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Abstract

Assistive Technology (AT) and telecare for older people are now a major focus area for
research given the ageing of the population and the diminishing number of available
caregivers. Robots have recently been recognized as a potential platform for remote
monitoring and delivering healthcare assistance to older people. A literature search was
conducted to explore potential issues and lessons learnt in similar situations. Four
important issues were identified for detailed analysis, namely: Ethical, Social-cultural,
Economic and Regulatory implications of designing eldercare robots. Important ethical
challenges were related to privacy, autonomy and responsibility. It was observed that an
ethical framework for AT is virtually non-existent and is needed for people who feel
vulnerable in dependent situations. A further challenge that potentially impedes AT
implementation is its acceptance by the existing care giving workforce because of a
perceived threat from technology to take away their jobs, add to their responsibilities and
make them vulnerable to consequences born out of a recorded human error. Aged Care
Facility managers, caregivers and medical professionals have concerns, including:
practical workflow adjustment, equipment maintenance, accuracy, cost effectiveness and
potential for errors. The cost considerations for such devices are important if targeted
consumers are people who may not be financially independent. The international
regulatory framework is generally supportive though variations exist across political
boundaries. Using robot based AT solutions for older care is desirable, and represents a
promising technology option, but we must consider several non-technical implications
before designing solutions.

1. Introduction

The care of the growing older population is cestiage of healthcare plans and policy frameworks rioost
developed countries as people address the incgebsinien of chronic diseases, and the consequéntiden



on healthcare [1]. Also, older peoples’ need foygital and cognitive assistance is well recogniZEde
problem is further complicated by diminishing numdb®f healthcare professionals, caregivers and lpeop
available to provide useful companionship to thideolpeople [2]. A large share of focus is on AT angport
systems aimed at promoting ageing in place [3].s€hefforts are aimed at facilitating independeving in
one’s own home as long as possible and reducingpuhgen on institutional care. It is also desireat those
requiring institutional support should be enabledite in Aged Care Facilities (ACFs) with minimalman
dependence for routine tasks and activities [4].

Assistive Technology Device (ATD) is defined as YAitem, piece of equipment, or product system, Wwlet
acquired commercially, modified, or customized,tti®|aused to increase, maintain, or improve fumatlo
capabilities of individuals with disabilities”, bthe Amended US Assistive Technology Act 1998. More
precisely [5], AT or ATD has been envisioned tsists

1. Performance of everyday activities in an efficiestiable and simple manner, in the designated
environment.

Formal & informal care giving processes and/or sitige for the same

Promotion of Quality of Life, a sense of securitys&fety and prevention of accidents
Enhancing Communication while respecting user pegfges and motivations

People to remain active and remain in their horhpessible

6. Other family members or co-inhabitants or caregivertheir own rights.

Robot in this context essentially means “computer veheels” housing a repository of knowledge base,
empowered by “intelligently moving parts, dynamigahteractive speech, cameras and connectivitghto
wider world through wireless internet”, that opangsa wide range of possibilities to fulfil sometbg above
roles. Some robots are already assisting the dixiafr a surgeon, some extend the reach of a dinit¢o
remote locations, some improve efficiency by paghkggrugs and even more are being designed tot dksis
disabled and elderly [6]. In recent years statigrrame-monitoring devices have shown positive inhjpacthe
health of older people [7-10], more recently, rablodve been identified as a potential option tmanh telecare
by introducing mobility, improving communicationgabilities, supporting vital signs monitoring anctiaty
tracking. These automated functionalities ultimateim to reduce the burden of routine repetitiveksaon
caregivers [11]. The Joint UoA/ETRI Centre for uditbcare Robotics and the National Institute of Hea
Innovation (NIHI) at the University of Auckland airevolved in developing an elder care robot, arglipiinary
studies [12] have indicated features that wouldiésirable. Some of the areas being addressed Hyithject
are: vital signs monitoring, medication managemgails monitoring and preventing wandering in cdiyeily
challenged people.

ok wb

To support this work, we have evaluated the ethisatial and cultural issues, as well as regulatomg
professional environments, in order to guide aqiype design for maximum practical applicabilityutQof
many non-technological implications of informatiand assistive technology, we realized that healthozbot
designs need to be compatible on four importanttechnical and overlapping fronts. Namely ethicalcio-
cultural, economic and regulatory considerationsegsesented below. The safety regulations, clirgsues,
psychological acceptance and other aspects of HiRoant Interaction have not been discussed inpiier.

