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Abstract. Increasing life expectancy and rates of chronic conditions place 
increasing demands on aged care health and support services. One response 

preferred by older adults and seen as cost effective is aging in place, whereby older 

people remain in their own homes and avoid aged residential care. For this to take 
place, it is crucial that older people maintain effective relationships with support 

networks and that older adults and these networks have adequate information to 

support patient centred health and wellness care at home. This study explored how 
smart home telehealth, a form of telehealth where health care is provided at a 

distance using smart home digital technology (sensors), could assist older people to 

age in place and enhance their health and wellbeing. It was a two-phase project, 
preceded by a workshop with experts:1) 41 interviews with older adults and their 

informal support networks, seven focus groups with 44 health providers working 

with older adults, which informed 2) a pilot implementation of a co-designed 
telehealth system, addressing key barriers identified in Phase 1. The system used 

low cost, easily accessible, and commercially available sensors, transferring 

information via email and/or text messaging. It was successfully piloted with five 
older adults and twelve of their respective support networks for six months, who 

reported an increased feeling of security and improved interpersonal communication. 

The findings indicate that smart home telehealth could assist aging in place, and the 
study provides insights into successful co-design of smart home telehealth services 

at scale that could be implemented and deployed in contexts wider than aged care. 
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1. Introduction 

Telehealth is the use of information or communication technology to deliver health or 

medical care from a distance. Key areas include telemedicine, telemonitoring and 

mHealth [1]. Smart home telehealth is a form of telehealth monitoring, where telehealth 

is combined with smart home technologies such as sensors [2,3]. It enables health and 

wellness information to be collected passively within the home rather than at health care 

organisations and facilitates the transmission of that information to relevant care 

providers. It makes the collection and sharing of health and wellness information 

accessible to a much greater proportion of the population and locations. 

Alongside increasing life expectancy in New Zealand (NZ) [4], in line with other 

developed countries [5], more people are living longer in poor health, with multiple co-
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morbidities [6], challenging health systems to provide sustainable health care services. 

Policy makers in New Zealand strongly support a patient-focused integrated primary care 

approach in which the older adult (OA) is supported by formal and informal support 

networks to remain in their community in the place they call home, a policy supported 

by OAs and known as ageing in place [6-9]. 

Aging in place is dependent on both informal carers (support networks such as 
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support by informal carers accounts for 50-90% of the long-term support of OAs [10] 

and most have limited access to formal support services [11]. The study is underpinned 

by the Structural Model of Actors developed for this study (illustrated in Figure 1). It 

emphasizes individualized care by placing the OA at the centre surrounded by two layers 

of support networks that enable aging in place; an inner layer of informal support 

networks who provide informal practical and emotional support, and an outer layer of 

formal support networks, comprising health providers. 

 

 
 

             Figure 1. Structural Model of Actors 

 

The inclusion of the informal support layer emphasises the increased complexity of 

these new models of care in comparison to the more traditional dyadic patient-

practitioner situation. It explicitly recognizes the changing roles and relationships and 

information exchanges which take place, including those between the formal and 

informal support networks, and highlights that these relationships can be separated by 

distance (and indeed by time). Significantly, as the arrows in Figure 1 indicate, the model 

would allow one-to-one, one-to-many, and many-to-many communication streams. 

Telehealth, by its very design, is ideally placed to enable and support these different 

communication streams. In the model, smart home telehealth systems would enable 

information collected by smart home technologies to be communicated through digital 

technologies (laptops, computers, mobile devices, email, texting, video chat, etc), using 

information communication technologies (wifi, bluetooth, internet, etc) across the 

different actors. 

Smart home technologies have been used to support OAs as they age in place for 

some time. They may range from simple home monitoring sensors [12] to purpose-built 

smart homes with complex sensor setups including voice activation and intelligent 

cognitive assistants [13,14], however the simple basic unit is a sensor. Sensors can be 
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wearable, ambient, or robotic, with multiple sensor deployment, the commonest use of 

sensors [15]. Figure 2 lists different types of sensors currently available (in no particular 

order). Hence, it is a potentially complicated field for OAs to understand. 

