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Whilst the use of smart home systems has shown promise in recent years supporting older people's activities at home, there is  

more evidence needed to understand how these systems impact the type and the amount of shared care in the home. It is 

important to understand care recipients and caregivers' labour is changed with the introduction of a smart home system to 

efficiently and effectively support an increasingly aging population with technology. Five older households (8 participants) were 

interviewed before, immediately after and three months after receiving a Smart Home Health System (SHHS). We provide an 

identification and documentation of critical incidents and barriers that increased inter-household care work and prevented the 

SHHS from being successfully accepted within homes. Findings are framed within the growing body of work on smart homes for 

health and care, and we provide implications for designing future systems for shared home care needs. 
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1 INTRODUCTION 

The proportion of older adults in the UK who are aging into older adulthood has increased exponentially in the past 

decade [103]. Supporting aging in place is cited by the World Health Organisation as a staple for providing increased 

support to the growing proportion of the world's population who are living for longer into older age [100]. As older 

people are living longer, the requirement for a higher level of care has increased in proportion to this [47,70]. 

However, the ability to live independently with a high quality of life mostly considers an individual's physical 

wellbeing and expected years of life remaining unburdened by disease, and does not typically consider their social 

support networks [60].  For those who live alone and have fewer close social connections, formal care (where a 

person pays for the time of another to care for them), is often the only option available [29]. However, informal care 

(where a person is cared for by a friend, family member or other close relation) is the most common type of care 

provided for older adults in the UK [70].  

These informal caregivers (who are often younger and of working age), must make sacrifices from their own 

lives and livelihoods, cutting into their working and personal time to provide care, usually for an older relative [47]. 

This also carries the emotional burden of being called upon at almost any time to provide for the person they are 

caring for [29]. For those caring for older adults, such as an informal caregiver, the burden of caring is often unpaid, 

For the year 2020/21, the UK's Family Resources Survey, commissioned by the UK government estimated that 4.2 

million people (around 6% of the population) were providing informal care for another, of which around 10% are 

of working age and disproportionately 1.5 times more likely to be from a black or minority ethnic community [18].  

Providing informal care together in a home requires collaborative effort [78], time, commitment, and cost [74], 

which can potentially be supported through technology. The smart home healthcare research domain has looked at 

aging and the impact that technologies have on older and vulnerable adults [10,113] as they age in place (living 

“independently, and comfortably, regardless of age, income, or ability level” (p.642) [92]). However, smart home 

technology is mostly designed with a single individual user in mind, and not how the people around them will make 

use of or appropriate those devices in the home [17,111,115]. Whilst in recent years, studies within HCI have dealt 

with concepts such as the household care network [112] and multi-resident home [89] additional consideration is 

still needed for how laborious care work is accomplished with the addition of smart home technology and how this 

changes the way caregiving work is enacted. 

This exploratory study [8] provides accounts of older adults with pre-existing chronic health conditions and 

their informal care networks’ interactions with a smart home health system, comprised of a variety of devices that 

were selected by people within five separate households. We focus this exploratory research on the wider 

household beyond the individual for which the SHHS is setup for to explore how each home is impacted and 

ultimately abandons the SHHS. We contribute an empirical account of the different types of technical work and care 

work and how it is impacted by the introduction of a SHHS. This paper makes a novel contribution to the smart 

home literature through 1) identification of changes in labour enacted within the shared household (we use the 

term ‘shared household’ in this paper to describe people living together as well as  the ‘wider household’ who 

regularly visit [48,91]) caused by the introduction of the SHHS, as well as 2) identifying novel labour types arising 
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from interaction with this system, such as emotional labour. We then provide implications for reducing labour cost 

in the shared smart home and supporting imbalances in caregiving arising from the use of this system.  

2 RELATED WORK 

In this section, we explore work that informed our methodological approach and research direction. We firstly 

discuss shared care that takes place in the smart home and lastly different types of labour that is done in the home, 

drawing on interdisciplinary health and care research.  

 

2.1 Smart Home Technology and Shared Caregiving 

Care is the focus of this paper's work and it is necessary to explore previous work on caregiving for older adults. 

HCI research within the smart home domain has conducted numerous studies with older adults to try and 

understand technology use patterns and how well these devices are accepted. Caregiving that takes place with 

others often describes a range of tasks (clinical and non-clinical) that are enacted in order to look after the older 

person's wellbeing. Studies such as Karlsen et al.'s describe how family caregivers often provide a range of support, 

from reminding older relatives to wear their telecare pendants [53], to updating their calendars [25], organising 

Dossette box medication [75] and general assistance with activities of daily living (ADLs) such as washing and 

bathing [32].  

The collaborative use of smart home technology has made great waves within HCI in recent years as studies 

address how quality of life in the home for an older person should not be dependent on simply the use of a single 

technology by a single older adult, but in fact requires a network of care actors in order to support its ongoing use 

and acceptance within the home. Zallio et al. makes the case for those living together to share technology that will 

benefit the longevity of an older adult at home [115]. Others have developed frameworks for how families can 

modify and adapt IoT devices and everyday technology to better suit their homes [109], whilst some work has dealt 

with how individuals reason with and make sense of their smart home data to inform their own self-care activities 

[59]. Beyond the immediacy of the 'live-in' household structure, other studies have explored how neighbours, co-

dwellers and 'live-out' visitors all interact with those living with smart home technology and how this either 

positively or negatively impacts the dynamics of households' social structures [2,28]. For shared care, considering 

or 're-imagining' how the home can be structured considering the relationships between people and people, but 

also people and things; and how often IoT objects can possess a social quality that augments care, even if these 

smart devices are not social actors in themselves [55,91].  

 

2.2 Humanistic Approaches to The Smart Home  

HCI research has taken a more socio-technical approach to the smart home, focusing on the impact of smart home 

systems and individual smart home devices (e.g. sensors) on users’ everyday lives. Many recent studies have 

explored issues such as the privacy implications of using smart home devices in the shared space of the home [51], 

whereas others have looked at power relations around these devices and the impact of security when multiple 

residents are involved in sharing devices [37]. There has also, more recently been a turn to a more humanistic 

approach (which focuses on the person, or technology owner, before considering the devices used [27]). Humanistic 

research focuses on, for example, the relationships between people dwelling in their home and the data they own, 
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and how they access and interact with it [26]. Futurism and speculative design has also become a popular space to 

understand the smart home through embodiment [56] as well as embracing the nature of the unknown in the home 

through exploring human feelings towards the 'spookiness' of 'black boxes' of data within smart home technologies 

[33]. However, it is care that has also become a locus for exploration within HCI research here. Care research has 

provided greater understanding of how technology can somewhat support activities of daily living (ADLs) by those 

who live alone [16], how care communities use smart technology and come to understand it [14] where care 

relationships are built and how technology can change the dynamics of these relationships (making them more 

difficult or simpler) when smart devices are introduced [55].  This change in household dynamics as a result of the 

introduction of smart home technology is what drives the exploratory investigation in this paper that considers 

shared care within wider households.  

2.3 Caregiving in the Diversified (Smart) Home 

Having established that smart technology affects the social dynamics of care within shared homes, it is important 

to discuss that smart home research has also moved beyond looking at traditional family structures inside of homes 

(e.g. two parents and two children) and instead looked at diverse family dynamics including inter-generational 

renters [114], co-habitors [87] and communities (culturally diverse and queer inhabitants [81,86]). Others too have 

looked at shared use of technology in collaborative settings beyond the ‘home’ such as care homes and how this has 

impacted the way ADLs are conducted together [39].  

For older adults with long-term chronic conditions, care work is enacted through smart home sensor devices 

that track disease progression, aiding prevention, and how those in care and their caregivers reason with data and 

use it within wider health communities (people with Parkinson's) [66]. Dementia research within the smart home 

is exploring the wellbeing of older adults living with dementia and their spouses using empathic, tangible objects 

(devices that play familiar and personal sounds input by loved ones) [46],  However, others such as Harrington et 

al. make explicit how intervention-based research (using novel technologies that support an older person) are 

becoming more common in HCI research [42]. This research acknowledges that interventions, while valuable, often 

neglect the wider impact of being well connected and supported by care networks, without which, this can 

negatively impact treatment and health outcomes [43].  

