20192020

Technology-Based Supports for
Aging in Place: Are they Effective?
VISIONS FOR CHANGE POLICY CHALLENGE 2019-2020
AMÉLIE GAUTHIER-BEAUPRÉ

Executive Summary
In Canada, there is a growing number of older adults over the age of 65 years. As
predicted by the World Health Organization (WHO), Canada will become a super-aged country
by 2035. 1 With this increase in age, it may become more difficult for older adults to perform
activities of daily living, which can limit opportunities for aging in place (AIP). Fortunately, there
exists a wide range of technology-based supports to help older adults with aging independently
in their own home.
The aim of this report is to examine existing technology-based supports aimed at
facilitating aging in place. It assesses technologies based on their clinical effectiveness, cost
effectiveness and ethical implications. The report gives a snapshot of possible technologies to
facilitate AIP while also discussing the extent of research which assesses effectiveness of the
aforementioned.
The technology-based supports for AIP have been classified into four different subgroups: 1) behaviour and safety monitoring, 2) fall prevention and monitoring, 3) medication
management and optimization, and 4) smart home technology. In assessing clinical
effectiveness, the findings show promising opportunities for these technologies to facilitate AIP
with unclear outcomes for some health-related domains and health care utilization impacts.
Additionally, there were significant gaps in economic evaluations of the four sub-groups of
technologies. Some of the available research suggested potential for these technologies to be
cost-effective, but overall, the evidence was scarce. Finally, there are significant ethical
implications for technologies to facilitate AIP. Some of these implications are privacy, informed
consent, autonomy, and equitable access.
Based on the findings, two policy recommendations have been provided. First, policy
stakeholders from across jurisdictions should develop partnerships with institutions to create a
frame for analyzing the effectiveness of technology-based supports aimed at facilitating AIP.
Mainly, they should consider partnerships with institutions that have expertise in economic
evaluations as a means to overcome the gaps in this area. Second, community organizations
should consider the diversity of their community members when deciding what technologybased supports to deliver. Using a gender-based analysis plus (GBA+), these organizations could
ensure that crucial factors such as privacy protection and equitable access are considered for
diverse groups of Canadians.
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Policy Question
What are some of the effective technology-based supports that can help older adults to age in
place?
This policy question is comprised of different terms that need to be defined:
1. Effectiveness: The effectiveness of technology-based supports will be conducted using an
evidence-based approach called a Health Technology Assessment (HTA). The HTA will be
conducted following a similar approach from the one used by the Canadian Agency for
Drugs and Technologies in Health (CADTH); an HTA is “a comprehensive evaluation of the
clinical effectiveness, cost effectiveness, and the ethical, legal, and social implications of
health technologies on patient health and the health care system”.2(para3)
2. Technology-based supports can encompass a wide range of different technologies. For
the purpose of this report, technologies have been classified in 4 groups: 1) behaviour
and safety monitoring, 2) fall prevention and monitoring, 3) medication management and
optimization, and 4) smart home technology. 3
3. Aging in place: In this report, aging in place (AIP) follows the Government of Canada
definition, which defines AIP as “having access to services and the health and social
supports you need to live safely and independently in your home or your community for
as long as you wish or are able”. 4(para3)

Background
For many years now, there has been an increased focus on the change in demographics
of populations across the globe. In Canada specifically, the population is aging at such a fast pace
that the World Health Organization 1 is predicting that by 2035, at least 30% of the population
will be aged over 60 years old. While certain provinces in Canada are seeing a more rapid increase
in the number of older adults in their population, this increase can be observed throughout the
country. In fact, the number of Canadians aged 75 years or older is predicted to at least double
in each province and territory between 2017 and 2037. 5
Aging is a process that involves numerous transitions in many domains of one’s life. These
transitions may involve changes to the personal self, family structures and to the environment 6
and can result in some additional difficulties in multiple areas of daily living, which may lead to
undesired and unwanted, but necessary adaptations. As has been documented in the literature,
older adults 65 years and older are increasingly having to deal with chronic diseases such as high
blood pressure and arthritis 7, which may become debilitating and hinder their capability of
performing certain activities of daily living. 8 Nonetheless, the great majority of older adults aged

