPs were similar to those with residents and caregivers, conducted
in a shorter timeframe. To begin, researchers quickly reminded HCPs about the purpose of the
research and that the interview would be audio recorded. The video for a device was played so
HCPs could learn more about the device and its capabilities. The main difference between
interviews with residents and caregivers and HCPs was that a scenario was not provided during
the interviews with the HCPs, due to the nature of their profession and time constraints.

After the video finished, the researchers moved directly to the semi-structured
interview, asking HCPs questions once again allowing the HCPs to ask questions and raise new
thoughts, ideas, or concerns relating to the device.

To conclude the interview, HCPs were asked to provide an overall rating of their
thoughts on the device, just as was done with residents and caregivers.

3.6 Data Analysis from Participatory Design workshops and Interviews

All collected data, i.e., the audio recordings and cue cards, were transcribed into text
and uploaded into NVivo, a qualitative data analysis software. In NVivo, the data was prepared
so that it was ready to be used for different data analysis methods.

A variation of the Grounded Theory approach was utilized throughout the data
collection and analysis stages. The objective of using Grounded Theory in this research was to
evaluate how stakeholders responded to the ethical concerns used in the workshops and
interviews (i.e., deductive research), as well as to discover new ethical concerns that emerged
from the conversations (i.e., inductive research) (Ruhi, 2021), (Corbin & Strauss, 1990). Thus,
the focus of this qualitative work was not on developing a new theory about the technology or
concerns, but rather on unearthing new thematic issues—ethical concerns that stakeholders
expressed regarding the technologies. An essential element of Grounded Theory is how
interconnected the data collection, and analysis stages are (Ruhi, 2021), (Corbin & Strauss,
1990). This means that data collected from the workshops and interviews were analyzed to
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observe known or new findings (i.e. themes such as ethical issues or concerns). If new findings
emerged through the analysis, they were tested in the next round of data collection to see if
other stakeholders had similar thoughts or if the new findings were unique to specific
stakeholder groups or people.

Additionally, two types of content analysis techniques were used: Direct Content
Analysis and Emergent Content Analysis. Direct Content Analysis validates or extends
hypotheses or existing theories, while Emergent Content Analysis allows new categories to flow
from the collected data (Ruhi, 2021). Therefore, Direct Content Analysis was used to identify
any data related to the six ethical concerns derived from the SLR, while Emergent Content
Analysis was used to identify new concerns from the data.

Direct and Emergent Content Analysis were used across three stages of data coding:
open coding, axial coding, and selective coding. During open coding, codes were created to
label the transcribed data, such as ‘cost,’ ‘fear of isolation,” and ‘concerned about personal
privacy.” During axial coding, key codes and concepts of interest were identified, and the data
were grouped together into more substantial themes. In axial coding, phrases such as ‘Control,’
‘Device Characteristics,” and ‘Use without Help’ emerged. Finally, in selective coding, central
concerns were created, and all existing codes were grouped under the new concerns. In
selective coding, similar themes such as ‘Personal Privacy,” ‘Independence,” and ‘Social
Connectedness’ re-emerged, along with new themes like ‘Device Design’ and ‘Economic
Distribution.’

The remainder of this section presents the selective and axial codes identified and
created during the data analysis process using NVivo, along with the results of how tenants,
residents, caregivers and HCPs from the LTCF felt about each code for each device. In total, 12
selective codes were created, and 35 axial codes were grouped into the selective codes for both
the Hexoskin ProShirt™ and the AWS DeeplLens™.

3.6.1 Autonomy

As defined above, autonomy is the ability to make decisions for oneself. Through the
data analysis, autonomy was grouped into four axial codes: Behaviour, Caregiver or Institution
Access, Control, and Informed Consent. These subcategories are defined in Table 3-1.
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Table 3-1: Axial codes for autonomy concern

Axial codes for autonomy

Definition

Behaviour

Do the stakeholders believe that the device
would change their actions

Caregiver or Institution Access

If the caregiver or institution had access to
the data collected from the device, would
that alter an older adult’s actions (e.g. if the
Hexoskin ProShirt™ notes that a person’s
heart rate is relatively high during their walk,
their loved one might ask them to stop
walking because it stresses their heart, or if
the DeepLens™ records the end-user eating
potato chips when they were advised to stop
so the caregiver intervenes to prevent them
from eating potato chips)

Control

Do stakeholders believe the device would
impact the amount of choice or decisions
older adults have in their life

Informed Consent

How stakeholders feel about what they know
about the Hexoskin ProShirt™ or AWS
DeeplLens™ and their ability to make
decisions regarding it

Each axial code was broken down further to identify stakeholders' benefits and concerns

with each code (Figures 3.6.1.1.1 and 3.6.1.2.1).
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3.6.1.1 Autonomy in relation to the Hexoskin ProShirt™

For the Hexoskin ProShirt™, the tenant and resident stakeholders had the most to say about
the codes in autonomy (Figure 3.6.1.1.1).

