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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 ProShirtTM - a wearable 
device used to monitor and collect vital signs, and the AWS DeepLensTM 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 ProShirtTM and AWS DeepLensTM, 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 (QoL), 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; Ienca 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 (AI) 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 
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(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; Ienca 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 AI 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 AI 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 AI has made 
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over the years (Astell et al., 2020; Jiang et al., 2019; Panico et al., 2020; Sanchez et al., 2019; 
Schomakers & Ziefle, 2019; Skär & Söderberg, 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 AI 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 AI 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.    
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 Each university partner started with a suite of five devices provided by PATH. These 
devices include: 

• 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. 

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

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

• 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. 

• 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: 
 
OBJ1:  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: 
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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 DeepLens™. 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 DeepLens™?  

 
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 DeepLens™.  
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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 
AI 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 DeepLens™. 

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

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. 
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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; Ienca 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 
question 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 & 
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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 

Ethics 

(((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") 

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?
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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: 

• 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.  

• 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.  

• 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.  

• 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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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. 
 

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 
occur (Biermann et al., 2018; Cesta et al., 2018; de Belen et al., 2019; Mincolelli et al., 2018, 
2019; Pal et al., 2018; Skär & Söderberg, 2018). Panico et al. (2020) describe autonomy as the 
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 Isolation, 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 
quote highlights the idea that older adults are not homogeneous (Skär & Söderberg 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.  
 

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), 
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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” (Skär & Söderberg, 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 project1) 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.  

 
1 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 



 26 

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 
ProShirtTM), 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 (Grönvall & 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 ProShirtTM and 
the AWS DeepLens TM.    

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 



 28 

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, I 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 
ProShirtTM and the AWS DeepLensTM, 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 ProShirtTM and the AWS DeepLensTM, seen in Figures 3.1.1 and 3.1.2, 
respectively. As introduced in Chapter 1.0, the Hexoskin ProShirtTM is a wearable device that 
collects the wearer’s vital sign data, and the AWS DeepLensTM is a deep-learning enabled video 
camera.  

 
Figure 3.1.1: Hexoskin ProShirtTM from Men (left) and Women (right) 
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Figure 3.1.2: Front (left), Side (middle), and Back (right) view of AWS DeepLens cameraTM  

 
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 ProShirtTM and the AWS DeepLensTM, 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 ProShirtTM and the AWS DeepLensTM.  
 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 
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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 ProShirtTM, while the workshop in Building B investigated the AWS DeepLens TM.  



 32 

 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 AI 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 ProShirtTM 
and the AWS DeepLensTM.  

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 ProShirtTM and the AWS DeepLensTM. The six ethical 
concerns are identified and described below:  
 

1. Personal Privacy: the control one has over their physical self or space 
2. Data Privacy: the control one has over information that is personal to them  
3. Autonomy: the ability to make decisions for oneself 
4. 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  

 
  It should be noted that while comfort was not one of the top six ethical concerns 
identified in the SLR, I 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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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.  
 

     
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 ProShirtTM, and three looked at the AWS DeepLensTM. Similarly, one interview with a 
caregiver focused on the Hexoskin ProShirtTM, and the other, the AWS DeepLensTM. 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 ProShirtTM, and the 
remaining four looked at the AWS DeepLensTM. 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 ProShirtTM for Building A and the AWS 
DeepLens TM 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 TM. 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 DeepLens TM.  

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.  

 

 
Figure 3.5.1.1: Cue Cards from tenants after AWS DeepLens Workshop 

 
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 ProShirtTM or the AWS DeepLensTM). 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 ProShirtTM and the AWS DeepLensTM. 

 
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 ProShirtTM 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 DeepLensTM 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 ProShirtTM or AWS 
DeepLensTM 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 ProShirtTM  
For the Hexoskin ProShirtTM, the tenant and resident stakeholders had the most to say about 

the codes in autonomy (Figure 3.6.1.1.1).    
 

 
Figure 3.6.1.1.1: Autonomy subcategory benefits and concerns from tenants, residents, caregivers and HCPs for 

the Hexoskin ProShirtTM 
 

For tenants, benefits with the Hexoskin ProShirtTM 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 I had something like this, I 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. I 
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 ProShirtTM 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 ProShirtTM, with one resident voicing concerns like, “Is it going to get caught on my 
elbow every day? Every time I move? Is it going to be there where I try and bend at the waist a 
little bit?”  
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The caregiver had concerns about how the Hexoskin ProShirtTM 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 ProShirtTM’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 ProShirtTM. 

 
3.6.1.2 Autonomy in relation to the AWS DeepLensTM   

For the AWS DeepLensTM, 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. 
 

 
Figure 3.6.1.2.1: Autonomy subcategory benefits and concerns from tenants, residents, caregivers and HCPs for 

the AWS DeepLensTM 
 

For tenants, benefits and concerns were present for autonomy when considering the 
AWS DeepLensTM. 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 
DeepLensTM, 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 I don’t bother the girls, but I don’t bother the girls unless 
something drastic happens.” 

All residents interviewed about the AWS DeepLensTM 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 
DeepLensTM. 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 DeepLensTM, 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 I 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, I 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 

Location 
How stakeholders feel about where the 
device is placed in their apartment or room 
(more for the AWS DeepLensTM) 

Mindset If the devices would give stakeholders peace 
of mind (benefit) or anxiety (concern) 

Time of Day 
If stakeholders would prefer to use the 
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 ProShirtTM) 

 
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.   
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3.6.2.1 Comfort in relation to the Hexoskin ProShirtTM 
Figure 3.6.2.1.1 illustrates that tenants expressed a variety of concerns for comfort 

when it comes to the Hexoskin ProShirtTM, followed by concerns from HCPs, then residents, and 
finally caregivers. However, tenants and HCPs also expressed many comfort-related benefits 
with the Hexoskin ProShirtTM.   

  

 
 Figure 3.6.2.1.1: Comfort subcategory benefits and concerns from tenants, residents, caregivers and HCPs for 

the Hexoskin ProShirtTM 

 
For tenants, the most discussed concern within comfort was wearing the Hexoskin 

ProShirtTM, with seven out of ten tenants making a note of it, with comments such as, “I 
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 I 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, I 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 ProShirtTM would be, with fears that it would 
impact their daily routines. As one tenant noted, “If I'm wearing it all day and I 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 ProShirtTM 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, “I 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 I 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 ProShirtTM 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 ProShirtTM, with one HCP noting, “I 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 DeepLensTM   

Figure 3.6.2.2.1 shows that while a few benefits are seen for comfort with the AWS 
DeepLensTM, almost all stakeholder groups had concerns about two or more axial codes, with 
HCPs having the most concerns, followed by tenants and residents.  
 

 
Figure 3.6.2.2.1: Comfort subcategory benefits and concerns from tenants, residents, caregivers and HCPs for the 

AWS DeepLensTM 

 
For tenants, the axial code that highlighted the biggest concern was the Location of the 

AWS DeepLensTM. While three out of four tenants were unsure where the AWS DeepLensTM 
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 DeepLensTM 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 
DeepLensTM. The caregiver noted that if they were to use the AWS DeepLensTM with their loved 
one, it would bring them peace of mind. The caregiver saw the AWS DeepLensTM 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 DeepLensTM 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 DeepLensTM. One HCP pointed out that for a device like the DeepLensTM, 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 ProShirtTM 
 

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

Hexoskin ProShirtTM 

 
Tenants raised the most questions about the cost of the Hexoskin ProShirtTM, 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 ProShirtTM, 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 DeepLensTM   
For the cost of the AWS DeepLensTM, only tenants and HCPs had concerns regarding the 

device's price, as seen in Figure 3.6.3.2.1 
 

 
Figure 3.6.3.2.1: Cost subcategory benefits and concerns from tenants, residents, caregivers and HCPs for the 

AWS DeepLensTM 
 

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 ProShirtTM. 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). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 50 

3.6.4.1 Data Privacy in relation to the Hexoskin ProShirtTM 
 

 
Figure 3.6.4.1.1: Data Privacy subcategory benefits and concerns from tenants, residents, caregivers and HCPs 

for the Hexoskin ProShirtTM 
 

As seen in Figure 3.6.4.1.1, six out of ten tenants saw benefits with the Hexoskin 
ProShirtTM 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 ProShirtTM 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 ProShirtTM 
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 



 51 

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 DeepLensTM   

Interestingly, across the board, stakeholders had fewer data privacy concerns with the 
AWS DeepLensTM than they did with the Hexoskin ProShirtTM (Figure 3.6.4.2.1). 
   

 
Figure 3.6.4.2.1: Data Privacy subcategory benefits and concerns from tenants, residents, caregivers and HCPs 

for the AWS DeepLensTM 
 

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 DeepLensTM. 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 
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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 I 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 ProShirtTM and the AWS DeepLensTM. 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 

Colour Choice What stakeholders think of the colour of the 
device (applies to Hexoskin ProShirtTM) 

Device Characteristics 

What stakeholders think about the devices as 
they are (i.e., the layout of the Hexoskin 
ProShirtTM, or the weight and movability of 
the AWS DeepLensTM) 

Health Aspects 

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

Material What stakeholders think about the fabric of 
the device (applies to Hexoskin ProShirtTM) 

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

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

Across the board, all stakeholder groups had many more concerns regarding device 
design for the Hexoskin ProShirtTM than they did positives, as seen in Figure 3.6.5.1.1.  

 

 
Figure 3.6.5.1.1: Device Design subcategory benefits and concerns from tenants, residents, caregivers, and HCPs 

for the Hexoskin ProShirtTM 
 

For tenants, the code with the most concerns from eight out of ten participants was the 
device characteristics of the Hexoskin ProShirtTM. This means that many tenants had concerns 
about the Hexoskin ProShirtTM 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 ProShirtTM. 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 ProShirtTM 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 ProShirtTM. 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 ProShirtTM (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 
ProShirtTM, 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 ProShirtTM. 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 DeepLensTM 

Compared to the Hexoskin ProShirtTM, stakeholders did not have as many concerns with 
the design of the AWS DeepLensTM. HCPs and tenants had the highest number of concerns, and 
the caregiver had no concerns, as seen in Figure 4.5.2.1. 
 

 
Figure 3.6.5.2.1: Device Design subcategory benefits and concerns from tenants, residents, caregivers, and 

HCPs for the AWS DeepLensTM 
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For three out of four tenants the main concern with the AWS DeepLensTM 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 DeepLensTM, 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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Figure 3.6.6.1: Economic Distribution subcategory benefits and concerns from tenants, residents, caregivers, 

and HCPs for the AWS DeepLensTM 
 

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 DeepLensTM 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 

Freedom 

If the stakeholders believe that the device 
provides them with the ability to do things 
that they may not be able to do without the 
device 

Use Without Help 
If the stakeholders believe an older adult 
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 ProShirtTM 

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.  
 

 
Figure 3.6.7.1.1: Independence subcategory benefits and concerns from tenants, residents, caregivers, and 

HCPs for the Hexoskin ProShirtTM 
 

For tenants, three out of ten had concerns about using the Hexoskin ProShirtTM 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, “I want something easier to put not, not 
someone to help me put it on. I 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 ProShirtTM 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 I had something like this, I could venture more outside, more independent.” 

Residents saw only concerns with the Hexoskin ProShirtTM 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 ProShirtTM. 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 ProShirtTM 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 DeepLensTM were mentioned in each stakeholder 
group by at least one participant, as seen in Figure 3.6.7.2.1 below. 

  

 
Figure 3.6.7.2.1: Independence subcategory benefits and concerns from tenants, residents, caregivers, and 

HCPs for the AWS DeepLensTM 
 
Tenants and residents shared similar concerns in that they found that the presence of 

the AWS DeepLensTM 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 DeepLensTM 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 forget what the camera was, what 
it was for, or what they would need to do if they needed to operate it. In response to this 
concern, one HCP suggested that if the residents were required to interact with the camera, 
clear and informative steps should be written out, telling the resident what they need to do 
with the device. 
 
3.6.8 Personal Privacy 

Personal privacy is defined as the control one has over their physical self or space. One 
axial code was found through data analysis about how stakeholders saw the devices impacting 
their personal privacy. The code is defined in Table 3-6. 
 
Table 3-6: Axial codes for personal privacy concern 

Axial codes for personal privacy Definition 

Feeling with the Device 
If the stakeholder feels as though the device 
is a benefit or an intrusion in their personal 
space   

 
The axial code was broken down further to identify the benefits and concerns that 

stakeholders had with the code (Figures 3.6.8.1.1and 3.6.8.2.1). 
 
3.6.8.1 Personal Privacy in relation to the Hexoskin ProShirtTM 

Across all stakeholder groups, personal privacy for the Hexoskin ProShirtTM was not a 
significant area of concern. HCPs had no benefits or concerns about personal privacy, and only 
one or two participants from the remaining stakeholder groups saw concerns, as seen in Figure 
3.6.8.1.1. 
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Figure 3.6.8.1.1: Personal Privacy subcategory benefits and concerns from tenants, residents, 

caregivers, and HCPs for the Hexoskin ProShirtTM 
 

For tenants, one tenant was concerned about how the device would make them feel in 
their own space and wondered if they would need to wear the device in their own home. This 
concern gives credit to the idea that while tenants may see the benefits of the Hexoskin 
ProShirtTM, the idea of wearing it all day or when they are at home is not a popular one.  

For two of three residents, concerns were voiced over their feelings about the Hexoskin 
ProShirtTM. Both stated that wearing such an apparent monitor would make them 
uncomfortable in their own space, and even more so if they had to wear it continuously.  

Lastly, the caregiver was concerned about how the device would make them feel in their 
own space. Interestingly, while they were okay with their loved one using the device, their 
concern stemmed from the device's name. The caregiver suggested that using a device called 
the ‘Hexoskin ProShirt’ made them feel like they were in “Star Wars” and were using 
technology well beyond their understanding.  
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3.6.8.2 Personal Privacy in relation to the AWS DeepLensTM   
Unsurprisingly, personal privacy with the AWS DeepLensTM was a popular topic with all 

stakeholder groups, with stakeholders voicing both benefits and concerns, as seen in Figure 
3.6.8.2.1. 

 

 
Figure 3.6.8.2.1: Personal Privacy subcategory benefits and concerns from tenants, residents, 

caregivers, and HCPs for the AWS DeepLensTM 
 

Overall, two out of the four stakeholder groups saw more benefits with personal privacy 
for the AWS DeepLensTM, than they did concerns.  

For tenants, three out of four participants had positive things to say about their feelings 
toward the device. Tenants commented that they thought the camera would be an added 
benefit in their lives. For the concern, even though tenants saw many benefits to the device, 
one tenant had reservations about it in their bedroom or bathroom, as discussed above.  

For residents, participants raised both a benefit and a concern with the AWS 
DeepLensTM. One resident was very against the idea of the camera in their space and said they 
would feel very uncomfortable with the camera recording them, especially when they were 
asleep. On the other hand, the resident who raised the benefit with the camera felt that the 
camera would bring positives, saying “If I would have had one, oh gosh, I'd be happy.” 

Just as with the residents, the caregiver had a benefit and a concern for their feeling 
with the camera. They believed that their loved one would be uncomfortable with the device 
recording some aspects of their care. However, the caregiver noted if they were asked to use 
the device, they would have no problems with it due to its potential benefits.    

Just as with tenants, HCPs saw more benefits than concerns about how they would feel 
with the AWS DeepLensTM in their space. HCPs commented that a camera in a resident’s room 
would feel fine as it would have no impact on how they performed their required duties, with 
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one HCP commenting, “For me, personally, I don’t mind, because you just do what you need to 
do, and that’s the right thing to do.”  

 
3.6.9 Safety 

Safety is a selective code that was identified through emergent content analysis. Even 
though only a few stakeholders had comments in relation to this code, it was interesting to see 
how many stakeholders saw benefits with the devices in relation to their safety. The safety 
code was created by grouping two axial codes together, which are explained in Table 3-7. 
 
Table 3-7: Axial codes for safety concern 

Axial codes for safety Definition 

Safety If the stakeholders think the device can keep 
them safe 

Security If the stakeholders feel as though the device 
provides them with a sense of security  

 
The axial codes are broken down further to identify the benefits and concerns that 

stakeholders had with the codes (Figures 3.6.9.1.1 and 3.6.9.2.1). 
 

3.6.9.1 Safety in relation to the Hexoskin ProShirtTM 

 Safety for the Hexoskin ProShirtTM was not a concern for many of the stakeholders, with 
only one tenant seeing a benefit for their safety if they used the shirt, as seen in Figure 
3.6.9.1.1. 
 

 
Figure 3.6.9.1.1: Safety subcategory benefits and concerns from tenants, residents, caregivers, and HCPs for the 

Hexoskin ProShirtTM 

 



 63 

The tenant who saw a benefit with the Hexoskin ProShirtTM for safety believed the shirt 
could help to keep them safe if they decided to leave the house. Tied to the freedom point 
explored in 3.6.7.1, the tenant believed that the device could be an additional safety measure if 
they ventured outside or became more independent. 
 
3.6.9.2 Safety in relation to the AWS DeepLensTM 

 Safety for the AWS DeepLensTM was a very positive conversation with stakeholders, with 
many stakeholders seeing more benefits with the camera than concerns, as seen in Figure 
3.6.9.2.1. 
 

 
Figure 3.6.9.2.1: Safety subcategory benefits and concerns from tenants, residents, caregivers, and HCPs for the 

AWS DeepLensTM 

 

For tenants, three out of four participants had positive things to say about the sense of 
security the device would bring them. Tenants commented that they thought the camera would 
be an added benefit in their lives and an extra measure of security in their homes if something 
happened. One tenant commented, “It would make me feel more secure.” In addition, tenants 
suggested that their caregivers would also feel more secure with the camera, knowing that it 
was monitoring their loved ones.  