Stigma related to health and aging is often a large barrier to the adoption of new devices [72] to help older people 

age in place successfully, as smart home technology design does not always prevent stigma [15]. Devices (such as 

pendant alarms, wheeled walkers, stairlifts [91]), when used by an individual older adult, or even when suggested 

that they are used by a caregiver [89], bring about resentment and abandonment and are not always replaceable 

by ‘smarter’ alternatives. Therefore, as Light et al. suggest, technology that is "often ugly or stigmatising" [p. 3], 

should be reformed to consider unique ways of living (individualised and shared): one-size-fits-all approaches to 

smart home technology design are increasingly inappropriate for peoples' diverse and complex lifestyles as they 

enter older age [63].  

2.4 Understanding Types of Work and Labour around Care 

We also acknowledge prior research on labour and the different types of work that come about in order to provide 

care. The types of labour we discuss here are interdisciplinary and extend beyond HCI research into the 

interdisciplinary health and care domain and clinical literature. It is also important to distinguish both labour and 

work here. Whereas care work describes physical or mental actions done in order to enact a positive goal in support 
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of someone, care labour describes the effect of caregiving on individuals, groups (e.g. households) or wider society 

[52,54] through the act of performing laborious or intensive work.  There are several different types of work 

described within the HCI health and care literature and beyond, for which we cover a few here: 

The first, self-care work, is well-established within HCI research [71]. Within many health communities, such as 

the Parkinson's community, ethnographic accounts of technologies to understand self-care practises and how these 

intersect with the lives of other caregivers have been studied [105]. The counterpart to managing self-care at home 

has been the introduction of self-tracking technologies (such as using apps on smart phones, journaling etc.). 

Studies of self-tracking technologies have shown that they can be used to mindfully (and reflectively) record and 

monitor disease and symptom progression (for people living with MS [6]), as well as with older adults to positively 

impact their quality of life through encouraging physical activity [104].  

Time-based work in the home is also discussed within a healthcare context. McCoy [65] describes how people's 

circadian rhythm can quickly become regulated to "clock time" (the 24-hour cycle), due to the need for strict 

adherence to medications at specific times of the day, and that through digital reminders and prompts, people can 

more strictly adhere to new medication schedules. After a while, Huyard et al. describes how this time-based 'work' 

becomes internalised so that effort decreases and it becomes a routine [50].  

Boundary and articulation work (and creating physical separation) in the home supports older adults' wellbeing 

through not constantly needing to be in view of their own medicalised devices (p. 10) [94], for instance through 

hiding them in drawers or physically concealing with clothing them if they must remain attached to a person [73]. 

Aside from creating physical separation within a person's home between themselves and their technology, 

articulation work is also social work that deals with the process of actualising caregiving tasks in the home 

(understanding what needs to be done to perform care and doing it), for example an informal carer setting up and 

providing medication for an older adult they care for on a daily basis [98].  

Body work and restoration work are types of caregiving work discussed within HCI and in the clinical literature. 

The former, body work, deals with the embodied nature of caregiving and how, whilst the embodied nature of care 

work mostly focusses on personal care (grooming, bathing etc.) and other ADLs, there is often a need for more 

personalised, embodied support that can involve physically demanding and technically challenging caregiving such 

as fitting and monitoring the use of oxygen tubes for a person or turning on and tuning in the television [32]. Care 

is a physically demanding practice that is disproportionately enacted by women within the UK [22] [p. 216]. As 

such, the demands on women to perform care are often great, adding further to the labour that is experienced. This 

labour can be cumulative and without training or suitable technology to support caregiving, giving care can take 

both physical and psychological tolls on women's health in particular [22,93,108]. Conversely, the emotional labour 

and closeness of performing such embodied work around the person being cared for, is noted to have strengthened 

the social status of the carer in the caree's home, such that rigid social boundaries are lessened and former strangers 

are often considered akin to close family members [102]. 

Restoration work, whilst also dealing with the embodied nature of care, by contrast has a temporal nature and 

comes when caregiving is no longer needed for a person in care. Kumar et al. describe such restorative work in the 

case of managing what happens when recovering from disease and how to reclaim parts of one's life that may have 

been lost [58]. However, this type of restoration can also go beyond the immediate care network of the home to the 

wider community, where, for example, frontline healthcare workers can help individual households or specific 

patients to restore the social norms from a time before the need to provide care [105].  
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Whilst not all of these different types of work are explicitly present within the findings of this study, our data 

does deal with some of the intersecting or overlapping types of work described above, be these socially or care-

driven. Previous studies have supplied frameworks [90] or technical recommendations, the contribution of this 

research builds specifically on previous work on smart homes around collaboration and modification of care-centric 

devices [109], social support networks that underpin older adults' use of connected home devices [64] and the 

collaborative and shared ownership of devices that help older adults care for one another [39,61,77]. Whilst 

deployment studies of smart homes have been performed before [4,13], our deployment details the mis-matches in 

work and labour that occur in a shared home space between residents when using a smart home that is designed 

for a single older adult. This paper contributes an understanding of shared care work and labour that arise 

from, in parallel with, and despite the introduction of a smart home health system, and how the addition of the 

SHHS impacts the wider household; not just the person being cared for there.  

3 METHODOLOGY 

This qualitative study of five shared households (eight participants; with two households where only one resident 

was interviewed, but where others lived) took place between September 2021 and May 2022. All eight participants 

were recruited for the interview study which consisted of three stages (Pre-Installation, Post-Installation and Three 

Months Post-Installation of the smart home system). The interviews focussed on technology use and each 

household's unique health, care and wellbeing practises.  

 

3.1 Contextualising the smart home health system 

The SHHS in this study was created by a research group who are interested in developing technology solutions to 

help older adults live independently. The authors contacted the SHHS research group, to express interest in running 

a qualitative study of their smart home system to identify its efficacy and acceptance within the context of shared 

use for older adults' households, to try and understand how these smart home solutions are accepted within shared 

spaces. The SHHS research group provided five systems to be sent out to each household that was recruited.  

The system was comprised of a range of sensors and a voice assistant that collected data from each sensor, 

sending it to a cloud to be stored (described below). Data collected from each sensor was available to view online 

on a 'dashboard' that could show information about each sensor to the user. The range of sensors on offer to 

participants for this study included: IoT devices such as smart weight scales, door opening sensors and wearables, 

and a voice assistant (pseudonymised name: "HealthHelper").   

 

3.1.1 Sensors 

The full range of sensors on offer, included: 1) a smart mug, wall-mounted (with stickable resin adhesive), 2) 

motion sensors that linked directly over Wi-Fi to the HealthHelper and system dashboard, 3) a smart watch with 

a wrist strap of choice (either aluminium metal or plastic), 4) a UK mains-only smart plug, 5) weight scales with a 

digital display, 6) a pulse oximeter with a digital display, and 7) an IR Thermometer with a digital display. The 

online dashboard, "HealthHelper" voice assistant and phone app were also provided and used intermittently by all 

households, as described in the accounts provided in the following sections 
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3.1.2 Onboarding Process 

The households received their system between the pre-install and post-install interviews from the SHHS 

research group after they had spoken to a user experience researcher there. Once the sensors were selected, they 

were described to each participant over the telephone and then boxed and shipped to each household to unpack 

and use by themselves. A small booklet with setup instructions was provided within the box, though the households 

were told that they could phone the SHHS research group to ask for additional help with their system setup at any 

time. It was left to the discretion of the SHHS research group as to how much direction was given to each household 

during the explanation of the system (the authors intended to understand the process as a whole and as such, did 

not wish to direct or interfere with this aspect of the system setup).  Only during the interview phase did the authors 

become aware of what was discussed during the onboarding sessions with the SHHS research group and any issues 

during the setup and installation phase. These are described in the sections below, such as difficulty adjusting the 

sensors to suit needs, capturing or reading accurate data from the dashboard or physical damage to the home. 

