¥ Amsterdam University
% of Applied Sciences

,:\Accde;?tance of Technologies for Aging in Place: A Conceptual
ode

Author(s)
Jaschinski, Christina; Ben Allouch, Somaya; Peters, Oscar; Cachucho, Ricardo; van Dijk, Jan
AGM

DOI
10.2196/22613

Publication date
2021

Document Version
Final published version

Published in
Journal of Medical Internet Research

License
CCBY

Link to publication

Citation for published version (APA):

Jaschinski, C., Ben Allouch, S., Peters, O., Cachucho, R., & van Dijk,
J. A. G. M. (2021). Acceptance of Technologies for Aging in Place: A
Conceptual Model. Journal of Medical Internet Research, 23(3), Article
€22613. https://doi.org/10.2196/22613

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests,
please let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the
material inaccessible and/or remove it from the website. Please contact the library:
https://www.amsterdamuas.com/library/contact, or send a letter to: University Library (Library of the
University of Amsterdam and Amsterdam University of Applied Sciences), Secretariat, Singel 425, 1012 WP
Amsterdam, The Netherlands. You will be contacted as soon as possible.

Creating Tomorrow
Download date:05 Dec 2025


https://doi.org/10.2196/22613
https://research.hva.nl/en/publications/98b98ff9-4fbe-459b-bf5b-33b66fd7fe65
https://doi.org/10.2196/22613

JOURNAL OF MEDICAL INTERNET RESEARCH Jaschinski et &

Original Paper

Acceptance of Technologies for Aging in Place: A Conceptual
Model

Christina Jaschinski®, PhD; Somaya Ben Allouch?, PhD; Oscar Peters’, PhD; Ricardo Cachucho®, PhD; Jan A G M
van Dijk>, PhD

IResearch Group Technology, Health & Care, Saxion University of Applied Sciences, Enschede, Netherlands

2Digital Life, Amsterdam University of Applied Sciences, Amsterdam, Netherlands

3saxion University of Applied Sciences, Enschede, Netherlands

4Leiden Institute of Advanced Computer Science (LIACS), Leiden University, Leiden, Netherlands

SUniversity of Twente, Enschede, Netherlands

Corresponding Author:

Christina Jaschinski, PhD

Research Group Technology, Health & Care
Saxion University of Applied Sciences
M.H. Tromplaan 28

Enschede, 7513AB

Netherlands

Phone: 31 6 57 81 46 14

Email: c.jaschinski @saxion.nl

Abstract

Background: Older adults want to preserve their health and autonomy and stay in their own home environment for aslong as
possible. Thisisalso of interest to policy makerswho try to cope with growing staff shortages and increasing health care expenses.
Ambient assisted living (AAL) technologies can support the desire for independence and aging in place. However, the
implementation of these technologiesis much dower than expected. This has been attributed to the lack of focus on user acceptance
and user needs.

Objective: Theaim of this study is to develop atheoretically grounded understanding of the acceptance of AAL technologies
among older adults and to compare the relative importance of different acceptance factors.

Methods: A conceptual model of AAL acceptance was developed using the theory of planned behavior as atheoretical starting
point. A web-based survey of 1296 older adults was conducted in the Netherlands to validate the theoretical model. Structural
equation modeling was used to analyze the hypothesized relationships.

Results:  Our conceptual model showed a good fit with the observed data (root mean square error of approximation 0.04;
standardized root mean sguare residual 0.06; comparative fit index 0.93; Tucker-Lewis index 0.92) and explained 69% of the
variance in intention to use. All but 2 of the hypothesized paths were significant at the P<.001 level. Overall, older adults were
relatively open to the idea of using AAL technologiesin the future (mean 3.34, SD 0.73).

Conclusions: Thisstudy contributesto amore user-centered and theoretically grounded discoursein AAL research. Understanding
the underlying behavioral, normative, and control beliefs that contribute to the decision to use or reject AAL technologies helps
developers to make informed design decisions based on users' needs and concerns. These insights on acceptance factors can be
valuable for the broader field of eHealth development and implementation.