For residents, at least one participant saw benefits with the AWS DeepLensTM for both 
codes. Like tenants, residents said they would welcome the device into their space as they 
could see its ability to aid in their safety and security. Interestingly, for security, the resident did 
not relate the security to themselves but saw the camera as something that could watch their 
room while they were gone if any other residents came in, like a security camera. 

Just as with tenants, HCPs saw benefits with the AWS DeepLensTM, with two out of four 
seeing security benefits. HCPs commented that the camera would not only be a security benefit 
for the residents, but also for themselves. As one HCPs noted, if anything did happen and their 
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practice was called into question, they would be able to go back through the data collected by 
the camera and find the truth, “…because that would help the protection for the resident and 
for ourselves, like for me, as a healthcare worker.” 
 
3.6.10 Device Purpose 

Device purpose is another selective code that was identified through emergent content 
analysis. In the data analysis, many questions and comments were found relating to what 
stakeholders thought the devices would be suitable for. In particular, stakeholders had 
concerns that all the devices would do is collect data with nothing given back in return. The 
breakdown of benefits and concerns relating to Device Purpose can be seen in Figure 3.6.10.1.1 
and Figure 3.6.10.2.1.     
 
3.6.10.1 Device Purpose in relation to the Hexoskin ProShirtTM 

 

 
Figure 3.6.10.1.1: Purpose of the Device benefits and concerns from tenants, residents, caregivers, and HCPs 

for the Hexoskin ProShirtTM 
 

Four out of ten tenants had concerns regarding what the Hexoskin ProShirtTM would be 
used for. Similar to findings from the SLR, while tenants saw the benefits that the device might 
bring, many of them stated that they did not need such a device at this time in their lives, with 
multiple tenants saying similar lines like, “I have a high rating for the product, but necessity is 
not needed at this time.” This conversation inspired comments from tenants that if they were 
asked to use the device, they would need a convincing reason to do so, as one tenant stated, 
“Yeah, I would need a reason. I’m not going to wear it just because.” Conversely, two tenants 
believed that the Hexoskin ProShirtTM would be a benefit because it could monitor their vital 
signals while doing the things they enjoyed, and if something happened, the shirt would record 
the event. Additionally, one tenant commented that depending on how sophisticated the shirt’s 
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sensors are, it might be able to detect underlying or unknown health conditions, which they 
saw as a convincing factor.  

For residents, each one could see benefits and concerns with the Hexoskin ProShirtTM. 
Residents stated that if the device was monitoring for something specific, there would be a 
purpose for wearing it, with all residents saying similar lines like, “If I was having an issue like if I 
had coronary history or thrombosis history or something like that, I might be convinced to wear 
it.” However, each resident vehemently stressed that to wear the shirt, they would need a 
reason, saying lines like, “You gotta convince me that it’s going to be to my advantage,” and 
“For me, it would all come from the ‘why I’m wearing the shirt.” One resident went as far as to 
state that if the device did not serve a purpose, then it was “useless.” 

The caregiver had a similar view to the residents, where they could see benefits and 
concerns with the device's purpose. They stated that if the device had a goal, then wearing it 
would be a benefit, “If it were being used as a monitoring device and was used as some kind of 
alert system or early warning system, I would think that would be the value of it. You know, if a 
person is going to have a heart attack or blood pressure drops, then you might want to dash in 
there and take a look.” However, the caregiver suggested that with the current model of the 
Hexoskin ProShirtTM, they would need a lot of convincing that the device would be beneficial for 
their loved one, “I mean, it would have to be a really good sell job to convince me that the 
wearability of it, and the convenience of it, that it’s worth it. Right now, I don’t see it.” 

Interestingly, the benefits and concerns for the HCPs were reversed from the tenants, 
with four HCPs seeing benefits with the Hexoskin ProShirtTM’s purpose and two having 
concerns. HCPs that commented on benefits thought that it was good the device could monitor 
an older adult’s vital signs and could therefore warn staff if something went wrong, with one 
HCP commenting, “I can see the importance of having the monitor, especially for things for 
people who have high blood pressure, or if you’re trying to mitigate any further complications 
going forward.” However, two of the four HCPs that noted benefits with the shirt also pointed 
out concerns regarding the device’s purpose, stating that the shirt would likely be better for 
either a younger generation or older adults who are still active in their day-to-day lives. This 
finding suggests that both HCPs did not see a purpose for the Hexoskin ProShirtTM in Long Term 
Care, with one HCP saying, “I feel like this machine, this device, would be easier to implement in 
a younger population,” and “It would be good on some people who have cardiac problems, but 
in Long Term Care? I don’t think so.”  
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3.6.10.2 Device Purpose in relation to the AWS DeepLens TM  
Stakeholders who participated in a workshop or interview for the AWS DeepLensTM saw 

many more benefits than concerns, as see in Figure 3.6.10.2.1. 
 

 
Figure 3.6.10.2.1: Purpose of the Device benefits and concerns from tenants, residents, caregivers, and HCPs 

for the AWS DeepLensTM 
 

Three out of four tenants commented on the benefits that they believed the AWS 
DeepLensTM could have in their lives. The tenants who lived on their own noted that the device 
would have a clear advantage for them, as it could record and potentially alert a caregiver or 
the LTCF that something had happened. Furthermore, although some residents were against 
using the camera in some spaces, they did acknowledge that many accidents occur in the 
bathroom, such as slipping or falling, so having the camera there might be an advantage. 
Overall, tenants agreed that the AWS DeepLensTM would be a welcome addition to other 
systems, with one tenant saying, “It would be an additional system. I have this [points to button 
around neck], I have my phone. If I fall on my phone, I can’t access these things, so maybe the 
camera would catch something, and maybe alert somebody else.” 

For residents, all participants acknowledged that they saw benefits with the camera; 
two out of the three told the researchers how much more beneficial the device would have 
been when they were younger and working. These stories made it clear that the residents saw 
the camera’s benefit in situations when they were working but did not see a precise application 
at the LTCF. This was touched on above when it was mentioned that one resident saw the AWS 
DeepLensTM as a security camera. However, the same resident noted that if the camera could 
act as a reminder system to drink water or take their pill, they would find that very beneficial. 
Another resident commented that if HCPs could use the camera at night to check in on the 
resident instead of opening their door while they were sleeping, that would be an advantage.  
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The caregiver saw many different applications for which the AWS DeepLensTM could be 
used. The application that they were particularly concerned about for their loved one was the 
risk of choking, mentioning that it would be a great benefit if the camera could detect and alert 
an HCP that someone was choking.  

Three out of four HCPs saw benefits with the AWS DeepLensTM, while two had concerns. 
Just as with the Hexoskin ProShirtTM, some HCPs wanted to be clear on what the data collected 
by the AWS DeepLensTM is used for, i.e., they wanted to understand the purpose of the device 
before they jumped into using it and letting it record them. On the other hand, the HCPs who 
saw benefits with the camera saw it as a helpful tool to aid them in their duties. For example, 
one HCP saw a clear advantage for residents who wake up at night. The HCP noted that many 
accidents happen overnight because it is dark, and the older adult does not want to bother 
anyone, so they try and get out of bed themselves. Therefore, the HCP noted that if the device 
could detect a resident trying to get up from their bed, the HCPs could be alerted and help the 
resident before an accident happens. Other HCPs noted similar benefits, where the device 
might be able to detect behaviours that would alert HCPs to go check on a resident.     
 
3.6.11 Social Connectedness 

Social Connectedness was defined above as the experience of feeling close or connected 
to others and is the sense of belonging to a social relationship. By conducting the data analysis 
on the workshops and interviews with stakeholders, six axial codes emerged relating to Social 
Connectedness and are defined in Table 3-8.   
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Table 3-8: Axial codes for social connectedness concern 
Axial codes for social connectedness Definition 

Having People Over 

How stakeholders would feel if they invited 
people into their space while using the device 
(tenants or residents) or how the stakeholder 
would feel visiting a room where the device 
was being used (caregivers or HCPs) 

Human Contact 
If stakeholders believe the device would 
increase or decrease the amount of contact 
they have with other people 

Lone Wolf 

An expression that looks to see how 
stakeholders would feel if they were the only 
ones using the device (i.e., none of their 
friends were using the device) (applies to 
tenants and residents) 

Loneliness If stakeholders believe the device would 
improve or propagate loneliness 

Other People Knowing 

Investigates how stakeholders would feel if 
other people were to find out that they were 
using the device if they were not informed 
beforehand (applies to tenants and 
residents) 

Reporting on Findings 

Stakeholders want researchers to use the 
devices as a means of facilitating 
communication between stakeholders and 
researchers 

 
The axial codes were broken down further to identify the stakeholders' benefits and 

concerns with each code (Figures 3.6.11.1.1 and 3.6.11.2.1). 
 

3.6.11.1 Social Connectedness in relation to the Hexoskin ProShirtTM 
Tenants and residents expressed most of the concerns about social connectedness 

related to the Hexoskin ProShirtTM. At the same time, the caregiver had very little to say, and 
nothing was noted by HCP participants. Overall, very few benefits were seen, with only two 
tenants and one resident commenting on positive aspects. The breakdown of the benefits and 
concerns for the axial codes can be seen in Figure 3.6.11.1.1.   
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Figure 3.6.11.1.1: Social Connectedness subcategory benefits and concerns from tenants, residents, caregivers, 

and HCPs for the Hexoskin ProShirtTM 
 

For tenants, the axial code with six out of ten concerns was other people finding out 
that they were wearing the Hexoskin ProShirtTM. Similar findings were noticed in the SLR 
presented in Chapter 2, where older adults fear that if people find they are using an assistive 
device, people will stereotype them as ‘needing help’ or ‘frail,’ which is not how older adults 
want to be perceived. This was demonstrated in a comment from a tenant who said, “By not 
telling them, they might think that you have a health issue.” Many of the tenants believed that 
it was no one else’s business if they were wearing a device or not, and preferred to keep it to 
themselves. This conversation led back to the debate about colour, where some tenants 
remarked that the darker colour of the shirt would be more noticeable and might cause other 
people to question what they were wearing, as one tenant noted, “If they want you to wear it 
in the summertime, can they make it in white, so it’s not so obvious”.  

For residents, at least one participant had concerns with each axial code. Using NVivo’s 
Word Count feature, reporting on findings was the most discussed concern at 66 words, 
followed by human contact at 56 words, and having people over at 43 words. For the resident 
concerned about reporting on findings, they expressed that if they wore the Hexoskin 
ProShirtTM they would want researchers coming to talk to them about the device and the data it 
was collecting. That way, the resident could be engaged in what the device is doing and an 
active participant in their own health. In the words of the resident, “I would hope that by virtue 
of me wearing it, and affording somebody the data that I would end up either having someone 
come and talk to me.”  

The caregiver had similar feelings to the resident and went on to say that often when 
participants learn that feedback is not given as a result of a study, they don’t participate. In the 
caregiver’s own words, “Most people are very upset if in fact they say, well we didn’t actually 
plan on sharing [the data]. So, then it turns into an okay, goodbye.” Here, the caregiver was 
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speaking about studies that have been conducted at the LTCF in the past. However, the 
caregiver was trying to express that if open communication does not exist between the users 
and engineers or designers, then tenants and residents are less likely to be interested in any 
future AAL technology that is presented.     
 
3.6.11.2 Social Connectedness in relation to the AWS DeepLensTM   

For social connectedness, most stakeholder groups showed more concerns than 
benefits with the AWS DeepLensTM, as seen in Figure 3.6.11.2.1.   
 

 
Figure 3.6.11.2.1: Social Connectedness subcategory benefits and concerns from tenants, residents, caregivers, 

and HCPs for the AWS DeepLensTM 
 

Two out of four tenants had concerns with the axial codes of having people over and 
loneliness. Tenants indicated that if they had guests over, they would want to turn off the AWS 
DeepLensTM so that it wouldn’t record their interactions with family members, caregivers, or 
friends. Tenants also had loneliness concerns, fearing that caregivers might become reliant on 
the camera and use it to check in on them rather than coming in person to see them. This 
concern also fed into the human contact concern voiced by one tenant, who indicated they 
would miss the caregiver if they stopped coming by because of the camera, “You’d miss the 
person that you’ve been used to having to help you.” However, tenants noted that if the camera 
could speak to them, or their loved ones or caregivers could use the camera to communicate 
with them, the camera could bring people together, with one tenant surmising that the camera 
could see loneliness, “I guess more for facilitating conversations because, if you are by yourself, 
and unless you go to sit outside or come to coffee, you’re not with anybody. So, if it could bring 
people together, that would be ideal.” 

Residents had similar concerns to tenants about the axial codes of having people over 
and a loss of human contact. Just as with tenants, two out of three residents indicated that they 
would turn the AWS DeepLensTM off if they had visitors, preferring that the camera did not 
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record those interactions. One resident also stated a concern with a loss of human contact, 
fearing that they would have no one to talk to if they used the camera, “…Because there aren’t 
too many people that you can talk to, and I like to chit chat.” The resident also noted that the 
camera is no replacement for a human being. 

The caregiver was the only stakeholder group to see more benefits with the AWS 
DeepLensTM for Social Connectedness than concerns. The caregiver noted that loneliness is a 
significant factor among older adults, especially in LTC. Therefore, the caregiver believed that 
residents would feel more connected and at peace, knowing that their loved ones or caregivers 
could watch them through the camera, “…I think that the residents would have more peace and 
contentment, knowing that there is a loved one within their reach, where they know that 
someone is looking after them.”  
  While HCPs noted no benefits for social connectedness for the AWS DeepLensTM, three 
out of four participants did have concerns about a loss of human contact. HCPs were worried 
that a camera would impact their relationship with residents, with one HCP stating, “It can also 
take away the one-on-one relationship, and the trust between the resident and the staff.” As 
one HCP put it, to build up trust between the HCP and the resident, they need to build a 
positive, friendly, and trusting relationship, and they worried that the camera might change 
that dynamic, “So I think the device might limit the openness that the resident and staff have if 
everything is being recorded. There are more barriers. Like, I better not be chatty, or being too 
friendly with this resident” Another HCP pointed out that if their attention was always focused 
on the camera, then less time could be spent with the resident, and that could also have 
negative implications, “If we’re paying attention to that, then we’re taking away time to 
actually go talk to the resident. Even though they might not be able to answer you, but still 
they’d could have that feeling of somebody being there, and that’s important that they know 
that we’re there.”  
 
3.6.12 Workload 

Workload was the last selective code that was identified through our emergent content 
analysis. Workload emerged due to stakeholder’s comments on how the devices may relieve or 
add to the strenuous workload that HCPs are responsible for. The breakdown of benefits and 
concerns for each device by each stakeholder group for workload can be seen in Figure 
3.6.12.1.1 and Figure 3.6.12.2.1. 
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3.6.12.1 Workload in relation to the Hexoskin ProShirtTM 
The breakdown of benefits and concerns for workload for the Hexoskin ProShirtTM can 

be seen in Figure 3.6.12.1.1, where HCPs have the largest number of concerns, and residents 
did not comment. 
 

 
Figure 3.6.12.1.1: Workload benefits and concerns from tenants, residents, caregivers, and HCPs for the 

Hexoskin ProShirtTM 
 

For the tenant and caregiver who expressed concern over workload, they saw the 
Hexoskin ProShirtTM as something that would add additional load to an HCP’s day, with wearers 
being uncomfortable, waiting to take the device off, needing help putting the device on, or 
asking for interpretations of the data coming from the shirt, with the caregiver stating, “It’s just 
another task that HCPs really don’t need”. The caregiver also noted that if the Hexoskin 
ProShirtTM were to be implemented and used at the LTCF, it would mean a change in the entire 
structure of the centre. 

For HCPs, many more concerns about workload were noted than benefits. For example, 
four out of four HCPs interviewed about the Hexoskin ProShirtTM stated concerns with the 
device, while two also noted the benefits. The concerns HCPs had regarding the Hexoskin 
ProShirtTM were wide-ranging, from who would be responsible for the well-being of the device, 
miscommunications that might happen between shift changes or the number of steps it would 
take to get the device on. Furthermore, HCPs may require additional training to know how to 
use the device or interpret the data coming out of it, with one HCP pointing out, “You have to 
have these special courses to read ECGs, it’s not everyone who can read them.” Therefore, if 
HCPs were expected to be able to interpret data from the shirt and provide feedback to the 
wearer or the wearer’s caregivers, then additional training and coursework would be required. 
However, on the opposite side of the spectrum, some HCPs noted that even though there 
would be an increased amount of workload, if the device could show that their care was 
working, the extra workload would be worth it, as one HCP noted, “If it could really help an 
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aspect of my work, knowing that there is a bit more work at first to get accustomed to it, I’d 
probably still be willing to put it in place.”  

  
3.6.12.2 Workload in relation to the AWS DeepLensTM 

HCPs were the only stakeholder group to raise both benefits and concerns with the 
workload for the AWS DeepLensTM, as seen in Figure 3.6.12.2.1.   
 

 
Figure 3.6.12.2.1: Workload benefits and concerns from tenants, residents, caregivers, and 

HCPs for the AWS DeepLensTM 
 

Three out of four HCPs pointed out benefits that they saw the AWS DeepLensTM 
achieving with workload. However, each HCP interviewed also raised concerns about workload. 
For benefits, HCPs saw the camera as something that could be used to check in on the residents 
so that HCPs could have time to complete other tasks they needed to get done instead of going 
door to door to ensure all of the residents were doing okay. However, all HCPs interviewed also 
spoke about the added workload the AWS DeepLensTM would create, from making sure the 
camera was charged to ensuring that they were conducting care in a manner that would block 
aspects the resident did not want recorded. One HCP noted that with the pandemic, HCPs in 
LTC facilities are already stretched thin, so bringing in another device that would add more 
work to their plate would be a challenge, “…you might be asking too much of the PSWs, 
especially with the pandemic going on right now. And we work so hard anyways, and our 
workload keeps increasing.” One HCP also commented that due to the additional time it would 
take to make sure they were explaining everything to the resident so that nothing could be 
called into question at a later date, the HCP was worried that they would fall behind with other 
residents or with other work, “… the disadvantage is that you have to be extra, or more careful, 
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because you’d have to say all of the extra details about what you’re going to do, which would 
take more time.” 
  
