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Abstract

Background: Demographic change represents enormous burdens for the care sectors, resulting in high proportions of (older)
people in need of care and alack of care staff. Ambient Assisted Living (AAL) technologies have the potential to support the
bottlenecks in care supply but are not yet in widespread use in professional care contexts.

Objective: The objective of our study wasto investigate professional caregivers AAL technology acceptance and their perception
regarding specific technologies, data handling, perceived benefits, and barriers. In particular, this study focuses on the perspectives
on AAL technologies differing between care professionals working in diverse care contexts to examine the extent to which the
care context influences the acceptance of assistive technologies.

Methods: A Web-based survey (N=170) was carried out focusing on professional caregivers including medical, geriatric, and
disabled people’s caregivers. Based on ascenario, the participants were asked for their perceptions concerning specific technol ogies,
specific types of gathered data, and potential benefits of and barriersto AAL technology usage.

Results: The care context significantly impacted the evaluations of AAL technologies (Fy4 20=2.514; P=.002). Professional
caregivers of disabled people had a significantly more critical attitude toward AAL technologies than medical and geriatric
caregivers, indicated (1) by being the only caregiver group that rejected eval uations of AAL technology acceptance (F, 1,5=4.570;
P=.01) and specific technologies (F, 1,5=11.727; P<.001) applied for gathering dataand (2) by the comparatively lowest agreements
referring to the evaluations of data types (F; 114=4.073, P=.02) that are allowed to be gathered.

Conclusions: AAL technology acceptance is critical because of technology implementation reasons, especially in the care of
people with disabilities. AAL technologies in care contexts have to be tailored to care professional’s needs and concerns (“care
about us’). The results contribute to a broader understanding of professional caregivers needs referring to specific data and
technology configurations and enclose major differences concerning diverse care contexts. Integrating these findings into user
group-tailored technology concepts and communication strategies will support a sustainable adoption of AAL systems in
professional care contexts.
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Introduction

Background

Demographic changeinvolves higher proportions of older people
and peoplein need of care, bringing the care sector to itsknees
due to personnel, economic, and organizational shortcomings
[1,2]. Geriatric care, nursing care, and—as acomparatively new
development [3]—care ingtitutions for (older) disabled people
suffer badly from alack of care personnel in combination with
raising needs of care for older (geriatric care), chronically ill
(curative care), and disabled (care of the disabled) people[4,5].

The development of technical innovations is proceeding
constantly to relieve care staff, complement care supply, enhance
safety in emergencies, and enable alargely autonomouslifefor
people in need of care [6]. Within these developments, diverse
Ambient Assisted Living (AAL) technologiesand systems[7,8]
enable monitoring of vital parameters, detecting fals and
emergencies, and a longer stay at home using smart home
technologies [9,10].

Such technologies and systems are rarely used in both real-life
and professional working environments[11]. Beyond availability
and technical possihilities, users acceptance and the broad
willingness to use these systems are decisive for a sustainable
integration of AAL technologies in everyday life [12]. As
recently reported [13], there are considerable differences in
AAL acceptance between people in need of care and
professional caregivers, indicating a more critical and restraint
attitude of care staff compared with peoplein need of care and
their relatives.

The professiona caregivers perspectives on specific AAL
technologies and on the data gathered in line with perceptions
regarding benefits of and barriersto such systemsare not known.
Thisstudy, therefore, takes professiona caregivers' perspectives
on AAL technologies into account, comparing different care
contexts—geriatric care, medical care, and disabled people's
care.

In the following sections, we have presented the theoretical
background starting with examples of current AAL technologies
and systems, followed by AAL acceptance studies in
professional care contexts.

Ambient Assisted Living Technologies and Systems

Assisting technologies or systems contribute to an increased
autonomy in everyday lifeand are applied in carefor prevention
and rehabilitation, summarized under the term “Ambient
Assisted Living” technologies. They cover diverse functions
such asmonitoring, detection, or reminders[10,14,15] and have
the potential to empower collaborationsin self-care [16].