 

3.2 Recruitment 

Five households were recruited with at least one older adult (aged 60+) who could be designated as the 'owner' of 

the SHHS (the person for whom the system was setup).  The researchers’ interest in how the SHHS could be used 

for shared care [40] is reflected in our recruitment process. To this end, the researchers advertised within the 

recruitment materials (brochure, information sheet), that the system that was being provided to older adults’ 

households was designed by the SHHS research group to support the health and care needs of a single older person 

(not including their caregivers) living with pre-existing chronic conditions (hence, allowing residents to choose the 

most appropriate sensors for their own needs). This distinction was important to our investigation, as it was of 

interest for this exploratory research to understand the wider impact of a smart home technology designed to be 

setup by one older adult, on the lives of the wider household. Up to three additional adults (aged 18+) who were 

also members of the close or extended household of the owner were invited to participate in the interviews in order 

to capture shared experiences of the use of the system (e.g. live-in carers, or live-out relatives who would visit the 

household). However, invitations to participate were extended only through and at the discretion of the primary 

system owner and as such, it was at their discretion whether anyone else came forward to participate. As such, 

mostly live-in spouses of the primary system owner were recruited. We address this further within Limitations. 

Anyone under 18 who lived in the household was discussed anecdotally.  

The study was advertised to prospective participants via a local city council in the UK and was advertised 

through an online recruitment website. The study aimed to recruit as diverse a range of participants as possible, 

however the sample of recruited participants was skewed largely towards white, urban, middle-income residents 

in the same city. Prospective participants were encouraged to email or telephone the researchers if they wished to 

take part, they were given an information sheet about the study, asked if they had any questions and were asked to 

provide informed consent for themselves and any other residents interested in taking part in the study. Informed 

consent was offered to participants who expressed an initial interest in the study. Each participant was reimbursed 

by way of £10 in shopping vouchers per 1 hour of interview time. This study received IRB institutional ethical 

approval to take place. 
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3.2.1 Participants 

The complete table of participants below (Table 1) details each household ID, participants' (pseudonymised) 

names, age, gender, ethnicity, self-described household role (derived from interview data) and socio-economic 

status (relevant to council-funded home technology discussed during initial interview stage).  

Table 1: Demographic data and participant information for households recruited during the study. 

 

House- 

hold 

number 

/ID 

Name Age Gender Health 

Status 

Sensors* Household 

Role/Description 

Care Status 

H-A Angela 85 F Living 

post-

stroke, also 

emphy- 

sema.  

Motion 

sensors, 

smart plug, 

smart 

watch, 

weight 

scales, 

smart mug 

Angela is the home 

owner and only regular 

user of the SHHS. Angela 

has previously had a 

stroke and is living in a 

single storey, assisted 

living household. She is 

also frequently visited 

by her son and daughter 

who will come and help 

her with household 

tasks.  

Receiving 

formal care 

(assisted living) 

and informal 

care (daughter, 

son).  

H-B Bob 77 M Living with 

arthritis.  

Motion 

sensors, 

smart plug, 

smart 

watch, 

weight 

scales, 

smart mug, 

IR thermo- 

meter 

 

Bob lives with Barbara 

and they have been 

married for 

approximately 40 years. 

Bob needs extra 

assistance with his 

mobility, for which he 

has a walking frame and 

scooter. The SHHS is set 

up for Bob to use. 

Receiving 

informal care 

from Barbara. 

 Barbara 77 F Caregiver, 

reduced 

mobility 

post-hip 

replace- 

ment.  

Barbara, who describes 

how she supports Bob 

also uses a walking aid 

(stick) having had a hip 

replacement a year 

previously. Together, 

they live in a 4 bedroom, 

2-storey house. 

Caregiver for 

Bob. 
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House- 

hold 

number 

/ID 

Name Age Gender Health 

Status 

Sensors* Household 

Role/Description 

Care Status 

H-C Clive  

Not 

specifie

d 

M Living with 

early-onset 

Alzheimer’

s 

Motion 

sensors, 

smart plug, 

smart 

watch, 

weight 

scales, 

smart mug 

 

 

 

Clive and Cheryl live 

together in a 2-storey, 3 

bedroom house. Clive 

lives with early-stage 

Alzheimers so is 

supported in some daily 

activities by Cheryl. The 

SHHS is set up for Clive 

to use. 

Informal carer 

for Cheryl. 

 Cheryl 62 F Caregiver, 

mostly 

good 

health.  

Cheryl, who looks after 

Clive and their two cats 

is regularly visited by 

their two grandchildren 

and wider families. 

Cheryl shares simpler 

household activities like 

cooking with Clive, so 

that he can remain 

active.  

Caregiver for 

Clive. 

H-D Daisy 68 F Living with 

multiple 

sclerosis 

and bipolar 

disorder. 

Motion 

sensors, 

smart plug, 

smart 

watch, 

weight 

scales, 

smart mug, 

pulse 

oxymeter 

 

Daisy and David live 

together in a 3 bedroom, 

2-storey part local 

authority owned home. 

Daisy lives with Multiple 

Sclerosis and is helped 

by David who assists 

with organising her daily 

life activities and helping 

her to go places. Daisy 

also makes use of a 

wheeled walker and 

wheelchair when going 

outside. The SHHS is set 

up for Daisy to use.  

Receiving 

informal care 

from David. 

 David 65 M Caregiver, 

living with 

David, who still travels 

frequently for work, 

uses spare time to 

Informal 

caregiver for 

Daisy.  
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House- 

hold 

number 

/ID 

Name Age Gender Health 

Status 

Sensors* Household 

Role/Description 

Care Status 

mobility 

issues.  

arrange their house and 

plan trips with Daisy. 

David also owns a van 

which can store Mary's 

mobility equipment 

inside and also willingly 

intervenes for Daisy in 

setting up technology 

and mobile devices. 

H-E Evelyn 96 F Reduced 

mobility 

due to falls.  

Motion 

sensors, 

smart plug, 

smart 

watch, 

weight 

scales, 

smart mug 

 

Evelyn lives 

predominantly alone but 

has a wide network of 

informal supporters 

who frequent her home 

on a regular basis. 

Evelyn does not have 

any chronic conditions 

but experienced a fall 

and was hospitalised 

just before the study 

took place, so makes use 

of a wheeled walker 

when going outside, for 

the duration of this 

study.  

Caring for self 

with occasional 

formal support 

from paid 

workers (one 

technical 

supporter).  

* a BP monitor was also offered to participants as part of the SHHS kit but was not chosen by participants.  

 

Whilst some participants are listed as the sole resident enrolled onto the study within a household, all 

participants had social contacts who either lived-in or visited to care for them, and so all households were 'shared' 

homes. These visitors and carers interacted within the context of the household and with the SHHS, so are described 

within the qualitative accounts in section 4, although they did not directly take part in interviews.  

3.3 Interview Procedure and Data Collection 

We conducted three semi-structured interviews across all five households (15 interviews in total), totalling 13 

hours 46 minutes, with interviews lasting up to 1 hour per session. Interviews took place over the telephone 

(landline) and over videoconferencing software (Zoom). Both these contact methods were offered to participants 

on a preferential basis, to cater for the range of digital literacy and comfort with technology across the cohort. The 
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semi-structured interview style allowed for detailed conversations to take place around the use of households' 

technology, their health and wellbeing and the SHHS.   

Interviews were carried out with multiple interviewees. We offered each household the option for as many 

residents to be present as they chose, for an interview, to support one another during the question and answer 

process. This way, other respondents such as a caregiver could interject and help with a response from another 

resident. Interview quotations are labelled within section 4 as: "PRE" (installation of the SHHS), "POST" 

(installation; up to 3 weeks after install) and "EX' (for exit interviews at 3 months after the installation of the SHHS).  