3.6.13 Device Ratings  
 As discussed earlier in this chapter, to conclude each workshop or interview, 
participants were asked how they would rate the device in terms of the conversation during the 
workshop or interview. The rating is meant to be a quantitative value of what participants think 
of the device as a whole while keeping in mind the ethical concerns they discussed. Participants 
were asked to rate the device on a scale from 0-to 5, where 0 means the device does nothing to 
address the ethical concern(s) and they want nothing to do with it, while 5 means the device 
fully addresses the ethical concern(s) and they would be willing to use it as soon as possible. For 
the workshops, tenants rated the device according to each discussed ethical concern, while 
residents, caregivers, and HCPs were asked to give an overall rating of the device at the end of 
the interview. Therefore, to obtain an overall rating from tenants, the averages of each ethical 
concern were calculated, and those averages were averaged to obtain an overall rating for the 
device. 
 The overall ratings for the Hexoskin ProShirtTM and AWS DeepLensTM can be seen in 
Figures 3.6.13.1.1 and 3.6.13.2.1, respectively. 
 
3.6.13.1 Overall Device Rating for the Hexoskin ProShirtTM 

 Looking at Figure 3.6.13.1.1, all stakeholder groups provided high ratings for the  
Hexoskin ProShirtTM, with tenants and the caregiver rating the device a 4/5, while residents and 
HCPs gave the Hexoskin ProShirtTM a 3.5/5.   
 

 
Figure 3.6.13.1.1: Overall Device Rating and Percentage from tenants, residents, caregivers, and HCPs for the 

Hexoskin ProShirtTM 
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 Since multiple tenants, residents, and HCPs participated in workshops and interviews 
with the Hexoskin ProShirtTM, Standard Deviation (S.D) was calculated for each stakeholder 
rating of the shirt. The S.D for calculated for tenants is ± 0.47, ± 0.62 for residents and ± 0.65 for 
HCPs.  
 
3.6.13.2 Overall Device Rating for the AWS DeepLensTM 
 The ratings for the AWS DeepLensTM were more spread out compared to the Hexoskin 
PorShirtTM, as can be seen in Figure 3.6.13.2.1. Both tenants and HCPs gave the camera rating of 
4/5, residents gave the camera a 3.5/5 rating, and the caregiver gave the AWS DeepLensTM a 
5/5 rating. 
 

 
Figure 3.6.13.2.1: Overall Device Rating and Percentage from tenants, residents, caregivers, and HCPs for the 

AWS DeepLensTM 

 
Just as with the Hexoskin ProShirtTM, S.D was calculated for the device ratings of the 

AWS DeepLensTM for each stakeholder group. The S.D for calculated for tenants is ± 0.77, ± 1.45 
for residents and ± 0.99 for HCPs. 
 
3.7 Summary  
 The purpose of this chapter was twofold: 1) to present a detailed explanation of the 
study design used to conduct research with LTCF stakeholders, including tenants, residents, 
caregivers, and HCPs; and 2) to report the findings from the PD workshops and interviews 
conducted to investigate LTCF stakeholders’ ethical thoughts regarding two AAL devices 
 The findings from the SLR presented in Chapter 2.0 provided a starting point for 
conducting research with the LTCF stakeholders. The SLR identified the initial ethical concerns 
and provided the groundwork for the topics that would be explored with participants for the 
Hexoskin ProShirtTM and the AWS DeepLensTM. In the workshops with tenants, participants 
were actively involved, communicating with each other to discuss their thoughts on ethical 
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concerns relating to a device. These discussions raised new ethical concerns for both devices 
and were explored further in the remaining interviews. In the interviews with residents, 
caregivers, and HCPs, a semi-structured approach was used to ask participants their thoughts 
on a device while still allowing them to ask questions of their own.   

By using the modified Grounded Theory appraoch, not only were the original ethical 
concerns investigated with participants, but new concerns were also identified and explored 
throughout the workshops and interviews. Direct and emergent content analysis was also 
utilized to code the transcribed data, creating a series of open, axial, and selective codes. At the 
end of the coding stages, 12 selective codes, or ethical concerns, were identified, and 35 axial 
codes, or ethical concern subcategories, were created. Six of the 12 ethical concerns were 
identified through emergent content analysis, meaning they are new ethical concerns that 
stakeholders brought up and discussed in the workshops and interviews and are uniquely tied 
to the Hexoskin ProShirtTM or the AWS DeepLensTM. 

Each ethical concern was investigated for each device based on its subcategories for 
each stakeholder group in terms of benefits and concerns. The findings are presented so that it 
is clear how many participants saw benefits or concerns with each subcategory that makes up 
an ethical concern for each device. Overall, stakeholders had the highest concerns with 
comfort, data privacy, device design, and social connectedness for the Hexoskin ProShirtTM. For 
the AWS DeepLensTM, stakeholders had the greatest number of concerns with autonomy, data 
privacy, device design, and social connectedness. 

Finally, in section 3.6.12, the overall ratings for each device are presented for each 
stakeholder group. Tenants and caregivers rated both devices highly, with tenants giving a 4/5 
(80%) to both devices and caregivers giving a 4/5 (80%) and a 5/5 (100%) for the Hexoskin 
ProShirtTM and the AWS DeepLensTM, respectively. Residents and HCPs provided lower ratings 
for both devices, with residents providing a rating of 3.5/5 (70%) for both devices and HCPs 
giving a rating of 3.5/5 (70%) for the Hexoskin ProShirtTM and a 4/5 (80%) for the AWS 
DeepLensTM. The lower ratings suggest that more will need to be done to address resident and 
HCP concerns before they use and adopt the devices or any AAL technology that implements 
them.  
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4.0 Prototyping the Ethical DataSheet 
Artificial Intelligence (AI), and Machine Learning (ML) in particular, are rapidly evolving 

technologies that, despite the clear benefits they promise, have begun to raise serious ethical 
issues in the past several years. AI and ML (AI/ML) promise many benefits to various sectors, 
such as helping to mitigate climate change (Huntingford et al., 2019), optimizing business 
operations (Tarafdar et al., 2019), and developing cancer prognosis and prediction tools 
(Kourou et al., 2015). However, as AI/ML technologies advance, understanding how they work 
and/or how they generate results becomes more difficult. This lack of understanding of the 
underlying technological components, which has contributed to many of the ethical 
controversies surrounding AI/ML systems recently, is multi-faceted. For example, it can stem 
from a lack of transparency in how AI/ML systems are created (Ross & Swetlitz, 2017), or from 
complicated biases contained in the data on which the AI/ML models are trained (Buolamwini 
& Gebru, 2018), or from the complex sociotechnical systems in which they operate once 
deployed (Chopra & SIngh, 2018). 

These AI/ML knowledge gaps have opened fields of research over the past decade. High-
profile examples motivating those fields have emerged, such as Google’s infamous photo 
classification application that mistakenly labelled some black people as “gorillas” in photos 
(Simonite, 2018), or Microsoft’s chatbot—named Tay—that exhibited misogynistic and racist 
tendencies after only 24 hours of being exposed to Twitter (Vincent, 2016), or the machine 
translation system that exhibited discriminatory behaviour against some genders (Mohammad, 
2022). Such examples have led to heavy criticism of AI/ML systems and often raise 
uncomfortable questions for AI/ML researchers, developers, and other stakeholders involved in 
designing or developing such systems (Mohammad, 2022). 

To help AI/ML developers anticipate some of the ethical issues that could arise 
throughout the design and development process of new AI/ML technology researchers in both 
academia (Bender & Friedman, 2018; Chmielinski et al., 2020; Holland et al., 2018; Yang et al., 
2018) and industry (Gebru et al., 2021; Mitchell et al., 2019; Procope et al., 2022; Richards et 
al., 2020) have suggested and developed ethical design tools (EDTs) that are meant to highlight 
and address the many ethical issues that an AI/ML system can raise in specific contexts, such as 
healthcare. Such details could include why an AI or ML system was created, the data collected 
and used to train the system or the intended use cases for such a system. Of the examples 
found in the literature, some propose documentation intended for use by developers of AI and 
ML systems (Bender & Friedman, 2018; Chmielinski et al., 2020; Gebru et al., 2021; Holland et 
al., 2018; Mitchell et al., 2019; Mohammad, 2022; Richards et al., 2020), while others propose 
documentation meant for end-users or stakeholders who were directly impacted by these 
systems (Procope et al., 2022; Yang et al., 2018).  

This chapter aims to accomplish two objectives: 1) to review the existing literature to 
find different types of EDTs that have been proposed for various AI/ML systems, and 2) to 
propose a prototype design tool that can be used to communicate the particular ethical 
concerns LTCF stakeholders have with AAL devices (from Chapters 2.0 and 3.0). The prototype 
developed in this chapter is meant to help engineers, designers, researchers, policymakers, 
healthcare professionals (HCPs), caregivers, and other LTCF stakeholders responsible for 
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developing and deploying new AAL technology, better anticipate the ethical concerns they may 
need to address in their projects. 

 
4.1 A Review of Existing Ethical Design Tools for AI and ML systems  
 A snowball sampling literature review was conducted to find different EDTs for AI/ML 
systems in the literature. To begin the snowball sampling process, Gebru et al. (2021) was used 
to identify other publications that proposed EDTs for AI/ML systems. When a new publication 
was identified, that publication was read through to identify additional publications that 
proposed EDTs. To be considered viable for this research, the publication needed to introduce 
an ethical design tool for AI or ML and be written in the past five years (2018-2022). 

Using this methodology with the inclusion criteria described above, ten publications 
were identified. Upon collection of the publications, the full text was read to determine if the 
publication proposed an EDT for AI or ML, and if any references used in the text, identified new 
EDTs. After reading through the ten publications, eight were retained for this literature review 
as two publications did not propose new EDTs. A brief summary of each tool identified and 
used in this research is seen in Table 4-1.   

 
Table 4-1: Summary table of each Ethical Design Tool used in this research 

Ethical Design Tool (EDT) Author(s) and Year Summary of EDT 

Datasheets for Datasets (Gebru et al., 2021) 

Datasheets for Datasets aims 
to provide a standardized 
process for documenting 

machine learning datasets 

AI Factsheets (Richards et al., 2020) 

AI Factsheets summarize 
information for use for a 

variety of stakeholders about 
how an AI model or service 

was developed and deployed 

Data Statements for Natural 
Language Processing (Bender & Friedman, 2018) 

A data statement is a 
characterization of a dataset 
that informs readers of how 

the software should be 
deployed, how results might 

generalize, and the 
limitations present in the 

dataset when created  

Data Nutrition Label (Chmielinski et al., 2020; 
Holland et al., 2018) 

The Dataset Nutrition Label is 
a framework that provides a 
comprehensive overview of 
the “ingredients” that make 

up a dataset, so that a reader 
is aware of the components 

before using the dataset  
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Ranking Facts (Yang et al., 2018) 

Ranking Facts uses the idea 
of a nutrition label to explain 
the elements that make up 
ranking and scoring systems  

Model Cards for Model 
Reporting (Mitchell et al., 2019) 

Model Cards report details of 
datasets, such as intended 

use cases and possible 
outcomes, that are used to 
train and test ML models 

System Cards (Procope et al., 2022) 

System Cards provide insight 
into ML system architecture 
to help explain how a system 

operates 

Ethics Sheets for AI Tasks (Mohammad, 2022) 

Ethics Sheets are used to 
identify the assumptions and 
ethical considerations hidden 

in how an AI or ML task is 
framed and the decisions 

that are made regarding the 
data and evaluation process 

 
By researching each tool through this literature review, an understanding for each tool 

was obtained, and different design elements were explored and considered for the proposed 
tool introduced later in this chapter. A summary of the eight identified tools is presented in 
section 4.2.3, and a full analysis of each tool is presented in Appendix C.  
  
 4.2 Prototyping the Ethical DataSheet 
 By conducting the snowball sampling literature review summarized in Table 4-1 and 
presented in Appendix C, different tools were used to document the intricacies and 
considerations of AI/ ML models and systems. This exploration uncovered that while many 
different tools look at different elements of an AI or ML system, each tool has the same goal of 
getting readers to think about the model or system they are creating or using. Taking 
inspiration from the above tools, this research proposes a tool, called an Ethical DataSheet 
(EDS), that attempts to get engineers and designers responsible for the development of AAL 
devices like the Hexoskin ProShirtTM and the AWS DeeplensTM, to consider the ethical concerns 
that LTCF stakeholders may have with these types of devices. 

To begin this section, I present the EDS prototype providing rationales for the different 
components. I then incorporate the findings discussed in Chapter 3.0 into the EDS prototype to 
show EDSs for the Hexoskin ProShirtTM and the AWS DeepLensTM. Finally, I present a summary 
of the challenges and limitations associated with the prototype EDS. 
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4.2.1 Inspiration for the Ethical DataSheet Prototype 
 The Ethical DataSheet (EDS) prototype draws inspiration from various elements from 
the above tools. In introducing Datasheets for Datasets, Gebru et al. (2021) made the analogy 
that just as the simplest electronic components come with documentation explaining how they 
work and what they should be used for, datasets should have similar documentation to tell 
people more about the dataset and how it should be used. This analogy holds just as accurate 
with the EDSs for the devices to which it is applied. The purpose of developing an EDS 
prototype is so that engineers, designers, researchers, policymakers, and other affiliated 
stakeholders can use the tool to understand the concerns that LTCF stakeholders (such as older 
adults, caregivers, and HCPs) have with AAL devices before the devices are incorporated into 
more complex AAL technology. 
 In presenting EDSs in this manner, there are similarities to Ethics Sheets for AI Tasks 
proposed by Mohammad (2022). Just as done when creating Ethics Sheets, instead of looking at 
what the devices can do, this research aimed to understand the ethical concerns that LTCF 
stakeholders have with the devices individually before they are integrated into a more complex 
technology. Therefore, just like Ethics Sheets, EDSs are meant to preview the task ahead, to 
help engineers, designers, and other stakeholders understand LTCF stakeholders' concerns with 
the devices and find ways to address those concerns. 
 EDSs also share similarities with the Data Nutrition Label in how they are designed to 
resemble a familiar tool. The EDS prototype was designed to resemble a Material Safety Data 
Sheet (MSDS). An MSDS is a commonplace document in workplaces. It is of the utmost 
importance as it documents every known hazardous property of a material (e.g. hydrochloric 
acid), how safely to handle it, possible outcomes that could happen with the product if 
something goes wrong, and ways to mitigate harm or injury. Therefore, designing the EDS 
prototype to resemble an MSDS signals to the reader that the EDS should be read through and 
understood before working with the device, just as an MSDS should be reviewed before 
working with a chemical or a hazardous material. Like an MSDS, the EDS documents the 
properties of a device in a way that links them to the ethical concerns LTCF stakeholders have 
with the devices. 
 Even though EDSs share similarities to Datasheets for Datasets (Gebru et al., 2021), 
Ethics Sheets for AI Tasks (Mohammad, 2022), and MSDSs, EDSs differ in their presentation. 
Datasheets, Ethics Sheets, and MSDSs are all text-heavy, using questions or statements to 
communicate their information. EDSs, on the other hand, follow a presentation similar to tools 
like the Data Nutrition Label, Ranking Facts, and System Cards, using a mix of text and graphic 
elements to communicate important information. EDSs are meant to be a concise, consumable 
tool for engineers and designers to better understand LTCF stakeholders’ ethical concerns with 
a device. Therefore, instead of using just text to communicate important information that 
readers should know, a mix of iconography, graphs, and bullet-point information is used to 
share important findings and provide a visually pleasing tool for the reader. In using both 
representations, the reader can either look through the images to take in the information or 
read through the text.  

Additionally, by representing the information in two formats—text and visuals—EDSs 
have the potential to be represented in two versions, similar to long- and short-form Data 
Statements (Bender & Friedman, 2018). A short-form EDS could convey the information using 
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standardized pictures, graphs, and icons to deliver the essential material concisely. In contrast, 
a long-form EDS could use images and text to convey critical information with additional text to 
supply any supplemental information a reader might want to know. 
 Taking inspiration from the tools examined in Appendix C, the EDS prototype was 
developed for engineers, designers, researchers, and other stakeholders to read before the 
device is used for or integrated into a new AAL technology or intervention for LTC. The EDS is a 
tool that provides the reader with insight into the ethical concerns that different LTCF 
stakeholders have with a device, and that may arise if the device is used in AAL technology in 
LTC settings. Therefore, the EDS for a device identifies these ethical concerns for the different 
LTCF stakeholders so that engineers, designers, and other readers are aware of the ethical 
concerns they will need to keep in mind and address when developing AAL technology, or 
interventions using the technology. 

Details about the development of the EDS prototype are presented in the following 
sections, along with EDSs for the Hexoskin ProShirtTM and the AWS DeepLensTM. To develop the 
EDSs for the two devices, data from Chapter 3.0 was translated into the EDS prototype to 
present the ethical concerns that the LTCF stakeholders expressed through the workshops and 
interviews with the Hexoskin ProShirtTM and the AWS DeepLensTM.     
 