Integrating I nformation and Communication Technologies (ICT;
eg, cameras, microphones, motion sensors) into people’sliving
environments enables monitoring to enhance safety by detecting
fals and emergencies in private [17] as well as professional
care environments, for example, care institutions, hospitals, or
retirement homes [18]. In addition, some approaches aim for
monitoring and tracking outdoors using radio frequency
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identification [19], for example, to locate missing people
suffering from dementia or confusion.

In addition to safety-related goals, automated technologies are
used to facilitate everyday life (eg, memory aids, home
automation) [20,21]. Enabling communication with families,
friends, doctors, and caregivers by integrating ICT into home
environmentsisafurther aim of AAL [10]. Besidestechnologies
integrated into devices and rooms, wearable technologies (eg,
emergency arm strap) worn on the body or integrated into
clothes present afurther field of AAL enabling communication
with smart home environments[7,22]. Although aconsiderable
number of systems are already available on the market, success
and sustainable integration of those systems have failed to
appear so far [11,23]. Thus, reasons for their failure have to be
investigated as caregivers acceptance of assistive technologies
isof paramount importance for successful integration and usage
of AAL technologies; asrelevant stakeholders and users of these
systems, professional caregivers perceptions, needs, and
willingnessto adopt AAL technol ogies need to be focused upon.

Acceptance of Ambient Assisted Living Technologiesin
Professional Care Contexts

Overadll, AAL technologies were mostly evaluated positively;
key drivers to use AAL technologies are the benefits of
independent and autonomous living as well as alonger stay at
the own home for older, chronicaly ill, or disabled people
[13,24]. At the same time, feelings of isolation [13,25] and
surveillance as well as perceived threat of privacy violations
[26,27] were key barriers that impeded the integration of AAL
technologies into peopl€e’s living environment.

The perspectives and perceptions of care professionals on
integrating AAL technologiesinto their working environments
have rarely been considered in acceptance research so far.
Frequently, the research investigates care in emergency or
ambulance contextsinvolving perspectives of (elderly) patients
and care professionals [28,29]. One study has considered
caregivers and their perceptions toward in-home monitoring
technologies[30] and one has derived guidelinesfor designand
implementation in the context of professional care environments
[31]. Overdll, a positive attitude of nursing staff toward health
care information technology has been revealed, while poor
system design and fear of dehumanizing patient care have been
reported to be the main barriers of heath care information
technology usage [32]. Furthermore, ICT support in dementia
care [33] has showed a positive general perception of ICT, but
similarly diverse and mixed evaluations during technology
implementation. I n contrast to those—predominantly—positive
generic attitudes toward technology usage in care contexts, a
recent, more specific study revealed quite critical and restraint
attitudes of professional nursing staff toward AAL technologies
compared with more positive perspectives of disabled
participants, the relatives of disabled persons, and
“not”-experienced participants (persons without experiences
with care) [13].

These diverse and partly contradicting results in different care
contexts might serve asastarting point for explaining why AAL
technologies are not widely used in professional care contexts
yet. In addition, the thin body of knowledge in this context
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stresses the necessity for more specific research exploring
possible reasons for accepting or declining care technology,
such asthetype of AAL technology, theissue of data collection
and privacy handling, as well as the impact of different care
contexts on AAL technology acceptance [34].

Asatheoretical base, the acceptance of assisting ICT has been
grounded by long-time established acceptance models such as
the Technology Acceptance Model (TAM) [35] and the Unified
Theory of Acceptance and Use of Technology (UTAUT) [36],
which had been developed for ICT usage mostly in healthy
persons in the working context. For the specific nursing and
care requirements, those models of technology acceptance are
not sufficient, mostly because the main determinants of
acceptance models—ease of using a system and perceived
usefulness—might be an oversimplification of the situation in
complex care settings, where not only the technology but also
thefragile situation of patients, in linewith the sensitiverelation
between caretakers and caregivers, is of importance.
Furthermore, previous acceptance models do not consider
different caring contexts and the inherent trade-offs between
simultaneously existing positive and negative usage motives

[37].
Objective and Aim of the Study

Due to abovementioned reasons, it was necessary to use a
qualitative approach first; interviews were conducted with
professional caregivers working in diverse care areas (n=6) to
identify challengesin care and the perceived benefits of aswell
as barriers to AAL technology usage from a care staff's
perspective. The differentiated look on professional caregivers
allowed us to investigate what assistive technology should and
should not do. Based on the qualitative results of this preceding
study, the Web-based questionnaire for this study was
conceptualized.