2

65 years or older still reside in private dwellings. 9 This trend is consistent for all age groups (65
through 85 years and older) but there is a slight increase in the number of those who reside in
community dwellings from 80 years old and onwards.9 As discussed in the literature, the
functional and cognitive impairments associated with aging 10 may increase the barriers for some
to do so.
To enable older adults to reside in community dwellings, governments and service
organizations across Canada are currently providing funding and services that help people receive
the assistance they need to AIP.11 One domain called continuing care services includes a wide
range of health-related services such as personal care services (e.g., help in activities of daily
living), therapy and rehabilitation services (e.g., occupational therapy), and short- and long-term
nursing care (e.g., administration of medication). These services are generally offered
consistently across the country, but certain jurisdictional differences exist in areas such as social
work and psychosocial services.11 In the domain of home supports, older adults can receive
assistance with non-medical services such as meal services, home maintenance, transportation,
etc. Most notably, these services are highly dependent on the jurisdiction in which they are being
delivered which increases inequalities for diverse groups of Canadians. 11 Finally, the last domain
of governmental and organizational support for older adults to AIP is financial support. Some
examples of financial supports include: 1) programs that make housing affordable, 2) relief of
property taxes, 3) offset of transportation costs, etc. 11 While many programs exist, these are
inconsistently offered in the different jurisdictions. 11
Some recent innovations in the technological world could supplement current core
community supports and increase opportunities for AIP. In fact, many researchers and
technology developers are innovating in the field of gerontechnology in attempt “of meeting the
challenges that aging, disease, and disability pose for community-residing older adults and their
families”. 12(p184) In Canada specifically, the AGE-WELL Network of Centres of Excellence, a
federally funded initiative, brings together experts from across disciplines (e.g., industry,
caregivers, end users, etc.) to develop innovative technological solutions to increase
opportunities for older adults to AIP. 13 With technologies being developed at increased rates,
there is a need to identify which present the best opportunities for older adults to AIP. For this
reason, this report aims to discuss the clinical effectiveness, cost effectiveness, and ethical issues
of technology-based supports used by older adults living independently in their own homes.

Research Approach
This report uses the CADTH research approach for conducting HTAs. Mainly, it follows the
structure of a technology review, which “contains some but not all of the elements of a traditional
Health Technology Assessment”. 2(para4) This review will focus on the following components:
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1. Clinical effectiveness of technologies
2. Cost-effectiveness of technologies
3. Ethical implications
The review of the literature and analysis of the components mentioned above were
conducted independently using appropriate databases. The selection of articles was made based
on their relevance to evaluating effectiveness of technologies, their year of publication (20102020), and language of publication (English). The articles were reviewed and compared for their
results on clinical effectiveness, cost effectiveness and ethical implications for the different types
of technology-based supports.

Key Findings
The findings have been organized by clinical effectiveness, cost effectiveness and ethical
implications. In each section, the current state of evidence will be discussed specifically as it
relates to the different types of technologies (see table 1). The findings are by no means a
comprehensive review of the literature but a general representation of the available evidence.
Table 1: Technology-based supports that facilitate AIP. 2,3,14

Clinical Effectiveness
For all the technologies described above, there exists some discussion of clinical
effectiveness as it relates to their potential to be used for AIP. The results reflect 3 key areas of
clinical effectiveness: 1) the capacity of the technology to perform its function adequately, 2)
functional outcomes of older adult users, and 3) cognitive outcomes of older adult users.
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Behaviour and safety monitoring technologies:
Most articles that discussed effectiveness of these technologies related to the capacity of
the technologies to perform their expected function and their potential to be used to support
AIP. The rapid development and multiplicity in types of monitoring devices all support promising
opportunities for measuring and supporting individuals in their activities of daily living. 15,16 In
one example, sensor technology showed potential in adequately detecting alert conditions of
decline which allows earlier intervention by health care professionals. 15 Nonetheless, there still
is limited evidence that discusses the long-term effectiveness of these monitoring technologies
on health-related and quality of life outcomes.15,16
Fall prevention and monitoring technologies:
The 2 outcomes that are most discussed for these types of technologies are technological
capacity and improvements in functional and cognitive outcomes. For the technological capacity
in fall detection, technologies adequately performed the expected task of detecting falls in older
adults. In an example that used sensor video technologies, the technology was able to effectively
provide real-time detection of falls by older adults. 17 Beyond the detection of falls, one important
consideration was the possibility of technologies to prevent falls by improving functional and
cognitive outcomes of individuals. Technologies contributed to improvements in physical
capacities, functional balance, postural balance and lower extremity strength as well as shortterm attention spam. 18–20 Nevertheless, there is limited information about clinical
effectiveness in terms of health care resource utilization and increased quality of life.
Medication management and optimization technologies:
For medication management and optimization technologies, the results are promising but
limited. In the case of electronic multi-compartment medication devices with reminder systems,
results suggest that these systems have the potential to improve medication adherence. 21 One
limitation though is that most studies were feasibility studies which did not look at the
technology’s effect on health-related outcomes. In the case of individuals who had complex
regimens, medication dispensing technologies have shown potential for use but also
demonstrated limited effects on health outcomes of individuals. 22 These results indicate that
the adherence rates of older adults to medication regimens can be eased with the use of
medication management and optimization technologies but that their impact on overall health
outcomes may be limited.
Smart home technologies:
For smart home technologies' clinical effectiveness is discussed as the potential for the
system as a whole to provide desirable outcomes. Overall, there exists clinical effectiveness
5