(J Med Internet Res 2021;23(3):€22613) doi: 10.2196/22613

KEYWORDS

ambient assisted living; assistive technology; healthy aging; technology adoption; theory of planned behavior; structural equation
modeling

https://www.jmir.org/2021/3/e22613 JMed Internet Res 2021 | vol. 23 | iss. 3| €22613 | p. 1

(page number not for citation purposes)

RenderX


mailto:c.jaschinski@saxion.nl
http://dx.doi.org/10.2196/22613
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

Background

Demographic predictions show a growing number of people at
risk for age-related chronic diseases and with a potential need
for long-term care. At the sametime, thereisagrowing shortage
of caregivers. With the pressing demand for care, the workload
for forma and informal caregivers is steadily increasing,
negatively affecting their physical and mental well-being [1,2].
These devel opments put the sustainability of our current health
care system at risk [3].

To address these challenges, European care reforms have
induced a shift from institutionalized care to more care at home
and aging in place. Similarly, the European Union (EU) has
embraced an active aging policy strategy that emphasizes good
health, security, and participation [4,5]. State-of-the-art assistive
technologies, also known as ambient assisted living (AAL)
technologies, are viewed as avita contributor to this strategy.

Ambient Assisted Living

The term AAL has been introduced by the EU to describe the
use of a new generation of information and communication
technology (ICT)-based assistive technologies that provide
holistic support to older adults in managing their health,
remaining independent, and staying involved with their
community. AAL technologies are also directed at caregivers
to relieve some of their burden and support them in the
coordination and management of care tasks[6,7].

AAL builds on the classic principles of ambient intelligence
(embedded, context-aware, personalized, adaptive, and
anticipatory) [8] to create supportive environments for older
adultsand their caregivers. AAL isan umbrellaterm for arange
of state-of-the-art technol ogies such as smart home technol ogy,
mobile and wearabl e technol ogy, and assistive robotics[9]. We
previously defined AAL asfollows[7]:

Sate-of-the-art | CT-based solutionsthat build on the
principles of ambient intelligenceto createintelligent
environments that provide all-encompassing,
non-invasive, and pro-active support to older adults
and have the ultimate goal to maintain their
independence, enhance their overall quality of life,
and support their caregivers.

Application areas are broad and include, for example, health
monitoring, activity monitoring, medication management, fall
detection, reminder and planning systems, interactive games
and storytelling, care management, social companion robots,
and ambient awareness systems.

Although there are high hopes for AAL technologies to solve
the challenges of the aging population, different systematic
reviews conclude that the technology readiness level of these
applicationsis still low and that most applications have not yet
matured into the implementation phase. In addition, scientific
evidencefor the effectiveness of these technologiesisweak and
efficiency outcomes are amost nonexistent [6,10,11].
Furthermore, research in the AAL areais still predominately
technology oriented [6,12], and there is little theoretical
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understanding of the user’s perspective [11,13]. Hence, there
isaneed for further research on user acceptance.

The Importance of User Acceptance

User acceptanceiskey to the successful adoption and diffusion
of new technologies. Indeed, several researchers have concluded
that understanding user acceptance and incorporating user needs
isessential to the successful digitization of the health care sector
[14-18]. In the context of AAL, the slow deployment of AAL
systems has been attributed to the lack of user acceptance and
missing focus on user needs [9,13,19]. Loss of privacy [20-22]
and the fear of substituting face-to-face interaction [23-26] are
examples of acceptance barriers found in previous research.
This is not surprising considering the pervasiveness of these
technologies[27]. These applications are designed to be placed
in personal environments or directly on the body, collect and
store sensitive data, influence behavior and habits, and take over
tasksthat are usually carried out by the older adultsthemselves
or ahuman caregiver.

Theinsufficient understanding of users' needsis also reflected
in ageist stereotypes, which are still common in this field
[28-30]. These studies portray older adults as a homogeneous
group that is frail and lonely and has low technology literacy.
To combat these stereotypes, researchers need to adopt a more
user-centered mindset and develop a deeper understanding of
the user’s point of view.

Although the number of studies on user acceptance and user
needs has slowly increased over the last couple of years, most
research still lacks a solid theoretical foundation to explain and
underpin their results[11]. Thisisalso confirmed by Blackman
et a [31], who concluded that AAL research isrich in data but
poor in theory. A solid theoretical foundation is crucia for
understanding the underlying social, psychological, and
behavioral mechanisms of the acceptance process. A related
concern isthe lack of large-scale quantitative research on user
acceptance in this area [11,13]. More quantitative approaches
are needed to understand the rel ative importance of acceptance
factors, identify their underlying relationships, and make
statistically grounded and externally valid inferences about their
influence on the acceptance process. Developing a stronger
theoretical and statistically grounded understanding of user
acceptance in  AAL research will improve AAL
conceptualization and development. At the same time, it will
increase the likelihood of future acceptance by intended users.