Therefore, this study aimed to quantitatively investigate the
professional caregivers acceptance of assistive technologiesin
professional care contexts, differentiating between geriatric
care, medical care, and disabled people’'scare. Thisinvestigation
was driven by the following research questions:

1. Do professionals of different care contexts differ with
respect to their perceptions of AAL technologies?

2. Do professionals of different care contexts differ with
respect to their willingness to share care-related data?

3. Do professionals of different care contexts differ with
respect to their willingness to be assisted by specific AAL
technologiesin their daily routines?

4. Onadatalevel, which are the main predictor variables for
the AAL acceptance across the different care contexts?

Methods

M ethodology

In order to reach a larger sample of care professionals, a
Web-based survey was developed and specifically tailored to
professional caregivers working in diverse care contexts. A
preceding interview study focused on professional caregivers
daily routines, their perceptions of different assistive
technologies, and their wishes and needs. These qualitative
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results enabled the devel opment of a scenario- and Web-based
survey that addresses professional caregiversin arealistic and
comprehensible way.

Research Variables

As an independent variable, we explored the care context
contrasting 3 areas. (1) geriatric care; (2) nursing care; and (3)
disabled people’s care and support. Naturaly, these are not
distinct categories as sometimes, there are overlaps acrossthese
care areas in red-life care settings. However, the responding
caregivers had to assess themselves in terms of their main
professional area. Thus, we took their self-assessment as an
expert classification.

As dependent variables, we analyzed different acceptance
ratings. First, participants answered items with respect to AAL
technology acceptance, differentiating among data storage,
access, and collection, aswell as perceived benefitsand barriers
respecting AAL technologies. The items for these areas were
taken from a preceding qualitative interview study with
professional caregiversof different care areas. Furthermore, the
next dependent variable relates to different types of gathered
dataand different types of technologiesused for AAL assistance.
All constructs, the respective items, and their evaluations have
been presented in Multimedia Appendix 1.

Empirical Design of Web-Based Survey

Overall, the survey contained 14 questions pictured on 9 pages
(including the starting page, fina page, and scenario
introduction). M easuring was operationalized by 6 forced-choice
guestions, open comment fields, and 82 items departed in 8
thematic blocks. These items were block wise randomized and
had to be evaluated on 6-point Likert scales (1=min: “| strongly
disagree” to 6=max: “I strongly agree”). Thereby, values <3.5
indicated rejection, whereas values >3.5 indicated approval.
During the Web-based survey, participants had the opportunity
to review and change their answers if desired.

Demographic characteristics (age, gender, education, and
duration of professional experience) and the care sector of
respondents (ie, geriatric care, nursing care, and disabled
peopl€e's care and support) represented the questionnaire’s first
part of the survey. In the second part, participants attitudes
toward technical self-efficacy (4 items, apha=.884; based on
[38]), their needs for privacy (6 items, alpha=.833; based on
[39,40]), and their interpersonal trust (3 items, alpha=.793;
based on [41]) were assessed.

To ensure that all participants refer to the same baseline
concerning the evaluation of AAL technology, a scenario
approach was adopted; the participants should imagine the
integration of an AAL system into their professiona working
environment. Room sensors, microphones, video cameras, and
ultrasonic sensors were introduced as part of the AAL system,
and their functions within the AAL system were detailed (eg,
automatic opening and closing of doors and windows, reminders,
and alarms [emergencies, fallg]).

Subsequently, participants were asked to evaluate perceived
potential benefits (14 items, alpha=.923) and potential barriers
(17 items; alpha=.861) referring to the described AAL system.
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Both benefits and barriers of the described AAL system were
obtained from the interview study. Furthermore, participants
indicated whether they would accept gathering different types
of data (14 items, alpha=.856; based on the information needed
torealize technical functions). Afterward, participants assessed
different technologiesto gather data (using 12 items, al pha=.892;
based on technical configurations of the AAL system).
Additionally, participants assessed data access (apha=.802)
and data storage (alpha=.760) issues, each using 3 items
referring to diversetypes of data (video data, audio data, position
data, and room data).