4.2.2 The Ethical DataSheet Prototype 
 The EDS prototype can be used by anyone who wants to make their own EDS for a 
device that could be used for AAL technology in LTC settings. The first page of the prototype 
provides an overall look at the device in question, providing a device description along with 
device specifics and characteristics. Following the first page, the prototype is separated into 
sections for each stakeholder group that is considered. In each section, a description of the 
stakeholder is given and then the stakeholder’s top three ethical concerns are presented and 
explained along with the rating that the stakeholder group gave the device.  
 In order to provide guidance for someone who is creating their own EDS for a device, 
comments and notes were left throughout the prototype to help guide the creator in elements 
that they may want to consider when creating their own EDS, as seen in Figures 4.2.2.1 – 
4.2.2.3.  
 As briefly described above, the first page of the EDS is meant to be an introduction to 
the device itself, similar to how a System Card or an MSDS are presented, providing the reader 
with a brief description of the product, its purpose, and additional information. The first page of 
the EDS protoype, seen in Figure 4.2.2.1, provides basic information that a reader should know 
about the device and the EDS itself. This means that the creator or company that developed the 
EDS should feature prominently in the top left-hand corner with contact information if the 
reader has questions or concerns about the EDS. In the top right-hand corner, information 
about when the EDS was created, and its revision dates, should be present. As discussed above, 
many of these tools are constantly changing as new information is obtained. Therefore, by 
providing creation and revision dates, the reader is aware of how often stakeholders’ opinions 
change with the device or if the reader should consider conducting their own study if revisions 
have not been made in some time. The remainder of the first page for the EDS consists of 
device-specific information, including the name of the device and identification and 
characteristics sections that the creator of the EDS will fill out. By providing information about 
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the characteristic information of the device, the reader is aware of what the device is, what it 
might be used for, the contexts the device should be used in, and how stakeholders may 
interact with it. By providing this information on the EDS's front page, the reader is able to 
understand some of the ethical concerns LTCF stakeholders have with the device. The last 
element on the front page of the EDS is a space to include a picture of the device being 
discussed. By providing a picture of the device, the reader is immediately familiar with the 
device being discussed. 
 It is important to note that the information found in an EDS will change depending on 
the device for which the EDS is being created and the context in which it is being used (e.g. AAL 
in an LTCF). For example, depending on the device, the first page of the EDS may have different 
labels in the Device Characteristic section. For instance, in Figure 4.2.2.1, there is a ‘Putting the 
Device On’ label in the Device Characteristic section. However, for the AWS DeepLensTM, this 
label doesn’t make sense and, therefore, wouldn’t be present on the AWS DeepLensTM EDS.       
 

 
Figure 4.2.2.1: First Page of Ethical DataSheet Prototype 

  
 The remaining pages of the EDS—the Stakeholder Sections—follow a similar layout but 
are grouped by different stakeholders. For example, for this research, the LTCF stakeholders 
involved included tenants, residents, caregivers, and HCPs. Therefore, the EDSs for this research 
have four stakeholder sections, each specific to the ethical concerns that a particular 
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stakeholder group had with the device. By designing the prototype in this manner, the EDS 
follows a modular design, meaning that engineers and researchers can reference the relevant 
pages for their work if they design only for one or two stakeholder groups. 
 As the remaining pages of the EDS are identical except for the stakeholder group they 
are being used for, the tenant portion of the EDS will be used to explain the layout of the 
remaining pages. 
 Each section dedicated to a stakeholder group starts by providing the reader with a 
description of who the stakeholders are, as seen in Figure 4.2.2.2. This is important because 
before a device is used or incorporated into technology, engineers, designers, and other 
readers should have an idea of the people for whom they are designing. This description can be 
as long or short as the creators want to make it, with the description communicating to the 
reader the most important things they should know about the stakeholder group.  

Following the stakeholder description, the overall device rating obtained during the 
research (workshops and interviews for this research) is displayed. While the ratings collected 
from the research ranged from 0 – 5, for the prototype, the overall rating is presented as a 
percentage. As described in Chapter 3.0, the rating is meant to provide the reader with an 
understanding of how positively or negatively the stakeholder group sees the device knowing 
the ethical concerns that were discussed during the research.  
 

 
Figure 4.2.2.2: First page of the Tenant Section of the EDS 
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 The graph on the left-hand side of the page represents the top three ethical concerns 
raised when talking with the stakeholder group about the device. The graph also represents the 
number of stakeholders who had concerns out of the total number of participants. The graph is 
meant to give the reader a snapshot of the most significant concerns that the stakeholder 
group raised throughout the research. It is also used to give the reader a distribution of how 
many stakeholders had concerns versus the overall number of participants. By presenting the 
information in this format, as opposed to just the percentage of stakeholders who had 
concerns, the reader is made aware of the other stakeholders who participated but didn’t have 
the same concerns or didn’t express their concerns as vocally as other stakeholders. Therefore, 
the reader is presented with an overall picture of the concerns, and how strongly they 
resonated with the stakeholder group that participated in the research. Overall, the graph is 
meant to provide the reader with a better understanding of the concerns they will need to keep 
in mind and address as they design and develop new AAL technology for LTC settings, but it also 
provides a breakdown of which concerns resonated with stakeholders the most. 
 To the right of the graph, icons are used to represent the ethical concerns, along with 
overall percentages for the number of stakeholders who had those concerns. Using 
iconography in EDSs is meant to resemble the use of icons in an MSDS. In an MSDS, icons 
represent the Workplace Hazardous Materials Information System (WHMIS), which is Canada’s 
national Hazard communication system (Health Canada, 2022). When used in an MSDS, WHMIS 
symbols indicate the hazards and, therefore, the precautions that must be taken when handling 
the chemical or product that the MSDS is referencing. In the same way, literal and metaphoric 
icons were developed to act as metaphors for the ethical concerns (Leta Jones & Millar, 2017), 
as seen in Table 4-2. For this research, literal icons are an exact representation of the ethical 
concern, while metaphoric icons are conceptual representations of the ethical concern (Saul & 
Rodier, 2021). To ensure that readers associate the icon with the correct ethical concern on the 
EDS, the ethical concern is written beside the image, as seen in Figure 4.2.2.2. However, if EDSs 
become more commonplace, the goal would be for readers to recognize the icon and be able to 
associate it with the ethical concern without the concern beside the picture (similar to WHMIS 
symbols and their hazards). 

Overall, by developing and using icons in the EDSs, another representation of the ethical 
concerns are presented to the reader so that they can understand the ethical concerns they will 
need to address with the device when designing and developing their AAL technology.  

For this research, as 12 ethical concerns were identified, 12 icons were developed to 
represent the various concerns, as seen in Table 4-2 below. 
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Table 4-2: Explanation of the different icons used to represent the ethical concerns in the EDSs 

Ethical Concern Explanation of Ethical 
Concern Icon Explanation of Icon 

Autonomy The ability to make 
decisions for oneself 

 

Since autonomy is 
the ability to make 
decisions for oneself, 
the two flags going in 
different directions 
are meant to 
represent the choices 
people have to 
choose their own 
path  

Comfort The state of physical 
ease and relaxation 

 

Oftentimes, couches 
are used to not only 
be a comfortable 
seat but also to set 
people at ease so 
they can relax in 
different 
environments  

Cost 
The amount of 
money required to 
obtain the device 

 

In North America, the 
Dollar Sign is used to 
represent the price 
of an object 

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

 

The USB stick is used 
to represent the 
large amounts of 
data that are being 
collected. In 
presenting this 
concern as a USB 
stick, it signifies the 
control that a person 
has over their own 
data.   

Device Design 
The characteristics 
and elements that 
make up the device 

 

Many stages 
happening when 
designing a device. 
Therefore, the 
person at a drafting 
table icon is meant to 
represent the 
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drafting stage when 
engineers and 
designers are still 
considering all of the 
elements that will 
make up a device   

Economic 
Distribution 

How the devices are 
distributed based on 
economic status 

 

This icon represents 
how wealth may be 
distributed and the 
disparities that can 
result from it 

Independence 

One’s ability to 
complete a task 
without help from 
others or technology 

 

Often, someone who 
completes tasks 
without help from 
others is described as 
a lone wolf which is 
the icon used for this 
concern 

Personal Privacy 
The control one has 
over their physical 
self or space 

 

To keep things to 
private, locks are 
used as a method of 
protection. 
Therefore, a lock is 
used to represent 
this concern.  

Safety 
Is the feeling of being 
protected or away 
from danger 

 

Safety is about being 
protected from 
danger, and in a car, 
a seatbelt is meant to 
do exactly that for 
the passengers 

Device Purpose 
Is the reason why the 
device is created or 
used 

 

Stakeholders want to 
know exactly what 
the device will used 
for- therefore, the 
bullseye is meant to 
represent the need 
for a precise 
explanation of the 
device 
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Social Connectedness 

The experience of 
feeling close or 
connected to others; 
it is a sense of 
belonging to a social 
relationship  

As social 
connectedness is 
about feeling close or 
connected to others, 
when the opposite 
happens, it can be 
very lonely and 
isolating, which can 
be pictured as being 
alone on a desert 
island  

Workload The amount of work 
that has to be done 

 

When so many things 
are happening at 
once, each one 
demanding 
attention, it can feel 
like a juggling act  

  
The second page of each stakeholder section provides more details about the 

stakeholder group’s ethical concerns, as seen in Figure 4.2.2.3. The ethical concerns are broken 
down further on this page so readers understand which elements concern the stakeholder 
group the most. These sub-categories are meant to be the axial codes identified using 
emergent content analysis from Chapter 3.0. Examples of how the page looks when completed 
can be seen in sections 4.3 and 4.4 for the Hexoskin ProShirtTM and the AWS DeepLensTM, 
respectively, while the Full EDSs for the Hexoskin ProShirtTM and the AWS DeepLensTM can be 
found in Appendices D and E. The icons and percentages are also included to provide a visual 
element and remind the reader of the percentage of stakeholders that had worries about the 
ethical concerns for the device.     
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Figure 4.2.2.3: Second Page of the Tenant Section of the EDS 

  
At the bottom of the page, space is left for other notable concerns that stakeholders 

have, which readers should be aware of when planning to implement the device in particular 
context-specific purposes (e.g. AAL in LTCF). If more than three concerns need to be displayed 
for a stakeholder group, the EDS should be adapted to present all information relevant to the 
reader. This can be done by decreasing the icons’ size and not being as detailed with the 
subcategories for each concern.  
 It is important to stress that the EDS prototype is meant to be adaptable depending on 
the device it is being created for and the stakeholders that are involved. Therefore, creators of 
new EDSs must decide the information they want to convey to the reader about the device and 
what ethical concerns, for the different stakeholders, they want to share with the reader. Just 
as was discussed with AI Factsheets, EDSs are not a ‘one size fits all’ tool. Each EDS for a device 
will have differences, from the design characteristics of the device to the ethical concerns each 
stakeholder group has with the device.       
 Once the EDS prototype was finalized, it was used to develop EDSs for the Hexoskin 
ProShirtTM and the AWS DeepLensTM. The EDSs for both devices are in the following two 
sections. All of the data used to populate the EDSs for both devices is from Chapter Three, 
where the findings from the workshops and interviews with LTCF stakeholders were discussed.  
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4.3 Ethical Datasheet for the Hexoskin ProShirtTM 

 The EDS for the Hexoskin ProShirtTM was developed using the prototype presented 
above, along with the data that was presented and discussed in Chapter 3.0. This section 
presents the first page of the EDS for the Hexoskin ProShirtTM, along with the Resident Section. 
The full EDS for the Hexoskin ProShirtTM can be seen in Appendix E. 
 The first page of the Hexoskin ProShirtTM EDS provides the reader with device 
information and characteristics, as seen in Figure 4.3.1. The features are unique to the Hexoskin 
ProShirtTM and give the reader more background about the device. 
 

 
Figure 4.3.1: First page of the EDS for the Hexoskin ProShirtTM 

 
 Following the first page of the EDS, the Stakeholder Sections for Tenants, Residents, 
Caregivers, and HCPs present the three most discussed ethical concerns from each stakeholder 
group. The Tenants, Caregivers, and HCPs sections for the Hexoskin ProShirtTM can be seen in 
Appendix D, while the Residents Section is presented in Figures 4.3.2 and 4.3.3 below. 
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Figure 4.3.2: First page of the Residents Section in the Hexoskin ProShirtTM EDS 

 
 In Figure 4.3.2, the three most discussed concerns for residents that participated in the 
study with the Hexoskin ProShirtTM were Device Design, Data Privacy, and Comfort, with all 
three residents raising points for each concern during their interviews. The overall rating of how 
residents view the Hexoskin ProShirtTM in relation to the ethical concerns discussed is also 
prominently displayed on the EDS.  

To provide more detail about residents’ concerns, the second page of the EDS is meant 
to provide the reader with more information to help them understand the background for each 
concern, as seen in Figure 4.3.3.  
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Figure 4.3.3: Second page of the Residents Section in the Hexoskin ProShirtTM EDS 

 
 To provide more detail on the top three ethical concerns, axial codes, presented in 
Chapter 3.0, are defined and used to provide the reader with more insight into what topics 
made the ethical concerns worrisome to the stakeholder group. Therefore, the second page of 
the Residents Section in the EDS provides more information about why residents had concerns 
with Device Design, Data Privacy, and Comfort when considering the Hexoskin ProShirtTM.  
  
4.4 Ethical Datasheet for the AWS DeepLensTM 

Just as with the Hexoskin ProShirtTM EDS, the EDS for the AWS DeepLensTM was 
developed using the prototype presented above, along with the data that was presented and 
discussed in Chapter 3.0. This section presents the first page of the EDS for the AWS 
DeepLensTM along with the Tenant Section. The full EDS for the AWS DeepLensTM can be seen in 
Appendix F. 
 Like the EDS for the Hexoskin ProShirtTM presented above, the first page of the AWS 
DeepLensTM EDS provides the reader with device information and characteristics, as seen in 
Figure 4.4.1. Since the AWS DeepLensTM and the Hexoskin ProShirtTM are different devices, the 
first page of each EDS will reflect this and provide the reader with different information for the 
different devices. 
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Figure 4.4.1: First page of the EDS for the AWS DeepLensTM 

 

Again, following the first page of the EDS, the Stakeholder Sections for Tenants, 
Residents, Caregivers, and HCPs present the three most discussed ethical concerns from each 
stakeholder group. The Residents, Caregivers, and HCPs sections can be seen in Appendix E, 
while the Tenants Section is presented in Figures 4.4.2 and 4.4.3 below. 
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Figure 4.4.2: First page of the Tenants Section in the AWS DeepLensTM EDS 

 
 Just as with the Residents section for the Hexoskin ProShirtTM EDS, the Tenants Section 
for the AWS DeepLensTM EDS presents the top three ethical concerns that were the most 
discussed through the workshop with tenants, with three out of four tenants raising concerns 
with Autonomy and Device Design for the AWS DeepLensTM, while two out of four tenants had 
concerns with Social Connectedness. Visual elements and text are used to communicate these 
findings to the reader. Again, the overall rating of how tenants view the AWS DeepLensTM in 
relation to the ethical concerns discussed is also prominently displayed on the EDS.  

As done above, to provide more context to tenants' top three most discussed ethical 
concerns, the second page of the Tenants Section uses axial codes to offer more details on 
what elements concerned tenants the most.   
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Figure 4.4.3: Second page of the Tenants Section in the AWS DeepLensTM EDS 

 
 As seen in Figure 4.4.3, the second page of the Tenant Section for the AWS DeepLensTM 
EDS uses different axial codes to provide more context as to why tenants found Autonomy, 
Device Design and Social Connectedness the most worrisome ethical concerns throughout the 
discussion regarding the AWS DeepLensTM. 
 
4.5 Challenges with the Ethical DataSheet   
 The EDS was developed as a communication tool meant to translate LTCF stakeholders’ 
concerns with a device to engineers, designers, and researchers, and anyone attempting to 
address the ethical concerns in future AAL applications that implement the device in LTC 
facilities. However, as with the tools described above, EDSs have challenges.   
 First, even though this tool outlines the ethical concerns that LTCF stakeholders have 
with the device, there is no guarantee that engineers, designers, or other potential EDS users 
will use the EDSs in their work. This may be especially true if addressing the concerns appear to 
hesitant users as monumental tasks, which could easily be the case if engineers and designers 
are unsure how to move forward with the information. Therefore, it is essential that to evolve 
EDSs the next step is to prototype the design tool with engineers, designers, and other similar 
stakeholders to understand the limitations specific to those EDS stakeholders. By involving as 
many stakeholders as possible, more thoughts and opinions can be gained on how the EDSs 
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should look, the type of information they should present, and what would make the EDSs more 
practical overall.     
 Second, depending on the technology being developed and who the technology and 
device may impact, an EDS could grow to be very long. If many impacted stakeholders are 
identified, and each stakeholder group has different concerns, EDSs could grow to be 
overwhelmingly long. If this were to happen, the tool may be ignored due to its length and 
complexity. However, by implementing an idea similar to Data Statements (Bender and 
Friedman, 2018), there could be long- and short-form EDSs. This obstacle may be overcome so 
that the most important information is conveyed in a short, digestible manner, while an 
accompanying longer document could provide additional information if required.   
 Lastly, collecting the ratings with LTCF stakeholders proved to be difficult as many 
stakeholders did not enjoy providing ratings for either device without seeing them, or trying 
them for themselves. Therefore, depending on how future iterations of the EDSs are 
developed, new methods to obtain LTCF stakeholders’ overall approval of a device should be 
investigated.  
 Just as with the tools presented above, EDSs will not solve all of the concerns that LTCF 
stakeholders have with AAL devices. However, EDSs are the first step in identifying LTCF 
stakeholders' concerns and making engineers and designers aware of those concerns so that 
they can attempt to address them through the design and development process of new AAL 
technology. Therefore, in addressing these concerns, stakeholders may be more inclined to use, 
accept, and adopt the technology in their day-to-day lives.    
 
