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Cognitive impairments (CI), associated with the consequences of Alzheimer’s disease and other dementias, are increasingly
prevalent among older adults, leading to deterioration in self-care, mobility, and interpersonal relationships among them.
Innovative Assistive Technologies (IAT) such as electronic reminders and surveillance systems are considered as increasingly
important tools to facilitate independence among this population and their caregivers. The aim of this study is to synthesise
knowledge on facilitators and barriers related to acceptance of and use of IAT among people with CI and their caregivers. This
systematic review includes original papers with quantitative, qualitative, or mixed methods design. Relevant peer-reviewed articles
published in English between 2007 and 2017 were retrieved in the following databases: CINAHL; PubMed; Inspec; and PsycINFO.
The Mixed Method Appraisal Tool (MMAT) was used for quality assessment. We retrieved thirty studies, including in total
1655 participants from Europe, USA/Canada, Australia, and Asia, enrolled in their homes, care-residences, day-care centres, or
Living Labs. Two-thirds of the studies tested technologies integrating home sensors and wearable devices for care and monitoring
CI symptoms. Main facilitators for acceptance and adherence to IAT were familiarity with and motivation to use technologies,
immediate perception of effectiveness (e.g., increase in safety perceptions), and low technical demands. Barriers identified included
older age, lowmaturity of the IAT, little experience with technologies in general, lack of personalization, and support.More than 2/3
of the studies met 80% of the quality criteria of the MMAT. Low acceptance and use of IAT both independently and with caregivers
remains a significant concern. More knowledge on facilitators and barriers to use of IAT among clients of health care and social
services is crucial for the successful implementation of innovative programmes aiming to leverage innovative technologies for the
independence of older people with CI.

1. Introduction

Age-related changes in mental and physical abilities can
make independent living at home challenging. Deteriora-
tion in mobility, self-care, and interpersonal interaction
and relationships has serious implications for independent
living among older people [1], especially when a person
has problems to remember, learn new things, concentrate,
or make decisions that affect their everyday life. Cognitive

impairments (CI) are increasingly prevalent in the ageing
population [2] and are strongly associated with decline in
activities of daily living (ADL) [3]. As the CI progresses,
people become increasingly dependent on others to man-
age their everyday life and consequently their families and
relatives (informal caregivers) are at risk of burden and
stress [4]. Thus, the cost and burden of caring for older
people with CI are considerable, for both informal care-
givers and health care and social service (care and service)
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systems [5]. Efforts to reduce the societal impact of CI are
needed, as well as alternative solutions to maintain inde-
pendence, participation, active citizenship, and quality of the
life.

Innovative Assistive Technology (IAT) is currently being
developed, tested, and introduced worldwide, as an impor-
tant tool to maintain independence and quality of life among
community living older people with CI. This is very much
in line with the European Union (EU) strategy for long-
term care, which identified technologies as a key enabler
for ageing in place policies and the sustainability of welfare
states [5, 6]. IAT includes, e.g., sensor based surveillance and
monitoring systems, mobile technology such as wearable fall
detectors, and activity bracelets as well as tablets with health
information or alarm functions. Indeed, the application of
IAT in care and services is a rapidly changing area, in
which new products and services are constantly developed
and introduced at a high pace. Ambient Assisted Living
(AAL) technologies, among the most promising and fast-
changing types of IAT, have been categorized by Blackman
and colleague [7] into different “generations,” according
to how they have evolved over time. This categorization
differentiates low-tech devices such as wearable alarms that
only need user initiation (1st generation); from systems for
automatic detection of hazards (2nd generation) tomore com-
plex “smart” systems integrating home sensors and wearable
devices (3rd generation). By now, even additional IAT not
under scope of the categorization suggested by Blackman et
al. [7] are emerging, e.g., social and service robots [8], in this
study referred to as the “4th generation.”

The use of IAT in care and services implies new lived
experiences and inmost cases new challenges for older people
and their informal caregivers.This applies especially for older
people withCI and their informal caregivers that are often old
and frail themselves.