Autonomy Findings for the Hexoskin ProShirt
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Figure 3.6.1.1.1: Autonomy subcategory benefits and concerns from tenants, residents, caregivers and HCPs for
the Hexoskin ProShirt™

For tenants, benefits with the Hexoskin ProShirt™ for autonomy were seen in the
Caregiver or Institution Access and Control codes. Two out of ten tenants in this group saw
benefits with their caregivers or the LTCF having access to their data. For example, one tenant
commented, “your physician or the healthcare provider could have access to it to monitor it and
see your data.” Additionally, benefits were also seen for control, where two out of ten tenants
saw the Hexoskin as a way to keep or bring control back into their lives. According to one
tenant, “If | had something like this, | could venture more outside and do more things.”
However, some tenants also had control concerns. Five out of ten tenants commented on how
the shirt may negatively impact their control, with one tenant saying, “It's my information. |
should have control over it.” Similarly, concerns regarding how the shirt may negatively impact
their behaviour were also noted, with fears that it may change their daily routines, with one
tenant commenting, “Well if you have to wash your clothes every day, it becomes a frustration.”

Residents also had concerns that the Hexoskin ProShirt™ would impact their control.
For example, two out of three residents commented about how the device might affect their
control of their lives, “It should be my choice to wear it to sleep or not.” Additionally, two out of
three residents also had concerns that their behaviour would have to change if they used the
Hexoskin ProShirt™, with one resident voicing concerns like, “Is it going to get caught on my
elbow every day? Every time | move? Is it going to be there where | try and bend at the waist a
little bit?”
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The caregiver had concerns about how the Hexoskin ProShirt™ may impact their loved
one's behaviour and how they might impact their loved one they were given access to the data.
Similarly, two out of four HCPs also had concerns about the Hexoskin ProShirt™’s
impact on behaviour and how the older adult might be impacted if caregivers or the LTCF were

given access to the data collected by the shirt.
Interestingly, Informed Consent was not discussed among any of the stakeholder groups
for the Hexoskin ProShirt™.

3.6.1.2 Autonomy in relation to the AWS DeeplLens™
For the AWS DeeplLens™, tenants, residents, and HCPs all had concerns regarding two
or more of the axial codes for autonomy, as seen in Figure 3.6.1.2.1 below.

Autonomy Findings for the AWS DeeplLens
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Figure 3.6.1.2.1: Autonomy subcategory benefits and concerns from tenants, residents, caregivers and HCPs for
the AWS DeeplLens™

For tenants, benefits and concerns were present for autonomy when considering the
AWS DeeplLens™. Two of four tenants saw benefits to sharing the data collected by the camera
with their caregivers or with the LTCF. They believed that if their caregivers or the LTCF had
access to the data collected, then the caregiver or the facility could check in on them to make
sure that they were okay at any given time. In the words of one tenant, “For my caregiver, who
does things for me, it would be nice for them to see that I’'m okay.” Another tenant noted that
their caregiver had a young child at home, so giving them access to the data would allow the
caregiver to check-in and then focus back on other tasks. This comment is interesting because it
supports a point discovered in the SLR- older adults do not want to impose or be a burden to
their family or friends.

Conversely, tenants also had concerns regarding their autonomy and the AWS
DeeplLens™, with three out of four tenants raising concerns with the control subcategory. This
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area of the conversation revolved around tenants wanting to be able to control the camera—
from being able to turn it on or off, deciding what data could be collected and used, or being
able to make the call whether or not events detected in their data required further
investigation by a third party (e.g. a HCP or caregiver). Three out of four tenants indicated that
they wanted to be able to control when the camera was on or off, as there were some events
that they did not want the camera recording, such as taking care of personal needs in the
bathroom. One tenant noted that even if they could turn the camera on or off, they still wanted
to review all of the footage captured before it was used for research so that they could
eliminate any additional data they did not want used. Another finding similar to the SLR was
that one tenant noted that they wanted to be the one to decide what the camera did if
something were to happen to them while the camera was recording. For instance, if the camera
was running a fall detection model and the tenant fell while the camera was recording, the
tenant wanted to control whether or not the camera followed through with its programming to
contact their caregiver or the LTCF to say that they had fallen. In their explanation, the tenant
said that if it wasn’t a severe accident, they did not want to bother anyone, “I’m on the Assisted
Living program, but not that often, and | don’t bother the girls, but | don’t bother the girls unless
something drastic happens.”