evidence on multiple levels of outcomes (i.e., hospital utilization, quality of life, physical
functioning and cognitive functioning). 23 Smart home technology did not seem to produce
significant decrease in hospital admissions, emergency department visits or hospital days, or
improved quality of life. 23 Nonetheless, there were still some studies that showed positive
effects of smart home technology on quality of life of seniors. 23 For health-related outcomes,
the results are inconsistent where in some instances, smart home technology seems to help
maintain or improve physical and cognitive functioning, while in other instances there was no
change in health-related outcomes. 23–25 This indicates the need for additional intervention
studies looking at health-related outcomes and service utilization outcomes as well.
Cost Effectiveness
There is limited research available on the cost-effectiveness of technologies that support
healthy aging. The few analyses that were retrieved showed promising results although it is
difficult to truly conclude that the technologies were in fact cost effective. For behaviour and
safety monitoring technologies, the results suggested “a decrease in billable care interventions
and in costs of health care, and an increase in care efficiency and postponement of
institutionalization”. 16(p13) For the category of fall prevention and monitoring, the evaluations
that were retrieved looked at interventions and programs such as patient education and exercise
training but did not include technology-based supports. 26,27 For medication management and
optimization technologies, the search yielded no results. There was one instance where an
author noted possibilities for these technologies to be cost-effective 3, but no reference or
further analysis was provided. For smart home technologies, cost effectiveness could potentially
be an argument for including them in an increased number of community dwellings. In fact, in a
few studies, the authors performed economic analyses which inferred to their potential for being
cost-effective. 24 Overall, the limited number of studies that discussed the economic effects of
all the technology-based supports indicate that further analysis is required.
Ethical Considerations
Ethical considerations are at the core of discussions relating to older adults and
technology for AIP. Some recurring themes include privacy, informed consent, autonomy and
equitable access.
Privacy:
The discussions about privacy revolve around the obtainment and sharing of personal
information 28. As discussed earlier, technologies now have the potential to consistently monitor
an individual’s actions to propose an appropriate course of action if it detects change. This,
though, can pose serious threats to a person’s private life. For example, in an instance where
older adults’ falls are monitored via video systems, many of them expressed concerns in regards
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to continuously being monitored or even refused to adopt the technology because it would
invade on their private lives. 29 Fortunately, advanced functions are now being considered to
enable older adults to gain control over what information can be obtained and shared. 29
Informed consent:
For informed consent, there is increasing discussions about difficulties in obtaining
consent from those who may not be capable of providing it. 28,30 This can be the case notably for
individuals living with dementia, but involving the individuals themselves along with family
members can facilitate the process and ensures that the person’s desires are respected. 30
Autonomy:
It is widely accepted that technologies that facilitate AIP allow individuals to be
autonomous and independent. 28 Nonetheless, an increased reliance on technology may also
bring a fear where the older adult is completely dependent on the technology or even a fear of
losing human contact. 28
Equitable access:
Equitable access to technology is extensively discussed particularly in terms of the impact
of various diversity factors on the potential for access and use technology. Determinants of
health such as income, education and geographic location significantly impact older adults’
opportunity to benefit from technology-based supports for AIP. 28 For example, there are
financial barriers associated with adapting older houses for their integration with technologybased supports which inherently decrease opportunities for some to benefit from the
technological advancements. 31
Overall, there exists extensive discussion around the ethical implications for
technology-based supports in AIP. Fortunately, these discussions have led to the development
of various technological solutions aimed at giving more control to users over shared and gathered
data while also giving rise to changes in laws and regulations on issues such as privacy or
equitable access.