According to the literature, positive experiences of tech-
nology are prerequisites for the acceptance of any new device
in general, and this may apply especially in the case of older
people [9–11]. However, specific factors seem to apply to the
case of older people with CI.Their ability to use technological
devices in general could affect their likelihood to use IAT;
however, even when older people are proficient in using a
technological device such as a mobile phone [9], they may
not benefit as much from other forms of more complex
IAT, integrating additional components such as alarms and
sensors. This could happen for example because of privacy
concerns, lack of familiarity or training, and cognitive or
visual impairments [10, 11].

Nonetheless, novel IAT in care could play a key role in
supporting independent living of older people and could
even be more important for the people with CI as it may
potentially reduce their dependence on others and promote
their autonomy and independence [12]. The implementation
of IAT-based is, however, a multifaceted process that affects
both older people themselves and their informal and formal
caregivers, and the outcome is not always predictable. In this
process, acceptance (the intention to use technology [13])
and adherence (the actual use after acceptance [14]) are two

important dimensions to be addressed if a successful outcome
is to be secured.

A recent review focusing on usability and acceptability
of technology among people with mild cognitive impairment
and dementia shows that a wide range of IAT is already avail-
able for this target group, e.g., digital calendars and Global
Positioning System (GPS) [15], but that studies in this area
remain contradictory. Updated and systematized knowledge
on facilitators and barriers for the implementation of IAT
in the homes of people with CI could be highly relevant for
the design of future home-based support strategies involving
IAT. Such efforts could optimize care effectiveness and cost-
efficiency [16] aswell the independence, autonomy, and active
citizenship among people with CI [12]. Accordingly, the aim
of this study was to synthesise the knowledge on facilitators
and barriers to IAT use, including acceptance and adherence
to IAT, among older people with CI and their informal and
formal caregivers.

2. Materials and Method

2.1. Research Questions and Search Strategy. We performed a
systematic review of the published literature, using two broad
research questions:

(1) What facilitators and barriers are related to accep-
tance and use of IAT among older people with CI and
their informal and formal caregivers?

(2) Are there differences regarding acceptance and adher-
ence of IAT according to the generation of the
technology?

Starting from these research questions, and together with an
expert librarian, we developed a detailed search strategy. We
used the PICO framework [17] as reference (excluding the
C=comparison since this did not apply to our study); i.e., we
limited our search to articles fulfilling the following inclusion
criteria:

(i) P (Participants): studies enrolling people 65 years and
older with any form of CI, and/or their informal
and/or formal caregivers.

(ii) I (Interventions): studies evaluating interventions
using IAT exclusively or predominantly.

(iii) O (Outcomes): studies addressing acceptance, adop-
tion, attitude, perception, and use of the IAT based
intervention, as either primary or secondary out-
come.

We aimed to include articles with quantitative, qualitative,
andmixedmethods designs from all disciplines, with no spe-
cific restriction of study design or setting. We excluded stud-
ies addressing assistive devices, e.g., walkers, wheelchairs,
and hearing and visual aids, which are considered as part
of routine health care interventions and most often need a
prescription or individual adaptation.

Peer-reviewed articles of primary studies fulfilling the
inclusion criteria were searched in the following electronic
databases: CINAHL; PubMed; Inspec; and PsycINFO, writ-
ten in English and published between 2007 and 2017.
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Figure 1: Flow diagram of the article selection process.

Commentaries, editorials, and conference papers were
excluded, together with effectiveness studies addressing only
clinical benefits of using IAT, unless the abstract indicated
availability of results related to our outcomes of interest.
Likewise, we excluded studies focusing only on deployment,
effectiveness, gaming, and safety and studies where caregivers
only were involved as proxy-respondents of people with CI.
Full account of the literature search strategy is given in the
Appendix.

2.2. Article Selection. One of the authors (DR) independently
performed the literature search and then, in parallel with the
first author (BT), reviewed the titles for eligibility. The initial
titles search resulted in 2538 titles out of which 452 were
identified as duplicates. DR and BT separately performed a
screening process based on the titles of the remaining 2086
articles. Their results were cross-checked by a third author
(CC) in order to finalize a list of eligible articles to include.
This resulted in 88 potentially eligible abstracts.The abstracts
retained were analysed by BT according to the research
questions, in order to obtain the final list of full-text papers
to be reviewed. After the analysis of the abstracts, 52 of them
were excluded, as they did not fit the aim of this review.
Thirty-six full-text papers were then analysed, to ensure that
the studies addressed actual use of the technology, as opposed
to merely investigate attitudes towards possible use, resulting
in a final number of 30 papers included for the full review
(Figure 1).