All residents interviewed about the AWS DeepLens™ had concerns with the control
subcategory and their ability to choose when the camera was on or off at any given time. For
example, residents did not want the camera catching certain moments in their daily routine,
such as care with HCPs or when they were sleeping.

Overall, HCPs had the largest number of concerns for autonomy with the AWS
DeepLens™. Three out of four HCPs showed concerns about informed consent with the
camera, and three out of four HCPs also worried about changes in behaviour. For informed
consent, HCPs noted that they should have to sign an informed consent document before
helping any resident who would be using the AWS DeeplLens™, as their faces would also be
recorded due to the nature of the care that they provide. One HCP expressed this by saying,
“We should almost have a consent too, that we don’t mind being on camera, or having our
pictures stored in the cloud. I really don’t want my face out there if | didn’t give my consent to
allow it to be out there.” For behaviour concerns, HCPs were worried that a camera might
change how comfortable a resident would be in their own environment. Some HCPs also spoke
about how they use elements of their own lives to build up trust with the residents they are
caring for so that residents will hopefully open up to them and let HCPs know when they are
uncomfortable or in pain throughout their care. But with the use of the camera, HCPs weren’t
sure how comfortable they would be sharing elements of their own lives if they were recorded.
As one HCP commented, “If there is a camera, | wouldn’t be comfortable sharing all of these
things about my life, trying to get the resident to open up to me.”

3.6.2 Comfort

As defined previously, comfort is the state of physical ease and relaxation. In the
analysis, comfort was grouped by nine axial codes: Amount of Time, Big Brother (i.e.,
surveillance), Company Integrity, Convenience, Explaining the Device, Location, Mindset, Time
of Day, and Wearing the Device. These codes are defined in Table 3-2.
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Table 3-2: Axial codes for comfort concern

Axial codes for comfort

Definition

Amount of Time

How long stakeholders think the device
should be running or collecting data

Big Brother

If stakeholders believe they would feel like
someone was monitoring their every move
with the device

Company Integrity

How comfortable stakeholders feel with the
companies that produce the devices

Convenience

How easy stakeholders see the devices fitting
into their lives

Explaining the Device

How comfortable stakeholders would feel if
they had to explain why they were using the
device to someone else

How stakeholders feel about where the

Location device is placed in their apartment or room
(more for the AWS DeepLens™)
. If the devices would give stakeholders peace
Mindset . . .
of mind (benefit) or anxiety (concern)
If stakeholders would prefer to use the
Time of Day devices at certain times during the day or

year

Wearing the Device

How comfortable older adults would feel
wearing the device (applicable to the
Hexoskin ProShirt™)

The codes were broken down into benefits and concerns for each stakeholder group, as

seen in Figure 3.6.2.1.1 and Figure 3.6.2.2.1.

43



3.6.2.1 Comfort in relation to the Hexoskin ProShirt™

Figure 3.6.2.1.1 illustrates that tenants expressed a variety of concerns for comfort
when it comes to the Hexoskin ProShirt™, followed by concerns from HCPs, then residents, and
finally caregivers. However, tenants and HCPs also expressed many comfort-related benefits
with the Hexoskin ProShirt™,

Comfort Findings for the Hexoskin ProShirt
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Figure 3.6.2.1.1: Comfort subcategory benefits and concerns from tenants, residents, caregivers and HCPs for
the Hexoskin ProShirt™

For tenants, the most discussed concern within comfort was wearing the Hexoskin
ProShirt™, with seven out of ten tenants making a note of it, with comments such as, “/
wouldn't want to wear a device like that all day. It's too cumbersome” and “I have very sensitive
skin, and it gets irritated when | wear new things.” Six out of ten tenants also had concerns
about when they would have to wear the device, preferring not to wear it in warmer climates
with one tenant commenting, “The weather, you know, sometimes it's very cold and your
bundled up, and other times it's so hot. So, | would think it gets too hot wearing this device.”
Along similar lines, one tenant said they did not want to wear the device in their home, “We
really don't need it inside [the home], do we?” Additionally, five out of ten tenants also showed
concerns about how convenient the Hexoskin ProShirt™ would be, with fears that it would
impact their daily routines. As one tenant noted, “If I'm wearing it all day and | want to take a
shower, then I'd have to take it off and put it back on. That could get annoying.” However, some
tenants did see benefits with the shirt's comfort, with three out of ten tenants noting that
wearing the Hexoskin ProShirt™ would give them peace of mind.