The acceptance of AAL system was evaluated using 6 statements
(alpha=.932; eg, “I find the described AAL system useful”).
Finally, participants could reason their opinions and their
feedback concerning the study on an optional basis.

Before the study was started, the Web-based survey was
pretested by communication scientists  concerning
comprehensibility and technical functionality. Additionally,
pretests with “laypeople’” were conducted to ensure
comprehensibility and to enable the estimation of the length of
time participants would need to fulfill the survey.

Recruitment and Sample

As the study aimed at reaching professional caregivers
exclusively, it was not a typical convenience sample. The link
to the e-survey was purposefully distributed (1) in specific
Web-based networks (geriatric care and nursing care); (2) via
mail by persona contact to caregivers (mostly geriatric and
nursing care); and (3) via mail by project contact to care
institutions (care of people with disabilities). Participation in
the open survey was completely voluntary, and no monetary
incentives were offered.

Of course, the collection of participants is one of the most
important issues in empirical studies. In this case, it was
especialy sensitive as professional caregivers were asked to
unveil possibly sensitive data and share persona insights into
their working environment. Prior to data collection, we
intensively discussed aspects concerning data protection and
privacy policy with a German umbrella organization of care
personnel and the main organization for peoplewith disabilities
and decided to organize data collection about their network
without asking people to unveil their specific institution.

For this study, we did not seek ethical approval from the ethics
committee as our study falls in the category where no such
approval is necessary in Germany. This category spans all
noninvasive, nonclinical research on human subjects, where
subjects are transparently informed about the purpose, aim, and
risks of the studies and when these risks are reasonably low.
Prior to starting the procedure, participants were informed that
it isof high importance to understand free opinions and attitudes
on assistive technologies from the caregivers (expert)
perspective and that we would be delighted if they would share
their opinions with us. In addition, we informed participants
about the duration of the survey, the main purpose, and our
department as investigators. Furthermore, we ensured a high
standard of privacy protection and let participants know that
none of their answers could be traced back to them as persons.
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Demographic data were also submitted voluntarily, and all
participants were informed that their personal data would be
deleted from our encrypted hard drives on regquest. After these
careful explanations, participants reported feeling well informed
about the purpose and aim of thisstudy and about their freedom
to quit participation at any time. Regarding the privacy policy
explanations, participants reported understanding that high
standards were applied, and they deliberately accepted
participation. From commentsin the open question fields at the
end of the survey, we learned that participants were interested
in the topic and were keen to look at the results, which we
assured them to receive.

For completing the questionnaire, participants took on average
20 minutes, and data were collected in Germany from April to
June, 2017. Overall, 287 participants opened the Web-based
survey and 4.9% (14/287) participants canceled the survey after
viewing the introducing start page. Thus, 95.1% (273/287) of
the respondents participated in the survey; 64.8% (186/287)
participants filled out the survey completely. From these
participants, 16 were excluded from further analyses because
they did not match the criterion of being aprofessional caregiver
within the areas of geriatric, nursing, and people with
disabilities' care (eg, employees of administration). Finally,
59.2% (170/287) care professionals were considered for the
data analysis.

The mean age of participants was 36.26 (SD 11.23) years, with
a higher proportion of female (74.7%, 127/170) care
professionals; 42.2% (72/170) participantsindicated acompleted
apprenticeship as the highest educational level, whereas 23.0%
(39/170) reported holding a university degree or a university
entrance diploma. Furthermore, 7.6% (13/170) indicated holding
a secondary school certificate, and 4.2% (7/170) reported
holding other certificates.

All participants were experienced care professionals;, 25.3%
(43/170) participants reported working in geriatric care, 22.9%
(39/170) in medical care, and 51.8% (88/170) in disabled
people's care. On average, care professionals had long-term
experiences, with 42.8% (73/170) of them having >10-year
experience and 42.8% (73/170) having between 3- and 10-year
professional experience; 14.4% (25/170) reported having
<3-year professional experience.