4.6 Summary  
 This chapter presented several design tools that aim to bring ethical considerations to 
the forefront of AI/ML model and system development. By investigating these tools, elements 
of each were ascertained and used to influence the development of the EDS prototype and, 
therefore, the EDSs for the Hexoskin ProShirtTM and the AWS DeepLensTM.   
 The EDS prototype was developed using different elements from the various tools 
investigated in Appendix C. Meant to resemble an MSDS, the EDS is designed for engineers, 
designers, and any other interested party to understand the ethical concerns that LTCF 
stakeholders have with a device before the device is incorporated into a more complex 
technology, such as AAL technology. Just like an MSDS, the EDS for a device is meant to be read 
before using the device so that the reader has a better understanding of the stakeholders they 
are designing for and the concerns those stakeholders have with the device. In knowing more 
about stakeholders’ concerns, engineers and designers can address and accommodate the 
concerns when developing technology that uses the device in question.    
 The EDS prototype was developed first, as this research aims to provide a tool that other 
researchers can use to explore and present the ethical concerns that LTCF stakeholders have 
with a device. Once the prototype was developed, it was used to create sample EDSs for the 
Hexoskin ProShirtTM and the AWS DeepLensTM. By conducting this research and using the 
prototype to present the findings, LTCF stakeholders' concerns with the devices are available in 
an easy-to-read, digestible format.  
 However, as with the tools that have come before the EDS, some questions will need to 
be addressed as the EDS progresses. For example, two important questions arise now that the 
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EDS has been proposed. The first is to see if this tool is helpful to engineers and designers who 
are tasked with developing AAL technology that implements the device the EDS was created 
for. The second question is, if EDSs are used to develop AAL technology, do LTCF stakeholders 
feel their concerns were adequately addressed in the resulting technology. 
 These questions open up new opportunities and research to explore the future of EDSs, 
from prototyping the tool further with engineers, designers, and LTCF stakeholders, to using the 
tool to develop AAL technology to see the outcome and receive feedback from LTCF 
stakeholders.  

Overall, just as with the tools that have come before it, EDSs are meant as a design tool 
to help the reader understand the ethical implications their work will have, whether it’s 
working with AI or ML models, systems, devices, or technology. For EDSs, they offer an 
invaluable opportunity to identify, understand, and address end-users concerns with a device 
so that end-users are more open to using, accepting, and adopting the device and any related 
technology in their day-to-day lives. 
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5.0 Conclusions and Future Work 
 This research had two objectives:  
 

OBJ1:  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.  
 

To meet these two objectives, this research set out to answer three research questions:  
  

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

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

 
To answer these questions, different research strategies were used. To answer RQ1, a 

systematic literature review (SLR) was conducted to investigate the ethical concerns that LTC 
stakeholders have had with AAL technology. The SLR also explored the different ethical design 
and engineering frameworks that have been proposed or used to address stakeholders’ 
concerns when designing and developing new AAL technology. Next, using a Participatory 
Design (PD) Methodology, PD workshops and interviews were conducted with long-term care 
facility (LTCF) stakeholders to elicit their ethical concerns with two AAL devices from the PATH 
project: the Hexoskin ProShirt™ and the AWS DeepLens™. Findings from the SLR influenced 
how the research with LTCF stakeholders was conducted, from the ethical concerns that were 
explored to the questions that were developed and asked.  

When analyzing the data, direct and emergent content analysis strategies were used 
through open, axial, and selective coding to identify the ethical concerns that LTCF stakeholders 
saw with the two devices. Finally, a snowball sampling literature review was conducted to 
identify and investigate different ethical design tools in order to prototype a new ethical design 
tool for this research. To propose this tool (called an Ethical DataSheet or EDS), elements from 
the tools explored in the literature review were used to develop an EDS prototype, and then 
the prototype was used to create EDSs for the Hexoskin ProShirt™ and the AWS DeepLens™. 
The purpose of an EDS is so that engineers and designers can use the tool to gain a better 
understanding of the ethical concerns that LTC stakeholders have with a device. Furthermore, 
by identifying these concerns, engineers and designers are better equipped to address 
stakeholders’ ethical concerns when designing and developing new AAL technology. 
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5.1 How are Ethical Concerns Voiced by Long-Term Care Stakeholders Influencing the 
Design, Development, and Implementation of AAL Technology? 

To answer the first research question, two interrelated research areas were explored 
through the Systematic Literature Review presented in Chapter 2.0. The first area was to identify 
the different ethical concerns that ageing-in-place stakeholders (i.e., older adults, caregivers, and 
HCPs) had with AAL technology. The second was to explore the different ethical design and 
engineering frameworks used or proposed to address stakeholder concerns. 

In total, 44 publications were deemed acceptable to use, and 41 out of the 44 publications 
were accessible. By conducting the SLR, 17 ethical concerns were identified across the 41 
publications, with the six most popular ethical concerns with respect to AAL technology being 
Social Isolation, Autonomy, Privacy (personal and data), Independence, and Control. Overall, 
social isolation was mentioned in over half of the collected publications, while control was 
mentioned in a quarter of the publications. The top six ethical concerns were then used to 
develop the Participatory Design methodology for the workshops and interviews conducted with 
LTCF stakeholders. 

Of the 41 publications that were used for this research, 36 used or discussed an ethical 
design and engineering framework in their publication. Of the 36 papers that discussed an ethical 
design and engineering framework, nine used a framework to design and develop AAL 
technology. Of the nine publications that used a framework to develop new AAL technology, six 
used well-known, documented frameworks to develop their technology, while the remaining 
three publications used novel frameworks. Therefore, this addresses the above SLR research 
question regarding the use of ethical design and engineering frameworks to design and develop 
AAL technology. 

Interestingly, of the 21 ethical design and engineering frameworks identified from the 
literature, ten were well-known frameworks that have been documented in other literature (such 
as User-Centered Design and Participatory Design). In contrast, the remaining 11 frameworks 
were new frameworks that were proposed through the publication. These numbers indicate that 
researchers are growing aware of the ethical concerns and challenges that AAL technology in 
ageing-in-place settings poses and are trying to address those concerns by developing and 
proposing new ethical design and engineering frameworks. As mentioned in Chapter 2.0, even 
though 11 new frameworks were proposed, many took inspiration from other well-known 
frameworks. These adaptations of old frameworks are another indication that researchers are 
identifying the challenges that AAL technology poses for ageing-in-place and are trying to adapt 
well-known frameworks to fit specific situations. 

Moreover, from the collected literature, when an ethical design and engineering 
framework was used to produce an AAL technology, ageing-in-place stakeholders regarded it 
highly. When asked what stakeholders thought about the new technologies, many believed that 
the technology could meet their needs and fit into their, their loved ones, or their patient’s 
lifestyle: a promising sign of acceptance and adoption.      

However, one caveat is that even though new frameworks are being proposed to identify 
and address ageing-in-place stakeholders’ ethical concerns with AAL technology, aside from one, 
each new framework has not been used by outside researchers (i.e., researchers who did not 
propose the framework). While proposing new frameworks is important, frameworks that have 
already been suggested should be implemented to understand their success and what needs to 
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be changed in the future. It is fair to say that one framework cannot be the catch-all, especially 
for ageing-in-place circumstances; however, it is also important to iterate and improve on the 
work that has already been proposed. In this way, new findings and research questions may 
emerge.     
 
5.2 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 DeepLens™? 
 For this research, conducting workshops and interviews using a PD methodology with 
LTCF stakeholders was successful. Overall, 30 LTCF stakeholders participated in workshops and 
interviews, where they discussed their thoughts, opinions, and concerns with the Hexoskin 
ProShirtTM and the AWS DeepLensTM. Tenants participated in interactive workshops where they 
discussed a device among themselves, while residents, caregivers, and HCPs participated in 
semi-structured interviews where they discussed their thoughts about a device with the 
researchers.  
 Overall, many of the concerns identified through the SLR resonated with the LTCF 
stakeholders for the Hexoskin ProShirtTM and the AWS DeepLensTM. However, by following a PD 
methodology, stakeholders were able to identify new ethical concerns not identified through 
the SLR and that were unique to the two devices discussed.  Therefore, following a PD 
methodology enabled the verification of findings from the SLR while also allowing new themes 
and discoveries to emerge.  
 Some findings from SLR were verified by conducting research with LTCF stakeholders. 
For example, LTCF stakeholders raised many concerns regarding their autonomy, privacy 
(personal and data), and fears about social isolation for both devices. Therefore, these findings 
may suggest that some ethical concerns apply to many devices used in AAL technology and 
should be considered when integrating any new device into future AAL technology.     

On the other hand, some findings from the SLR contradicted the findings from the PD 
workshops and interviews. For example, many papers in the SLR commented that while LTC 
stakeholders saw value in AAL technology, they did not want to use it until needed. From the 
workshops and interviews with LTCF stakeholders, many saw benefits with the two devices (as 
seen in Figures 3.6.9.1.1 and 3.6.9.2.1). Most LTCF stakeholders were eager to use the devices 
sooner rather than later because they saw them either as a way to take back control of their 
lives or as an additional safety measure that they could implement.  

One finding that was interesting was the limited discussion around equity in relation to 
the devices. Both the Hexoskin ProShirtTM and the AWS DeepLensTM come with high price tags, 
which not all potential beneficiaries will be able to afford. Therefore, it is worth noting that if 
this study were redone cost, economic distribution, or other equity considerations may emerge 
as a more prominent focal point depending on the stakeholders involved. 

Observing the differences between the SLR findings and research with LTCF 
stakeholders cements the fact that stakeholders will have different thoughts, opinions, and 
concerns for different devices. Therefore, the differences found show the importance of this 
type of research. Even though similar groups of stakeholders were used for the SLR and the PD 
workshops and interviews, stakeholders have different thoughts, opinions, and concerns 
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regarding AAL devices and technology. Therefore, AAL technology cannot be a one-size-fits-all 
solution - stakeholders will have different needs and concerns that should be identified and 
understood before engineers and designers take on the task of developing new AAL technology. 

It should be noted that conducting PD research with LTCF stakeholders was challenging, 
requiring considerable preparatory work. For example, recruiting participants was a very long 
process and required the assistance of the LTCF research coordinators. While many potential 
participants showed interest in the research during recruitment, getting stakeholders to sign 
consent forms was difficult. Therefore, in reference to a comment made in Chapter 2.0 where 
many publications had small participant numbers, it is not hard to understand why the SLR 
publications that conducted face-to-face research with participants had a much smaller turnout 
than studies that were conducted using surveys or questionnaires.  

Therefore, this research has explored the importance of liaising with LTCF research 
coordinators, or people in similar roles, before conducting a study. That way, researchers gain a 
better understanding of how the facility works, the best ways to conduct research within the 
facility, the stakeholders who live in the LTCF, and stakeholders who may be more willing to 
participate in the research. By taking these steps, it is possible that the research becomes more 
inviting and exciting to potential participants and encourages more people to participate in the 
research.    
 
5.3 How can Ethical DataSheets be Created to Convey the Ethical Implications that must 
be Considered before an AAL Device is Developed and Deployed? 
 Before the Ethical Data Sheet (EDS) was prototyped, a snowball sampling literature 
review was conducted to better understand the different ethical design tools that academic 
and industry researchers have proposed. Each of these tools, discussed in Chapter 4.0, aims to 
communicate the ethical concerns or the questions the reader should be thinking about before, 
during, and after the design and development of an Artificially Intelligent model or system. By 
learning more about tools that have been proposed in the past- where they have succeeded 
and struggled, the EDS was prototyped by integrating elements of the various tools to create an 
ethical design tool for AAL devices and technology used in LTC settings.   
 The purpose of an EDS is to communicate the ethical concerns that LTC stakeholders 
have with a device to the engineers, designers, or anyone else involved in developing AAL 
technology using the device. This way, engineers, designers, and other readers have a better 
understanding of the concerns they will need to address throughout the design and 
development process.  

For this research, the EDS prototype was developed first and then used to develop 
model EDSs for the Hexoskin ProShirtTM and the AWS DeepLensTM. The purpose of creating and 
presenting the prototype for the EDS was to allow other researchers interested in creating their 
own EDSs for a device to take their findings from their research and format them into the 
prototype. The prototype was inspired by a Material Safety Data Sheet (MSDS). MSDSs are 
found in many science and engineering laboratories and should be read and understood before 
interacting with a product or chemical. In the same way, EDSs are meant to be reviewed and 
understood before someone uses the device to develop new AAL technology. Similar to MSDS, 
EDSs use visuals and text to communicate important information to the reader. In presenting 
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information this way, the reader can gain a complete but simple and digestible snapshot of 
stakeholders’ concerns with the device in question. Additionally, by offering information in 
multiple formats, future variations of the EDS have more possibilities.   
 
5.4 Future Work 
 This research presents many avenues for future work, with opportunities to explore the 
idea of the EDS further. In this research, a prototype of the EDS was presented as a possible 
way of sharing information from stakeholders with engineers, designers, and other 
stakeholders wishing to use AAL in LTCFs. 
 The prototype has many elements, from the device identification and characteristic 
sections to the various stakeholder sections that present the ethical concerns for each 
stakeholder group using text and icons and their overall device ratings. Each of these elements 
has room for future improvements. For example, more detail can be added to the device 
identification and characteristics sections to personalize the EDS to the device it has been 
created for. Additionally, the icons proposed for the EDS prototype are one interpretation of 
literal and metaphoric metaphors. Therefore, future work could involve creating a standardized 
set of icons for each ethical concern that would be recognizable to all users, just as WHMIS 
symbols are recognizable and well-known to many. Finally, different methods for presenting 
overall device opinions should be explored. As discussed in section 4.5, LTCF stakeholders, 
especially tenants and residents, found it difficult to rate the devices on a scale as they were 
not comfortable giving ratings. Therefore, different methods to collect and convey this 
information would be worth exploring to truly understand how LTC stakeholders view such 
devices.   

As discussed in Chapter 4.0, the prototype was used to develop EDSs for two devices 
that may be used in future AAL technology in LTC settings. The EDS presented in this thesis is a 
concept, and for EDSs to progress further, they must be tested by engineers and designers and 
iterated upon until they become a tool that is useful and usable for everyone involved.  
 Testing the EDSs with engineers and designers will provide insight into whether this 
ethical design tool is a viable way to communicate LTCF stakeholders’ ethical concerns with a 
device to the engineers and designers who will be using the device to develop AAL technology. 
If engineers and designers are unable to understand how the tool is a benefit to them or unable 
to understand the concerns that are being presented, more research will need to be done to 
prototype EDSs so that they are seen as a beneficial and insightful tool by engineers and 
designers. Like the Data Nutrition Label discussed in Chapter 4.0, which went through different 
iterations with different stakeholders before it was deemed a valuable tool, EDSs will need to 
face the same process. 

 As this research is associated with the PATH project, which is composed of researchers, 
engineers, designers, and computer scientists, PATH members could be asked to participate in 
interviews or workshops to provide their feedback on the EDSs so that further prototyping with 
the tool could be conducted. In this way, the tool would not only communicate stakeholders’ 
concerns with a device but would also be seen as a helpful tool by engineers and designers 
when they begin designing and developing AAL technology for LTC applications.  
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 In theory, EDSs alert engineers and designers to the ethical concerns LTCF stakeholders 
have with a device. However, it remains to be seen if identifying and alerting engineers and 
designers to these concerns translates into an AAL technology that takes the concerns into 
account. Therefore, to know if EDSs are a helpful tool in identifying and addressing ethical 
concerns in AAL technology, the EDSs will have to be used during the design and development 
process for an AAL technology. To do this, the EDS prototype and the EDSs for the Hexoskin 
ProShirtTM and the AWS DeepLensTM will be shared with the broader PATH community that is 
developing AAL technology using the original suite of devices mentioned in Chapter 1.0. If EDSs 
are used to develop the technology, more research will have to be conducted with LTCF 
stakeholders after the fact to see if their concerns were addressed and how willing they are to 
accept and adopt the new technology into their lives. If positive feedback is received, it would 
provide credibility for the EDSs. However, if the opposite is true, more research and prototyping 
will need to be conducted to determine what else an EDS can do to identify LTCF stakeholders’ 
concerns while presenting the information in a way that engineers and designers can 
understand and be able to address in their technology.  
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Appendix A: Detailed Review of Ethical Design and Engineering 
Frameworks Collected from the Systematic Literature Review 
 

Appendix A presents a visual representation of the data collected from the Systematic 
Literature Review (SLR) in Chapter 2.0. In collecting various ethical design and engineering 
frameworks, we decided to present and analyze each one, as seen in this table. 
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Table A-1: A table presenting the different ethical engineering and design frameworks that were used for the Systematic Literature Review presented in 
Chapter 2.0 
 

 Author Design method/ 
Framework Type of Study Study Participant 

Size Benefits Shortcomings 

Previously 
Used Ethical 
Design and 
Engineering 
Frameworks 
(n = 17) 

Nikou et al., 
2020 Capabilities Approach Focus Groups and 

Interviews 

71 Participants  
(59 interviewees 
and 12 focus group 
members) 

• Explains how resources 
give people the freedom 
to their lives in ways 
they find valuable 

• Can be used to create a 
model to understand 
technology acceptance 
where the model 
considers outcomes in 
terms of enabling 
people to live their lives 
in ways they find 
valuable 

• Decouples the 
ownership and usage of 
digital technologies  

• Encourages designers to 
look beyond direct 
activities or tasks that 
their offerings support 

• Encourages multi-
stakeholder 
collaboration 

• Does not consider all 
personal characteristics as 
conversion factors 

• Selecting relevant capabilities 
can be non-trivial and often 
involves normative 
assumptions 

• Focusing on functionings 
rather than capabilities may 
lead to different outcomes 

• How broad or narrow the 
capability set that is used will 
influence the outcome 

• Capabilities may come into 
conflict with each other, 
which made lead to 
undesirable trade-offs  

 

Wang et al., 
2019 Co-Design Survey and Focus 

Groups 31 older adults 

• Enables stakeholders to 
collaborate and share 
thoughts and ideas in 
design 

• Users are asked to 
assume roles that are 
traditionally intended 
for developers 

• An iterative process that 
allows stakeholders to 
voice their opinions 
throughout the design 
lifecycle  

• It can be challenging to 
ensure that technology is 
designed in such a way that 
allows stakeholders to be 
effectively included  
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• Enables users to reveal 
untapped areas for 
improvement  

 

Kong & 
Woods, 
2018 

Human-centred Design Literature Review N/A  

• Is centred on the 
exploration of new 
forms of living in, and 
through, technologies 
that give primacy to 
human actors, their 
values and their 
activities  

• Focuses on how to 
support, develop, and 
extend people’s 
capabilities through the 
latest technological 
developments  

• Considers the 
fundamental needs and 
concerns of the ones at 
the center of the 
investigation  

• Found to lack precision and 
tries to accommodate all, and 
therefore accommodates 
very few 

• Focuses on present solutions 
to problems, not future ones 

• Doesn’t push the boundaries 
of available technology 

Astell et al., 
2020 Identity Theory Literature Review N/A 

• Seeks to explain how 
people’s identities 
influence their 
behaviour, thoughts, 
feelings, or emotions  

• Specifically looks at the 
influence that identity 
has on a person’s 
behaviour.  