Structuring the interviews in this manner allowed for a longitudinal view of the use, work and lived experiences 

around the SHHS. The temporal structure of these interviews was not used as a basis for our later thematic analysis, 

though we acknowledge that the pre-install phase provided unique insight into households' technology experiences 

before being exposed to a largely 'never-before-seen' system (the SHHS). Questions during the pre-install phase 

focussed on the contextual home setting and technology use patterns (e.g. "Can you describe a typical day in your 

home?", "Who do you use your kitchen iPad with?"). In between the pre- and post-install interviews, participants in 

each household were scheduled a call with a user experience researcher from the research group that provided the 

system. During this call, they chose the sensors they wished to have in their home for the system (more information 

is provided on each sensor in 3.3) as well as providing information for delivery of the system to their homes (for 

which a data sharing agreement was set up between the authors and the SHHS research group, that was also 

explained during the informed consent process to participants). Following this, the post-install phase probed the 

"out-of-box" (relatively new; up to 3 weeks of use) experiences of using the SHHS once they had received it. 

Questions were asked around (e.g. "What do you feel about the device in your home?", "How do you feel the SHHS 

is supporting your health or wellbeing?"). The Exit interviews covered experiences with the system between 2-3 

months of use. For these interviews, participants were asked regarding how the system had integrated into their 

home life, routines and daily activities together, including (e.g. "What has changed in your lives as a result of having 

the SHHS?", "What impact has using the system had on your wellbeing?").  

Some data within this study, such as ongoing technical issues such as connectivity were beyond the remit of this 

investigation to capture. The authors did not have access to system log data that was held by the SHHS research 

group regarding general connectivity issues, and this additional data analysis was beyond the scope of this study 

on the lived experience with the system. 

3.4 Data Analysis 

The data analysis process was inductive and iterative. Interview audio was transcribed and written up to be 

analysed using NVivo (qualitative analysis software), and SimpleMind (a mind-mapping tool). An inductive, 

reflexive thematic analysis was performed on the entire data set [20]. In the first coding iteration (by the first 

author), codes were developed in order to be more "artfully interpretive" [35] of general occurrences or trends in 

the data set (the need for participants to learn in different ways, that spanned different types of work using the 

SHHS). The second and third iteration of codes leant towards being more scientifically descriptive and developed 

these initial trends into themes. The authors aimed to make this an interpretative process to directly distinguish 

specific codes and themes and to develop them coherently as part of this work [11], to avoid common problems in 

the thematic analysis process. This second and third iteration also involved authors 3 and 6 to review codes along 

with the first author. The use of the mind-mapping tool helped to visually group codes within the data set until it 

could be agreed upon that the chosen cross-cutting themes (derived from the second and third round of coding 
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codes) were more clearly representative of the over-arching narrative and important nuances of the interview data 

set.  An over-arching theme of "Labour" was decided upon for the research, which helped to set a direction for how 

to arrange and describe the interview data in the findings section that follows.  

4 FINDINGS 

Through a three part interview study, participants described their experiences of technology for care prior to 

adoption of the SHHS, and were able to compare these experiences to changes in Learning and Set-Up Work, 

Maintenance Work, Interaction Work, Data Work, Care Work and Emotional Work fir shared care after the adoption 

of the SHHS. 

 

4.1 Understanding Pre-Existing Technology Use 

Participants’ experiences of using every day (off-the-shelf) consumer technologies in their homes and managing 

activities of daily living (ADLs), using smart phones, other voice assistants and low-tech home modifications (such 

as walk-in shower rooms) impacted expectations of the SHHS. For instance, going “online to book [GP] 

appointments” (H-D, Daisy, PRE), Alexa (H-A-Angela, H-D-Daisy, H-E-Evelyn, PRE), Zimmer frames, stairlift (H-D, 

Daisy, PRE). "a crutch or a stick " (H-C, Clive, PRE), or “C-pap machine” (H-B, Bob, PRE). Early on, Barbara described 

how: "My phone goes with me and it's on the table when I'm having a cup of tea [with friends]. If anything happens, 

I'm on my scooter to come back and sort [Bob] out." (HB, Barbara, PRE). Clive described of himself: "[I'm] a bit of a 

technophobe." (H-C, Chris, PRE), to which Cheryl responded: "Technology is usually down to me [...] I did the iPad [...] 

you can work your c-pap though, can't you?" (H-C, Cheryl, PRE). Cheryl explains further: "it's the small things 

[buttons] he'll struggle with. Little knobs and levers [on C-Pap] machine, I can help him with." (H-C, Cheryl, PRE). For 

Daisy and David, using an Alexa set the tone for their experiences with smart technology in their home: "I have her 

[Alexa] on my bedside table, so she can hear me, because I have quite a low voice." (H-D, Daisy, PRE). David supported 

the setup of the device on Daisy's behalf too: "when we got that, I didn't have to do much, it was just plug and play. 

[...] I don't even own a [smart]phone. [...] So that all made sense." (H-D, David, PRE).  

For the set-up, use and maintenance of these systems, participants often relied on informal carers, formal carers 

and other professionals: "My daughter does everything for me that my carers won't do. [...] [she'll] leave out some 

paper with how to record the tv programmes or when I've got people coming to fix things." (H-A, Angela, PRE). Evelyn 

also explained how she is supported by her paid technician for both technical and care-related tasks: "I get a 

specialist in [...] to help with computer things [...] "I’ve got arthritic fingers which if they press one letter and [when 

typing on MS Word], I always get little red lines. [...] but [supporter] will be patient. He'll help me sort that and even 

supervise my NHS Spine appointments [bookings]." (H-E, Evelyn, PRE). 

Participants also had experience of abandoning some of these smart health and care technologies if devices did 

not fit into their lives: “I had a smartwatch you wear on your wrist, that told you your temperature and everything. 

Stopped using that because it's hard to press [the buttons, having experienced a stroke] you see." (H-A, Angela, PRE). 

These experiences later informed residents' expectations of the SHHS, and acted as a point of reference when 

discussing the use of SHHS for self-care and shared care work in the home.  

After gaining an awareness of households' existing smart devices and their uses, participants were directed to 

the SHHS research group to choose their desired system setups (which sensors they desired to help them self-

manage and to tell the SHHS research group whether their household layout was suitable for the system). All 



 

13 

households were technically suited for the system to be delivered to them and setup (i.e. the SHHS research group 

deemed that based on the information given to them by the residents, there were no drawbacks to them setting up 

the sensors). Direct conversations between the SHHS research group and the participants were not captured for 

this study, however, participants do refer to this process in the accounts below. 

4.2 Learning and Set-Up Work   

Considerable effort was exerted to understand the SHHS collectively in each household. Whilst different households 

describe different types of work, all households invested time and energy in order to use (or know how to use) the 

SHHS. Angela describes how, even with the offer of help from her caregivers, she had to figure out how to use the 

system on her own: "I did it. I had to, all by myself. They [carers] wouldn't have been able to make heads or tails of it. 

[...] It didn't make sense from the instructions until I had tried it." (H-A, Angela, POST). Some were not as successful 

setting it up independently: "I've never used an app in my life, so for me to figure this all out from those little pictures...”  

(H-D, David, POST). This reflects the work of Rode et al. [82] and Strengers et al. [96] who suggests that this type of 

work is essential to caregiving and daily living activities.  

When participants struggled to learn how to use the system, they often worked together with others inside the 

home in order to get the system working, sometimes relying on contacting the research group for further assistance. 

Clive and Cheryl explained how they worked together when Clive's fine motor skills would not allow him to 

complete the more intricate parts of the sensors' setup process, naming this the most laborious part: "[Living with] 

Alzheimers [...] I tend to have paddy paws rather than fingers and I find it very difficult to get on to the bit of the watch 

that I want it to be on. That took a long time." (H-C, Clive, POST). Cheryl explained her involvement at this point: "I 

could do most of the things [Clive] couldn't. [...] the Wi Fi setup was a challenge for us both, because [SHHS research 

group] had to dial in and do our network and everything for us. [...] [Getting] a time when [Clive] and I could be there 

made difficult too." (H-C, Cheryl, POST). Whilst connectivity issues occurred, this was mostly an issue for those who 

did not interact with the SHHS company to aid with their initial setup (H-B and D). For participants who did not 

have others in the home to help, they relied on close informal carers outside the home to collaborate on its set-up, 

such as who Evelyn described how her friend came and set up the system for her when she struggled to do so 

herself: "[It was] quite a lot [of effort] because I kept thinking have I got it in the right place. [...] eventually a friend 

helped me. Came round and stuck them all up for me and turned it on.” (H-E, Evelyn, POST).  

