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Abstract

Background

While dementia cases are on the rise, the general preference of those affected is to live

at home as long as possible. This puts a strain on the informal caregivers (e.g. family and

friends). Health technology, especially in-home monitoring technology, could facilitate the

care-taking role significantly. Acceptance research aims at investigating factors that could

hinder or facilitate the successful implementation of those technologies into the daily life of

caregivers. Different frameworks based on user centred design principles emphasise the

importance of an interdisciplinary and multifaceted approach to acceptance research.

Nevertheless, most acceptance research focuses for the most part on a small circle of

stakeholders or just the technology itself, missing out on the other domains and stakeholders

essential for implementation. The scope of this study is to fill the gap by quantitatively

investigating acceptance from different perspectives, including assessment of differences in

informal caregiver’s acceptance of in-home monitoring technology when they life together

with their care recipients versus when they do not, as well as assessment of associations

between informal caregivers acceptance towards those technologies and passed time since the

diagnosis of their care recipient’s dementia type.

Methods

76 informal caregivers of people with dementia were recruited who took part in a

survey measuring acceptance towards unobtrusive in-home monitoring technology using

different statements which could be valued. Acceptance was treated as the dependent variable

that was used to answer both research questions using a self-constructed acceptance scale.

Living situation of informal caregivers and time since diagnosis were the independent

variables that were coded as a dummy and an ordinal variable, respectively. Due to

non-normality of the data, the non-parametric Mann-Whitney-U test was used to assess

differences between acceptance amongst informal caregivers that live with their care recipient

versus those who do not and Spearman’s rho was used to check potential association between

acceptance amongst informal caregivers and passed time since diagnosis or care recipient.
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Results

Although the results showed a general tendency towards acceptance (Md = 3.69), the

Mann-Whitney test turned out to be insignificant (p = .599) as well as the Spearman’s rho (p =

.730). Therefore, none of the two research questions could be answered.

Discussion

Despite the insignificant results of this study, it still provides value. Firstly, it

emphasises the importance and reminds the reader to adopt a more multifaceted approach

when conducting acceptance research to optimise the implementation process. Aspects like

accountability and responsibility when using systems based on artificial intelligence, barriers

in the correct operation of those complex systems and the financing of potential training of

informal caregivers for the successful handling of those technologies as well as corresponding

ideas for future research are discussed. Secondly, practical implications for improved data

gathering are given based on the limitations of this paper.
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Introduction

A growing body of evidence from North America and Europe indicates that a shift in

the age structure of the population, due to decreases in fertility and increases in life

expectancy, will lead to large increases in dementia cases in the upcoming years (GBD

Dementia Forecasting Collaborators, 2022). The probability of having some form of dementia

increases with age, and after the age of 65, the incidence of dementia doubles (Rone-Adams et

al., 2013). Globally, the number of people with dementia (PwD) was estimated to have

increased by 117% between 1990 and 2016, largely due to population ageing (Nichols et al.,

2019). In 2019, around 55 million people had dementia and the number is expected to rise to

approximately 131 million by 2050 (Collins & Kishita, 2019). Dementia is currently the

seventh leading cause of death among all diseases and one of the major causes of disability

and dependency among older people globally (World Health Organisation, 2021)

Dementia is characterised by a progressive deterioration in cognitive function (Nagel

et al., 2021). There are different variants of dementia with Alzheimer’s disease (AD) being

the most common form of dementia accounting for 60-70%, vascular dementia for 20 %, lewy

body dementia 10-15% and frontotemporal dementia for 2% of dementia cases (Alzheimer’s

Society, 2020; Nagel et al., 2021). Every variant comes along with distinct profiles of

cognitive deterioration. AD for example comprises cognitive decline in many cognitive

domains, such as memory, language, attention, executive and visuospatial functioning. In

contrast, the language variant of frontotemporal dementia and vascular dementia cause the

biggest decline in attention and executive functioning, whilst the behavioural variant of

frontotemporal dementia appears to have generally the fastest cognitive decline over time

(Smits et al., 2014). As mild cognitive impairment (MCI), the intermediate cognitive state

between normal ageing and dementia is defined, characterised by impaired memory and other

cognitive decline, which however do not affect everyday life’s basic activities (Van der

Mussele, 2014).