• Provides a useful 
framework for 
understanding the role 
of self-image in people’s 
decision-making about 
technology 

• Theory suggests that people 
employ multiple identities as 
they operate in the world, 
therefore if someone is being 
dishonest with their identity, 
desired results will likely not 
be achieved   

De Belen et 
al., 2019 Participatory Design Workshops and 

Interviews 12 Participants 

• Encourages the active 
involvement of 
stakeholders in the 
research, design, and 

• It can be challenging for 
participants to talk about 
their thoughts or opinions, so 
Participatory Design must be 
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commercialization of 
new technologies  

• Explores elements of 
user experience and 
acceptance which is 
important for successful 
adoption  

• Bridges the gap 
between technical 
orientation and human-
oriented approaches  

• Can be integrated in 
different ways to 
achieve active user 
engagement  

• Focuses on enabling 
different stakeholders 
with different 
perspectives and 
competencies to 
cooperate  

• Comprises active user 
involvement and 
participation in the 
design of IT artifacts and 
systems  

used correctly to elicit 
stakeholder views  

• Can be hard to find a balance 
between user’s desires and 
technical feasibility  

• Hard to create generalizable 
results, as everyone can have 
different opinions  

Sanchez et 
al., 2019 Person-centred Design Interviews 9 Participants 

• Keeps individuals’ values 
central to decision-
making 

• Emphasizes the 
necessity of respecting 
the individual  

• Seeks to study how 
technology influences 
relationships and how it 
contributes or 
diminishes humanistic 
values  

• Very generalized approach  
• Tries to accommodate a large 

group of people  

Grossi et al., 
2020 

Positive Technology 
Paradigm 
 

Literature Review N/A 

• Technology is 
consciously designed to 
foster well-being in 
older adults 

• Paradigm doesn’t help to 
address the lack of cross-
fertilization when developing 
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• Technology is developed 
to induce positive and 
pleasant experiences 

• Supports individuals in 
reaching engaging and 
self-actualizing 
experiences  

• Supports and improves 
social integration and 
connectedness  

AAL technology among 
disciplines 

• Doesn’t help to address 
technology acceptance for 
older adults 

• No long-term data to know 
how effective the paradigm is 
in creating technology that 
older adults will continue to 
use 

•  Doesn’t address how 
technology should preserve 
and protect user’s privacy 

Cahill et al., 
2019 

SCRUM/AGILE 
Frameworks 

 
Interviews 78 Participants 

• Lightweight, iterative, 
and incremental 
framework for product 
development  

• Promotes sustainable 
development  

• Satisfies the customer 
through early and 
continuous 
development delivery  

• Can be very time consuming 
as many iterations may need 
to take place before the final 
prototype is reached  

 

Arthanat et 
al., 2020  
 

Technology 
Acceptance Model 
(TAM) 
 

Survey 447 participants  

• Plays a part in 
understanding 
technology acceptance 
amongst users  

• Used to explain or 
predict factors that 
influence or determine 
the attitude towards 
accepting new 
technologies  

• Highlights the 
interactions of inherent 
behavioural traits with 
the adoption of 
technology  

• Even though this model 
addresses critical aspects of 
decision-making regarding 
technology adoption, the 
understanding as to why 
technology is still rejected is 
lacking  

• Considers behavioural traits 
but leaves out other 
characteristics such as 
demographics of users- 
therefore not providing the 
complete picture to what 
influences technology 
acceptance  

Jiang et al., 
2019 

Questionnaires 
and interviews 119 Participants  

Bajenaru et 
al., 2020  User-centred Design Survey 124 participants • Identifies needs and 

translates them into • Can lead to value tensions  
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Cesta et al., 
2018 

Survey and Focus 
Groups 

155 participants 
(105 for survey and 
20 for focus group) 

development 
requirements for 
technology 

• Used to gain an 
understanding of what a 
user wants and needs, 
and which features will 
be accepted by users  

 

• Identification of value 
tensions may lead to 
malicious trade-offs 

• Participants can have 
significant differences that 
can be hard to accommodate  

• Results depend on 
participants that are involved 
in the conversation but may 
not necessarily represent a 
majority of users  

• Can be hard for users to voice 
their needs  

Johannsson-
Pajala et al., 
2019 

Group Discussions 
and Focus Groups 24 Participants  

Menghi et 
al., 2019 Focus Groups Unspecified 

number 
Mincolelli et 
al., 2018 

Survey, Interviews, 
Focus groups 

Unspecified 
number 

Schomakers 
et al., 2019 

Questionnaire and 
Focus Groups 

112 participants 
(107 for 
questionnaire and 
15 for focus group)  

Tsuchiya et 
al., 2018 Focus Groups 10 Participants  

Novel 
frameworks 
(n=10) 

Alsulami et 
al., 2020  

Decision-making 
framework for using 
AAL by healthcare 
providers 

 

Community 
Practice Study 4 Participants 

• Creates a theoretical 
foundation to build a 
better understanding of 
the factors that are 
essential in boosting the 
usage of technology in 
improving elderly health 
in Saudi Arabia  

• Very specific to a particular 
group of people (people 
living in Saudi Arabia) 

 

Azzi et al., 
2020  

Extended Expanded 
Chronic Care Model 
 

Systematic 
Literature Review N/A  

Extended Expanded Chronic 
Care Model  
• Helps integrate diverse 

AIA technologies around 
patient needs in various 
healthcare contexts 

• Emphasizes the use of 
advanced patient-
centric IT using 
prequalified, evidence-
based knowledge 
repertoires to validate 
and reuse care 
pathways 

 

Expanded Chronic Care Model 
• Not tested in a large 

healthcare context to 
understand the quality, 
safety, and efficiency effects 
of technology   
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Etemad-
Sajadi & Dos 
Santos, 2019  

Extended Technology 
Acceptance Model 

 
Surveys 213 Participants 

• Incorporates additional 
factors into the TAM to 
better understand 
technology acceptance  

• Model is specific to AAL 
technology 

• Even though more factors are 
identified, there are still  
additional variables that may 
influence technology 
acceptance  

• Model is based on the 
assumption that stakeholders 
have little knowledge of 
technology 

Balaji et al., 
2018 

Framework for 
Pervasive and 
Ubiquitous Geriatric 
Monitoring 

 

Literature Review 
and 
Experimentation 

N/A  

• Shows similairities to 
User-Centred Design as 
the framework is 
designed to cater to a 
larger number of older 
adults 

• Framework aims to 
follow the design 
philosophies of: 
extensibility, efficiency, 
availabilitiy, security, 
easy integration, 
usability, and scaliability 

• Framework doesn’t take into 
account how to handle the 
trade-offs between data 
acquisition, the level of 
intrusiveness and precision 

Basarudin et 
al., 2018  

Framework for 
Smarthome Housing 
Developments 
 

Literature Review N/A  

• A robust, regulatory 
housing framework, 
focused mainly for the 
regulation of standards 
in Smart Home Assisted 
Living for the Elderly 

• Developed for use in 
Malaysia 

 

Shuhaiber et 
al., 2019 

Modified Technology 
Acceptance Model 
(TAM) 

Questionnaire 267 Participants 

• Captures the specifics of 
smart homes by 
examining smart home 
attributes as external 
factors 

• Adds additional factors 
to the TAM to better 
understand user 
acceptance 

• Remains unknown if the 
additional factors influence 
smart home acceptance 

Pal et al., 
2018  

Modified Theory of 
Acceptance and Use of Online Survey 254 Participants • Framework is meant to 

determine the care 
• Customized for an Asain 

healthcare context 
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Technology (UTAUT) 
Model 
 

factors that can affect 
an elderly users’ 
acceptance of smart 
home services for 
healthcare 

• Provides insight into 
more factors that 
influence user 
acceptance of 
healthcare technology 

• Framework was created 
based on a healthcare tool 
that is not available for 
commercial scale, meaning 
that more research would 
need to be done to know if 
the same factors still hold the 
same weight 

• More threat factors should 
be identified and analyzed   

Greenhalgh 
et al., 2018  

Non-adoption or 
Abandonment of 
technology by 
individuals and 
difficulties achieving 
Scale-up, Spread and 
Sustainability (NASSS) 
Framework 

 

Ethnographic 
Observation and 
Interviews  

165 Participants 

• Developed to encourage 
complex thinking about 
technological 
innovations in 
healthcare 

• Helps explain non-
adoption or 
abandonment of 
technology  

• Observes multiple 
domains to understand 
their complexity and 
how everything together 
influences non-adoption 
or abandonment  

• When there is complexity 
across multiple domains, 
outcomes become less 
predictable, less controllable 
and less amenable to 
conventional planning and 
implementation logic 

Di Napoli et 
al., 2021  

Service-Oriented 
Approach with 
Normative Reasoning 
Framework 

 

Literature Review 
and 
Experimentation 

N/A 

• Automatically generates 
and proposes assistive 
plans that are 
personalized to specific 
individuals or groups of 
individuals to increase 
user satisfaction and 
acceptance 

• Reduces complexity of 
generating assistive 
plans 

• Easily Adaptable  

• May lead to stakeholders 
becoming dependent on 
technology, as technology is 
providing all of the necessary 
alerts and messages 
throughout the day 

• May lead to social isolation 

Kolkowska 
et al., 2018  

User-centred Ethical 
Assessment (UCEA) 
Framework 

 

Iterative Design 
Workshops 11 Participants 

• Used to address the gap 
that exists between 
ethical consequences for 
AAL technology and the 

• Values may come into 
tension with each other and 
can not be satisfied  
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dignity of life and well-
being of an individual 

• Avoids techno-centric 
development by 
highlighting system 
functionality in terms of 
values and expected 
results 

• Stakeholder values can 
be used to make 
informed decisions to 
benefit users  

• Even though values are 
voiced by stakeholders, there 
is a sense of supervision (or 
gate-keeping) by developers 

Development 
of new AAL 
technology 
with existing 
frameworks 
(n=6) 

Corcella et 
al., 2019  Co-design Interviews Unspecified 

number Described Above Described Above 

Bedaf et al., 
2018  

Multi-Perspective 
Evaluation 

 
Workshops 28 Participants 

• Allows different 
stakeholders, with 
different roles, to 
confront their points of 
view, which gives birth 
to a rich and complex 
set of data insights for 
the development of the 
next generation of the 
technology 

• Used once a technology has 
already been prototyped, and 
then stakeholders are asked 
to participate in the Multi-
perspective evaluation- 
meaning that any problems 
stakeholders have with the 
technology will have to go 
through another round of 
iteration instead of 
identifying any concerns from 
the start 

• In the beginning, more focus 
is placed on the technology 
than stakeholder needs or 
wants 

Ferati et al., 
2018  

Participatory Design 

Workshop using 
techniques such 
as: Cartographic 
mapping, future 
thinking and 
cultural probes 

6 Participants 

Described Above Described Above 
Joe et al., 
2018 Focus Groups 43 Participants 

Ting et al., 
2020 

Iterative Design 
Workshops (Living 
Lab approach) 

5 Participants  
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Biermann et 
al., 2018  

 

User-Centered Design 
& Technology 
Acceptance Model 
 

Interviews and 
Scenario-based 
Planning activities 

9 Participants 

• Able to uncover 
intentions to use and 
accept technology 

• Can be used to expose 
Value Tensions 

• Two-step framework (User-
centred design and 
participatory design) can 
reveal a disparity between 
assessment results 

• Some factors are more 
context-sensitive than others 
and must be considered as 
such 

• Results can vary depending 
on experimental conditions  

• Results may be biased as 
participants can respond 
differently to match 
presumed expectations 

Development 
of new AAL 
technology 
with novel 
frameworks 
(n=3) 

Curumsing 
et al., 2019  

Emotion-Oriented 
Engineering User-based Trials  10 older adults 

• Framework that 
attempts to account for 
emotion 

• Identifies user 
requirements to help 
the iterative design and 
evaluation process 

• Addresses target users' 
key emotional goals 

• No formal process to 
communicate to make sure 
technology is being designed 
following the identified 
emotional goals  

• Hard to develop emotional 
goals to satisfy everyone  

• Incorporating users’ 
emotional goals without a 
well-established 
methodology is  challenging 

• Even though the framework 
provides a clear picture of 
user’s needs, the framework 
is insufficient in guiding the 
design and implementation 
process to ensure emotional 
goals are met 
 

Borelli et al., 
2019 

User-centred Design 
(UCD), Participatory 
Design (PD) and the 
Quality Function 
Deployment QFD Tool 

Paper outlining the 
project and 
deliverables 

N/A 

• Utilized to analyze and 
process user needs 

• QFD Matrix helps to 
identify the most 
important user needs 

• Due to comparisons with 
other characteristics, 
final prototypes do not 
always meet stakeholder 
expectations or desires 
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Mincolelli et 
al., 2019 

 
Questionnaire 100 Participants 

that are then compared 
to product 
characteristics to 
provide a technical 
assessment 

• Results of the tool can 
be used to determine 
design guidelines for 
prototypes  

• Can help to identify 
other solutions or ideas 
to needs 

Workshop 12 families 

Usability Testing 19 participants 
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Appendix B: Scenarios used in the Workshops and Interviews with Long-
Term Care Facility Stakeholders for the Hexoskin ProShirtTM and the AWS 
DeepLensTM  
 
 Appendix B presents the scenarios that were during the study presented in Chapter 3.0: 
Prototyping the Ethical DataSheet, to help LTCF stakeholders visualize themselves interacting 
with the Hexoskin ProShirtTM or the AWS DeepLensTM. 
 
Table B-1 – Scenarios used for LTCF stakeholders for the Hexoskin ProShirtTM 

 

Stakeholder Group Scenario 

Tenants 

Imagine that you are just waking up from a 
good night’s rest, and you are lying in your bed 
before you get up and start your day. As you 
are lying there, you start thinking about 
everything you have planned for the day 
ahead- you want to go out for a walk, you 
need to stop at the store to pick up groceries, 
and then you have dinner plants at a nice 
restaurant with close friends in the evening. 
Once you’ve thought through your day, you 
decide that it’s time to get out of bed and get 
going.  
When you stand up, you remember that 
you’ve agreed to participate in a trial with the 
Hexoskin ProShirtTM, where you have been 
asked to wear the device from the moment 
you wake up to the moment you go to sleep 
each evening so that the data recorder can 
collect your heart rate, breathing rate, and 
your activity throughout the day. Next, you 
remember that the Hexoskin ProShirtTM must 
have contact with your skin, so it must go 
under your clothing, and it must be as tight as 
comfortable. Then, once you have the shirt 
on, you must plug in the data recorder and 
tuck it into the side of the shirt before you can 
continue getting dressed. 
You get to work putting the Hexoskin 
ProShirtTM on, and once you are finished 
getting dressed, you walk out of your home 
and start your day. 
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Residents 

Imagine that you’ve just woken up from a 
good night’s rest and you are lying in bed. As 
you wake up, you smile remembering one of 
your friends is planning to visit you later in 
the afternoon, and you are looking forward 
to seeing them.  
As you sit up in your bed, you hear a knock 
on the door and you look to see it’s one of 
the healthcare professionals that works on 
your floor. They tell you that they are there 
to help you put on the Hexoskin ProShirt for 
the day ahead. You nod, and as they come 
into the room, you think back to agreeing to 
use the Hexoskin ProShirtTM, letting the 
device collect your vital signs like heart and 
breathing rate, and your activity, as you wear 
it. 
The healthcare professional gets you 
situation on the bed so that they can assist 
you with putting the Hexoskin ProShirt on.  

Caregivers 

I’d like you to imagine that you are heading 
to your loved one’s room to visit them in the 
morning. You knock, and when they welcome 
you in, you see the Hexoskin ProShirtTM, on 
the back of the chair. You pick up the shirt on 
your way in and ask if they need your help 
putting the device on. They nod, and as they 
sit up, you think back to when your loved one 
agreed to use the Hexoskin ProShirtTM to 
collect their vital signals, such as their heart 
rate, breathing rate and their activity. 
As the sit up, you stand beside them, and 
help them put on the Hexoskin ProShirtTM for 
their day ahead. 
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Table B-2 – Scenarios used for LTCF stakeholders for the AWS DeepLensTM 

 

Stakeholder Group Scenario 

Tenants 

Imagine that it’s mid-morning, and you are 
excited to start your day because you 
remember that some of your friends are 
stopping by your home later in the afternoon. 
You haven’t seen them in a while, so you are 
excited to see them.  
As you make your way out of your bedroom, 
your eyes pass over the small while camera 
sitting on your counter. You then realize that 
your camera can see much of your living space 
from its placement in your home. In thinking 
about the camera, you recall you agreed to try 
the AWS DeepLensTM as a fall detection 
monitor as it was programmed to detect any 
concerning signs by analyzing your 
movements and contacting emergency 
contacts if you were to fall. You remember 
that the camera is continuously recording, 
and the collected data is stored in the cloud.  
As you stand in the kitchen, you realize that 
you haven’t told your friends that you are 
using the AWS DeepLensTM, so when the 
visit, they will also be on camera. 