2.3. Data Synthesis and Quality Assessment. Data extraction
and synthesis were performed using a Summary of Findings
(SoF) table, designed according to the aim of the study.
The SoF table summarizes data on study context, outcomes,
sample characteristics, design and type of data, characteristics
of technology, and main results in terms of acceptability
and adherence. In order to develop an understanding of
whether acceptance and adherence were related to different
generations of technology, the categorization proposed by
Blackman and colleagues [7] was utilized for data synthesis.
The quality of the included papers was evaluated using the
Mixed Methods Appraisal Tool (MMAT), revised version
[18]. This assessment tool applies different quality criteria for
different study designs, thereby taking the unique character-
istics of each design into consideration. In order to carry out
an objective assessment of the study quality, two authors (BT
and AMF) evaluated each paper separately. Disagreements
between the authors (n=4 papers) were solved by means of
discussions between the two until they reached consensus.

3. Results

3.1. Participants and Study Designs. The design and quality
of studies according to the MMAT are presented in Table 1,
which includes also more details on participants and type
of data. Facilitators and barriers related to acceptance and
adherence are presented in Table 2, including details on type
of technology and outcomes.
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A total of 1655 individuals participated in the 30 included
studies (Table 1). They were people diagnosed with mild cog-
nitive impairment (MCI), or advanced or severe dementia or
Alzheimer Disease (AD), their formal and/or their informal
caregivers. The included studies were performed in Europe
(22), USA/Canada (5), Australia (2), and Asia (1).The studies
were conducted in people’s own home (20), formal residence
(8), day-care centre (1), and Living Lab (1). One study was
conducted in both home and formal residence. Four studies
addressed the use of social robots and could thus not be
categorized according to Blackman et al. (7), while the IAT
in all other studies could be classified into 1st, 2nd, or 3rd
generation. The IAT included in the four remaining studies
thus were categorized as 4th generation.

Eight studies had a qualitative design, while 22 applied a
quantitative or mixed methods design: one randomized con-
trolled trial, three nonrandomized trial, eleven observational
studies using quantitative measures only, and seven studies
using amixedmethods design.Out of the 30 studies included,
n= 20 had a dyads-based approach, i.e., involved people with
CI and informal or formal caregivers, while the remaining
10 studies included either people with CI (6), formal (3), or
informal caregivers (1) only (see Table 1 for details).

3.2. Quality of the Papers. The papers were rated according
to the MMAT [18] (Table 1). Ten papers were rated as high-
quality studies (∗∗∗∗∗),meeting all five quality criteria. Eleven
papers were rated with four stars (∗∗∗∗), meeting 80% of the
quality criteria; three articles met 60% of the criteria (∗∗∗),
two met 40% (∗∗), and three studies met only 20% of the
quality criteria (∗). One article received no star, i.e., met none
of the quality criteria. This study was the only randomized
controlled trial (RCT) included.

3.3. Acceptance and Adherence to IAT Use. Twelve studies
presented results on IAT that were both accepted and used
by the participants [19–21, 23, 27, 30–33, 42, 43, 45]. In
eleven studies, the IAT was accepted but not used in the
following implementation period, therefore resulting in poor
adherence [24, 29, 34–38, 41, 44, 46, 47].Themain facilitators
identified were ease of use, familiarity with technology,
improvement of care, low technical demands, and person-
alized fit of IAT to daily routines. In addition, enjoyment,
possibilities for new interactions, and feelings of safety also
motivated the participants to use IAT. Moreover, how and
when the IAT was introduced as well as the provision of
support before and during the implementation were highly
relevant for acceptance and adherence of the IAT (see Table 2
for details).