The Conceptual Model of AAL Acceptance

Technology acceptance occurs over time and consists of
different stages [32-36]. Owing to the overall low maturity of
AAL technologies, it was decided to focus on early user
acceptance, meaning the factors that contribute to the initial
intention to use or reject AAL technology in the future.

Over theyears, severa theories and model s have been devel oped
to explain technology acceptance, including the technology
acceptance model (TAM) [37,38], the unified theory of
acceptance and use of technology (UTAUT) [39], and the theory
of planned behavior (TPB) [40]. Although TAM and UTAUT
are popular choicesin the field of eHealth [18], we chose TPB
as atheoretical foundation for several reasons. First, TPB isa
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well-known and validated psychological theory to understand
and explain human behavior, including technology acceptance
[41-44] and health-related behaviors [45,46]. It has also been
applied to understand the adoption of assistive devices[47] and
eHealth applications [48]. In contrast, UTAUT is an eclectic
model that lacks a strong theoretical foundation [49]. Second,
TPB provides an ideal basis for understanding early user
acceptance by specifically focusing on the attitudinal, social,
and normative belief structure that leads to the intention to use
a technology. These insights are very informative for further
development and implementation of AAL. In contrast, TAM’s
predominant focus on usefulness and ease of use provideslittle
valuable insights for the design and implementation of new
technologies[50]. Third, TPB isexplicitly opento theinclusion
of more variables[40] and therefore forms agood starting point
for developing a new model of AAL acceptance.

Intention is a central construct in TPB and viewed as an
immediate determinant of actual behavior. Intention is defined
as an “indication of a person’s readiness to perform a given
behavior.” According to TPB, intention is determined by 3
variables: attitude toward the behavior, subjective norm, and
perceived behavioral control. Attitude is defined as*the degree
to which performance of the behavior is positively or negatively
valued.” Subjective norm is defined as the “perceived socia
pressure to engage or not to engage in a behavior.” Perceived
behavioral control can be described as “ people's perceptions of
their ability to perform a given behavior.” Following an
expectancy value approach, in TPB, attitude is determined by
a set of behavioral beliefs about the outcome of a given
behavior, weighted by the evaluation of that outcome. Subjective
norm is determined by a set of normative beliefs concerning
the expectations of important referents, weighted by the
motivation to comply. Finally, perceived behavioral control is
determined by several control beliefs, weighted by its perceived
power [40,51,52].
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In line with TPB, intention to use AAL is proposed as the key
dependent variable in our conceptual model, with attitude
toward using AAL, social norm, and perceived behavioral
control asdirect ascendants (Figure 1). Persona norm was added
asan additional predictor of intention, thereby answering to the
appeal of previous researchers to consider different normative
mechanisms for TPB [45,53]. We define personal norm as
“people's self-based standards or expectationsfor AAL usethat
flow from on€'s internalized values,” thereby referring to
Schwartz [54]. The construct was operationalized in terms of
self-identity, drawing on the work of Lee et al [55] and Sparks
and Shepherd [56].

For the conceptual model, the underlying behavioral, normative,
and control belief structures were decomposed into specific
multidimensional belief constructs, as suggested by Taylor and
Todd [43]. The advantage of thisapproach isthat it emphasizes
the relevant beliefs antecedents for AAL acceptance and,
consequently, provides more directive insights for the design
of AAL technologies[43]. We drew on earlier user research in
thefield [23,57-59] and our own qualitative user studies[60,61]
to select the relevant underlying beliefs. Thisresulted in safety,
independent living, and relief of family burden as positive belief
antecedents for attitude and loss of privacy and loss of human
touch as negative belief antecedents. Caregiver influence was
proposed as a positive antecedent of social norm, whereas social
stigma was proposed as a negative antecedent. Personal norm
was hypothesized to be positively influenced by one's personal
innovativeness, whereas human touch norm and privacy norm
were suggested as negative antecedents. Finally, perceived
behavioral control was hypothesized to be positively influenced
by self-efficacy, reliability, and level of user control and
negatively influenced by financial cost. Multimedia Appendix
1 displays an overview of the underlying belief constructs and
their definitions.
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Figure 1. Conceptual model of ambient assisted living acceptance.
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Methods

Overview

A web-based survey of older adults was conducted in the
Netherlands to validate the conceptual model. A Dutch ISO
(International Organization for Standardization)—certified
research agency was hired to distribute the survey. The agency
is an expert in web-based fieldwork and manages a panel of
110,000 memberswith diverse sociodemographic backgrounds.