Regarding attitudinal aspects, participants had a medium
technical self-efficacy (mean 3.4 [SD 0.7]; min=1, max=6) and
amiddleinterpersonal trust (mean 3.5[SD 0.8]; min=1, max=6).
Participants' needs for privacy and data security were on a
moderate positive level (mean 4.2 [SD 0.9]; min=1, max=6).

Data Preparation and Analysis

For data analysis, only completely filled datasets and only
participants with a professional care background were
considered. Asadditional adjustment criterion, datasetswith an
atypical timestamp were excluded, indicated by a processing
time <50% of the calculated median referred to all completed
datasets processing time (18 minutes). Regarding Internet
Protocol (IP) address check, thelink to the survey used for direct
invitations via mail and used on social Web-based networks
was related with the condition that one | P address was allowed
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to access the Web-based survey only once. For the link to the
survey distributed via project contact to care institutions for
people with disabilities, using this condition was not possible.
Intheseingtitutions, the caregiversfilled the survey at stationary
computers, and we had to allow using the same IP address
multiple times. Asthisinstitution for disabled people's careis
part of the research project, there is a proprietary interest
regarding the study’s results.

Before descriptive and inference analyseswere performed, item
analyses were calculated to ensure measurement quality. A
Cronbach alpha>.7 indicated a satisfying internal consistency
across the scales. Data were analyzed descriptively, as well as
by linear regression analyses and, with respect to effects of the
professionals’ care context and user diversity, by multivariate
inference analyses (significance level was set at 5%).
Furthermore, post hoc testswere analyzed using Tukey honestly
significant difference test.

Results

Fundamental Differencesin Ambient Assisted Living
Technology Perception

We have reported descriptive findings as well as inference
statistics differentiating between care professionals working in
different care contexts (group differences are reported based on
post hoc tests [ Tukey honestly significant difference]). Looking
at the results for the constructs of AAL technology perception

Offermann-van Heek & Ziefle

(Figure 1), significant differences for the 3 care contexts were
revealed (Fyy020=2.514, P=.002). Multimedia Appendix 1
presents means and SDs of al items for the whole sample and
the 3 care contexts.

Participants working in the area of disabled people's care
indicated asignificantly lower acceptance of AAL technologies
(F11=4.570, P=.01) than those working in geriatric and
medical care. Furthermore, regarding the data that are allowed
to be gathered, the perception was significantly different
(F2,116=4.073; P=.02); participantsworking not only in medical
care but also in geriatric care showed more positive evaluations
compared with participants working in disabled people’s care.
Regarding technologies that can be used to gather data, the
same result was found (F,1,g=11.727; P<.001); participants
working in medical and geriatric care differed significantly from
those working in disabled peopl€’s care, who indicated a more
negative attitude toward specific technologies. In contrast,
potential benefits of (F,;1g=0.350; P=.71) and barriers to
(F2,115=1.853; P=.16) AAL technology usage were not found
to be significantly different across the care contexts (disabled
people's care: mean 4.5 [SD 0.7]; medical care: mean 4.2 [SD
0.7]; and geriatric care: mean 4.3 [SD 0.9]). Issues of data
access (F;;15=-340, P=.71) and data storage (F,1,5=2.235;
P=.11) were not found to be significantly different as well,
showing a homogenous evaluation independent of the care
context.

Figure 1. Resultsfor the constructs of Ambient Assisted Living (AAL) technology perception (* P<.05; **P<.01).

*

AAL technology acceptance

gathered data®

technology™

barriers

benefits

data storage

data access

3.2 I

=133
L:lls__sl,S‘LO
S

3.2 I
84.0

4.5

1.0 2.0

rejection

mdisabled people's care and support

http://rehab.jmir.org/2018/2/€10424/

RenderX

3.0 4.0 5.0 6.0

evaluation (min=1; max=6)

agreement

mmedical care  Ogeriatric care

JMIR Rehabil Assist Technol 2018 | vol. 5 |iss. 2| €10424 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Specific Differencesin Data, Technology, and
Acceptance Evaluations

In this section, we present the significant differences within the
eva uation of AAL technology acceptance, applied technologies,
and data collection in more detail.