The learning and set-up had some significant labour costs for people outside the home who were not regularly 

involved in everyday care. Angela required assistance from her son-in-law in order to set up her system and 

describes time and effort put in in order to have her system work: "No way I can do it. I'm chair bound [after stroke]. 

[Son-in-law] came over to do it. All the way from [north of UK, to the south]" (H-A, Angela, POST). David and Daisy 

professed to not be technically literate and were mostly helped by their children to set up and learn about their 

system, but this work was welcomed by their children: "my daughter put the app on my phone [...] she was quite 

excited about it for me" (H-D, Daisy, POST). However, Daisy explained how her daughter was really lacking time and 

money and they were conscious of creating more responsibility for her: "We got her [daughter] round. She did the 

whole thing and it took... about a day. [...] she didn't want to be paid to set it up for me but I insisted to pay her because 

she’s a single parent, she hasn’t got that much money." (H-D, Daisy, POST).  

These accounts show how collaborating to setup the SHHS was often essential for its initial function and that 

despite being framed for setup by an individual older adult, shared and costly effort was required for learning how 

to use the system. These resulting labour costs and usability difficulties that participants faced when beginning to 
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use the system may in part arise due to the unevenness of the onboarding process for each household. While some 

households engaged fully with the onboarding, others, such as H-A and H-E who did not have direct support from 

other residents (e.g. spouses in H-B, C and D) and engaged less with the onboarding stage with the research group..  

The impact of this difficulty around learning and setting up the system affected mostly how households responded 

to issues with the system in the short-term (such as those described in the following section). By three months, 

these early issues were affecting the longer-term understanding of each of the individual sensors and their uses, as 

described in 4.4 and 4.5.  

4.3 Maintenance Work   

Beyond set-up and learning to use the system, there was work involved with the continued use and maintenance of 

the SHHS. Issues experienced with the system were initially troubleshooted by the primary users and others in the 

home, and participants showed dedication to trying to fix issues by themselves before reaching out to others outside 

the home: “We tried. We really tried everything. Re-plugging [...] [reading] the manual.” (H-C, Cheryl, P3M). This 

included sometimes repeating the same maintenance tasks repeatedly (“…and then the third time…" (H-E, Evelyn, 

P3M)) before their frustration made them give up: “I've tried to change her. No point in me trying to stop it, any 

more... it's just programmed wrong." (H-E, Evelyn, P3M).  

This type of maintenance often required outside labour to be resolved. Angela tried to rectify an error, but did 

not succeed and needed to ask a formal carer to attend to the issue in addition to the care work planned for the 

visit: "I don't hear from [HealthHelper] until 3 O'Clock in the afternoon when she tells me to take my tablets. [...] I am 

meant to take my tablets at 9 in the morning. [...] [carer] came later and tried to adjust her, but no use." (H-A, Angela, 

POST). In addition to formal carers being involved in maintenance, frustration with issues with the SHHS led to 

participants reaching out to informal carers to visit to maintain the system: “[HealthHelper] was always interrupting 

a conversation I was having with a friend or a programme I was watching. [...] I'm going to get [technician friend] to 

come and try and straighten her out next time he's over." (H-E, Evelyn, P3M). Evelyn even went so far as to pay out 

of pocket for maintenance of the system: “I couldn't get on. And that was another thing [technical paid helper] had to 

come and sort for me. So it's cost me too." (H-E, Evelyn P3M). 

When collaborative efforts to maintained the system failed, participants had to reach out to the SHHS research 

group to try to get professional help to maintain aspects of the system that "sort of stopped working” (H-D, David, 

P3M): "I had an hour's telephone conversation with [SHHS research group] to try and fix it for [Daisy], but nothing. 

Such a waste." (H-D, David, P3M). Even with the addition of professional help from the SHHS research group, this 

still required labour from the household members to organise, plan and engage with the maintenance work, 

including long phone calls. This finding directly builds on Tolmie et al.'s [99] [p. 339] work, which suggests the need 

to keep devices in "good order" over a longer period of time, as a household grows to accommodate them. 

Maintenance work for the system was the source of a lot of labour for the participants and their informal and 

formal carers. Unresolved issues of maintenance caused a lot of frustration and wasted time, which led to partial 

and full abandonment: "I got so annoyed with it in the end, I turned half of it off." (H-C, Clive, P3M). However, the 

sunk cost into maintenance also impacted decisions around abandonment too: “I just thought of just sending the 

whole thing back, and [husband] said don’t do that because you've invested so much time on it anyway. So I’m not going 

to send it back at the moment." (H-D, Daisy, POST). 

By not resolving technical issues, errors and bad usage patterns mounted up and, when combined with a poor 

learning experience of the system itself, became increasingly difficult for participants to engage with the system as 
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time went on (especially by 3 months). Below, we discuss how interactions with the system itself exacerbate these 

feelings.  

4.4 Interaction Work   

In order to derive benefit from the SHHS, households had to actively engage with the SHHS, interacting through 

voice, on a computer or phone. Although the system added additional work through engaging with it, the interaction 

work for health and care needs sometimes replaced existing interaction work, both in positive and negative ways. 

In some cases, routine interaction work was improved through the introduction of the SHHS into the home: "I 

like her hands-free-ness. Because I struggle [with MS] [...] I haven't always got the coordination to balance things with 

both my hands and ask [type], so I can just ask now." (H-D, Daisy, POST). Cheryl described how the use of the SHHS 

app removes the need for manual self-tracking of Clive's weight, and, as a person living with dementia, removes the 

need for additional remembering for him: "we’ve got the scales so that will keep a track of [Clive's] weight because 

that’s one thing we do monitor anyway. And because that has the advantage then of going directly to the app rather 

than him having to think 'oh I’ve got to write that down in my diary'" (H-C, Cheryl, POST). 

However, some interaction work was not beneficial to the participants. Many participants had issues with the 

voice assistant, including interruptions and voice recognition that required additional interaction practice: “[SHHS 

UX researcher] did say that my voice when I say [HealthHelper] goes up and she said try speaking down." (H-C, Cheryl, 

POST). However, there were other aspects of the system that caused frustration in the interaction work that was 

needed to properly gain care benefit, including the dashboard. Evelyn wanted to access the sensor data collected 

from the system, but the dashboard was not accessibility-friendly for her: "I don't have time for [dashboard]. It affects 

my eyes. [...] I'd rather [HealthHelper] just told me what data she has on me." (H-E, Evelyn, POST). 

These interactions with the system features did not assist participants in engaging with the inner workings of 

the devices, which exacerbated the learning difficulties described in 4.1. In the longer term, the confusion around 

interactions with the system led to difficulty accessing and benefitting from any useful data that sensors might have 

collected.  

4.5 Data Work   

Engaging with data through the system provided another source of additional work for residents, with varying 

opinions on whether the SHHS appeared to store information of any use and whether it was even possible to access 

this data. Clive discussed how he put in effort to engage with data from the system, including struggling to view 

information on the smart watch, saying: "I find it very difficult to get on to the bit of the watch that I want it to be on.  

It’s like now it’s gone on to a sleep thing, but it hasn’t got any information on there." (H-C, Clive, POST). Bob explained 

how he'd worked hard speaking to the SHHS research group to try and allow him to view his step count over his 

phone: "We spent a couple of hours talking it over but they just can’t integrate my phone. [...]  Even though I can take 

the data off [the system] and put it on to my phone, they can’t take it off my phone.” (H-B, Bob, P3M). The placement 

of different parts of the SHHS also impacted data work, as some of the sensors were quite far from where the data 

could be accessed: “the only place that you can speak to [HealthHelper] is downstairs. And if you're upstairs with [the] 

scales for example, I don't know where that reading's gone then. I can't ask her [HealthHelper]." (H-C, Cheryl, POST).   