Participants

Older adults aged between 55 and 85 years were specified as
thetarget population to include older adultswith different living
and work situations, different perceptions of health and quality
of life, different support needs, and different levels of technology
experience. Our aim is to adequately represent this highly
heterogeneous target group [62,63]. The lower boundary of the
age requirement was set at 55 years to include the perspective

https://www.jmir.org/2021/3/e22613
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of the future generation of older adults. Predefined age quotas
were used to obtain a representative sample.

Upon invitation, 2113 older adults participated in the survey.
Of these participants, 679 participants did not complete the
survey, most of whom stopped immediately after the
introduction page. Another 138 participantswere removed from
the sample because of: incomplete response patterns,
exceptionaly short response times, straight lining, and
insufficient understanding of the presented AAL material. This
led to aresponserate of 61.33% (1296/2113) and atotal of 1296
cases for further analysis. The final sample was representative
of the older Dutch adult population in termsof age (55-64 years:
n=555, 42.82%; 65-74 years. n=497, 38.35%; 75-85 years:
n=244, 18.83%) and gender (male: n=637, 49.15%; female:
n=659, 50.85%) [64]. Most of the participants (n=1227, 94.68%)
had no user experiencewith AAL applications. All other sample
characteristics are presented in Table 1.

JMed Internet Res 2021 | vol. 23 | iss. 3| €22613 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Sample characteristics (N=1296).
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Variables

Values, n (%)

Living situation

Alone

With (partner or family or friend)

Education

Low
Intermediate
Tertiary

Work situation

Working

Not working

Self-rated health

Excellent
Very good
Good

Fair

Poor

Self-rated quality of life

Excellent
Very good
Good

Fair

Poor

Current support need®

No support
Domestic tasks
Psychosocial support
Personal care

Medical care

Support provider P

Partner
Child
Family
Friend
Neighbor

Professional

Expected support need

Highly unlikely
Lesslikely than others
Equally likely than others
More likely than for others
Highly likely

384 (29.63)
912 (70.37)

474 (36.57)
439 (33.87)
383 (29.55)

332 (25.61)
960 (74.07)

88 (6.79)
245 (18.90)
548 (42.28)
345 (26.62)
70 (5.40)

115 (8.87)
335 (25.85)
574 (44.29)
248 (19.14)
24 (1.85)

1073 (82.79)
166 (12.81)
88 (6.79)

45 (3.47)

30 (2.31)

95 (42.60)
62 (27.80)
13(5.83)
21(9.42)
13(5.83)
117 (52.47)

150 (11.57)
186 (14.35)
577 (44.52)
114 (8.80)
90 (6.94)
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Variables

Values, n (%)

Don’'t know

179 (13.81)

3Multiple answers were allowed.
bOf those who reported to receive support (n=223).

Survey Materials and Procedure

Participants were presented with a short (2.25 minutes) video
animation that explained the concept of AAL [65]. Previous
research has shown that animated content with spoken text
workswell to communicate complex health-related information
[66]. For this video animation, a scenario was narrated with the
persona Ben, an older adult, and his daughter and informal
caregiver, Sophie. Personas and user scenarios aretoolsthat are
frequently used in participatory design activities to translate
abstract ideas about the user into something moretangible [67].
Three example applications were included in the scenario: (1)
smart home technology for activity monitoring and fall
detection, (2) a reminder system for appointments and
medications, and (3) a socia service robot and a social
companion robot. In addition to the video animation, participants
viewed photos of market-ready AAL products: (1) Sensara
activity monitoring [68], (2) Dayclocks reminder application
[69], and (3) Zora, a social companion robot [70]. The photos
contained a short description of the main features of the product.
Two control questions were included to test the understanding
of the presented material (“The video/pictures about AAL
technology was/were clear to me”). Participants were al so asked
about their previous knowledge and experience with AAL
technology.