 

 
 

Figure 2. Sensor types [15] (reproduced with permission) 
 

Smart home technologies are often underutilized [16], and there are known barriers 

to uptake among OAs, including privacy, cost, and unrecognised need [17,18]. Physical 

and cognitive decline may limit an OA’s ability to use technology [16,17]. Wider 

organizational and financial barriers, and regulatory and legislative issues with adoption 

of digital health systems exist [19]. Specifically, in New Zealand, culturally safe data 

collection, data ownership and governance must be addressed [20]. Studies have tended 

to consider technical aspects of sensor use with OAs or in controlled situations which are 

unrepresentative of real-life in OA’s homes and have not considered human aspects of 

use [15]. Thus, this study has taken a socio-technical systems approach, which 

recognizes that the adoption of new technologies involves interaction between society's 

complex infrastructures and human behaviour [21] and aimed to explore the barriers and 

user requirements for smart home telehealth systems for OAs living at home and to 

develop potential solutions. 
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2. Methodology 

This study was a two-phase project, preceded by a workshop with experts, consisting of 

1) 41 interviews with OAs and their informal support networks, seven focus groups with 

44 health providers working with OAs, which informed 2) a pilot implementation of a 

co-designed telehealth system, addressing key barriers identified in Phase 1. The study 

procedures were approved by the Massey University Human Ethics Committee (SAO 

16/65 and 17/32). Full details of the methodology and results of Phase 1 have been 

published elsewhere [22-24]. In brief, participants for Phase 1 were recruited using 

convenience sampling from people who expressed interest following promotion of the 

study by several community organisations. Older adults were aged 70 years or older, 

living alone in the study area (a provincial and semi-rural area) and had at least one 

chronic condition. Participating OAs self-identified two to four members of their 

informal support network. Ten OAs and 31 informal support network people participated 

in Phase 1. Older adults were aged 72-92 years; 8 were female and two male. Informal 

support network participants were 22-80 years old; 35 were female and six male. 

From the Phase 1 participants, five OAs and twelve members of their respective 

informal support networks (SN) were recruited by convenience sampling to co-design a 

prototype system for each OA. This paper will focus on Phase 2 - co-designing a 

prototype smart home telehealth system individualised with each OA/SN grouping 

informed by the themes and derived user requirements from Phase 1. These user 

requirements are summarised in Table 1 [22]. 

 
Table 1. User Requirements Derived from the Inductive Analysis [22] 

 

 

Theme User Requirement 

Information Desired 

 1. The OA should decide what information is collected  

 2. The OA should nominate who has access to the information  

 3. Different information should be able to different members of the OA’s 

support network. 
 4. The system should have the capability to send raw and/or processed data 

(such as to only send information ‘outside of the norm’) 

5. The system should be adaptable to the OA’s changing needs 
Communication Practices 

 6. The system should supplement, rather than replace, previous 
communication practices. 

 7. The system should use a variety of technologies to connect the OA to 

members of his or her support network. 
Technology acceptance 

 8. The system should be adaptable to the OA’s changing needs (also 

identified from the Information Desired theme) 
 9. The system should save the users’ time 

Privacy and Security 

 10. The information should be stored and transferred securely. 

Cost 

 11. The system should be low cost. 

 12. Whenever possible, the system should utilize objects that are already 

present within the OA’s home. 
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These requirements were used to inform decisions made during the system design 

such as selection of sensor types for the project (low cost, readily available, utilise objects 

already used in the home) and the OA determined which of these sensors they wanted to 

use, how they wanted them used, what data was collected and to whom it went. Privacy 

and security user requirements were met by a centralised hub that stored data on an SD 

card that did not leave the OA’s home. Data collected was processed using a Raspberry 

Pi located within the central hub so that only ‘information outside the norm’ such as 

alerts were sent. In order not to impact on an existing phone or internet setup, the central 

hub also included a private network with a SIM card paid by the project. Open source 

software was used to keep costs low. Each prototype system was piloted by a member of 

the research team, and then installed in the respective OA’s home. During the six-month 

trial period, a researcher engaged with OA and their SNs through phone calls, emails, 

text messaging, and personal visits. Individual systems were further customized by the 

research team using agile development as the OAs became more familiar with the 

possibilities around how the systems could support their activities of daily living. 

Examples of this are the medication reminder which was initiated in the 3rd month (for 

one OA) or where the initial setup did not meet the OAs requirements, such as the 

reminder light for another OA with low vision. One system was deliberately located in a 

rural setting to identify any additional issues due to rurality. For evaluation of the system- 

system availability, use of transmission networks, email and social media was 

determined from data traffic collected as part of the technical administration of each 

system and each OA and each SN completed a semi-structured interview with resultant 

thematic analysis.  

3. Results 

3.1. Prototype Architecture 

Each system comprised of a smart-lightbulb and/or a multi-sensor (temperature, motion 

and luminescence) and/or a smart plug as well as a central control hub, which notified 

the SN members to contact or visit the OA if activities were outside of the norm (as 

defined by each OA and SN). The SN members utilized a tablet and/or a smart phone to 

receive messages, which were sent passively (through the sensors). The central control 

device applied rules to evaluate data produced by the sensors, which could result in a 

message being sent to designated members of the older adult’s support network. 