Regarding the barriers, themain factors hindering adher-
ence to IAT were the participants’ lack of experience of
technology in general, and the age of the person using
the technology [24]. This affected time-use and increased
the occurrence of errors significantly [24, 29]. Other issues
affecting adherence were the needs for further development
of the technology [29] and that more time was necessary
for the users to learn how to use IAT in order to make
adherence successful [29, 34, 44, 46]. The participants had
to be motivated and encouraged to make adjustments to

everyday routines, and to trust their own capacity to use the
technology [35]. Likewise, an immediate recognition of the
benefits of IAT facilitated acceptance. In some cases users did
not evenmind beingmonitored by IAT if this was understood
as a useful strategy to allow their physician to provide a better
care [19].

Some studies [46, 47] also indicated the need for trans-
parent and easy-to-understand information feedback for
increasing the perceived efficiency of the technology and
the need for a personalized fit between the technology and
preferences of the participants [36]. Conversely, lack of clarity
and feedback from the technology conveyed uncertainty,
hindering acceptance and adherence. Other contextual fac-
tors potentially influencing the use of IAT include mobile
network issues and internet-access (see [36] for details). User
interfaces (i.e., how the technology looks like) are also of
great importance. In this respect, one of the studies showed
that only 1/3 of the participants were satisfied with the “look
and feel” of the IAT [37]. It was found that caregivers have a
significant role in the process of IAT implementation among
people with CI. While some informal caregivers were less
anxious after accepting to use IAT, others reported a decrease
in their quality of life [38]. It was stated that IAT should
support the caregivers and not replace them [21]; i.e., using
only technology to monitor their health was not an option.
The caregivers anticipated a reduction of the burden of care
when IAT was implemented; however, stress increased when
this was not the case [38]. Lastly, electricity cost was a barrier
for use [41]. Summing up, our results show that when the IAT
prompted safety and freedom and enhanced autonomy for
people with CI [42–44], as well as relief and less worry for
the caregivers [45] it was accepted and adhered to.

Seven studies reported that technology was neither
accepted nor adhered to [22, 25, 26, 28, 39, 40, 48]. The study
participants explained that this lack of acceptance and use
was to be ascribed to their own lack of skills, fear of mistakes
or being replaced, staff irritation, or fear of being replaced or
due to an intrusive design, e.g., a big watch on a frail arm [40].
When IAT failed to correspondwith the participants’ identity
and needs, their interest in using the device faded [28]. From
a technical perspective, there were concerns in terms of data
leakages and/or problems with the display of information
on the screen, which led to the staff not trusting the IAT
[39].With IAT still under development, discrepancy between
expectation and actual function may lead to nonacceptance
and nonadherence [22, 25, 26]. More specifically, several
barriers to robot-acceptance were identified, including older
people’s uneasiness with IAT, feeling of stigmatization, and
ethical and societal issues associated with robot use [48].

Regarding clinical factors, the progression of the disease,
and the onset of more severe symptoms, was found to
negatively affect adherence to IAT [28] indicating the need
for regular follow-ups to adapt the IAT to the changing needs
of the client [30, 31], as well as to those of the formal and
informal caregivers [32, 33]. When IAT does not correspond
with the participants’ expectations, their interest in using
it faded [28]. For example, within an experiment testing
a remote monitoring system in a nursing home, when the
formal caregivers lost trust in the technology,they continued



14 BioMed Research International

Table 3: Timeline of included studies, generations according to Blackman et al. [7].

Year, title First author Ref. Context Acceptance Adherence
1st generation
2007 Cahill [20] Home Yes Yes
2007 Topo [47] Home Yes No
2012 Chen [22] Home No No
2012 Nijhof [40] Residency No No
2013 Perilli [44] Daycenter Yes Not adressed
2nd generation
2013 Boise [19] Home Yes Yes
2015 Cavallo [21] Home+ residency Yes Yes
2009 Engström [23] Residency Yes Yes
2012 Mitseva [38] Home Yes No
2014 Nijemeijer [39] Residency No No
3rd generation
2016 Hattink [25] Home No No
2013 Imbeault [27] Home Yes Yes
2015 Karlsson [28] Home No No
2015 Kerkhof [29] Residency Yes No
2015 Kerssens [30] Home Yes Yes
2015 Lazar [32] Residency Yes Yes
2016 Lazar [33] Residency Yes Yes
2013 Lim [34] Home Yes Not addressed
2013 Lindquist [35] Home Yes No
2015 Lindguist [36] Home Yes No
2014 Magnusson [37] Home Yes No
2013 Nijhof [41] Home Yes No
2015 Oderud [42] Home Yes Yes
2013 Olsson [43] Home Yes Yes
2012 Pot [45] Home Yes Yes
2016 Thorpe [46] Home Yes No
Robots (4th generation)
2013 Granata [24] Home Yes No
2017 Hebesberger [26] Hospital No No
2017 Khosla [31] Residency Yes Yes
2014 Wu [48] Living Lab No No