1. Ethical Considerations

4. Regulatory Environment 2. Social & Cultural Context

3. Financial Implications

Figure 1 - Some non-technological implications forobots in care of older people



In this paper we discuss the ethical implicatiohshealthcare robots in the context of older peapte the
impact on professionals involved in caring for thebhe cost implications and the relevant institodiband
national regulatory environments that influence tleeision making process relating to deploymentadse
discussed. Most of the information presented hdeegathered by literature review, including collieg expert
opinions and Internet based information from gowsnt and institutional web sites.

2. Ethical considerations

The introduction of any new technology in healtiecenust address respect for autonomy, be benefinent
malefic and just [13]. The ethical consideratioeguire careful analysis because there is potesttisignificant
infringement into personal lives of older peopled®ploying a constantly aware agent that can re¢cadsmit
and communicate personal health and activity infdrom. The choice of deploying a robot poses siggauift
responsibility and it should address possible corxeshould they arise [14]. The assessment of athic
implications of healthcare technology involves ddemtion of the entire range of user experieneésting to
personal autonomy, privacy, dignity, safety andiahosurrounding the use of technology [15].

Wirelessly connected robots also need protocolsngure that personal data can only be accesselobg t
authorised to do so, similar to other electronialthedata exchange and communication platformsréwegmt
misuse. Moreover, most people would not want te tbeir sense of privacy even if they are semi-ddest, to

be constantly observed by an aware agent. Theatttilemma arises as to when to give a choice, @/hanser
may allow or block certain features, e.g. userakhbave choice when to allow observational reqaydil6]
although there should be a compromise for safegnwnpotentially lifesaving device could be turodidand it
was needed. A balance can be sought by designimg sales that cannot be overruled by the user (e.g.
reporting of falls) and by creating some functidmst can be defined by the user (e.g. frequenagminders).
These rules could be defined in partnership betwsens and providers.

Hence, respect for user autonomy becomes equaligriant as we interpose intelligent agents thatapable

of making their own decision by virtue of rules tttere designed to bring safety and prevent inadwert
mistakes committed by humans. For example, theldaktiBraking System in the car prevents the drivem
executing actions (i.e. stopping the car immedjatéh order to prevent skidding and accidentsgustifies
curtailment of user autonomy to enhance safety.l&ily robots in healthcare may curtail user autogcby
incorporating safety and instructional protocolsher built in (e.g. the user cannot switch off @ert to the
nurse if a vital sign is in the danger zone or iflase of important medicine is omitted) or progradnby
caregivers (e.g. must issue reminders to drink metery 6 hours). Though it may be perceived as an
infringement of the autonomy of an older personmiy be justified with respect to improving headtte
outcomes.

On one hand robots may appear to be more contydilin on the other hand the presence of robot roaaly
enhance autonomy of the person by offering mordceh@e.g. not depending on nurse to give medication
waiting for her or him every time to carry out akpand also more freedom (e.g. an older persoh ait
tendency to wander and get lost may get more fieeila robot is monitoring them, because they may b
allowed to wander over a wider area since theyataays be found). In addition, some old peopleexygected
to be some ‘active users’ of technology and somessjve recipients’ of the technology with different
preferences [17]. Therefore, the degree of autonoltiypately experienced by the old person in an A©EId
become a function of defined system design (i.eombination of functionality of the robot, institomal
environment and rules defined by healthcare prasjden which they depend to carry out various Iheatated
tasks [18]. The flexibility of system design thenef becomes more important as the age relatedyfraiil
disability continues to curtail a person’s autoncewgn further.

Despite general acceptance of home telecare anih&€ has been a small number of users denyingaime-
monitoring technology installation in their homesdamany do not use AT as intended due to a vanéty
reasons [19]. In a large-scale Philips Nationat$ton the Future of Technology and Telehealth imddCare,
spanning the US, Fazzi et al. [20], observed faat of equipment (31.1%) andintrusiveness of equipment
(24.0%) were the two biggest reasons cited whyeptgirefused. These challenges are likely to beligiged
by large bulky anthropomorphic robotic devices veheonjectures from sci-fi movies and media arelyike
colour users’ perceptions[21]. But this phenomeneads to be studied further.

It could be concerning if older people feel thattlare controlled by technology, rather than ugirg a tool to
remain in charge of their lives [22]. Subordinatiintechnology could become increasingly problemas
enabling technology is developed that exhibitseasingly intelligent behaviour. This can, of couts@ppen to
everyone who uses such technology; but, older peoyly be in a particularly vulnerable position doehe



lower degree of control that they appear to exEnerefore the design needs flexibility to strikdo@ance
between user preferences and level of frailty, whaore independent people get to exert wider choacel
gradually delegate more control to robots as pedetdine in cognitive and functional capacities.