The smart-plug could be activated to inform the control device when the appliance 

that it was connected to (such as a television or kettle) was turned on by the older adult 

(the devices selected were individualized to the OA). The sensor could inform the control 

device when it detects movement by the older adult (the locations of the sensors were 

individualized to each OA). The hours that these technologies functioned were also 

individualized to each OA. The smart-lightbulb could change colour to notify the older 

adult that there is an alert, such as the oven being left on, the room being too hot or cold, 

messages being sent to support network participants, and/or appointment reminders. The 

key aspect of the system was that the monitoring and any generated alerts were passive, 

the OAs did not have to initiate any action. 

The OAs and their SNs had very little awareness or understanding of telehealth or 

smart home technologies prior to taking part in the study. During the study, as their level 

of understanding increased, they developed their own ideas for use of these technologies. 
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Specific design elements raised by participants included each system to be configured 

according to the OAs self-reported routine and their desire for security; that their SN 

would be made aware if the OAs routine changed (for example ‘they did not come in 

from the farm in the evening”); for safety, when they had forgotten to turn the element 

on the free-standing cooker off after one hour; for reminders (e.g. with taking 

medication) and therefore their SN would be notified of these exceptions to the OAs 

daily routine. An example scenario is shown in Figure 3 where temperature is tracked 

between 9am and 9pm with an alert sent to a SN if the temperature rises above 22 degrees. 

 

 
 

Figure 3. Example scenario 
 

Meeting the user requirements and design elements raised some technical challenges, 

in particular with 1) interoperability - different sensors used different communication 

protocols (Wifi, Bluetooth, Z-wave), 2) stand-alone systems - energy efficient with low 

maintenance requirements, and 3) technical privacy constraints - different layers of 

communication between OAs and SNs, use of social media, and setting up a private 

network infrastructure within the home. These were addressed with a typical system 

consisting of a timer (for events), smart technology (sensors) and services (email, SMS 

and later Facebook), see Figure 4.  

 

 
 

Figure 4. System architecture 
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3.2. Prototype Evaluation 

Two participants were unavailable to complete the final interview due to a deterioration 

in their health, hence thematic analysis involved 15 respondents (Table 2). 

 
Table 2. Evaluation of prototype system – thematic analysis 

Theme # Respondents 
who agreed 
or strongly 

agreed 
 

Comments Notes 

Improves 

communication 

14/15 ‘Yes, we had good communication before, but this 
made me call him more often if I got a message’ (SN) 

 
‘Communication with Mum definitely improved and 

also communication between her support people’ (SN) 

Remaining 

respondent 
was neutral. 

Enhances 

Relationships 

 

9/15 ‘Yes, it brought my two daughters into the mix when 
before there was just the friend who I contacted daily’ 

(OA) 
 

‘Yes, I think it did this. My sister and I would text about 
where Mum was up to if we had texts’ (from the system) 

(SN) 

No-one 

disagreed 

and two did 
not answer 

this 

question 

Increased my 

feeling of 

security for the 
OA’s safety 

 

13/15 ‘Yes, knowing it’s on as an alert is good first thing in 
the morning. Plug + multi-sensor setup is ideal’ (OA) 

 
‘The system is very helpful as we can’t always be there, 

so if something is out of the ordinary it’s comforting 
knowing that we will be contacted’ (SN) 

Two did not 

answer this 

question 

Overall, I am 

satisfied with 

the system 
 

11/15 ‘Yes, I have been privileged to be part of this and my 
boys are very keen to see it continue, they are sad to 

see a bump in the road’ (OA). 
 

‘I miss them’ (OA). 
 

‘Worked well. Looked simple, non-intrusive. Was 
flexible to accommodate Mum’s needs’ (SN) 

 
Some respondents commented on different parts of the 

system: 
 

‘The multi-sensor was better for me than the smart plug 
because it monitored both am and pm & because I just 

walked past it and it knew!’ (OA) 
 

One person 

disagreed 

 
Three did 

not reply 

and one was 
neutral. 

 

The ‘bump 
in road’ 

was 

stopping 
project due 

to lack of 

funding. 

 
Overall, strengthened relationships and widened networks with reduced levels of 

loneliness was a key reason for user satisfaction: “Daily monitoring strengthens our 
relationship. I like the ‘not needing to worry’ or feel undue concern” (SN) “It got my 
family involved in the project and expanded my network. It prompted my family to look 
into technologies that do this and what technologies are existing outside the project. It 
made me more enthusiastic about technology” (OA). 