Policy Recommendations
Recommendation #1: The federal, provincial, and territorial governments should
develop policy-research partnerships with institutions for the purpose of creating a
framework for analysis of technology-based supports aimed at facilitating AIP.
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Currently, limited and inconsistent evaluations of clinical effectiveness and cost
effectiveness of technology-based supports make it difficult to make conclusions about which
technology-based supports could effectively and ethically be delivered to older Canadians. This
indicates that there is a clear need for a systematic approach to perform effectiveness analyses
of technology-based supports.
More specifically, the significant lack of information regarding the economic impact of
technology-based supports suggests a need for partnerships with economic research institutions
for further and standardized analysis. Another alternative for populating economic evaluations
of technology-based supports is by collaborating with Health Technology Assessment
organizations. Most notably, CADTH and other HTA producers (i.e., Institut national d’excellence
en santé et en services sociaux (INESSS) du Québec or Institute of Health Economics (IHE) of
Alberta) could be key partners in the obtainment of the relevant information about these
technology-based supports and how to assess them.
This policy recommendation presents both advantages and disadvantages. The
advantages are based on its ability to leverage knowledge and capacity within pre-existing
facilities or organizations. Also, it would allow for interdisciplinary collaborations of experts while
helping to generate crucial and needed information in the field of gerontechnology. The main
disadvantage relies on time constraints. Partnerships and collaborations can be challenging since
organizations may have to balance competing priorities. One way to overcome this issue could
be to provide monetary incentives for graduate students to engage in this work as part of their
graduate training.
In the end, a standardized framework or tool for economic assessment of technology
could enhance the timeliness and quality of available evidence for decision-making. This could
further improve the capacity of community organizations to deliver effective and safe
technology-based supports to older adults and facilitate aging in place.
Recommendation #2: The federal, provincial, and territorial governments should
support further education and training of community-based organizations on
gender-based analysis plus (GBA+)32 in order to enhance equity.
The ethical implications associated with technology-based supports for AIP strongly relate
to adequately knowing the end-user. This means that factors such as disability, culture, income
or geography could all play a role in older adults’ acceptance, accessibility to and use of
technology-based supports. Community organizations that deliver such technologies need to be
aware of the particular situations of who they are serving. By doing so, they help limit undesired
consequences associated with technology use.
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A tool such as a GBA+32 which was developed and endorsed by the federal government
of Canada would be useful for these organizations to ensure that the diverse identity factors (see
figure 1) inform the choice of technology-based supports for AIP. For example, individuals with
cognitive disabilities may be ill-equipped to make informed decisions and be protected against
undesirable sharing of personal information due to limitations with their cognitive function.
Community organizations would need to be sensitive to the types of technologies they deliver in
situations like the one mentioned above to limit undesirable consequences that may yield from
the technology use. Adequate training and education on GBA+ would allow community
organizations to better know the older adults they are serving and therefore deliver technologybased supports that are meaningful and respectful of the end-user.
This option is advantageous as it could allow for ethical delivery of technology where
older adults needs and capacities are considered from the outset. The main disadvantage is that
training and education requires resources. Mobilizing educators throughout jurisdictions could
increase financial requirements on jurisdictions but may present significant advantages over
other training methods. To overcome the financial barrier, the federal, provincial, and territorial
governments could promote the uptake of the online GBA+ course. This course is free and can
be accessed online at any moment. While taking this course may increase awareness, its potential
to help with application of GBA+ in practical terms may be limited compared to in-person,
targeted training.
Overall, education and training on GBA+ is an opportunity for community organizations
to become more familiar with the older adult end-users. Knowing this, these organizations would
be better equipped to deliver technologies in an ethical manner that respects the needs and
capacities of their members.
Figure 1: Identity factors in GBA+32.