Willingnessto Share Care-Related Data

Participants evaluated their willingness to share 14 different
types of data that could be usefully collected for AAL
technology usage. The evaluation of gathered data strongly
depended on care context. Figure 2 shows the results for all
types of data, and Multimedia Appendix 1 presents all means
and SDs. For data collected in the context of emergencies (eg,
actuation of emergency buttons [caretakers, F,15=1.729,
P=.18], cries for help or shouts [F,5=.536; P=.59]), the
evaluation was positive and approved by al caregivers
regardless of the care context. The gathering of dataconcerning
rooms (opening windows and doors [F, 15,=1.709; P=.19]) and
fixations (F 15, =2.891; P=.06) did not significantly differ with
regard to the care context, even though the highest evaluations
were given by the group of medical caregivers. A slight but not

Offermann-van Heek & Ziefle

significant difference was revealed for data regarding sleeping
(F,151=2.315; P=.10), which was slightly rejected by medical
care (mean 3.1 [SD1.1]) and disabled peopl€e's care (mean 3.1
[SD 1.5]) professionals, while slightly accepted by geriatric
care professionals (mean 3.7 [SD 1.7]).

The most striking and significant difference was present for
data collection about the position of caretakers (F, 15,=8.283;
P<.001), which was moderately accepted to be collected by
participants working in medical (mean 4.0 [SD 1.1]) and
geriatric (mean 4.0 [SD 1.6]) care, while rather rejected by
participants working in disabled people’s care (mean 3.1 [SD
1.4)).

Collecting data about care duration (per person; F, 15=1.351;
P=.26) was rejected by al participants. The collection of data
about whole care situations (F,;5,=4.517, P=.01) and times
(rooms are entered or left; F, 15,=4.049; P=.02) was generally
rejected by all participants, but it differed significantly across
care contexts; peopleworking in disabled peopl€'s care showed
a stronger rejection than medical care and geriatric care
professionals.

Figure 2. Results of different types of potential gathered data (* P<.05; **P<.01).
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Descriptively, asimilar result wasfound for dataabout positions
of caregivers, indicating a higher rejection by people working
in disabled people’s care, even though the differences missed
statistical significance (F,;5,=1.609; P=.20). There was a
significantly higher rejection of data concerning a 24-h
observation (F;15,=4.080; P=.02) by disabled people's care
professionals than by medical and geriatric care professionals.
Finally, the gathering of data about conversations during care
(F215=-199;, P=.82) was rejected most strongly by all
participants regardless of the care context.

Willingness to be Assisted by Specific Ambient Assisted
Living Technologiesin Daily Routines

Overall, 12 different types of AAL technologieswere evaluated,
and the outcomes are depicted in Figure 3. Again, Multimedia
Appendix 1 presents all means and SDs for the whole group of
participants as well as the 3 care contexts. First, the usage of
emergency buttons was found to be most positive (caregivers:
F,15:=2.281; P=.11; caretakers: F; 15,=6.362; P=.002). Medical
care and geriatric care professionals showed higher evaluations

Offermann-van Heek & Ziefle

concerning emergency buttons that are activated by caretakers
than the evaluations of disabled people’s care professionals.

The use of fall sensors integrated into the floor (F, ;5,=4.962;
P=.008) was also rated significantly more positively by medical
and geriatric caregivers than by people working in disabled
people's care. Fall sensors in clothes or on the body were
evaluated less positively than fall sensorson thefloor, but again,
(F15:=7.908; P=.001) disabled people’'s care professionals
(mean 3.8[SD 1.6]) showed |ess positive assessments compared
with geriatric (mean 4.7 [SD=1.3]) and medical (mean 4.7 [SD
1.2]) care professionals. A similar evaluation pattern occurred
for room sensors, even though statistical significance was not
reached (F, 15,=2.752; P=.07).

Motion detectors in rooms (F, 15,=8.494; P<.001), ultrasonic
sensors (F,15=7.315; P=.001), and motion detectors in the
clothes of caretakers (F; 15,=15.271; P<.001) were al| eval uated

dightly positively by medical and geriatric care staff. However,
they were rejected by disabled people’s care professionals.

Figure 3. Results of different types of potential applied technologies (* P<.05; **P<.01).
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Table 1. Final regression model for care staff in 3 different care contexts.