to perform physical visits to the residents [39]. In this respect,
one of the reviewed studies [23] describes how the struggle
with imperfect systems might end up in a success when the
participants felt their attitude from fear of losing control to
perceived increase in control.

In relation to the typology of IAT evaluated, we found
that the majority of the IAT included in the studies could be
categorized as 3rd generation IAT (n=16), while five studies
related to 2nd generation IAT, and five studies included 1st
generation IAT. The largest proportion of studies demon-
strating acceptance and adherence of the IAT targeted 3rd

generation IAT, while IAT belonging to the 2nd generation
were less accepted followed by the 1st and 4th generation
of IAT (see Table 3). When it comes to use of robots in
health care, our results show that the users had generally
low interest to use the robot, as well as negative attitudes

toward and negative images for this type of devices [24,
26, 48]. The users simply did not perceive it as useful in
their daily life, although they found it easy to use, amusing,
and not threatening. Direct experience with the robot did
not change the way the participants rated robots in their
acceptance questionnaire [48]. Personal aspects as not feeling
comfortable with technology, feelings of stigmatization, and
ethical and societal issues concerning robot use need further
scrutiny to ensure quality in implementation of IAT [49].

4. Discussion

To the best of our knowledge, this review is the first attempt
to systematically identify and evaluate primary studies that
evaluate both acceptance and adherence to IAT among people
with CI living at home, addressing also the specificity of
different IAT-generations.
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Our findings well represent the complexity of the two
outcomes of interests: many barriers and facilitators to
acceptance and adherence of IAT have been identified, each
requiring duly consideration for successful implementation
of IAT among people with CI and their caregivers.

From an overall perspective, difficulties and challenges
in IAT research can be related to the individual technology
users (micro level), the organizational processes and systems
(meso level), and the national policy context (macro level)
[50]. Most of the results found in our review are related to
the individual user level.

One of our main findings is the importance of how
the benefits of the technology are communicated first and
perceived then, to the older people with CI and their formal
and informal caregivers. Communication indeed seems to
be an important prerequisite for acceptance and use of IAT
among them. This is in line with previous research which
has demonstrated that technology is not adopted at all or
is soon abandoned after a short while, when end users do
not perceive an immediate advantage [51]. A previous review
by Peek et al. [14], targeting the general old population,
provides partially overlapping results. It showed that themost
important factors for acceptance of IATwere a perceived need
for the technology and the expected benefits of its use. Our
review integrates this knowledge, by suggesting the impor-
tance of a correct matching between expectations before
implementation and the actual benefits of the technology
following the initial use. Mismatch in this respect can hinder
a successful implementation as consequence of the users’
disappointment.Disillusionmight then open theway to other
factors opposing acceptance, such as perceived stigma, thus
leading to the failure of the intervention [51, 52].

Our results suggest that further investigation on the mid-
and long-term adherence to IAT among people with CI
is needed, as many reviewed studies failed to address this
perspective in the study design, i.e., had no follow-up or short
time-span. Solid scientific results on postimplementation
adherence are actually lacking. The lack of prospective data
is particularly relevant in the context of care for people
with CI, in which the “time factor” is critical. Indeed, we
found that, to achieve a higher adherence, IAT needs to
be introduced early in the course of the disease. Follow-
up measures and adjustments for this target population are
of paramount importance. As Holthe and colleagues [15]
pointed out, the technology should be introduced at “the right
time” and the “window” for implementation may be short
in most cases. The need for adjustments has been previously
underlined [53], and studies [54] have even suggested the
need to create autoprompting systems that provide specific,
personalized, and flexible prompts to the users. Coherently
with this, our review stresses the need for personalization
of technology around users’ needs. The design of IAT-based
interventions must consider the needs of the person with CI
and the caregivers, e.g., their capabilities, preferences, and
habits. In particular, our analysis underlines the importance
of the caregiver role. This is in line with the results from
Peek et al. [14] showing that a committed caregiver is vital
throughout the technology implementation process.