There was data work done as well to see the limits of what could be stored on the SHHS, which often involved 

people inside and outside the house: "Well we've [technical friend and I] put a fair amount of time in to decipher what 

all that dashboard is storing on me.” (H-E, Evelyn, P3M). When trying to make sense of what information the system 
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had captured, Angela and “friends and family” worked hard trying to find out the information that the system stored, 

ultimately making Angela feel guilty for the work they put into it: "I can't find out anything from [HealthHelper] 

about my pulse, or BP or my heart rate or anything. [...] I was thinking ‘I'm wasting your time really’” (H-A, Angela, 

P3M). Errors with some of the sensors could also cause distrust in the data, meaning that data work could not be 

accomplished in order to support health and care by residents: "[HealthHelper] suddenly piped up and said, 'Well 

done, [Daisy], you’ve done so many steps today,' and [Daisy] would sort of look aghast and say, 'Well, I’ve literally just 

come downstairs [in the morning]'" (H-D, David, P3M).  Despite some issues with the accuracy of the system, 

participants still saw benefit in the data work it would support, despite the increase in effort by themselves and 

their carers: "I would still need help, but would be useful for physical health, even if you’re looking at how many steps 

you do and things like that. I don't move a lot. But it would be good to know that and more." (H-A, Angela, P3M). 

Most participants felt that the data was very much situated within a 'black box' [38] (hidden away so that only 

system engineers could understand it), and that HealthHelper did not clarify any data recorded, and, according to 

Daisy's account, only made the experience of interacting with it, more obscure. Longer-term, this data becomes non-

valuable to participants and results in residents re-appropriating the system for their own needs, such as for self-

care, as discussed in the following section.  

4.6 Care Work   

Three types of care work were conducted in our households: self-care, shared care and multi-resident [3,91] care 

(incl. people from outside the immediate household). With regard to self-care, the system’s presence itself without 

functionality reminded people of good practices, such as keeping hydrated. Evelyn enjoyed the physicality of the 

sensor-based mug, although acknowledged that she did not use it for tracking how much she'd drunk, instead 

turning it into a low-tech convenience: "...you could keep a drink hotter for longer and I could carry a hot drink upstairs 

with the lid on. So I did like that." (H-E, Evelyn, P3M). When asked whether she was recording how much liquid she 

was intaking using the system, Evelyn replied saying that she "[wasn't] fussed [about] measuring." (H-E Evelyn, 

POST). Daisy was tracking her liquid intake more, but was not using the system for this (although it inspired the 

change in health behaviour): "I am drinking water more than I did before, even though the mug doesn’t work, the 

importance of drinking water [is there]."  (H-D, Daisy, P3M).  

With regard to providing shared caregiving, positives were also found across households with the system in 

supporting care-related work. Cheryl expressed satisfaction with how the system's online dashboard could be setup 

to send an alert notification to her smartphone for her if it detected a change in Clive's temperature: "and if his 

temperature drops between a certain level or goes above, I've set it up, I'll get a ping on my phone" (H-C, Cheryl, POST). 

"Oh yes... I get [Cheryl] to start my day out right as they say. Programme in how much she wants me to do for the day 

and then sets me running like a hamster [laughs]." (H-C. Clive, POST).  

Evelyn explained her GP's interest in her monitoring her own blood pressure and how between her and her GP, 

she would create a recording of her blood pressure so that her doctor could stay informed about her wellbeing: "I 

was talking to [doctor] about looking after my blood pressure. And he said, 'oh good idea. You can show me what you've 

got [BP reading] next time you're in then' [...] I'm going to keep a little chart for him for next time that I'll bring with 

me to an appointment I think." (H-E, Evelyn, P3M). Although this was causing more care work for both her GP and 

her, this change (and increase) in care work was welcomed. 

However, some of the aspects of the new care work could be disempowering for the users of the SHHS: "I need 

someone to do this [put pulse oximeter] on for me though. I can't do it myself. Someone like me, couldn't do it by 
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themselves." (H-A, Angela, POST). Angela described another issue of disempowerment, which caused additional 

work for her carer and for her GP. She was ultimately unable to be the source of data so that they could accomplish 

data work to better provide her care: "I need [carer] to tell me what the little numbers mean [on the watch]. [...] She'll 

come weekly but last time I asked her what they meant. And we found out my [blood oxygen] together. I wasn't doing 

well, at that time. [...] I called the doctor, but I couldn't tell [him] what was wrong because I didn't understand [numbers 

on the watch]" (H-A, Angela, POST). 

Whilst benefits of the system arose around re-appropriation of the technology (for example, self-care through 

drink making) and sharing insights with caregivers (both formal and informal), in the short term it became clear 

that individuals could not make use of some system sensors without support from caregivers. Difficulties using the 

system for individual care was often because of a lack of understanding of sensors labels or struggles to wear 

sensors. Longer term, this labour was emotionally demanding for individuals as well as physically taxing, which is 

discussed in greater detail within the next section.  

4.7 Emotional Work   

Support by another resident or caregiver to use the system was often required, and this elicited additional 

emotional work by their carers. The introduction of the system caused additional anxiety management work in 

some households: "[Bob]'s got AF - Atrial Fibrillation. If he was looking at the [dashboard] all the time, he'd be saying, 

'oh dear, this is wrong, oh dear that’s wrong.' So I have to intervene and point to things [on phone] and say, 'you don't 

need to worry about this, or that'" (H-B, Barbara, POST). Cheryl described how HealthHelper caused anxiety for her 

husband Clive by producing unwanted sounds, which involved both additional unsuccessful maintenance work and 

then emotional work to deescalate the situations it caused: "He gets a bit stressed when anything ... different sounds 

and things.. and that thing's […] going off at the most unexpected times even when we've tried so much to change it." 

(H-C, Cheryl, P3M). The system also afforded additional checking on the person in care, which could be a new source 

of emotional work for the carer to alleviate their own anxiety: "obviously it will send a notification to my phone to 

obviously say there’s been no movement, perhaps I ought to check on [husband] kind of thing [...] but I get worried then 

if I'm out that it's something worse, like he's fallen and I panic and call him and then [Chris] will say 'oh, stop bothering 

me I'm just up in the shed' [laughs]" (H-C, Cheryl, POST).  

Emotions ran high when participants became agitated from using parts of the system that demanded attention 

such as alerts on the dashboard. However, for some caregivers in the longer-term, there was also a reduction in 

worry, knowing they had instant access to data about the person in care. 

5 DISCUSSION 

Through the study of the use of the SHHS in five different households, unique forms of work were observed both 

with the system and around it.  Findings contributed a holistic overview of the different types of care work and 

labour that are performed specific to the smart home. Here we discuss the impact of the introduction of a smart 

home health system on shared care work and labour, and how this extends prior research on labour in the ‘smart 

home’. The following three sections of the discussion focuses on mitigating and supporting households to avoid 

such labour-intensive outcomes from interaction with smart home technology.   
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5.1 Reducing Care Labour Burdens with a Smart Home Health System 

This section proposes that to improve shared care in the home through interactions with the SHHS, there is a need 

for greater simplification and bespoke technical support for specific care tasks  

 

5.1.1 Recommendations for Reducing Household Care Labour     

Our participants' accounts showed that doing care work with the SHHS was more labour intensive and that as a 

result, meaningful care tasks (such as taking blood pressure in H-A or taking Clive's temperature in H-C) did not get 

performed correctly. As such, participants fell back on making use of the system for more mundane purposes (such 

as using the smart mug for beverages in H-E). Whilst the learning and setup process could mitigate these failures, 

there is consideration needed for how participants' own abilities and disabilities were not considered in the design. 

Despite the system being setup for a single user, the ability for caregivers to reason [24] about the sensors and use 

them to support the person they are caring for, was not designed for. Moreover, visualisations of sensor data (akin 

to [30]) could better support understanding of 'black box' data recorders such as the HealthHelper. This points to 

a greater need to develop bespoke care support tools (similar to Wallace et al.'s investigation of empowering 

personhood with dementia technologies: [106]) that are designed the wider household that is involved in care. This 

could range from better visual interfaces, helping the caregiver to see what the sensor is currently monitoring about 

the care recipient or even auxiliary technical documentation that helps them navigate the sensors to perform 

specific care tasks (such as, a guided set of instructions that show how to check if someone's temperature gets too 

low).  