Residents voiced similar concerns, with two out of three raising concerns about wearing
the device, when they would have to wear it, and how long they would have to wear it.
Examples of such comments from two residents included, “/ could see some people not
watching that because not wanting to feel something that close to them, that constricting, and
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there all of those restriction restrictive devices here, which is a big no-no” and “Well, if | wear it
on a hot day, then I'm going to get hotter. Wearing something close to your skin like that, like
all this, it gets warm, you're going to get hot.”

The caregiver raised concerns with multiple different subcategories within comfort,
including when the Hexoskin ProShirt™ would be worn, for how long, how convenient the
device is, how the device might affect their loved one’s mindset, and the integrity of the
company (Hexoskin) itself.

Lastly, HCPs shared similar concerns as tenants and residents, with two out of four HCPs
showing concern for end-users wearing the Hexoskin ProShirt™, with one HCP noting, “/ could
see a resident just being like this is too tight, because they like their clothes to be pretty lose
fitting.” Other HCP concerns included the device's convenience and how the device could cause
anxiety for end-users, caregivers, and HCPs.

3.6.2.2 Comfort in relation to the AWS DeeplLens™
Figure 3.6.2.2.1 shows that while a few benefits are seen for comfort with the AWS

DeepLens™, almost all stakeholder groups had concerns about two or more axial codes, with
HCPs having the most concerns, followed by tenants and residents.

Comfort Findings for the AWS DeeplLens
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Figure 3.6.2.2.1: Comfort subcategory benefits and concerns from tenants, residents, caregivers and HCPs for the
AWS Deeplens™

For tenants, the axial code that highlighted the biggest concern was the Location of the
AWS DeeplLens™. While three out of four tenants were unsure where the AWS DeeplLens™
would go in their homes, they were firm that they would not want it in the bedroom or the
bathroom. They were also worried that if they had only one camera in their home, they would
be responsible for moving it around, depending on its purpose. Two tenants also raised
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concerns for the Big Brother subcategory, where they felt as though the camera would be a
constant presence watching over them.

Two of the three residents had similar concerns with the Big Brother subcategory.
Interestingly, one resident compared the AWS DeeplLens™ camera to cameras installed in the
forest so that people can watch an animal’s movement without it knowing that it’s being
observed. Two of the three residents also had concerns with company integrity. With a lot of
media coverage involving Amazon, residents were on the fence about using a product from a
company that they had unfavourable opinions towards, with one resident commenting, “Well,
we know what they’ve done in the past, don’t we?”

Unlike the other stakeholder groups, the caregiver saw a benefit for comfort of the AWS
DeeplLens™. The caregiver noted that if they were to use the AWS DeepLens™ with their loved
one, it would bring them peace of mind. The caregiver saw the AWS DeeplLens™ as something
they could use to check in on their loved one to ensure they were doing okay throughout the
day. The caregiver also thought that their loved one would have peace of mind using the
device, knowing that they were visible to their caregiver at any time saying, “I think that the
residents would have more peace and contentment, knowing that there is a loved one within
their reach.” However, this benefit was not shared by any of the interviewed residents.

One HCP also believed the AWS DeeplLens™ would provide them peace of mind, as they
would be able to check the camera to make sure the resident was safe instead of going into the
resident’s room continuously. On the other hand, HCPs had the largest number of comfort
concerns, with three out of four HCPs commenting on concerns relating to the big brother
code. For HCPs, they worried that staff might be uncomfortable knowing that they are on
camera, and anything could be collected and potentially used against them. One HCP pointed
out that this could even lead to more workload as an HCP would try to be especially careful in
every interaction with a resident, to make sure they were doing everything perfectly. As one
HCP described, “When a personal support worker knows that there is a camera recording, we
have to elaborate on our routine. So we have to tell them step by step what’s happening, ‘let’s
get dressed, let’s put on your robe, okay now we’re going to get a shower...”, that can be really
time-consuming rather than just talking with the resident casually and doing the steps at the
same time.” Just as with tenants, two out of four HCPs also had concerns about the location of
the AWS DeeplLens™. One HCP pointed out that for a device like the DeeplLens™, it would be
important to keep it up high to ensure that the resident wouldn’t play with it or break it.