After exposure to the video and photos, the participants were
directed to the remaining items of the AAL acceptance survey.
The survey concluded with questions about the
sociodemographic background and participants self-rated
subjective health and overall quality of life, received level of
care, and anticipated need for care in the future.

M easur ements

Although some measurements were derived from validated
scales, because of the lack of quantitative research in the field,

https://www.jmir.org/2021/3/e22613

alarge part of the measurement was newly devel oped following
the procedure described by DeVellis [71]. Topics from AAL
literature and our qualitative user studies[60,61] were used as
a starting point to create the initial pool of items. To test and
improve the psychometric properties of the newly developed
measurements and the overall survey structure, several pretests
were conducted. First, the initial pool of items was evaluated
for content validity, clarity, and redundancy with 4 senior
researchers with expertise in AAL and psychometrics. After
thisfirst pretest, some items were removed and the others were
rephrased. |nthe second pretest, the complete web-based survey
instrument was presented to 3 ol der adultsto evaluate the overall
format (layout, structure, and length), test their ability to
navigate through the web-based environment, and evaluate their
comprehension of the survey items. Following the guidelines
described by Willis [72], we conducted cognitive interviews
using a combination of think-aloud and verbal probing
techniques, while participants clicked through the survey. Asa
result, several problem areaswereidentified and the survey was
adjusted accordingly.

We used a 5-point Likert scale as a response scale (1=strongly
disagree; 5=strongly agree). For the attitude items, a 5-point
semantic differential scale was used. Don't know was included
as a response option as AAL is afairly new concept, and we
suspected that some participants would not have astrong enough
tendency to formulate an opinion [73]. The don’t know option
was treated as missing values. Full information maximum
likelihood (FIML) was used to deal with the missing values.
FIML is considered a robust and state-of-the-art approach to
handle missing data and is widely recommended in the
methodological literature [74-77]. Table 2 gives a concise
overview of the operationalization of the key variablesincluded
in the survey instrument. Multimedia Appendix 2
[43,44,47,55,56,78-90] shows the final list of items after
validation.
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Variable name Number of itemsin the survey Example item

Intention to use AAL2 4 In the future, | intend to use AAL technology

Attitude toward using AAL 6 | (like/dislike) the idea of using AAL technology

Socia norm 3 Most people whose opinion | value, would think positively about my use
of AAL technology

Personal norm 3 I view myself as a user of technology for my health and well-being

Perceived behavioral control 4 Using AAL technology is entirely in my control

Safety 6 If | use AAL technology, | will feel safer in my home

Independence 4 If | use AAL technology, | can do things independently

Relief of family burden 6 My use of AAL technology will give my family members peace of mind

Loss of privacy 6 If I use AAL technology, | worry that my personal information might be
shared with others without my permission

Loss of human touch 6 If | use AAL technology, | will get less personal attention

Caregiver influence 3 My caregivers would have a positive view on my use of AAL technology

Social stigma 4 If I use AAL technology, | am concerned that the technology will bevisible
to others

Human touch norm 4 | prefer personal care over care via AAL technology

Privacy norm 6 | think | have the right to control my personal information

Personal innovativeness 4 If | heard about a new information technology, | would look for ways to
experiment with it

Self-efficacy 7 If | had problems relating to using AAL technology | know | could work
them out

User control 3 | think that | will feel in control, when using AAL technology

Reliability 4 | think that AAL technology isreliable

Financial cost 3 | think that using AAL technology will be expensive

8AAL: ambient assisted living.

Structural Equation Modeling

We used structural equation modeling (SEM) to validate the
conceptual model.

The measurement model wasvalidated in 2 stages. First, apilot
study was conducted among 320 older adultsin the Netherlands.
The hypothesized rel ationships between the latent variables and
their indicator variableswere explored using confirmatory factor
analysis. Although thistechniqueis labeled as confirmatory, it
was used in an exploratory and iterative manner by paying
attention to the posthoc modification indices[91]. By specifying
the rel ationshi ps between the latent variables and their indicator
variablesapriori, we employed atheory-driven approach rather
than a data-driven approach to validate the measurements
[92,93]. The measurement model wasrespecified withthemain
study sample (N=1296), leading to further refinement of the
measurement model.