Self-care (sometimes mundane [5,71]) work using the SHHS was performed by residents who e.g. measured 

their weight, drunk more water, or counted their steps. However, shared care inside and outside the home was also 

impact by the introduction of the SHHS, such as an informal carer setting up a step counter (H-C) or a GP learning 

about how the SHHS can track blood pressure (H-E). This mirrors related work by James' [52] conceptualising 

caregiving as a combination of "organisation + physical labour" and Ming et al.'s description of the 'invisible work' 

that is often performed above and beyond by caregivers as part of their daily duties. There is a significant issue with 

smart home systems generating additional work for already over-burdened formal and informal caregivers. 

Harmon et al. [41] describe care taking place as a 'philanthropic biography' that does not just happen in isolation. 

Instead, care happens over the lifespan, and the act of being philanthropic is a physically and mentally demanding 

form of labour that becomes a caregiver's life, often for many years consecutively. Nevertheless, for others, the act 

of caring with technology ( with an SHHS) is also an expression of love, that provides a sense of fulfilment and 

purpose to people's daily lives (p. 18) [67]. Although, the SHHS studied has primarily been described as a form of 

labour that is prolonged and exhaustive, so we suggest that reducing caregivers' unnecessary interactions with 

smart home systems should be prioritized to better support collective responsibility in caregiving and ultimately 

reducing risk. As Kraemer et al. identify [57], effectively caring together in the home requires both vigilance and 

skill to not overburden dependents and we suggest that there is an opportunity for e.g. research through design 

(RtD) [116] activities with the care network to ensure that the link between unnecessary interactions and enacting 

a care task is broken. Previous research has illustrated the benefits of RtD in care settings by helping caregivers 

devote time to more meaningful care tasks [97], helping those with a high cognitive load and worried caregivers 

[69] and using physical technologies (robots), to mitigate exhaustion in human caregivers [88].  
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5.1.2  Clarity for Laborious Interaction and Data Work 

Interactions with the system's sensors showed a significant amount of labour (in particular for H-A, H-B, H-C and 

H-D), with in the moment interpretative data work and data reflection work. Smart home data work has been 

described as off-putting or scary, particularly to older adults [16], and as Byrne et al. describe, can even be 'spooky', 

when considering smart home system AI and their associated 'black boxes' that are seen as trapping and storing 

information that is often inscrutable [33]. To support the demystifying of personal data that SHHS's collect, there 

are a number of actions that SHHS developers could take. For one, combined voice assistant and sensors systems 

could better leverage VAs such as HealthHelper and make them act as spoken interpreters of the data that is 

collected, potentially reducing both interaction work and data work. Moreover, this could make evident to users 

and caregivers that the system will support care, rather than only being usable by the SHHS research group [27]. 

This could be scaffolded at the set-up process with additional calibration and configuration work, which has been 

discussed in the self-tracking literature (e.g. [7,44]), but with a broader focus on collective monitoring with shared 

configuration by users and caregivers, as seen in this study for example, H-E having their system configured by an 

expert or H-D delegating configuration to their spouse. For instance, upfront configuration work could involve 

shared visualisation exercises to find out which types of visualisations are easiest to understand, with simple 

pathways to data access that in turn will be useful for self-monitoring or administering care [12,68,110]. Providing 

a range of visualisations could, as Strengers et al. also suggest, account for the diversity of and specialised needs of 

relationships between older adults and their caregivers [95] and potentially help recipients to communicate their 

lived experiences, for instance representing their chronic pain pictorially or numerically [1]. Co-design workshops 

to identify the data that both older adults and their caregivers need could further help to develop tools to support 

shared household understanding. 

 

5.2 Reducing Labour Through Simplicity and Autonomy 

 

One of the key barriers to the use of the SHHS was a holistic understanding of how the system works (for both care 

recipients and caregivers; see following section). This juxtaposes early notions of the smart home where the use 

and function of so-called ‘domotics’ devices (such as fold-away ironing board and beds built into walls), were 

obvious in their affordances [45,49]. In contrast, much of the SHHS in this study obscures the inner workings of the 

system through it being largely a ‘black box’ and that whilst data is accessible (H-A, B, C), it is difficult for older 

adults to generate their own mental models either easily or quickly, as gaining an understanding of the system as a 

whole takes time due to its complexity. Only by the end of the three month period of the study, did we see greater 

understanding (albeit dissatisfaction) emerge around what the system actually does (e.g. H-D's accounts). 

Our pre-installation accounts show that the system brought with it an expectation of simplicity and that 

caregivers would easily be able to set the system up on the system owner’s behalf (e.g. H-A, H-D), but this was not 

the case, as emerges later, due to the complexity of the SHHS which could not be overcome. This contrasts 

participants’ early discussions about some of the other, simpler smart devices they own, such as their ‘Alexa’ smart 

speakers, which worked as expected after being plugged in ‘out of the box’ [117]. Having high expectations up front 

of the SHHS, combined with the ongoing issues of understanding and physically interacting with the sensors (e.g. 

wearing the watch (H-C), filling the mug (H-E)) showed the labour intensiveness of this system by contrast. Whilst 

we provide suggestions towards improving the learning and setup and ongoing maintenance work around the 
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system in the following sections, avoiding abandonment (which can be common for smart health technologies [21]) 

of the SHHS additionally requires SHHS developers to make older adults and their caregivers aware of and actively 

support the effort involved in the learning process. The disparities in the learning (and onboarding) process 

discussed in section 4.2 only show further how the inconsistencies in onboarding, lead to the inconsistency in 

residents’ understanding of the system, resulting in the latter abandonment seen here. This extends previous work 

by Sixsmith et al. [89] showing individual assistive technologies are often abandoned due to lack of sufficient social 

support from the care network. However, this is not to say that abandonment in this instance is inherently bad. 

Through abandoning the system, participants likely returned to the same (reduced) levels of labour seen prior to 

getting the technology. Although marketed as technology to be used to support older adults with chronic health 

conditions lasting over a period of years, the SHHS does not demonstrate the longevity required to maintain interest 

or usefulness in the long term. This has parallels to Garg et al. who show the abandonment of IoT devices that do 

not meet people’s longer-term, health-related targets [36]. In this current study, these evolving health needs are 

not catered for by the SHHS for the individual, let alone for the wider household. Through ‘showing and telling’ 

[101] older adult households what a ‘sensor’ is and through to explaining the interactions of all of the sensors with 

one another within the system can go a long way to achieving this.  

Abandonment of the SHHS is not inherently bad within this study, as households will likely see a reduction in 

effort and labour simply through no longer using the equipment. Further, whilst households abandoned the use of 

the system as a whole entity, for its intended purpose; some devices were re-appropriated and now fill other, less 

laborious roles (such as with Evelyn now owning a handy mug to keep her drinks warm).  

5.2.1 Reducing Learning and Setup Labour's Mental and Physical Demands.  

Significant time was spent by all participants trying to learn how to use the system and set it up, including writing 

notes to remember how the system works (H-D) or phoning a member of the SHHS research group for assistance 

(H-C). Language used when explaining smart home systems has also been shown to affect understanding [13,42] 

and as such, mental labour during the learning and setup process could be reduced through providing visual aids 

(for sensor setups) and further interactive documentation. Interactive ‘translation’ tools [30] accompanying the 

system could be tailored to the individual needs of older adults to aid the understanding of the setup process. This 

setup process could start the learning process for both recipients and informal and formal caregivers, showing them 

how to interact with the system, similar to what has been found with commercial smart home devices [34,76]. 

Tangible tools also show promise in reducing learning work by aiding understanding, particularly for people living 

with dementia [9,23,46]. Beyond the recipient, more design focus should be on the caregivers’ learning processes 

as they share the use of smart devices [37,51]. This is especially true for informal caregivers who are often over-

burdened already [19], and we have shown to be additionally burdened at the onset with set-up work.   