3.6.3 Cost

The selective code of cost emerged through the workshops and interviews and was
identified through emergent content analysis. Cost arose in different questions throughout the
data, from stakeholders wondering how much the devices would cost, who would pay for the
devices, and what would happen if the device were to break. The breakdown of benefits and
concerns amongst stakeholders can be seen in Figure 3.6.3.1.1 and Figure 3.6.3.2.1.
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3.6.3.1 Cost in relation to the Hexoskin ProShirt™

Cost findings for the Hexoskin ProShirt
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Figure 3.6.3.1.1: Cost subcategory benefits and concerns from tenants, residents, caregivers and HCPs for the
Hexoskin ProShirt™

Tenants raised the most questions about the cost of the Hexoskin ProShirt™, with five
out of ten tenants asking questions such as, “How much are they?” and “Who will have to pay
for this device? Is it out of pocket or can OHIP pay?”

As for the residents, caregivers and HCPs, only one participant per stakeholder group
asked about the cost of the Hexoskin ProShirt™, where the resident and caregiver were
concerned about the price, while the HCP was worried that something could happen to the
shirt and require a replacement.
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3.6.3.2 Cost in relation to the AWS DeeplLens™
For the cost of the AWS Deeplens™, only tenants and HCPs had concerns regarding the
device's price, as seen in Figure 3.6.3.2.1

Cost Findings for the AWS DeeplLens
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Figure 3.6.3.2.1: Cost subcategory benefits and concerns from tenants, residents, caregivers and HCPs for the
AWS Deeplens™

For tenants, while there was interest in the device, they were concerned about the
camera's price. However, they did admit that if the camera could prove to be a significant
enough benefit, they would not mind paying a higher price.

For HCPs, the concern with cost centred around the fear that HCPs saw the camera as
something that might be broken easily, similar to HCP fears with the Hexoskin ProShirt™. HCPs
worried that replacing such a device would become very costly in the long run.
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3.6.4 Data Privacy

As defined above, data privacy is the control one has over information that is personal
to them. For the analysis, data privacy was grouped by five axial codes: Access to Data, Data
Collection, Data Sharing, Data Storage, and the Use of Data. These codes are defined in Table 3-

3.

Table 3-3: Axial codes for data privacy concern

Axial codes for data privacy

Definition

Access to Data

How stakeholders feel about who has access
to the data that is collected

Data Collection

What stakeholders think about their data
being collected by a device

Data Sharing

What stakeholders think about their data
being shared with other parties, from other
researchers to different companies, through
the internet.

Data Storage

What stakeholders think of their data being
kept by researchers or the companies that
built the devices

The Use of Data

What stakeholders think about their data
being used to further research or to build,
train, or test Artificial Intelligence or Machine
Learning models or systems.

Each axial code was broken down into benefits and concerns, so that a clear picture of
what stakeholders think about each code is gained (Figures 3.6.4.1.1 and 3.6.4.2.1).
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3.6.4.1 Data Privacy in relation to the Hexoskin ProShirt™

Data Privacy Findings for the Hexoskin ProShirt
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Figure 3.6.4.1.1: Data Privacy subcategory benefits and concerns from tenants, residents, caregivers and HCPs
for the Hexoskin ProShirt™

As seen in Figure 3.6.4.1.1, six out of ten tenants saw benefits with the Hexoskin
ProShirt™ collecting their data, and four out of ten were supportive of their data being shared
with researchers, their physicians, or the LTCF. As discussed by one tenant, “You'd have to let
your doctor know! They are the ones that are going to prescribe or send you off for testing.
There’s no point if they don’t know.” Interestingly, five out of ten tenants had concerns about
data sharing, with some stating that they were okay with their data being shared with
researchers or physicians but against the data being shared with caregivers, as one tenant
commented, “My family physician, yes... but not... not with my family.” The remaining four
tenants shared similar concerns with the Hexoskin ProShirt™ collecting their data.

Residents were similar to tenants in that the overall number of benefits and concerns
was almost equal, indicating that residents saw value in the data being collected and shared but
still had reservations. While positive comments were made about data collection and data
sharing, an equal number of concerns were raised about the same topics, along with concerns
about access to data and its use.

The opposite was true for both the caregiver and the HCPs interviewed, as both groups
of stakeholders showed greater concerns for data privacy than benefits. The caregiver raised
concerns for each axial code, with no comment on benefits.

For HCPs, two out of four commented on the benefits of the Hexoskin ProShirt™
collecting data, with one HCP mentioning, “It's pretty neat that if someone isn't feeling feel, or if
they feel like they are short of breath, then they could see the data and see what's going on.”
However, many more concerns were identified, with the most centred around data collection
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and data sharing, with one HCP questioning, “Like what identifiers are they using, how are they
storing the data, who sees the data?”