We used the Lavaan package version 0.5-23 [94] in R version
34.3 [95] to perform the analysis. Maximum likelihood
estimation with FIML for missing data was used because the
data were approximately normally distributed. The original
measurement model proposed 19 distinct latent factors and 86
indicator variables. Indicators with poor standardized factor

https://www.jmir.org/2021/3/e22613

loading (<0.50) and low squared multiple correlation
(SMC<0.40) were removed. To further evaluate the convergent
validity of the measurement model, we assessed the McDonald
hierarchical omega[96], Cronbach alpha[97], and the average
variance extracted (AVE) for each |atent variable. Thethreshold
for theformer 2 measurementswas 0.70, and the recommended
AVE vaue threshold was 0.50. Discriminant validity was
examined using the heterotrait-monotrait (HTMT) ratio. If the
HTMT valueis <0.90, discriminant validity is established [98].
After validating the measurement model, the structural equation
model was tested.

Results

M easurement M odel

Thefit measures of the original model were lessthan aspiration
values. After theinspection of factor loadingsand SMC values,
several indicators were iteratively removed. This included the
latent variable user control, as 2 of the 3indicators |oaded poorly
on the latent construct. A minimum of 3indicators are required
to represent the latent variable [99]. Theindicators of the latent
variable privacy norm had low or just acceptable SMC values.
Asthevariable showed relatively weak psychometric properties
across the 2 independent samples, privacy norm was removed
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from the measurement model. One indicator (PSNO3) with an
SMC value less than the aspiration value was not excluded to
meet the requirement of the 3 indicators to represent the latent
variable. Another indicator lessthan the aspiration value (P102)
was included because it originated in a validated scale [78].
Upon inspection of the posthoc modification indexes, suggested
residual correlations between the following indicator pairswere
added: PSNO3 and PI02, ATT02 and ATTO03, ATT04 and
ATTO05, LPO3 and L P05, L P03 and L P06, L P05 and L P06, and
FBO3 and FBO5. After calculating the hierarchical omega,
Cronbach alpha, and AVE values, it was decided to remove the
latent variable socia stigma from the measurement model
because of a low AVE value (AVE=0.47) and overall weak
psychometric properties across the 2 samples. Finaly, HTMT
values indicated that safety and independence should be
considered asasinglelatent variable called safe and independent
living.

Table 3. Composite mean and SD per latent variable.?

Jaschinski et al

The final measurement model consisted of 15 latent factors, 63
indicators, and 7 added residual correlations. The model showed
acceptable-to-good fit for all fit measures (root mean square
error of approximation [RM SEA]=0.04; standardized root mean
square residual [SRMR]=0.05; comparative fit index
[CFI]=0.93; and Tucker Lewisindex [TL1]=0.92). Multimedia
Appendix 3 displays the final list of indicators with intercept
(FIML mean), indicator mean (values with listwise deletion),
SD (values with listwise deletion), factor loadings, SMC,
hierarchical omega, Cronbach alpha, and AVE.

Descriptives

The indicator scores from the final measurement model were
pooled into a composite score for each latent variable. Table 3
shows an overview of the composite mean, SD, and range for
each latent variable.

Latent variable Mean (SD) Minimum Maximum
Intention to use AALP 334(0.73) 1 S
Attitude toward using AAL 3.73(0.78) 1 5
Socia norm 3.67 (0.57) 1 5
Personal norm 3.42(0.75) 1 5
Perceived behavioral control 3.32(0.72) 1 5
Safe and independent living 3.92(0.52) 1 5
Relief of family burden 3.67 (0.65) 1 5
Loss of privacy 3.14(0.87) 1 5
Loss of human touch 3.13(0.83) 1 5
Caregiver influence 3.73(0.56) 1 5
Human touch norm 3.97 (0.67) 1 5
Personal innovativeness 3.19(0.78) 1 5
Self-efficacy 3.79 (0.60) 1 5
Reliability 3.26 (0.59) 1 5
Financial cost 3.81 (0.68) 1 5

85ingle imputation with the Expectation Maximization method was used to handle the missing data for the composite scores and group comparison.

BAAL: ambient assisted living.

The overal intention to use AAL technology was moderately
high in the sample (mean 3.34, SD 0.73). This means that, in
general, older adults were relatively open to the idea of using
AAL technologies in the future. Regarding the 3 age quotas,
there was no significant difference in their use intention
(F2,1293=2.89;, P=.06). Similarly, we found no significant
differences across different levels of subjective health
(F4,1201=0.60; P=.66) and expected support needs (F, 111,=0.52,
P=.72).