The respondent who was not satisfied with the system (Theme 4) had a system that 

suffered from several technical issues due to rurality which were difficult to work out 

and solve. This highlights that the main problems experienced with the prototype systems 

were technical in nature relating to connectivity issues and system resets after power 
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surges and outages particularly with rurality. Using SD cards created problems with 

some systems but not with others, extensive exploration indicated that SD cards have 

limited ability to cope with multiple read/writes. 

Additional functions were recommended by OAs and SNs such as an emergency 

option, detecting that the door was locked at night, using the flashing or static smart light, 

and its various colour options for many different functions such medication reminders or 

switching off the oven. 

4. Discussion 

This study explored how smart home technologies that connect OAs to their support 

networks could assist aging in place and enhance OAs’ health and wellbeing. User 

requirements were identified in Phase 1 (Figure 2) and similar barriers to those 

previously identified in the literature were found [16-19] along with connectivity, power 

stability and interoperability. This project has shown that user requirements can be met, 

and barriers overcome. Scholars have warned against technofixing, whereby technology 

is proposed as a solution on its own without considering the broader social context [25], 

which advocates for a socio-technical systems approach [21] to the development of 

technologies. Although our findings from the prototyping are preliminary, one of the 

reasons why our system was utilized and positively evaluated could be that it was 

successfully grounded in the community by connecting OAs to their informal support 

networks. Furthermore, as the system allowed for individual customization and for one-

to-many and many-to-many communication channels, rather than just the traditional 

patient-to-provider channel, the system could be tailored to the OA’s needs, 

responsibilities among informal support network members could be shared, information 

needs could be delivered, and privacy could be respected. 

At the same time, the possible negative consequences from a disregard of ethical 

issues should not be overshadowed. The need for the OA to be in control of their 

information was identified as a key user requirement. This highlights the advantage of 

being able to customize the system to the OA’s requirements, but it also indicates the 

issue of giving informal support members access to personal information. As they are 

not registered healthcare practitioners, they are not bound to the same degree of 

regulation pertaining to the collection, storage, use, and disposal of personal information. 

Hence governance of this information in smart home telehealth systems is a critical area 

for further exploration. The success of the system was largely dependent on the OA’s 

support network, requiring strong offline relationships, and so the system may not be 

suitable for all OAs. Nevertheless, our study has shown that the system can be 

successfully applied to improve the experience of aging in place by OAs who have 

existing support networks, by transferring information and facilitating communication. 

A final key finding from this study is that OAs and their SNs did not recognise the 

potential for such a system to assist aging in place, until they have had the opportunity 

to experience it. Processes need to be established such that OAs and their SNs can 

become familiar with smart home technologies and experiment with their use to become 

more accustomed to the possibilities that smart home technology could bring prior to any 

purchasing decisions. These systems need to be scalable to changing requirements, hence 

limiting choice to separate ecosystems without interoperability restricts the ability of 

such systems to meet these requirements, reducing potential health and wellness 

outcomes from smart home telehealth systems. 
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The study has some limitations. With the nature of qualitative research, the findings 

are not generalizable and so future research could investigate this topic with a wider 

scope. Participant recruitment was not drawn from a random sample of subjects, but it 

rather comprised individuals and organizations that actively volunteered to be involved 

in the study. The number of participants involved in the prototyping was limited and did 

not include the OAs’ healthcare providers. The prototype demonstrated that smart home 

technologies can improve feelings of security, reduce loneliness and improve 

interpersonal communication but beyond that it did not explore specific health outcomes. 

Sensor systems lack quality clinical validation [15]. They must be tested and validated 

by health providers in real-life situations [26, 27]. Thus, it is recommenced that further 

studies on health outcomes are conducted. 

5. Conclusion and lessons learnt 

This study shows that it is possible to design and implement low cost, scalable smart 

home telehealth systems that meet OA end-user requirements, improve feelings of 

security, reduce loneliness and improve interpersonal communication. Key findings are 

that OAs need to be in control of their information, interoperability is central, and 

determining governance of information is critical. OAs, and indeed their support 

networks, need time to experience smart home technologies to determine how best to use 

such technologies to meet their changing needs.  

The next steps of this study are to expand the functionality of the system by 

interfacing further devices; explore ways to extend the connectivity of the system to 

incorporate connections to healthcare providers; to develop information governance 

principles; and to undertake further real-life trials to gain a better understanding of the 

impact of the system on the OA, their support network members and potential health and 

wellness outcomes. 
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