3.6.4.2 Data Privacy in relation to the AWS DeeplLens™
Interestingly, across the board, stakeholders had fewer data privacy concerns with the
AWS DeeplLens™ than they did with the Hexoskin ProShirt™ (Figure 3.6.4.2.1).
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Figure 3.6.4.2.1: Data Privacy subcategory benefits and concerns from tenants, residents, caregivers and HCPs
for the AWS DeeplLens™

For tenants, one participant saw data sharing as a benefit, stating that as long as the
information was used to help with research, it was okay to share, “I don’t have any problem
with sharing, as long as it can help with the research.” However, two out of the four
participants had concerns with sharing their data collected by the AWS DeepLens™. These
concerns centred around specifics, with tenants wanting to know precisely who their data
would be shared with, from the researchers to the company itself.

Two out of three residents had similar data sharing concerns, with questions about who
their data would be shared with due to worry that someone else could use their data for
projects in which they did not agree to participate. In discussing this topic, one resident brought
up their distrust of Amazon and did not appreciate the idea of the company potentially having
access to their data. Two out of three residents also had concerns with different people being
able to access their data, with one resident adamant that they did not want the LTCF having
access to data collected by the camera.

The caregiver interviewed raised concerns with four out of the five axial codes within
Data Privacy. Using the Word Count feature in NVivo, the caregiver spoke most about the
concerns with access to data and data sharing. The caregiver worried about what the camera
might record on a day-to-day basis and who would be able to see the data. The caregiver noted

51



that some elements of care are very personal and should remain private. Therefore, they
worried that the camera would record aspects of their loved one’s life that no one has any
business looking at or using in research.

For HCPs, three out of four participants had concerns with data collection and data
sharing. As was noted in the interview with the caregiver, HCPs also commented that much of
the care done with residents is personal and is better kept private. However, HCPs did note that
if residents were okay with having the camera in their room and agreed to its recording, the
HCPs had no problems with it. For data sharing, HCPs had similar concerns with personal
images being shared with different parties. Additionally, one HCP noted that they had concerns
with data being shared with residents’ family members as it might erode the trust between
residents and HCPs, “Sometimes there are conversations between the resident and staff,
because we have built up a relationship and they trust us. So, they might say things that happen
in their family, happen in their past, and they share it with us. So, would | feel comfortable being
recorded and that information shared with the family members or other people...? Not really.”

3.6.5 Device Design

Device Design is a new category that emerged by conducting emergent content analysis.
Throughout the data, all stakeholder groups made comments about device attributes for both
the Hexoskin ProShirt™ and the AWS DeeplLens™. This new selective code aims to uncover
stakeholders' benefits and concerns with the device characteristics and how they might impact
the end-user. The Device Design code was created by grouping six axial codes together, and are
explained in Table 3-4.

Table 3-4: Axial codes for device design concern

Axial codes for device design Definition

What stakeholders think of the colour of the
device (applies to Hexoskin ProShirt™)
What stakeholders think about the devices as
they are (i.e., the layout of the Hexoskin
ProShirt™, or the weight and movability of
the AWS DeeplLens™)

Where stakeholders consider any health
conditions they have or are aware of and
how the device may benefit or impede the
condition

What stakeholders think about the fabric of
the device (applies to Hexoskin ProShirt™)
What stakeholders think about the fit of the
Men and Women Style device for men and women (applies to the
Hexoskin ProShirt™)

What stakeholders think of having to put the
Putting Device On device on (applies to the Hexoskin
ProShirt™)

Colour Choice

Device Characteristics

Health Aspects

Material
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These codes were broken down further to identify stakeholders' benefits and concerns
with each topic (Figures 3.6.5.1.1 and 3.6.5.2.1).

3.6.5.1 Device Design in relation to the Hexoskin ProShirt™
Across the board, all stakeholder groups had many more concerns regarding device
design for the Hexoskin ProShirt™ than they did positives, as seen in Figure 3.6.5.1.1.
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Figure 3.6.5.1.1: Device Design subcategory benefits and concerns from tenants, residents, caregivers, and HCPs
for the Hexoskin ProShirt™

For tenants, the code with the most concerns from eight out of ten participants was the
device characteristics of the Hexoskin ProShirt™. This means that many tenants had concerns
about the Hexoskin ProShirt™ not having buttons or zippers to fasten it from the front or side
and instead would have to pull it over their head if they were to wear the device. This was not a
popular way to put on the device and is reflected by the five out of ten tenants who had
concerns with the same code. This also impacts the Health Aspects category, where four
tenants showed concerns that health conditions, such as arthritis and frozen shoulders, would
prevent them from being able to pull the device on over their heads. Additionally, five out of
ten tenants also had concerns regarding the colour of the Hexoskin ProShirt™. These tenants
did not appreciate the device’s dark colour, which would be noticeable under lighter-coloured
clothing. This was especially true when tenants spoke about wearing the device in the summer
when they preferred to wear light-coloured tops. Notably, the five tenants with these concerns
were all female suggesting that the device’s design expresses a gender bias.