Structural Equation Model

The hypothesized structural equation model showed good overall
fit with the observed dataz RMSEA=0.04, SRMR=0.06,
CFI1=0.93, and TL1=0.92. The model accounted for 69% of the
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variancein theintention to use AAL (R?=0.69). All but 2 of the
hypothesized paths had significant standardized path coefficients
at the P<.001 level.

Attitude toward using AAL, social norm, personal norm, and
perceived behavior control significantly affected the intention
to use AAL. Attitude was the most important influencer of
intention (B=.53). Attitude toward using AAL was affected by
older adults’ expectations about safe and independent living
(B=.51), relief of family burden (B=.12), loss of privacy
(B=—19), and loss of human touch (3=-.25). Together, these
variables explained 71% of the variance in attitude (R°=0.71).
Social norm was strongly affected by caregiver influence
(B=.97). Caregiver influence predicted 94% of the variance in
socia norm. The hypothesized influence of human touch norm
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on personal norm was not significant (P=.39), and personal
innovativeness therefore remained to be the only significant
predictor of personal norm (3=.81). Personal innovativeness

explained 67% of the variance in personal norm. Self-efficacy  significant (P=.68; Figure 2).
(B=.81) and financia cost (=-.12) remained to be the 2

Figure 2. Structural eguation model. Values adjacent to the single-headed arrows represent the standardized regression coefficients (P<.001). The
dotted lines represent the nonsignificant paths. Values above the variable rectangles represent the variance explained in the latent variables.
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predictors of perceived behavior control. Together, these
variables explained 71% of the variance in the perceived
behavior control. The expected influence of reliability was not
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Discussion

Principal Findings

The aim of this study is to develop a statistically grounded
understanding of the acceptance of AAL technology among
older adults in the Netherlands. Specifically, this study aimed
to compare the relative importance of different acceptance
factors, their underlying relationships, and their explanatory
power for the intention to use AAL technologies in the future.

The results of the web-based acceptance survey showed that
the proposed model of AAL acceptance showed a good model
fit for the observed data and explained 69% of the variance in
intention to use. All hypothesized paths were significant, except
for the path between human touch norm and personal norm and
the path between reliability and perceived behavior control.
Therefore, it can be concluded that our established theoretical
model provides a valuable framework for understanding and
explaining older adults acceptance in the early acceptance
stage.

The overal intention to use AAL technology was moderately
positive. This meansthat older adults are relatively open to the
idea of using AAL technologies in the future. We found no
difference in intention to use between age groups, people with
different subjective health ratings, and different expected support
needs. Although this might be somewhat surprising, thisisin
line with findings from Ziefle and Récker [100], who found
that age and subjective health status did not influence the
willingnessto use AAL technologies.

Asexpected, theintention to use AAL was predicted by attitude
toward using AAL, social norm, persona norm, and perceived
behavior control. Attitude was the most important predictor,
followed by social horm and perceived behavior control. The
results showed only aweak influence on personal norm. Ajzen
[40] argues that “the relative importance of attitude, subjective
norm, and perceived behavioral control in the prediction of
intention is expected to vary across behaviors and situations.”
From the results, we can conclude that in an early acceptance
stage, in which people have no or limited experiencewith AAL
technologies, the overall attitude toward using AAL isthe most
important influencer of intention to use. On the other hand,
self-based standards and expectations regarding AAL use are
only minor influencers of older adults’ intention to use.

Safe and independent living was the most important positive
influencer of attitude, which in turn influenced intention to use.
Thisisinlinewith previous AAL research [57,59,101] and our
own qualitative user studies [60,61]. Older adults regarded the
increased feeling of safety and the opportunity of independent
living as a major advantage of AAL. We also found empirical
evidence that promises of safety and autonomy are a valid
trade-off for concerns about personal interaction and privacy,
as suggested by earlier research [58,102]. Nevertheless, in line
with previous studies [20,21,23-26], both concerns till
substantially contributed to a negative attitude toward using
AAL and should be considered when developing AAL
applications. Earlier studies [58,101,103] suggested that older
adults perceive AAL technologies as good tools for reducing
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the overall burden on caregivers. This was confirmed by the
results of the AAL acceptance survey.