2.1. Robots not an excuse to withdraw or deny human contact

Social isolation can be ethically problematic. Risbmay cause loss of contact with a caring peradrich
could be emotionally debilitating. However, providi tele-connectivity and live video capabilities yma
overcome this obstacle. Moreover the success opaaian robots in alleviating isolation for old pémpseems
to score positively [23]. Conversely, the questatses: Is it ethically appropriate to delegateecaf older
people with limited mental and limited emotionas@arces, to a robot? This aspect of human digaitg, the
potential for robots to provide ‘permission’ fomidy members to abdicate responsibility on the gxethat
their elders have artificial company, is a sourtmoral jeopardy. On the other hand, denying rabassistance
or removing the robots without replacing them wiitle human contacts is not necessarily an improwe{ad].

2.2. Safety concerns and accountability for failure

Robots will be expected to conform to a wide varief standards of the electronics, software andica¢d
device industry, and pharmacy regulations, howes@mplicating the ethical dilemma is the fact thaalthcare
itself is prone to multiple errors which are difflc to address. The Institute of Medicine report® “err is
human” has raised significant concerns on medigare due to human imperfections [25]. To mitigdtiese
errors, the precise information storage and redtieapacities of technology are considered a vakdhanism

to some extent. However, the automation of clinfmalcesses is not necessarily beneficial. Bergdrkiachak
[26] have revealed that Computerized Physician Okitery (CPOE) applications seem to foster errathear
than reduce their likelihood. This raises seriooscerns of safe use of technology in a vulneralidiero
population. In addition, there are concerns abdw safety of keeping a robot in hostile or adverse
environmental conditions such as sloping roofsycdaes, small apartments, and specially bathro@vhere
many falls happen and where privacy is usually dedy — the water and humidity may short-circuit or
malfunction the device [27]. It is only by a heighed awareness of these issues that informaticemgeducate
stakeholders to design, implement appropriate systnd conduct research in such a way that mingrfse
unintended consequences of obvious as well asessilght errors [28].

In summary, for the development of robots to bécatly designed, developed, implemented and apataly
used, we need to understand the ethical implicatidhile a person’s privacy, safety, autonomy and
independence may be affected, we also need toiteaind that this kind of technology does not gpeople
permission to abdicate responsibility for a persaréed for human contact, protection from medioareand
the disadvantages that result from aversion togutgehnology. This leads to consideration of thgt mon-
technical front indicated in Figure 1 — the soeiatl cultural context implications of using AT.

3. Social and cultural Context

Healthcare robots would be perceived to be uséftihey fit into the organizational workflows, udlyaafter
approval and acceptance by healthcare professiaradspatients alike, as described by the ‘Technolog
Acceptance Model' proposed by Venkatesh and DE8% Although the virtues of many technology based
solutions have been advocated for a long timechiasis such as Electronic Health Records, Clinatision
Support Systems and guideline conformation aler¢s reot adhered to by many physicians and healthcare
providers due to factors such as lack of percestashg financial and quality benefits [30-32]. Téeceptance

of technology by healthcare professionals is a derproblem that needs to be addressed comprelednsiv
[33, 34], from the perspectives of an organisatityork force in general, and the healthcare ggsibnals in
particular.

3.1. Organization acceptance

In most countries healthcare is considered to be @ihthe most complex sectors in terms of hiergrchy
distributed authority in decision making and vayrief funding mechanisms. Negotiating implementatdran
innovative solution can be a frustrating task ies settings [35]. The audit commission of the NH#Served
important barriers to acceptance of homecare tdobgoas - fragmented organizational structure, fugd



issues, change averse mindset, lack of consumssyneand lack of end-to-end solutions [36, 37priter to
bridge some of these gaps, dependence upon tegynadmdors tends to be high. The key role of vesdara
systems integrator and service provider to overctimeskills and organisational deficit in most hieand
social care organisations is recognized to be itapp(38]. The same should hold true for robotichtelogy
applications.

3.2. Impact on existing work force

In many industries manual labour has gradually bemmplemented or replaced by automation [35]. Reopl
affected by such changes to the way they work e reasonably predictable ways, e.g. followingracess
such as that described by Elrod and Tippett [3@\weler, other implementations could result in faldue to
an insurmountable ‘concept-reality gap’ describgdHeeks et al [40]. There could be initial resis&no
change or an unrealistic enthusiasm based on argiect between the expectations of the workforcevamat

is actually delivered. This kind of resistance tepgd when machines were introduced to factoriesadsul
when computers were introduced into offices. Almastformly the organizations pass through an ihitia
reaction of the existing workforce to automationiathfrequently later on translates into improvedgasses,
reduced work burden, enhanced skills and produgtidading to improved efficiency and efficacy [41]
Information technology is proven to be a sourcénofeased demand for skilled labour and rising wagethe
long run [42].