All interviewed residents had concerns about having to put the Hexoskin ProShirt™ on
and the material used for the shirt. Like tenants, residents noted that they would have trouble
putting the device on with its current design and would likely need someone to help them.
Residents also had concerns with the material used for the Hexoskin ProShirt™. Three residents
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raised concerns that the material would be restricting and uncomfortable against their skin and
feared that the material would make the device hot and uncomfortable under their other
clothes.

The caregiver raised concerns in each axial code. Using the Word Count feature in
NVivo, it was found that the caregiver had the most to say about their concerns with the Men
and Women style of the Hexoskin ProShirt™ (90 words) and its characteristics (71 words).
While the caregiver did see a benefit with the men’s and women’s style for the Hexoskin
ProShirt™, in that they believed it was a good device for men to wear, the caregiver had
concerns for women wearing the device. These concerns also translated to the device
characteristics. The caregiver noted that many women would require support in the chest area
but would likely need more support than the shirt would be able to give them. Additionally, the
caregiver thought wearing a bra under the shirt would make the device and the wearer even
more uncomfortable, further underscoring the device’s gender bias.

All HCPs had concerns with putting the device on code. As with tenants, HCPs worried
about the health conditions that older adults have, which would make it nearly impossible to
put on a device like the Hexoskin ProShirt™. Additionally, HCPs noted that their morning
routines with residents allow only five minutes due to their typical caseload. Therefore, the idea
of having to wet the sensors (as the manufacturer instructs), put the device on the resident,
plug in the data recorder, and help the resident finish getting dressed, was very overwhelming
to some of the HCPs.

3.6.5.2 Device Design in relation to the AWS DeeplLens™

Compared to the Hexoskin ProShirt™, stakeholders did not have as many concerns with
the design of the AWS DeeplLens™. HCPs and tenants had the highest number of concerns, and
the caregiver had no concerns, as seen in Figure 4.5.2.1.
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Figure 3.6.5.2.1: Device Design subcategory benefits and concerns from tenants, residents, caregivers, and
HCPs for the AWS DeeplLens™
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For three out of four tenants the main concern with the AWS DeeplLens™ was its
weight. One tenant, who uses a wheelchair, worried that the camera would be too heavy for
them if they needed to move or lift it. This point also relates to the health aspects concern seen
in Figure 3.6.5.2.1. Due to the restriction of the wheelchair, the tenant feared that they would
miss out on being able to use the camera due to their condition.

For residents, the only concern that emerged from one interview was about the device's
manufacturer. As mentioned previously, some residents felt uncomfortable with Amazon
potentially having access to their data, stemming from their discomfort with what they know of
the company.

HCPs had the largest number of concerns, with three out of four worrying about certain
health aspects and two out of four raising concerns about the camera itself. For the health
aspects, HCPs feared that if the camera was used with residents who have dementia, the
resident might play around with or accidentally break the camera as they might forget what it
was used for. Conversely, one HCP noted that they saw the camera as a benefit for older adults
with other behaviours, like fall risks, where the camera could be used to detect those changes.
For device characteristics, two HCPs did raise concerns about charging the camera- if it needed
to be continuously plugged in or if it would fall on the HCPs to be responsible for keeping an
eye on the battery and plugging the camera in when needed. Interestingly, a common
comment from all stakeholders was that they wanted the camera to also record audio. HCPs
noted that if the camera recorded audio, they would block the video portion when conducting
private care with residents. Therefore, it wouldn’t be as big a deal if they forgot to uncover the
camera because all the audio was still being recorded.

3.6.6 Economic Distribution

Economic distribution was another selective code found through emergent content
analysis. While only mentioned during workshops and interviews for the AWS DeeplLens™, it is
an important code to explore and deserves consideration. The breakdown of the benefits and
concerns for the different stakeholder groups can be seen in Figure 3.6.6.1.
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Econmoic Distribution Findings for the AWS DeeplLens
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Figure 3.6.6.1: Economic Distribution subcategory benefits and concerns from tenants, residents, caregivers,
and HCPs for the AWS DeeplLens™

As seen in the figure above, one tenant and one HCP were the only two people to raise
concerns about the impact that the AWS DeepLens™ might have on economic distribution.
While the HCP found it unfair that some older adults, who could afford the device, would
benefit, leaving others upset or underappreciated, the tenant went into far more detail. The
tenant worried that the device might create a class imbalance between people who could
afford the device and those who could not. The tenant feared that this imbalance would lead to
friends growing apart and cause resentment to occur. This point resonated with the social
connectedness category discussed below. If the device breaks apart friendships due to some
people using it and not others, loneliness may become a problem.