Offermann-van Heek & Ziefle

Group of participants and dimension B? Standard error B beta t Varianceinflation factor ~ Adjusted r%c
Geriatric care .839
Technology .961 126 .658 7.605 1.389
Barriers -.421 124 -.253 -3.400 1.397
Benefits 424 125 .295 3.387 1.017
Medical care .604
Technology 742 162 .558 4573 1.164
Benefits 450 .140 .392 3.215 1.164
Disabled peopl€e'scare .621
Technology 581 .156 .388 3.726 1.664
Benefits 434 118 .340 3.687 1.347
Data 477 151 201 3.156 1.293

3B regression coefficient B.
Bt: t-statistic (coefficient divided by its standard error).
%2: coefficient of determination.

In contrast, the usage of infrared cameras (F;5=8.494,
P=.048), motion detectors in the clothes of care staff
(F,15:=8.494; P=.004), microphones (F,5,=8.494, P=.046),
and video cameras (F,15,=8.494; P=.05) was rejected by all
participants, even though the most negative evaluation was
prevailing in disabled peopl€e's care professionals.

Predictorsfor the Acceptance of Ambient Assisted Living
Technology

Finally, to analyze whether different factors were relevant for
AAL technology acceptance in different care contexts,
regression analyses were performed. Table 1 shows the linear
regression models. The sum-score AAL technology acceptance
wasintegrated as adependent variabl e, whereas the sum-scores
of perceived benefits, perceived barriers, types of gathered data,
the specific technology types, dataaccess, and data storage were
integrated as independent variables within the linear stepwise
regression analysis.

The final regression model for geriatric care professionas
explained 83.9% variance in AAL technology acceptance,
grounded on the type of technology, in particular, and on
perceived barriers and perceived benefits. In comparison, the
final regression model for medical care staff explained 60.4%
variance in AAL technology acceptance based on two
dimensions—the applied technology and perceived benefits. In
contrast, the final regression model for disabled people's care
professionals explained 62.1% variance in AAL technology
acceptance and was influenced by the applied technology,
perceived benefits, and the types of gathered data.

Discussion

Acceptance of Ambient Assisted Living Systems

In contrast to previous research results reporting mostly positive
evaluations of ICT and assistive technologiesin care[24,32,33],
professional care staff has reportedly been more critical

http://rehab.jmir.org/2018/2/€10424/

concerning the integration of AAL technologies into their
professional routine [13,34].

The evaluations of which data can be gathered and which
specific technologies should be used revealed yet underexplored
insights into the perceptions of care professionals; the only
accepted data collection was regarding emergencies, whereas
the collection of other data types was, at the utmost, tolerated
if not rejected. The negative assessment had been confirmed by
open commentsin the questionnaire and was also voiced in the
preceding interviews. Apparently, care staff evaluations
contradict the reasons why AAL systems can be useful at al:
those systems can only be efficiently used if data about the
patient and his or her location, hedlth status, and care situation
are recorded and, if necessary, interpreted by remote medical
services. The evaluation of specific technol ogies showed similar
findings, participants indicated to only accept quite static
technologies (eg, emergency buttons), which record static,
binary data (eg, door open or closed). In line with previous
research [42], more complex AAL technologies (eg, cameras,
microphones, and life-logging) were—owing to their still higher
potential of violation of privacy—broadly rejected in the care
context. Participants’ feedback suggeststhat the major concern
is regarding the sneaking suspicion that the collected data will
be not only stored for long term but also accessible to others.
Here, ageneral distrust toward illegal data access and abuse by
third parties becomes obvious.

The negative attitude might also be attributed to the applied
scenario-based approach. Previous research has shown that the
methodology used to capture acceptance reactions modul ates
outcomes considerably; acceptance after hands-on experience
with AAL technologies has been much more positive [26]
compared with assessing the acceptance through scenario
analyses, in which participants should envision the usage of
assistive home technologies. Possibly, professional care staff
would have evaluated AAL technologies more positively if they
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had the chance to test these technologies in their everyday
professional life and rely their perceptions on own experiences.