Furthermore, concerns of technology replacing tinadmn interface do not seem to dominate the horggreen
the fact that artificial intelligence and robotibsive not achieved human-level perfection and aerawfy
expression such as caring and supporting [36]. Wewelt is likely that the robotic assistance wilidge
demand-supply gaps in the healthcare workforcenapkng the existing workforce to handle more dieand
supplementing their role in ways such as autontetiwdling of repetitive tasks and enhancing commatian.

In conclusion, it may be unclear as to how thikhtedogy will impact the existing workforce, nondtes, it is
prudent to think about it [43], so that it may besgible to institute transitional measures to minérthe
discomfort of workers who will be affected by tfissm of automation.

3.3. Provider acceptance

Creating cultures of safetgquires major changes in behaviour, changes tdéssionaleasily perceive as
threats to their authority and autonomy, which b@sn a challenge in implementing safety measurdsisé of
automation [44]. At the same time many practitisnare vocal and resistant to unproven technologiksy
argue that it is clinicians who are ethically aaddlly responsible for the patient outcomes andrgrbut what
if the error is because of the technology and meoflise of wrong intentions of doctors? To argudnéuy even
if the safety protocols are implemented at protessi and technological levels, the user behaviooula still
remain unpredictable.

Some large scale studies however, have shown ¢kaptivity of the staff and patients to telecaregpams
improves with time and more than doubles by the @nithe year after the implementation of new tedbgy,
as was seen in Philips’ national study across UZH.[In the same study, decreased workloads ingeyfn
physical visits without reduction in reimburseméant virtual visits, and improved quality of carepear to be
the major acceptability factors. Secondly, a magsact was seen that combined chronic disease rearay
with telecare both in terms of clinical outcomesl aost of care. Although some suggest that theratpa
from the bedside will necessarily lead to medicabres and potentially avoidable morbidity and mbtyathe
literature (limited though it may be) would suggesherwise [45]. Therefore, physicians buy-in may b
obtained by understanding and acknowledging thraisgective [46-48].

To summarize social-cultural factors relating tgamizations, doctors, nurses and other caregiveed nareful
and balanced consideration, without losing emphasigrofessional competence as the foremost detannof
the ultimate care process for older people. Traddaus to consider the next element of Figure 1.

4. Financial implications

The care of older people with help from robotichtezlogy would have to justify competition from statary
home monitoring and/or ambient sensing devices.uReeof robots for care of older people may potdigtbe
a superior and comprehensive AT tool, dependinghupo features, functionalities and outcomes. Havev



robots are expensive (e.g. the reported cost aflearounding robot is US$5,000 for the base stafitus
upwards of $5,000 per month [49]). If the solutibeets design expectations then the relatively highst of
robots can be justified indirectly [50] by redugiaverheads in some of the important areas such as:

1. Reduction in the cost of institutionalization byproting ageing in place

2. Reduction in the cost of hospitalization by redgciwdverse Drug Events, falls and complications of
chronic disease

3. Reduction in morbidity and the cost of care inchgdicontainment of manpower cost despite an
increasing demand supply gap

The challenge is highest in initial demonstratiomj@cts but wider acceptance would eventually make
availability easier and cheaper, reduce repailaogment and maintenance costs, and bring dowouasll
cost over a period of time [51].

Moreover across the developed countries that faeedemographic challenge of ageing, financial stpfoo
the care of older people is mostly met by socialugey and public funding. Expecting a minimal aeti
contribution from consumers, the marketing driveusti focus on the priorities and constraints ostheublic
agencies rather than consumers. Though it has sigggested that public funding with some dedudililem
the pension is justified if there is significantnédbution to increased quality of life; it remaitsbe seen how
this effects decision making [52].

Given these challenges, it is suggested that temlef robotic AT should be cost conscious antbited to
areas of maximum cost-efficiency impact. This majtself be a challenge when one considers thdtiatians
of most stationary telecare implementations hatle levidence to support cost-benefit or cost-afficy [53].
An elaborate robotic design may have advanced resthut the incremental impact on solution robusgne
quality of life and cost of care should be carsfiistified in financial terms.

5. International regulatory environment

Many developed countries appear to have takenacpve approach to AT solutions in the face of ghewing
burden of an ageing population. To date, the c@amidentified as having some defined e-healthcyadr clear
policy activity are: Australia, Canada, China, GimaDenmark, Finland, Iran, Malaysia, Malta, Newakand,
Russia, Singapore, South Korea, Sweden, Taiwargahéa, Thailand, UK, USA and Vietnam [1] .