3.6.7 Independence

As defined above, independence is one’s ability to complete a task without help from
others or technology. From analyzing the data obtained from the workshops and interviews,
two axial codes emerged and are defined in Table 3-5.

Table 3-5: Axial codes for independence concern

Axial codes for independence Definition

If the stakeholders believe that the device
provides them with the ability to do things

Freedom that they may not be able to do without the
device
If the stakeholders believe an older adult
Use Without Help would be able to use the device without the

assistance of another person
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These codes were further broken down to identify stakeholders' benefits and concerns
with each code (Figures 3.6.7.1.1 and 3.6.7.2.1).
3.6.7.1 Independence in relation to the Hexoskin ProShirt™

All stakeholders had concerns regarding an end user’s ability to use the device without
the assistance of another person and what that might mean for the end-user. The results of the
data analysis for independence can be seen in Figure 3.6.7.1.1.
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Figure 3.6.7.1.1: Independence subcategory benefits and concerns from tenants, residents, caregivers, and
HCPs for the Hexoskin ProShirt™

For tenants, three out of ten had concerns about using the Hexoskin ProShirt™ without
help from an additional person. As was discussed in the Health Aspects code of the Device
Design theme, tenants and residents had concerns about not being able to put the device on
due to ailments such as arthritis and frozen shoulders and would therefore require additional
support if they were to wear the device. However, receiving help with putting the device on
was not a popular idea, as the tenants voiced that they wouldn’t want someone helping them
dress. They expressed concerns that if they need help dressing, they might become dependent
on another person, with one tenant commenting, “/ want something easier to put not, not
someone to help me put it on. | want to put it on myself.” Additionally, they wouldn’t want to
ask someone for help when they need to put the device on or take it off, as one tenant
explained, “If you need help putting it on, that makes a great difference in terms of
independence. You have to wait for the person to help you put it on.”

However, one tenant did see the Hexoskin ProShirt™ providing them with a great deal
of freedom. They noted that by wearing the device, they would be able to go about their life,
doing the things they enjoyed, and if something were to happen, the shirt would be able to
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record the incident and potentially alert someone that something was wrong. The resident
commented, “If | had something like this, | could venture more outside, more independent.”

Residents saw only concerns with the Hexoskin ProShirt™ with their independence. The
resident who touched upon freedom was very concerned about their freedom of movement if
they were to wear the device. This resident, who uses a wheelchair, believed that wearing the
Hexoskin would negatively impact their mobility, as they were concerned that they would
continuously bump into the data recorder or feel generally more restricted by wearing the
device.

Both the caregiver and an HCP also had concerns about an older adult’s ability to use
the device without help. For the caregiver, they noted it was inevitable that their loved one
would require help if they were to wear the Hexoskin ProShirt™. Furthermore, the caregiver
went on to say that asking an HCP to help an older adult put on the device would only increase
the sizable workload that HCPs already undertake. The HCP noted that older adults want to
remain as independent as possible for as long as possible. Therefore, they don’t want to ask for
help unless necessary. This could lead to unintended negative consequences if older adults do
not ask for help and therefore do not wear the device, or if the Hexoskin ProShirt™ is bothering
them, but do not complain and the shirt could end up doing more harm than good.

3.6.7.2 Independence in relation to the AWS Deeplens
Concerns about independence for the AWS DeeplLens™ were mentioned in each stakeholder
group by at least one participant, as seen in Figure 3.6.7.2.1 below.
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Figure 3.6.7.2.1: Independence subcategory benefits and concerns from tenants, residents, caregivers, and
HCPs for the AWS DeeplLens™

Tenants and residents shared similar concerns in that they found that the presence of
the AWS DeepLens™ would make them feel more confined and observed in their own space.
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For example, one tenant noted that if they wanted to eat a peanut butter and jelly sandwich for
dinner one night, and the camera recorded it, their caregiver might find out and remind them
that they shouldn’t be eating peanut butter. This highlights another finding from the SLR, that
older adults want the ability to choose and control their own lives, and the introduction of an
AAL device like the AWS DeepLens™ could change that.

The caregiver and two of four HCPs had concerns about older adults being able to use
the device themselves. The caregiver noted that older adults do their best not to ask other
people for help. Instead, they would rather try to complete a task by themselves. This relates to
the concerns of HCPs, who noted that some residents might