9

References
1.
2.

3.
4.

5.
6.
7.
8.
9.

10.
11.

12.

World Health Organization. Ageing and health. http://www.who.int/news-room/factsheets/detail/ageing-and-health. Published 2018. Accessed January 18, 2020.
Canadian Agency for Drugs and Technologies in Health. About the Health Technology
Assessment Service. Canadian Agency for Drugs and technologies in Health.
https://www.cadth.ca/about-cadth/what-we-do/products-services/hta. Published 2019.
Accessed November 28, 2019.
Stanley R. Technology Supports for Community-Dwelling Frail Older Adults. Arbutus
Rev. 2015;6(1):41-49. doi:10.18357/ar.stanleyr.612015
Government of Canada. Thinking about your future? Plan now to Age in Place – A
Checklist. https://www.canada.ca/en/employment-socialdevelopment/corporate/seniors/forum/agingchecklist.html#:~:targetText=Aging%20in%20place%20means%20having,you%20wish%
20or%20are%20able. Published October 3, 2016. Accessed December 3, 2019.
Canadian Institute for Health Information. Infographic: Canada’s seniors population
outlook: Uncharted territory. https://www.cihi.ca/en/infographic-canadas-seniorspopulation-outlook-uncharted-territory. Published 2017. Accessed January 19, 2020.
Datan N, Lohmann N. Transitions of Aging. Elsevier; 2013.
Government of Canada. Research Highlights on Health and Aging.
https://www150.statcan.gc.ca/n1/pub/11-631-x/11-631-x2016001-eng.htm. Published July
28, 2016. Accessed September 3, 2018.
World Health Organization. The World Health Report: Reducing Risks, Promoting Healthy
Life.; 2002. https://www.who.int/whr/2002/en/whr02_en.pdf?ua=1. Accessed August 12,
2019.
Government of Canada SC. 2016 Census of Canada: Data tables – Dwelling Type (5), Age
(20) and Sex (3) for the Population in Occupied Dwellings of Canada, Provinces and
Territories, Census Metropolitan Areas and Census Agglomerations, 2016 Census - 100%
Data. https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rpeng.cfm?TABID=2&LANG=E&A=R&APATH=3&DETAIL=0&DIM=0&FL=A&FREE
=0&GC=01&GL=1&GID=1235625&GK=1&GRP=1&O=D&PID=109540&PRID=10&PTYPE=109445&S
=0&SHOWALL=0&SUB=0&Temporal=2016&THEME=116&VID=0&VNAMEE=&VN
AMEF=&D1=0&D2=0&D3=0&D4=0&D5=0&D6=0. Published May 3, 2017. Accessed
January 21, 2020.
Li S-C, Schellenbach M, Lindenberger U. Assistive Technology for Successful Aging:
Perspectives from Developmental Behavioral and Neuroscience. 2008:13.
Employment and Social Development Canada. Core community supports to age in
community. http://www.canada.ca/en/employment-socialdevelopment/corporate/seniors/forum/core-community-supports.html#h2.05. Published
2019. Accessed January 26, 2020.
Pew RW, Van Hemel SB, National Research Council (U.S.), National Research Council
(U.S.), eds. Technology for Adaptive Aging. Washington, D.C: National Academies Press;

10

13.
14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.
25.

26.