Within the European Union (EU) many telehealth\atigis flourish, funded by both national governnseahd
the EU, but policy development varies amongst membé&ons. The EU has invested more than 650 millio
Euros in funding telehealth and telecare initiagjvend sees it as a strategic objective in the dfthe growing
need for efficient older care [54].

The US has predominantly private-sector driven A€l home care agency industries; however, the deder
government has come out with definitive guidelifi@simplementation of Information System and Assest
Technologies. It has promoted industry wide respsrtbrough the establishment of ‘CAST’ and ‘Condinu
and the passage through Congress of bills thatipémenfunding of telehealth services. The adoptidrsuch
technologies is steadily growing, proving acceptaand developing a stronger business case for ACBs IT
enabled. With the recent policy to promote eledgtrdmealth information across the country by the aa
administration, the business case becomes evergsiro

The United Kingdom has a well defined “UK Teleca@licy and strategy,” and with the National Health
Services focussing attention on elders there iargel fund available for AT applications. The NHSd#iu
Commission has provided a wide scope of AT andmegends a practical approach to large-scale funding
support by the Department of Health. A £31 millipnoject for installation of home telecare deviees smart
homes is already underway [55].

In Australia, with the establishment of NEHTA — tNational E-Health Transition Authority - in 2008dhits
recognition of telecare for chronic disease manag¢nand older care there seems to be some movement
forward. An aim has been set to establish standards-health in the next three years with inclusimmn
telecare/service delivery tools in priority area6][ The policy of the New Zealand government dips$allows
Australian policies and in fact is clubbed undez tAustralia New Zealand Policy for Telehealth” VWimg
Committee. The policy so far covers evaluation radthogies in telehealth as an initial step towdadge scale
acceptance and drafting of a national policy framswAlthough initial interest is seen there isoad way to
catch up with the developments in other countrde$F].



Table 1 — Summary of international regulatory envionment supporting telecare

National policy | Structured Public Supportive
for Telecare implementation | funding forums and
plans support organizations

Japan No No No Yes
Australia /INZ Yes No Yes/No Yes/No
EU Mixed No Yes Yes
UK Yes Yes Yes Yes
USA Yes Yes Yes Yes
Canada Yes Yes Yes Yes

Canada enjoys a significant level of federal aral/imcial policy support for e-health, and developinef the
e-health sector is viewed as a strategic priogveral years of deliberation resulted in the gveadf the
Office of Health and the Information Highway (OHIH) 1999. A ‘Canadian Health Infostructure (CHI)Y’
initiative has also been established. The Natidndlative for Telehealth (NIFTE) Guidelines profets
developing a framework of national guidelines felehealth and the Canadian Society for Telehe@8{ is
also active [58].

Japan, despite its technology savvy image, is tagdiehind in terms of a structured approach toliter
population. The diffusion of telecare and AT hasvnmaught momentum after establishment of the Jagane
Telemedicine and Telecare Association (JTTA) in2[H3].

In summary, if we take the liberty of extrapolatitiggse observations onto robot enabled telecare shme
countries (such as USA, UK and Canada) appear fawsoairably inclined than others (such as Japantralies
or New Zealand).

6. Conclusion

There seems to be global interest in technologyedrisolutions for care of older people, includihg tise of
robots. The solutions may be technologically adednhcbut need to address non-technological issues
appropriately, especially in the early phase ofld@pent and commercialization. Although there agaiicant
ethical issues involving personal autonomy and tralc problems of introduction of new technologytan
organizations, but the end users are not technadegyse. As such, it is the responsibility of tlesigners and
vendors to provide sound solutions that enabletihemie professionals, caregivers and family members
support older people. It is through this synthesipractical implementations and demonstrationsasfefit that
success of this new technology can be supportedithtare and elder care policies will remain theeseign
domain of individual countries. However, if a borldes innovative solution (such as an elder cabetjas to
be successfully implemented, international reguatand supportive frameworks should be consideted.
remains to be seen in dynamically evolving scesaifimther countries catch-up or move past the desdh
innovation. There is paucity of observation dingcith relation to healthcare robots; hence in thépgr
extrapolations have been made from related donsaicis as: AT, telecare and e-health. This furthigmad that
there is need for specific studies on elder cab®tios through international participation to valied how the
implications change with increasing frailty, withange from living at home to living under residehtiare and
how healthcare system design or funding mecharniisfioence the use of these innovative solutions.
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