5.2.2 Support for Ongoing Maintenance Work.      

A great deal of the labour also arose from doing maintenance work with the SHHS, for instance involving error 

correction (H-A, B) and irritation in managing the voice assistant (H-E). Sixsmith et al. [89] identify the importance 

of systems that can be maintained cooperatively (not co-dependently) and how a 'gradation' of responsibility is 

needed between caregivers and care recipients in order to effectively maintain together. Lazar et al. too, have talked 

extensively about the consequences of when smart device use becomes unmanageable when too much extra work 

is required to maintain devices [60]. In Lazar et al.'s study, like ours, the labour of maintaining devices eventually 
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led to abandonment. However, it is possible to envision more optimistic solutions for systems where maintenance 

is appropriately scoped by an SHHS provider and coordinated up-front with caregivers and care recipients. This 

could indicate what problems may arise and help to set expectations for the benefits of the system, but also its 

limitations.   

 

5.3 Supporting Gendered and Emotional Household Labour 

Whilst this paper dealt explicitly with the emotional work experienced by each household in order to setup, 

maintain and use the system, it is also important to acknowledge how this labour is also gendered [85]. As De La 

Bellacasa describes, care is not a neutral practise; it is inherently gendered [79] [p. 43], and, as the UK's Office for 

National Statistics suggests, 58% of UK caregivers are female, as opposed to only 42% male [18,22]. De La Bellacasa 

goes on to further exemplify that the act of caring for and with technology requires both the aforementioned 

ongoing maintenance, as well as "ongoing [...] responsibility." [p. 43]. Whilst H-B, C and D all had a caregiver who 

was caring for another participant using the SHHS, in H-B and C saw a female caregiver supporting a male care 

recipient. In H-A and E, female participants were performing self-care as well as learning how to use the system 

without the live-in support of another resident (albeit with other live-out wider household members intervening). 

Evidently, there is a need to re-balance this dynamic, although the route to doing so is complex and the route to 

reducing labour for these predominantly female caregivers will be different. Such an approach to provide greater 

support here could be based on whether there are live-in or live-out residents present. For example, for those with 

other live-in residents, support could focus more on enabling interventions from other residents and providing 

clear instruction from the SHHS provider that can be understood within the household's context. For those living 

predominantly by themselves, but with live-out support (such as H-E), there is a need for more direct intervention 

and physical presence from formal carers or the SHHS provider to have another human presence in the home, to 

steer the learning process early on and reduce the labour cost.  

5.3.1 Supporting Emotional Labour through Familiarisation.       

Emotional work emerged in the three month deployment as time progressed, with anxiety expressed in H-B and H-

C. This was not just the recipient expressing worry over the health and care data available to them, but also carers 

expressing anxiety with trusting the system to monitor the person in need of care, which has parallels to other care 

monitoring systems that had unintended impacts on anxiety [107]. Emotional labour, by contrast, is a resource in 

the home (as described by Raval and Dourish [80]) and the SHHS was pulling on this resource in inefficient and 

effective ways, causing stress, and ultimately resentment. Prior descriptions of labour that take place both inside of 

home and residential care settings, tend to focus on one specific form of labour such as the implications of emotional 

care work [80]. Lazzaratto et al. [62] describe 'immaterial labour' as mental adjustments and responses to higher 

levels of work, which was present in the repeated experiences of frustration with the SHHS expressed by both 

recipients and carers. As the SHHS was a closed ecosystem of devices, participants seemed to have a lack of control 

over tailoring the system according to their personal and shared emotional needs within their unique households, 

again pointing to the potential of upfront configuration work to reduce unintended emotional work. As Easthope et 

al. and Lindley et al. both describe [31,39], people develop strong emotional connections to their dwellings and 

their possessions and as such develop specific expectations and affordances [84] to these possessions that 

determine their future interactions with them. Further work to understand with more completeness people's 
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complex social and emotional interplay with their possessions and devices in their home, could go some way to help 

understand the emotional context for introducing new smart home technology and ultimately, reducing unintended 

emotional labour so care recipients and caregivers can reduce their overall shared care burden.  

 

6 LIMITATIONS AND FUTURE WORK 

The authors acknowledge limitations with the study methodology and execution. Firstly, we recognise the 

limitation of our sample set. Our sample was comprised of low-middle income white UK households due to the 

nature of access to participants in the area where the study was conducted and also retention for the full duration 

of three months. Whilst households did initially come forward from black and minority ethnic communities, there 

was difficulty retaining these participants for the full three month period as the study period would not have 

worked alongside their personal caring commitments. In future therefore, we would seek to find alternate ways to 

diversify of our sample set to recruit and retain those from ethnic minority communities and queer communities. 

This may require different means of structuring study formats to accommodate participants’ varied responsibilities. 

Further, whilst we endeavoured to recruit a diverse range of both live-in residents and live-out wider household 

members to be truly representative of a ‘shared household’ as described in section 1, there was difficulty accessing 

those who did not live in the home (e.g. the installer in H-E or the grandchildren of Angela in H-A). This is likely due 

to lack of direct contact between the researchers and these residents, although residents did tell us that they had 

passed details of the study onto these individuals. For future research, the text of recruitment materials could more 

explicitly state our interest in interviewing the wider household, with specific focus on those who do not live in the 

home. 

The authors also acknowledge the impact that providing the SHHS for each household entails. Instead of 

participants purchasing the devices for themselves, the authors were gifting this technology to households to use. 

It is important to acknowledge this impact and propose that there are alternate means of delivering and studying 

this technology 'in the wild' [83]. Gifting technology can bias processes such as informed consent and also shift 

power dynamics between researchers and participants. To try and mitigate this effect, the researchers did 

separately compensate participants for time spent taking part in interviews. Conducting this study remotely and 

taking mitigations to limit the spread of COVID-19 with a population of older adults, informed this decision and 

reassured us that this was the most appropriate means of conducting this study given local restrictions on data 

collection.  

We acknowledge the unevenness of the onboarding process likely led to differences in the longer-term use of 

the system by our residents. For instance,  how engaged people were in the system up front, influenced their 

understanding and ultimately their longer-term use of the technology. This may have also resulted in the 

aforementioned differences in labour costs seen too. Whilst our approach to this study was to deploy the SHHS and 

study its impact on each household’s lived experience without structured support, a future investigation into smart 

home technology labour costs could provide a more scaffolded learning process up front to determine how this 

would affect older households’ learning processes and the longer-term use or abandonment of the technology.  

The authors also acknowledge that the SHHS research group developed the system (an IoT sensor system and 

voice assistant) for individual older adults who live alone. Whilst this does not change the evidence collected here, 

it is important to note that the technology's designed purpose is different from how it was predominantly used in 

this study (as a shared household). It may be the case that these devices are used together in non-research settings 
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where the SHHS has also been deployed and the authors consider this in relation to the transferability of findings 

from this study.  

Lastly, the authors acknowledge that whilst some informal caregivers were interviewed as part of this study, it 

would be of benefit in future studies to interview members of the wider household such as children and 

grandchildren of smart home technology owners, rather than just hearing anecdotal accounts of their use through 

the technology owner. This study focussed on interviewing the SHHS care recipient and their immediate caregivers 

(usually a spouse), who lived with them, though in future it would also be of interest to also interview formal 

caregivers and clinicians to identify clinical feasibility of SHHS’s. 

7 CONCLUSION 

We conducted 15 semi-structured interviews across five older adult households over a period of three months to 

understand the impact on shared care work after the introduction of a smart home health system (SHHS). Our 

findings reveal several types of labour that arise when an SHHS is deployed and we suggest ways to support or 

mitigate labour that could result in the abandonment of the system. 

Engagement with the SHHS showed positive benefits to mundane self-care activities, such as tracking weight, 

water intake and BP for older adult care recipients, while caregivers benefitted from control over setting daily 

activities or tasks for care recipients to undertake, such as number of steps walked in a day. Despite these benefits, 

there is scope to remove or reduce labour to allow recipients and caregivers to understand and utilise the SHHS in 

the best way possible for their home context. Specifically, reducing the set-up labour, learning work, interaction 

labour, data work, care work and emotional work could be possible through human centred approaches that 

included both the recipients of care, and the formal and informal carers. A wide range of people are heavily involved 

in the successful adoption, appropriation and use of the SHHS, and careful design around their shared care work 

could allow these complex home healthcare systems to be better integrated into the sociotechnical fabric of the 

home for older adults.  
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