With respect to the most recent technologies, such as the
robots, the potential barriers for acceptance found in our
review are in line with those described by Wu and colleagues
[55]. The clients need to be motivated to use 4th generation
IAT and to understand how they can actually benefit from
them before they are willing to accept and adhere to its
use. This is an interesting finding for further development
of service based, e.g., on social robots in older people
care. Nonetheless, studies of acceptance and adherence to
these new technologies in health care are still scarce [56].
Interestingly, our review reflects the fast development of
this technological field, as the older study, published 2014
[48], evaluating the use of robot was conducted in a Living
Lab settings, while the newest, published in 2017 [31], was
performed as action research for three years in older people’s
own home. Moreover, the higher acceptance rate of the 2nd

and 3rd generation technology might reflect the fact that in
most cases these tech-generations were substantially similar
to the first generation, being based on the same devices made
more intelligent thanks to a new software. These might have
facilitated acceptance among users. On the contrary, the 4th
generation is radically new, as it is based on new devices such
as robots, with which the users are not familiar anymore.This
suggests that the further development of the technologies
has brought forward even more evidently the need of studies
aimed at understanding acceptance among people with CI.

4.1. Potential Limitations of the Study. Thesearch strategywas
prepared in cooperation with a university librarian. Given
the multidisciplinary of the study, the revision of abstract
was particularly demanding. We found a broad diversity
among the studies included as well as among the journals
they were published in. The quality assessment according
to the MMAT further highlighted the heterogeneity of the
studies. In addition, our results are based to a minimal extent
on evidence generated from randomized controlled studies.
These studies are difficult to perform in this population, e.g.,
due to drop-out; therefore data on technology acceptance and
adherence in this context was extremely difficult to retrieve.

5. Conclusion

Summing up, our findings show that IAT-based interventions
can be accepted and used by people with CI and their
caregivers. Therefore, they have the potential to compensate
for functional decline, i.e., to facilitate everyday activities for
several months, despite steady progression of the disease.
Given their possible impact of impairment on quality of life
and health, such results are promising. It is obvious that
technology design and effects need to satisfy the expectations
of people with CI and their caregivers. Taken together, our
findings indicate a need for more individually designed
IAT. Most of all, people with CI and their formal and
informal caregivers need to be motivated to use IAT, i.e.,
understand how they can benefit personally before they are
willing to accept and adhere to its use. Since most of the
studies found showed that IAT was accepted by the users
at the baseline assessment, our results point also to the
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Table 4: History of search strategies for systematic review.

Date Search engine Search terms No of Results

06/07/17

Search terms:
(i) dementia OR alzheimers OR

“cognitive impairment” OR “cognitive
disorders” OR “cognitive disorder” OR
“cognitive decline”

(ii) technology OR gerontechnology
OR “smart home” OR “mobile health”
OR mhealth OR telemonitoring OR
monitoring OR assistive OR e-health

(iii) use OR usage OR attitude OR
attitudes OR perception∗ OR acceptance
OR adopt∗
Filters:

(i) Age: +65

CINAHL
Results: 505 (examples: Alzheimer’s
disease, people with dementia)
Results with age filter: 243
MEDLINE (changing database in the
previous interface)
Results: 1321 (examples: people with
dementia, young onset dementia,)
Results with age filter: 496
PsycINFO (changing database in the
previous interface)
Results: 1020 (examples: people
living with dementia, younger
people with dementia,
Results with age filter: 427
INSPEC (changing database in the
previous interface)
Results: 240 (examples: people with
dementia, early stage Alzheimer’s
disease)
Results with age filter: Not
applicable, the filter is not available

importance of addressing adherence to IAT among people
with CI in themid- and long-term run. Such studies would be
useful for the future implementation of large-scale IAT-based
interventions.

Appendix

See Table 4.
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