Residents 

It’s mid-afternoon on a chilly November day 
in Ottawa. You are sitting in bed watching TV 
when you hear a knock at your door. You 
turn to look to see that it’s a good friend of 
yours and they have stopped by to visit you. 
You smile at them and welcome them inside 
your room.  
As you turn off the TV, the blue light from the 
AWS DeepLensTM camera, positioned across 
the room, catches your attention. You 
remember agreeing to use the AWS 
DeepLens camera, where the camera will 
take pictures of your space every 30 seconds. 
The collected images will be used to develop 
an Artificial Intelligence model to look for 
unusual behaviour that might cause a 
healthcare professional to check in on you. 



 126 

You are unsure if your friend is comfortable 
having their picture taken; however, you 
know that it’s too cold to go outside, and the 
social rooms on your floor are being used for 
an event. 

Caregivers 

You are visiting your loved one on a cold 
November afternoon in Ottawa. You knock 
on their door, and they welcome you inside 
their space. They smile at you, and as you go 
to sit down beside them, your eyes catch on 
the blue light from the AWS DeepLensTM 

across the room. You remember that your 
loved one agreed to use the camera, allowing 
it to take pictures every 30 seconds with the 
plan to use the photos to develop an Artificial 
Intelligence model that will learn their 
behaviour, and flag any unusual behaviour to 
the healthcare professionals working on the 
floor.  
As you go to sit, you realize that the camera 
will be recording your entire interaction with 
your loved one, and it’s too cold to sit 
outside and there is an event going on in the 
social rooms. 
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Appendix C: Ethical Design Tools  
 
 Appendix C presents the full analysis of each Ethical Design Tool referenced in Chapter 
4.0: Prototyping the Ethical DataSheet.  
 
C.1 Datasheets for Datasets 

Gebru et al. (2021) introduce Datasheets for Datasets (‘Datasheets’) that are meant to 
accompany datasets used to train AI and ML models. The authors state that the purpose of this 
tool is, “to bring the conversation regarding data provenance to the machine learning 
community” (Gebru et al., 2021, p. 1). At the time of publication of this paper, there was no 
standardized process for documenting machine learning datasets. Explaining the concept of a 
datasheet, the authors make an analogy to electrical components, which, regardless of 
complexity, come with accompanying documentation that explains there, “operating 
characteristics, test results, recommended usage, and other [important] information…” (Gebru 
et al., 2021, p. 2). The authors propose that Datasheets accompany AI/ML datasets to provide 
information on the dataset’s, “motivation, composition, collection process, recommended uses, 
and so on.” (Gebru et al., 2021, p. 2).  

The datasheet itself is split into seven sections that align with the critical stages of the 
dataset lifecycle (i.e., Motivation, Composition, Collection Process, 
Preprocessing/Cleaning/Labeling, Uses, Distribution, and Maintenance). Each section is 
populated with questions, Figures C-1 and C-2, that dataset creators (the intended authors of 
the Datasheets) should answer as the dataset lifecycle progresses. The questions that populate 
each section are intentionally worded to avoid ‘Yes’ or ‘No’ answers and instead are meant to 
cause dataset creators to reflect more deeply (i.e. in more detail) on what is being asked. Once 
completed, the Datasheets should be shared with intended users (dataset consumers) to 
ensure they have the information they need to make informed decisions about using the 
dataset to train AI/ML models (Gebru et al., 2021). A full version of a Datasheet can be seen in 
Appendix D.  
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Figure C-1 - Figure 4.1.1.1: Motivation Section for Polarity Dataset Datasheet. From Gebru et al., 2021 
 

 
 

Figure C-2 - Distribution Section for Polarity Dataset Datasheet. From Gebru et al., 2021 
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 However, as promising as Datasheets sound, the authors note that they are not a 
definitive solution to address all problems with AI/ML systems like the ones stated above. For 
example, datasheets do not provide a complete solution to “mitigating unwanted societal 
biases or potential risks or harms” (Gebru et al., 2021, p. 11) as Datasheet creators cannot 
account for all possible uses of a dataset and, therefore, cannot account for all potential risks or 
harms that may arise from using the dataset (Gebru et al., 2021). Another limitation of 
Datasheets is the dynamic nature of datasets; if changes are made to the dataset, those 
changes should be reflected in the Datasheet. This implies that continual maintenance of the 
Datasheet will need to occur as long as the dataset keeps changing. Even though the authors 
provide a template for what a Datasheet may look like and what questions should be asked, 
ultimately each datasheet created will be different (Gebru et al., 2021). Dataset creators will be 
responsible for personalizing the Datasheet as they see fit for their datasets. 

Despite the challenges, the authors believe that the benefits Datasheets can bring to the 
AI/ML community outweigh the costs. In other words, “datasheets provide an opportunity for 
dataset creators to distinguish themselves as prioritizing transparency and accountability.” 
(Gebru et al., 2021, p. 11).  
 
C.2 AI FactSheets 

Similar to Datasheets for Datasets, AI FactSheets (‘FactSheets’) proposed by IBM 
researchers was, at the time of publication, “the first work to describe a methodology for 
creating a form of AI documentation” (Richards et al., 2020, p. 1). FactSheets were proposed 
when the authors discovered that while proposals for AI documentation to uncover ethical and 
legal concerns were emerging, there was little published work to describe how to create such 
documentation. Therefore, FactSheets are the outcome of following a proposed methodology 
that defines how to capture essential details of how an AI model or service is developed and 
tested in order to increase transparency for the reader. Additionally, to ensure transparency 
and understanding, FactSheets are tailored to the AI model or service that is under study as 
well as the needs of the target audience who would be interacting with the AI model or service. 
Therefore, FactSheets for the same AI model or service may vary in content or format so that 
the FactSheet presents comprehensive, consumable information to the reader, regardless of 
their role (e.g., end-user, developer, engineer).  

Like the Datasheets examined above, FactSheets follow a 7-step process for 
construction (i.e., Know your FactSheet consumers, Know your FactSheets Producers, Create a 
FactSheet template, Fill in FactSheet template, Have producers create a FactSheet, Evaluate 
created FactSheet with consumers, Devise other templates for other audiences and purposes). 
Throughout the process, FactSheet stakeholders’ needs are identified, a FactSheet template is 
created, the template is populated with relevant information for the AI model or service that is 
being evaluated, and finally, the FactSheet is tested with different impacted stakeholders, such 
as producers and consumers.  

FactSheet development is highly iterative when involving different stakeholders. The 
authors note that iteration usually creates a psychological barrier to adoption, due to the 
perceived amount of work involved. However, they emphasize the importance of iteration 
when using such a tool by saying, “that while creating a FactSheet may seem like a lot of work, 
…, failing to perform these steps will incur an ongoing price in poor documentation, repeated 



 130 

requests between team members for missing information, insufficient testing based on faulty 
assumptions about data or model structure, …, and exposure to unnecessary risk.” (Richards et 
al., 2020, p. 6). 

By completing this process, FactSheets are developed for different AI models and 
services for different stakeholders. Examples of some sections for a developed FactSheet can be 
seen in Figures C-3 to C-5, and a full FactSheet can be found in Appendix D. 
 
Figure C-3 - Overview, Purpose, and Intended Domain sections of an Object Detector FactSheet. From Richards et 
al., 2020 

 
 

Like Datasheets, FactSheets use questions to explain how an AI model or service was 
developed and deployed (Richards et al., 2020). However, what separates FactSheets and 
Datasheets is that FactSheets are intended for use by various stakeholders. The methodology 
used to develop FactSheets was influenced by User-Centered Design principles to garner input 
from multiple stakeholders to inform the final design of the FactSheet. In explaining this 
process, the authors recognize this approach leads to an extended development period but 
state, “although there is a strong desire to create a standard template for all FactSheets, we 
believe this diversity illustrates that for FactSheets, one size does not fit all.” (Richards et al., 
2020, p. 2).  
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Figure C-4 - Model Information and Input and Output sections of an Object Detector FactSheet. Adapted from 
Richards et al., 2020 
 

 
 
Figure C-5 - Bias section of an Object Detector FactSheet. From Richards et al., 2020 
 

 
 

In addition to other mechanisms, the authors are hopeful that FactSheets can “lead to 
better understanding and transparency and more effective mitigation of any harm or safety 
issues in the system, such as bias, vulnerabilities to adversarial attacks, or other undesirable 
impacts” (Richards et al., 2020, p. 7).    
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C.3 Data Statements for Natural Language Processing 
Natural Language Processing (NLP) is a form of AI/ML that has been criticized in recent 

years due to some NLP systems failing to work for specific subpopulations, such as different 
genders (Mohammad, 2022) and different cultures (Bender & Friedman, 2018). Furthermore, 
some NLP systems have also been found to reinforce biases present in the data on which the 
system was trained, such as a “resume-review system that ranks female candidates less 
qualified for computer programming jobs because of biases present in the training text” (Bender 
& Friedman, 2018, p. 1). Bender & Friedman (2018) note, “the linguistic data we use will always 
include pre-existing biases, and because it is not possible to build an NLP system in such a way 
that is immune to emergent bias…”, there are “open and urgent questions of how we integrate 
ethical considerations into the everyday practice of [NLP]” (2018, p. 1). And while there are no 
simple answers to such questions, the authors imply that a “constellation of multi-faceted 
solutions” should be used instead (Bender & Friedman, 2018, p. 1). 

Suggesting one such solution, Bender & Friedman utilized a value-sensitive design 
methodology to propose Data Statements to “mitigate the scientific and ethical shortcomings 
that follow from imperfect datasets” (2018, p. 1). As explained by the authors: 

 
 “A data statement is a characterization of a dataset that provides context to allow 
developers and users to better understand how experimental results might generalize 
how software might be appropriately deployed, and what biases might be reflected in 
systems built by the software” (Bender & Friedman, 2018, p. 1).  
 

The suggestion here is that Data Statements have the potential to bring about “improvements 
in engineering and scientific outcomes while enabling more ethically responsive NLP 
technology” (Bender & Friedman, 2018, p. 1).  

Inspired by publication practices in psychology and medicine, where standardized 
information is often required for describing study populations, Data Statements are meant for 
use in academic and other writing on NLP. This includes papers presenting new datasets, 
reports documenting new work with datasets, and documents for NLP systems. Bender & 
Friedman thus propose two versions of Data Statements: long-form and short-form. The 
reasoning behind the two variants is to try and keep data statements detailed but as concise as 
possible. Therefore, long-form Data Statements are meant to be included in academic papers 
presenting a dataset or within the system documentation. Long-form Data Statements should 
be written at, or close to, the time of the dataset’s creation and should include details about 
curation rationale, language variety, speaker and annotator demographic, text characteristics, 
and recording quality. Conversely, short-form Data Statements should be no more than 100 
words summarizing the essential elements found in the long-form statement and should be 
included in publications that use the dataset for training, tuning, or testing a system. 

Just as with DataSheets and FactSheets, the authors note that Data Statements are one 
piece of the puzzle when addressing the scientific and ethical questions that arise when 
considering integrating AI/ML into people’s everyday lives. However, the authors comment on 
the advantages they believe Data Statements may provide to the field. Firstly, the authors point 
out that Data Statements can be “instrumental in the diagnosis (and thus mitigation) of pre-
existing biases” and that “when a system is paired with data statement(s) for the data it’s 
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trained on, those deploying it are empowered to assess potential gaps between the speaker 
populations and the populations whose language the system will be working with” (Bender & 
Friedman, 2018, p. 8). 
 
C.4 Data Nutrition Labels  

The Dataset Nutrition Label (Chmielinski et al., 2020; Holland et al., 2018) has similar 
elements to the tools mentioned previously. Drawing inspiration from standard food nutrition 
labels, the sort found on food packaging, it aims to address the harms that AI and ML systems 
can propagate, with a specific focus on the data used in algorithmic decision-making systems 
(ADS). Unlike the tools mentioned above that use questions to convey information, the Data 
Nutrition Label is presented in a visual and very familiar manner. 

Before suggesting such a tool, the researchers conducted an anonymous online survey 
within the data science community to understand current data analysis practices prior to model 
development. Based on the results, the researchers discovered that just under half of the 
respondents said they analyzed their data before using it in their models (Holland et al., 2018). 
Furthermore, almost 75% of the participants indicated that their companies did not have 
explicit best practices for data analysis and just under 60% of respondents admitted they relied 
on experience and self-directed learning to inform their data analysis practices (Holland et al., 
2018). After analyzing the results of the survey, the authors concluded that data scientists 
should have a tool enabling them to “more quickly assess the viability and fitness of datasets, 
and more easily find and use better quality data to train their models” (Holland et al., 2018, p. 
3). The results of this survey heavily influenced the creation of their tool, known as the Data 
Nutrition Label. 

In the first iteration of the tool by Holland et al. (2018), the authors utilized the idea of a 
nutrition label, as is seen in Figures C-6 and C-7. The reason behind this, aside from being an 
easily recognizable icon, is that according to a report done by the International Food 
Information Council, “more than 80% of consumers reported that they looked at the “Nutrition 
Facts” label when deciding what foods to purchase or consume, and only 4% reported never 
using the label” (Holland et al., 2018, p. 4). Additionally, five years after the “Nutrition Label” 
was mandated by Congress, the Food Marketing Institute reported, “that one-third of 
consumers stopped buying food because of what they read on the label” (Holland et al., 2018, p. 
4). Therefore, hoping to achieve the same results for the importance of data interrogation 
before model creation, the authors decided to represent their tool in a manner resembling the 
food Nutrition Label. A complete example of the Data Nutrition Label proposed by Holland et al. 
(2018) can be seen in Appendix D.   
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Figure C-6 - Metadata and Provenance sections from the First iteration of the Data Nutrition Label for the 
ProPublica’s Dollars for Docs dataset. Adapted from Holland et al., 2018 
 

 
 

The label is meant to act as a “diagnostic framework that aims to lower the barrier to 
standardized data analysis by providing a distilled yet comprehensive overview of dataset 
“ingredients,” before AI model development.” (Holland et al., 2018, p. 1). Therefore, the primary 
audience for this tool is the data science and AI/ML developer community, who are responsible 
for building AI models.  

The first iteration of the Data Nutrition Label was designed to introduce the concept of a 
tool to expedite decision-making without sacrificing the quality or thoughtfulness of data 
interrogation (Holland et al., 2018). The tool’s second and most recent iteration, called the 
Dataset Nutrition Label, amalgamates the feedback from data scientists, analysts, and others to 
solidify a tool that is another step toward building and deploying trustworthy AI (Chmielinski et 
al., 2020). 

In soliciting feedback for the first iteration of the label from the data science 
community, the authors of the second iteration note that many of the responses suggest there 
is a shift toward the “‘contextualization’ of artificial intelligence and the need for frameworks 
that are ‘personalized’” (Chmielinski et al., 2020, p. 2). This same idea was reflected in the 
Systematic Literature Review presented in Chapter 2.0 and discussed in Section 4.1.2 with the 
AI FactSheets; while general frameworks and EDTs may be able to identify some of the 
concerns that stakeholders have with AI/ML models, devices, or systems, frameworks and EDTs 
that are personalized stand a much better chance of being able to identify and address specific 
concerns that stakeholders have with AI/ML technology. Therefore, considering the feedback 
and suggestions that the authors received, the second iteration of the Dataset Nutrition Label, 
seen in Figures C-7 and C-8, is presented in an interactive, web-based GUI that aims to give 
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general information about the dataset alongside known issues and relevant information for a 
particular use case (Chmielinski et al., 2020). A full version of the second iteration of the Data 
Nutrition Label can be found in Appendix D.  

 
Figure C-7 - About, Use Cases, and Alert Count sections of the Second Version of the Dataset Nutrition Label for the 
TaxBillsNYC dataset. Adapted from  Chmielinski et al., 2020 
 

 
 

By presenting information relevant to a specific use case, the current version of the 
Dataset Nutrition Label sets itself apart from other tools that have been analyzed thus far. 
Instead of creating a general tool or creating a tool for a specific stakeholder, the creators of 
the Dataset Nutrition Label focus on how the dataset may be used, the possible problems that 
may arise from the use case, and potential mitigation techniques that the user could implement 
to avoid undesirable outcomes (Chmielinski et al., 2020), as seen in Figure C-9. Lastly, due to its 
web-based interface, the Data Nutrition Label focuses on usability to ensure it is actionable and 
immediately useful to its user (Chmielinski et al., 2020). 
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Figure C-8 - Objectives and Alerts section of the Second Version of the Data Nutrition Label for the TaxBillsNYC 
dataset. Adapted from Chmielinski et al., 2020 

 

 
 

Figure C-9 - Mitigation Suggestions from Alerts section of the Second Version of the Data Nutrition Label for the 
TaxBillsNYC dataset. From Chmielinski et al., 2020 
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Even though the second iteration of the Dataset Nutrition Label is an improvement on 
the first, the second generation poses its own challenges. These challenges include adapting the 
label when the dataset changes, third-party access for label creation, balancing the amount of 
qualitative and quantitative data represented on the label (Chmielinski et al., 2020), and 
identifying all possible use cases for the dataset. Knowing these challenges exist, the authors 
state that they are committed to advancing the Dataset Nutrition Label “through well designed, 
carefully vetted, and context-aware [methods] that help mitigate harm while improving public 
understanding of the risks and opportunities of working with ADS, and with particular focus on 
their underlying data” (Chmielinski et al., 2020, p. 4). 
 