Diversity of Care Matters

In addition to personal characteristics, for example, experience
with technology, which is known to impact AAL technology
acceptance [32,34], the interview findings revealed that the
working conditions in care context are decisive for AAL
technology acceptance in the sensible field of care. This study
confirms the influence of the care context. While medical and
geriatric care professionals are generally more positive toward
AAL technologies, the professionals working in disabled
peopl€e's care are more reluctant toward the usefulness of AAL
systems and perceive higher concerns regarding data collection
in the care situation.

We assumethat the differences especially in evaluations of data
and technology configurations are caused by disparate internal
perspectives of the care ingtitutions. Geriatric and especially
medical care are concentrated on the short-term and temporary
care of old and chronically ill patients and, therefore, focus on
patients safety as well as substantial improvement in health.
Additionally, geriatric and medical caregivers are involved in
high numbers of emergencies, in which monitoring technologies
are widely used. On those grounds, geriatric and medical
caregivers might have amore positive attitude toward assistive
technologies. In contrast, care institutions for disabled people
have a completely different disputation. They represent a
long-term stationary home and, besides safety issues, focus
especially on the protection of human dignity, rights, and privacy
of their residents. Therefore, caregivers of disabled people
probably have a more restraint attitude toward assistive
technology and are specifically critical toward the collection of
personal data.

Overall, care does not equal care; the diversity of care needsto
be considered in the development process of assistive
technologies and especialy in the way those technologies are
introduced and implemented in daily care routines of care
institutions.

Limitations and Further Research

There are some limitations to be considered in future research.
While we revealed a basically negative attitude toward (data
collection in) AAL systems, stakeholder-specific reasons
underlying participants’ reluctance are not known. Possible
reasons against using AAL systems might include concernsthat
(1) employers could control the quality of care (staff); (2)
responsibility claims could be pleaded by family members
(staff); (3) alow usability of technology might overcharge the
technology competence (staff); (4) personal data could appear
in public (patient); (5) emergency help would contradict life-end
decisions (patient); and (6) alower supply quality by insurances
(family members) or extra financial burden due to costly

Offermann-van Heek & Ziefle

technology (family members). Future research should clarify
which of these reasons should be addressed by adequate
information and communication strategies.

A further limitation isrelated to the applied method and sample
issues. Due to our scenario-based approach, the evaluations
based on afictional, and not real, AAL system could have led
to an overestimation of potential barriers especialy fears
concerning data security [26] as well as a general discomfort
of being monitored in intimate (care) situations [42]. We,
therefore, aim for hands-on evaluations of AAL technologies
in diverse professional care environments (ie, iningtitutionsfor
geriatric, medical, or disabled people's care).

Moreover, there are sample-related aspects to be considered.
Most of our participants were women. Even though this is
consistent with higher proportions of women working in care
institutions [43], research should aim at exploring more male
caregiversto analyze whether acceptance positions areimpacted
by gender roles.

Furthermore, aswe only included participants from one country,
outcomes are limited to the German health care system and
perspectives on AAL. Future research should extend the
perspectives to enable a direct comparison of AAL acceptance
aswell asdataand technology perceptionsin different countries
and cultures[37].

Application Potential of the Findings

Findings can be used for the development, design, and
configuration of AAL technologies as well as for health care
and nursing management issues. As data are not needed to be
stored for a long-term (only direct processing) and can be
processed by the system for nearly all functions, targeted
communication strategies could inform the handling of data
(eg, only processing not storage). The transparency and the
honesty of communication strategies are essential to inform
caregivers about the usefulness of AAL systems for them
(support in care routine), for the institution (efficiency), and
also for patients and family members (patient safety). In
addition, the policy of an ingtitution regarding how data are
handled should be explicitly made. Likewise, communication
strategies could be tailored to diverse care contexts and their
particularities in a more detailed and satisfying way. This is
especialy important asthe feedback from our participantsduring
the preceding interview study and also in comment fieldsduring
the Web-based survey (“they don’t care about us”) showed that
care personnel often do not fedl their needs to be heard and
appreciated by the care ingtitution’s management, policy, and
society. If care personnel are considered as a valuable part in
the process of integration of assistive technologies, all
stakeholders—caregivers, caretakers, and patients—will benefit
alike.
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