2004.
Sixsmith A, Mihailidis A, Simeonov D. Aging and Technology: Taking the Research into
the Real World. Public Policy Aging Rep. 2017;27(2):74-78. doi:10.1093/ppar/prx007
Miguel K de, Brunete A, Hernando M, Gambao E. Home Camera-Based Fall Detection
System for the Elderly. Sensors. 2017;17(12). doi:10.3390/s17122864
Pol MC, Poerbodipoero S, Robben S, et al. Sensor monitoring to measure and support
daily functioning for independently living older people: A systematic review and road map
for further development. J Am Geriatr Soc. 2013;61(12):2219-2227. doi:10.1111/jgs.12563
Peetoom KKB, Lexis MAS, Joore M, Dirksen CD, De Witte LP. Literature review on
monitoring technologies and their outcomes in independently living elderly people. Disabil
Rehabil Assist Technol. 2015;10(4):271-294. doi:10.3109/17483107.2014.961179
O’Connor JJ, Phillips LJ, Folarinde B, Alexander GL, Rantz M. Assessment of Fall
Characteristics From Depth Sensor Videos. J Gerontol Nurs. 2017;43(7):13-19.
doi:10.3928/00989134-20170614-05
Adcock M, Thalmann M, Schättin A, Gennaro F, de Bruin ED. A Pilot Study of an InHome Multicomponent Exergame Training for Older Adults: Feasibility, Usability and
Pre-Post Evaluation. Front Aging Neurosci. 2019;11. doi:10.3389/fnagi.2019.00304
Phillips CN. Modern technology and an aging population: Can the use of the Wii Fit
gaming system improve functional balance in community dwelling seniors? January 2013.
https://search.ebscohost.com/login.aspx?direct=true&db=cin20&AN=109860929&lang=fr
&site=ehost-live.
Yongwoo Lee, Wonjae Choi, Kyeongjin Lee, Changho Song, Seungwon Lee. Virtual
Reality Training With Three-Dimensional Video Games Improves Postural Balance and
Lower Extremity Strength in Community-Dwelling Older Adults. J Aging Phys Act.
2017;25(4):621-627. doi:10.1123/japa.2015-0271
Paterson M, Kinnear M, Bond C, McKinstry B. A systematic review of electronic multicompartment medication devices with reminder systems for improving adherence to selfadministered medications. Int J Pharm Pract. 2017;25(3):185-194. doi:10.1111/ijpp.12242
Khosravi P, Ghapanchi AH. Investigating the effectiveness of technologies applied to
assist seniors: A systematic literature review. Int J Med Inf. 2016;85(1):17-26.
doi:10.1016/j.ijmedinf.2015.05.014
Liu P, Li G, Jiang S, et al. The effect of smart homes on older adults with chronic
conditions: A systematic review and meta-analysis. Geriatr Nur (Lond). 2019;40(5):522530. doi:10.1016/j.gerinurse.2019.03.016
Liu L, Stroulia E, Nikolaidis I, Miguel-Cruz A, Rios Rincon A. Smart homes and home
health monitoring technologies for older adults: A systematic review. Int J Med Inf.
2016;91:44-59. doi:10.1016/j.ijmedinf.2016.04.007
Harris C, Hunter S. Smart-home technologies were found to support some domains of
independent living when ageing at home: Perspectives of older adult consumers’, families,
health professionals and service providers. Aust Occup Ther J. 2016;63(6):439-440.
doi:10.1111/1440-1630.12323
Canadian Agency for Drugs and Technologies in Health. Fall Prevention Strategies for
Adult Patients: Comparative Effectiveness, CostEffectiveness, and Guidelines. 2016.
https://www.cadth.ca/sites/default/files/pdf/htis/jan11

27.
28.
29.
30.
31.
32.

2016/RB0950%20Fall%20Prevention%20Intervention%20Final.pdf. Accessed January 26,
2020.
Church J, Goodall S, Norman R, Haas M. An economic evaluation of community and
residential aged care falls prevention strategies in NSW. New South Wales Public Health
Bull. 2011;22(3-4):60-68. doi:10.1071/NB10051
Chung J, Demiris G, Thompson HJ. Ethical Considerations Regarding the Use of Smart
Home Technologies for Older Adults: An Integrative Review. Annu Rev Nurs Res.
2016;34(arr, 8406387):155-181. doi:10.1891/0739-6686.34.155
Feldwieser F, Marchollek M, Meis M, Gietzelt M, Steinhagen-Thiessen E. Acceptance of
seniors towards automatic in home fall detection devices. J Assist Technol.
2016;10(4):178-186. doi:10.1108/JAT-07-2015-0021
Kang HG, Mahoney DF, Hoenig H, et al. In situ monitoring of health in older adults:
technologies and issues. J Am Geriatr Soc. 2010;58(8):1579-1586. doi:10.1111/j.15325415.2010.02959.x
Normie L. Technology for aging in place. Glob Ageing. 2011;7(2).
Government of Canada. Gender-based Analysis Plus (GBA+) - Government of Canada’s
Approach. https://cfc-swc.gc.ca/gba-acs/approach-approche-en.html. Published 2018.
Accessed February 14, 2020.

12