Previous research has suggested that the influence of caregivers,
especiadly informal family caregivers, is important for the
acceptance of AAL technologies [104-106]. Although we did
not distinguish between formal and informal caregiver influence,
the findings of the AAL acceptance survey indeed identified
caregivers as crucial socia referents for building social norm.
Social norm, in turn, influenced use intentions. For future
research, it would beinteresting to explicitly distinguish between
formal and informal caregiver influence.

In line with our qualitative user studies [60,61], older adults
general willingness to try out new information technology
positively contributed to their overall persona norm. However,
the effect of personal norm on intention to use AAL was weak
in the current sample. In contrast to our expectations, human
touch norm had no significant influence on personal norm. An
explanation for this finding may be that older adults preferred
human care over care via AAL technology but could still
identify as users of AAL.

Self-efficacy is a concept derived from social cognitive theory
and is an essential determinant of human motivation and
behavior [107,108]. Following previous research [57], it was
hypothesized that self-efficacy would positively affect use
intention via perceived behavior control. This hypothesized
relationship was confirmed through the results of the AAL
acceptance survey. Moreover, in line with previous research
[57,101], expectations about high financial cost negatively
contributed to perceived behavioral control. The hypothesized
relationship between perceived behavior control and reliability
was not significant. We suspect that with no or limited
experience of AAL, usersfound it difficult to formulate specific
and consistent expectations about the expected reliability of
AAL. However, we believe that reliability will be considered
in alater acceptance stage when users are actively interacting
with thetechnology. Therefore, future research should consider
these variables.

Limitations

Asin every study, there were somelimitationsto be considered.
First, by using aweb-based survey, we accepted that our sample
had a bias toward older adults with internet connection and
some technology skills. However, most older adults are active
internet users [109,110]. Hence, the current sample remainsto
be largely representative of the older Dutch adult population.
Second, participants' responses were based on the provided
study material and not on direct interaction with AAL
technologies. Thiscould have limited participants’ impressions
of AAL. However, this fits the phase of early acceptance. In
real-life situations, older adults will not necessarily try out a
new technological device before forming their initial use
intention. Previous research has shown that participants can
form attitudes and expectations toward new and unfamiliar
technologies without active use experience [32,111-113].
Finally, reaching an acceptable model fitin SEM doesnot imply
that the hypothesized model is the only fitting model. Other
equivalent or near-equivalent models may show equal or even
better fit [93]. However, at this stage, the AAL field does not
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offer arich theoretical discourse to inspire alternative models.
Moreover, the measurement part of the model was
cross-validated across 2 independent samples. In addition, the
model was built on a strong and well-established psychol ogical
theory (TPB), aliterature review, and several qualitative user
studies.

Future Research

To the best of our knowledge, this model is one of the first
theory-driven quantitative frameworks for understanding AAL
acceptance, which has been validated with a representative
sample of the target population. However, this also means that
thismodel isthefirst approximation to explain AAL acceptance.
Further cross-validation and refinement is needed to ensure that
thismodel remains stable and valid across different populations
and cultural contexts. The established model focuses on early
user acceptance and the initial intention to use AAL. Future
research needs to implement longitudinal designs to explore
later stages of acceptance when older adults start using the
technology in their own home environment and attitudes, user
needs, and intentions might change [34,35,114]. This study
focused on older adults. Other important stakeholder groups
include informal and formal caregivers. They can be primary

Jaschinski et al

usersof AAL applications[115] and areimportant in signaling
the older adults' need for support and introducing AAL into the
home care practice [7]. Hence, future research should further
investigate caregivers perceptions of AAL.

For now, our insightsinto early acceptance among older adults
can shape the further discourse and implementation of AAL.

Conclusions

For the future success of AAL, it is vital to know if these
technologieswill fall on fertile ground and will be accepted by
theintended users. In other words, will the policy vision of AAL
as a solution to healthy and independent aging become reality
from the perspective of older adult users? This study showsthat
Dutch older adults seem receptive to the idea of using AAL
technology in thefuture. Being mindful of the acceptancefactors
will help developers make more informed design decisions
before diffusing applications into the market.

Although the provided model focuses on AAL technologies,
our insights on acceptance factors (eg, loss of privacy, loss of
human touch, caregiver influence, financial cost) can also be
valuable for the broader field of eHealth development and
implementation.
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