C.5 Ranking Facts (A Nutrition Label for Rankings) 

Ranking Facts is a tool meant to communicate to the end-user the intricate details of 
algorithmic decision-making systems (ADS), specifically ranking and scoring algorithms, such as 
creditworthiness systems or dating compatibility apps (Yang et al., 2018). While similar to 
Dataset Nutrition Labels, which focus on the datasets that ADS use (Holland et al., 2018), 
Ranking Facts focuses on the specifics of how ranking and scoring algorithms produce their 
results (Yang et al., 2018). Using visual widgets, Ranking Facts presents the reader with the 
ranking or scoring algorithm in terms of the algorithm’s fairness, stability, and transparency. In 
presenting the readers with the information, Yang et al. (2018) aim to promote the 
“development of interpretability and transparency tools” (p.1) by providing the reader with a 
tool that they can use to determine the ‘fitness of use’ for a given model or dataset and to 
assess the methodology that was used to produce the model or dataset.       

Ranking Facts comprises six visual widgets (Recipe, Ingredients, Overall Diversity, 
Diversity at Top-10, Stability, and Fairness) that address aspects of transparency and 
interpretability and are meant to show the results of the system’s ‘recipe’ or the description of 
the algorithm, as seen in Figure C-10. While the widgets that are presented on the Ranking 
Facts sheet are meant to be overviews of the findings for each category, some widgets can also 
be expanded out to provide more information so that readers can understand the information 
that is available on the overview widget, as seen in Figure C-11. A full version of the Ranking 
Facts sheet can be found in Appendix D. 
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Figure C-10 - Ranking Facts for a Computer Science Department Dataset. From Yang et al., 2018 
 

 
 

Figure C-11 - Expanded Fairness Widget for Ranking Facts for a Computer Science Department Dataset. Adapted 
from Yang et al., 2018 
 

 
 

Like the Data Nutrition Label, Ranking Facts attempt to provide transparency to ADS 
results by providing the reader with insight into the complex processes that are used in ADS, 
the assumptions made, and the diversity, stability and fairness factors that exist within the 
results. 
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C.6 Model Cards (for model reporting) 
When “Model Cards for Model Reporting” (Mitchell et al., 2019) was published, the 

authors stated that there were “no standardized procedures to communicate the performance 
characteristics of trained machine learning (ML) and Artificial Intelligence (AI) models” (2019, p. 
1). As with similar tools analyzed above, this lack of documentation raises alarms when AI/ML 
models are used in high-stakes contexts that can severely impact people’s lives, such as in 
employment (e.g. hiring and firing decisions), healthcare (e.g. diagnostics), or the criminal 
justice system (e.g. sentencing recommendations) (Mitchell et al., 2019). However, even if 
documentation accompanies an AI or ML model, it often supplies very little information 
regarding the model, its performance characteristics, intended use cases or pitfalls, or any 
other additional information someone would need to decide whether or not to use the model 
for their purposes (Mitchell et al., 2019). For the authors, the growing number of concerns 
about poorly documented AI/ML models prompted the creation of a tool that could capture a 
trained machine learning model’s metrics, bias, fairness, and inclusion characteristics.  

Model Cards for model reporting (Model Cards hereafter) is a tool intended to 
accompany new machine learning models as a one or two-page description describing the 
model, its characteristics and intricacies, and its use cases (Mitchell et al., 2019). To present this 
description, Model Cards are presented through nine different sections (Model Details, 
Intended Use, Factors, Metrics, Evaluation Data, Training Data, Quantitative Analyses, Ethical 
Considerations, and Caveats and Recommendations), as seen in Figure C-12.  

Model Cards are meant as an accompaniment to Datasheets for Datasets (Gebru et al., 
2021), where Datasheets are responsible for reporting the details of the dataset being fed into 
the model, while Model Cards focus on explaining details regarding the ML model that will use 
the dataset (Mitchell et al., 2019). Additionally, each Model Card could also be accompanied by 
Dataset Nutrition Labels (Chmielinski et al., 2020; Holland et al., 2018), Data Statements 
(Bender & Friedman, 2018), or AI FactSheets (Richards et al., 2020), as each pertains to the 
dataset that the model is trained or evaluated on, and is therefore important to include when 
discussing the model itself. Sections of a developed Model Card are pictured in Figures C-13 and 
C-14, and the Model Card can be found in Appendix D. 
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Figure C-12 - Summary of Model Card sections and prompts to consider for each. Adapted from Mitchell et al., 
2019 

 

 
 

Model Cards are an attempt to “provide a way to inform users about what machine 
learning systems can and cannot do, the types of errors they can make, and additional steps 
that could create more fair and inclusive outcomes with the technology” (Mitchell et al., 2019, 
p. 2). The motivation behind Model Cards is to “standardize ethical practice and reporting—
allowing stakeholders to compare candidate models for deployment across not only traditional 
evaluation metrics but also along the axes of ethical, inclusive, and fair considerations” (Mitchell 
et al., 2019, p. 2). This motivation will hold a different meaning for different users. While Model 
Cards are intended for AI and ML practitioners and model and software developers, the tool 
can also have insights and significance for law and policymakers, ML-knowledgeable individuals, 
and other impacted stakeholders (Mitchell et al., 2019).  
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Figure C-13 - Sections of Model Card for Smiling Detection in Images Model. Adapted from Mitchell et al., 2019 
 

 
 

Just as with the Dataset Nutrition Label (Chmielinski et al., 2020; Holland et al., 2018) 
and the Nutrition Label for Rankings (Yang et al., 2018), Model Cards include visual elements to 
communicate information to the reader. Model Cards are divided into different sections, 
Figures C-12 and 13, that collectively relay how a model was built, the assumptions made 
during its development, how the model may behave when using datasets with different 
cultural, demographic, or phenotypic populations, and how well the model will perform 
concerning those groups (Mitchell et al., 2019).  
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Figure C-14 - Remaining sections of Model Card for Smiling Detection in Images Model. Adapted from Mitchell et 
al., 2019 
 

 
 

As with tools mentioned previously, such as Datasheets for Datasets (Gebru et al., 
2021), Model Cards do not identify all of the ethical issues that arise with AI/ML models and 
their use. As Mitchell et al. (2019) note, “ethical analysis does not always lead to precise 
solutions” (p.6). Therefore, the idea that Model Cards will be standardized to a point where all 
ethical concerns are addressed and misleading representation for the AI or ML model or results 
of the model are eliminated seems unlikely (Mitchell et al., 2019). Regardless, the authors do 
see the potential for Model Cards, used in combination with other processes such as 
algorithmic auditing, adversarial testing, and user feedback mechanisms, to contribute to the 
future of responsible (i.e. ethical) AI/ML work stating, “the process of ethical contemplation is 
worthwhile to inform on responsible practices and next steps for future work” (Mitchell et al., 
2019, p. 6). 
 
C.7 System Cards 

Though they share many similarities to previously discussed tools, System Cards differ 
from the tools mentioned above in that System Cards are concerned with an entire ML system, 
or the combination of many ML models working together to produce a result (Procope et al., 
2022). Instead of communicating key facts about individual models, as is done by Model Cards 
(Mitchell et al., 2019), or focusing on various details regarding the datasets that ML models are 
trained on, as with Datasheets for Datasets (Gebru et al., 2021), AI FactSheets (Richards et al., 
2020), or the Dataset Nutrition Label (Chmielinski et al., 2020; Holland et al., 2018), System 
Cards aim to “provide insight into how an ensemble of models work together to make systems” 
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(Procope et al., 2022, p. 3). An example of such a system would be the ranking and 
recommending ML system that Instagram employs on their explore page (Procope et al., 2022). 

Similar to Dataset Nutrition Labels (Chmielinski et al., 2020; Holland et al., 2018) and 
Model Cards (Mitchell et al., 2019), System Cards use visual elements to communicate with the 
reader. A System Card starts with a page that briefly describes the system, its purpose, and 
information about version type and authors. This page also includes a high-level diagram of the 
system (Figure C-15), its components, and how each component is used to achieve a desired 
functionality and result. Interestingly, if users want to explore a specific model included in the 
system outlined in the System Card, they can access that model’s Model Card to learn more 
(Procope et al., 2022). 

 
Figure C-15 - An Overview of a Content Ranking System. From Procope et al., 2022 
 

 
 

Even though System Cards build upon the ideas of their predecessors, the authors still 
note many challenges with creating “usable and valuable documentation artifacts” for AI/ML 
models and systems (Procope et al., 2022, p. 4). A major challenge includes scalability: it is 
questionable whether System Card creation can be automated, or if it requires manual 
creation, compounded by the continual maintenance that System Cards require as AI and ML 
models and systems continuously change (Procope et al., 2022). 
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C.8 Ethics Sheets for AI Tasks 
In analyzing the previous seven tools, one commonality seen is that the tool is either 

created during creation or after finalizing the dataset, model, or system. Ethics Sheets for AI 
Tasks (Ethics Sheets) is a tool that takes the opposite approach, in more ways than one 
(Mohammad, 2022). Unlike tools that have been discussed above, where the reason for 
creating the tool is to document a dataset, an AI or ML model, or an overall AI or ML system, 
Ethics Sheets focus on the AI task for which the dataset, model, or system is being created 
(Mohammad, 2022). Mohammed (2022) explains that an AI task “is some task that we want to 
automate using AI techniques, [while] an AI system is a particular AI model built for the task” (p. 
2). While there are ethical considerations that datasets and individual AI/ML models face, those 
ethical considerations usually stem from the AI or ML task itself (Mohammad, 2022). Take, for 
example, the task of alerting a family member if their loved one falls at home. Before we 
consider an AI or ML system to implement this task, we ought to consider questions that the 
task raises: How will the person feel about being monitored? Do they want someone to be 
alerted if they fall? Could this system be misused in some way? Is there enough evidence to 
support going forward with this idea? From the author’s perspective, if someone wants to 
propose and create a new AI task, it is essential to have “a document that substantively 
engages with the ethical issues relevant to that task; going beyond individual systems and 
datasets, drawing on a body of relevant work” (Mohammad, 2022, p. 3).  

To facilitate the proposal and creation of a new AI or ML task, the author proposes 
Ethics Sheets as a way to “flesh out the assumptions and ethical considerations hidden in how 
an [AI or ML] task is commonly framed and in the choices we make regarding the data, method 
and evaluation” (Mohammad, 2022, p. 1). To do this, the author proposes four sections of the 
Ethics Sheet to uncover assumptions hidden in task framing, present ethical considerations that 
are relevant to the task, discuss choice points and trade-offs for different stakeholders, outline 
the risks, and go through mitigations that can be taken as an attempt to avoid undesirable 
outcomes (Mohammad, 2022). The author notes that thinking about the questions presented in 
the Ethics Sheets enables people to “break away from the current paradigm of building things 
that are divisive (that work well for some and poorly for others) and instead move towards 
building systems that treat human diversity and variability as a feature (not a bug)” 
(Mohammad, 2022, p. 3).  

As discussed with similar tools, Ethics Sheets are not meant to be the ‘golden ticket’ that 
makes everything perfect, leads to easy solutions, or the “thing that solves ethics” 
(Mohammad, 2022, p. 4). Instead, ethics sheets provide thoughts on AI or ML tasks’ ethical 
considerations and societal impacts while also encouraging best practices and inspiring new 
ideas for responsible research and innovation (Mohammad, 2022). Ethics Sheets are also not 
meant to be a stand-alone tool. The author comments that Ethics Sheets should be used to 
facilitate the creation of tools like Datasheets and Model Cards (Mohammad, 2022), and the 
tools should complement each other. For example, tools like Datasheets and Model Cards 
would be used as post-production documents, while Ethics Sheets are meant to be a preview 
for the task ahead. 

Like all tools that have come before it, Ethics Sheets have limitations. One such 
limitation is that maintaining Ethics Sheets is a perpetual task. Since Ethics Sheets are created 
manually, a task’s list of ethical considerations is not static. It is almost impossible to predict 
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every potential outcome or harm of an AI or ML task, meaning that Ethics Sheets require 
periodic or constant visitation and updating (Mohammad, 2022). Acknowledging this, the 
author states, “Ethics Sheets will always be incomplete and require revision…, but that should 
not stop us from creating a document that will be useful to others, …, [so] we are better placed 
to anticipate issues for the future” (Mohammad, 2022, p. 11). 
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Appendix D: Ethical Design Tools  
 
 Appendix D presents the Ethical Design Tools discussed in Chapter 4.0: Prototyping the 
Ethical DataSheet.  
 
Figure D-1 – DataSheet for Datasets EDT: Movie Review Polarity DataSheet- Page 1 (Gebru et al., 2021) 
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Figure D-2 – DataSheet for Datasets EDT: Movie Review Polarity DataSheet- Page 2 (Gebru et al., 2021) 
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Figure D-3 – DataSheet for Datasets EDT: Movie Review Polarity DataSheet- Page 3 (Gebru et al., 2021) 
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Figure D-4 – DataSheet for Datasets EDT: Movie Review Polarity DataSheet- Page 4 (Gebru et al., 2021) 
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Figure D-5 – AI FactSheets EDT: Object Detector FactSheet- Page 1 (Richards et al., 2020) 
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Figure D-6 – AI FactSheets EDT: Object Detector FactSheet- Page 2 (Richards et al., 2020) 
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Figure D-7 – AI FactSheets EDT: Object Detector FactSheet- Page 3 (Richards et al., 2020) 
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Figure D-8 – AI FactSheets EDT: Object Detector FactSheet- Page 4 (Richards et al., 2020) 
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Figure D-9 – AI FactSheets EDT: Object Detector FactSheet- Page 5 (Richards et al., 2020) 
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Figure D-10 – AI FactSheets EDT: Object Detector FactSheet- Page 6 (Richards et al., 2020) 
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Figure D-11 – AI FactSheets EDT: Object Detector FactSheet- Page 7 (Richards et al., 2020) 
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Figure D-12 – AI FactSheets EDT: Object Detector FactSheet- Page 8 (Richards et al., 2020) 
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Figure D-13 – AI FactSheets EDT: Object Detector FactSheet- Page 9 (Richards et al., 2020) 
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Figure D-14 – AI FactSheets EDT: Object Detector FactSheet- Page 10 (Richards et al., 2020) 
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Figure D-15 – The Dataset Nutrition Label EDT: ProPublica’s Dollars for Docs Data- Page 1 (Holland et al., 2018) 
 

 
 



 161 

Figure D-16 – The Dataset Nutrition Label EDT: ProPublica’s Dollars for Docs Data- Page 2 (Holland et al., 2018) 
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Figure D-17 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 1 (Chmielinski et al., 2020) 
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Figure D-18 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 2 (Chmielinski et al., 2020) 
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Figure D-19 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 3 (Chmielinski et al., 2020) 
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Figure D-20 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 4 (Chmielinski et al., 2020) 
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Figure D-21 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 5 (Chmielinski et al., 2020) 
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Figure D-22 – The Data Nutrition Label (2nd Gen) EDT: TaxBills NYC Dataset- Page 6 (Chmielinski et al., 2020) 
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Figure D-23 – Ranking Facts EDT: CS Department Dataset (Yang et al., 2018)  
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Figure D-24 – Model Cards for Model Reporting EDT: Summary of Model Card Sections and Suggested Prompts 
(Mitchell et al., 2019) 
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Figure D-25 – Model Cards for Model Reporting EDT: Model Card for Smile Detector (Mitchell et al., 2019) 
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Figure D-26 – System Card EDT: System Card for an archetypal content ranking System (Procope et al., 2022) 
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Appendix E: Ethical DataSheet for the Hexoskin ProShirtTM 

  
Appendix E presents the Ethical DataSheet that was designed and developed for the 

Hexoskin ProShirtTM using the Ethical DataSheet prototype presented in Chapter 4.0: 
Prototyping the Ethical DataSheet.  
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Figure E-1 – Hexoskin ProShirtTM EDS- Device Identification and Characteristics 
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Figure E-2 – Hexoskin ProShirtTM EDS- Tenants Section 
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Figure E-3 – Hexoskin ProShirtTM EDS- Tenants Section Continued 
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Figure E-4 – Hexoskin ProShirtTM EDS- Residents Section 
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Figure E-5 – Hexoskin ProShirtTM EDS- Residents Section Continued 
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Figure E-6 – Hexoskin ProShirtTM EDS- Caregivers Section 
 

 
 



 179 

Figure E-7 – Hexoskin ProShirtTM EDS- Caregivers Section Continued 
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Figure E-8 – Hexoskin ProShirtTM EDS- Healthcare Professionals Section 
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Figure E-9 – Hexoskin ProShirtTM EDS- Healthcare Professionals Section Continued 
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Appendix F: Ethical DataSheet for the AWS DeepLensTM 

 
 Appendix F presents the Ethical DataSheet that was designed and developed for the 
AWS DeepLensTM using the Ethical DataSheet prototype presented in Chapter 4.0: Prototyping 
the Ethical DataSheet.  
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Figure F-1 – AWS DeepLensTM EDS- Device Identification and Characteristics 
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Figure F-2 – AWS DeepLensTM EDS - Tenants Section 
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Figure F-3 – AWS DeepLensTM EDS - Tenants Section Continued 
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Figure F-4 – AWS DeepLensTM EDS - Residents Section 
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Figure F-5 – AWS DeepLensTM EDS - Residents Section Continued 
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Figure F-6 – AWS DeepLensTM EDS - Caregivers Section 
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Figure F-7 – AWS DeepLensTM EDS - Caregivers Section Continued 
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Figure F-8 – AWS DeepLensTM EDS - Healthcare Professionals Section 
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Figure F-9 – AWS DeepLensTM EDS - Healthcare Professionals Section Continued 
 

 
 