AD’s progression can be divided into three stages, which can vary in intensity

(Scharre, 2019). In the preclinical stages of AD, the affected person may show subtle

behavioural and cognitive changes like irritability and minor episodic memory loss,

respectively. In the prodromal stages the person may experience anxiety and dysphoria while

executive functioning involving problem solving and decision making notably decline. The

prodromal stages are also often referred to as MCI. Lastly, in the dementia stages of AD,

symptoms from severe episodic memory loss, expressed by asking repeated questions and
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misplacing items over delusions and restless behaviours to needing help with personal care,

up to near total dependence and inactivity (Scharre, 2019). The care process in the later stages

of AD is multidimensional and intensive, comprising the compensation for the decreased

ability to fulfil basic need by providing assistance in, inter alia, mouth care, toileting and

grooming, the prevention and management of, inter alia, physical exhaustion as well as

malnutrition and ensuring satisfaction of psychosocial needs like having a sense of belonging

and acceptance, feeling safe and maintenance of social contacts (Edvardsson et al., 2008). The

maintenance of social contacts is often difficult, as lifelong contacts often become fearful of

interacting with people suffering from Alzheimer’s disease (Coon & Edgerly, 1999) . This can

result in social consequences for the affected person like feelings of stigmatisation,

worthlessness, boredom, potentially leading into a downward spiral towards total isolation

(Coon & Edgerly, 1999; Werner, 2005).

About 70% of PwD are living at home supported by informal (family and friends) and

formal (general practitioners, day-care centres etc.) caregivers with the general preference of

the majority of PwD being to live at home as long as possible (Thoma-Lürken et al., 2018).

Approximately one third of PwD that are supported by informal caregivers (ICG) and live

alone or in a community dwelling without their ICG are mostly cared for by their adult

children, whereas for the rest, the ICG resides in the same house or flat, usually being the

spouse or partner of the care recipient (CR) (Miranda-Castillo et al., 2010).

The intensive and multidimensional effort needed to care for PwD puts a strain on

both groups of caregivers, on those who cohabitate with their CR and on those who don’t

(Donaldson et al., 2018). ICGs that live together with their CR appear to be burdened the

most as, next to household tasks, they provide the most intensive care (Friedman et al., 2015).

They often report psychosocial consequences such as emotional exhaustion and feelings of

depreciation as well as a diminished social life, feelings of discomfort when friends come

over and a feeling of missing out in life. Also, physical consequences such as being physically

tired or ill because of the caregiving role and a deterioration in health are often experienced

by ICG who live together with their CR (Raccichini et al., 2015). The ICG’s burden becomes

stronger with more time passed (in years) since the CR’s diagnosis (Caap-Ahlgren & Dehlin,

2002). ICGs that do not live together with their CR, the caregiver burden is generally lower as

they have the ability to choose whether to provide care or not. However, since they often

connect the care-giving role with other roles in their social life, like being a student or

employee, they can still feel burdened by trying to balance their personal life with the

caregiving role (Dang et al., 2022). Although ICGs who do not live together with their CR.
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experience similar burdens as the ICGs that live together with their CR, feelings such as guilt,

pressure, anxiety and a generally higher mental burden are more prevalent (Conde-Sala et al.,

2010). On a more societal level, the indirect costs through full-time informal caregiving due

to productivity losses of the ICGs create a societal burden (Michalowsky et al., 2016).

EHealth could offer great potential for informal caregivers in facilitating their duties,

hence reducing the ICGs and societal burden. Generally, the term of eHealth describes “the

use of information and communication technologies for health” (World Health Organisation,

n.d.). Within the context of dementia care, eHealth comprises all assistive technologies that

support health, healthcare and well-being (Bastoni et al., 2021). Of particular interest in this

context are in-home monitoring technologies. According to Sharma et al. (2021) the most

common human activity recognition (HAR) eHealth for in-home-monitoring of community

dwelling elderly can be distinguished into three different systems: (1) wearable sensing

systems (eg. smartwatches), (2) vision based systems (eg. surveillance cameras), (3)

radiofrequency (RF) based systems (eg. radar and wireless sensors implanted in daily-use

objects). Due to their technical properties, only RF-based systems are considered unobtrusive,

which means that it works independently from the user, while also not drawing the user's

attention by blending in with its surroundings (Sharma et al., 2021). ICGs that do not live

together with their CR, but also those who do, could greatly benefit from these systems. HAR

based, in-home monitoring technologies are capable of collecting health-related data such as

nocturnal restlessness, eating/drinking and cooking activities, over physiological data

including cognitive and physical deterioration as well as walking distance and speed, up to

psychosocial data like emotional states (eg. anxiety, joy), frequency of telephone use and

social interactions (Wrede et al., 2021). This data can also be useful for ICGs who live

together with their CR, for example as a reassurance if they are at work (Klemets et al., 2019).

Furthermore, for overstrained ICGs living together with their CR, in-home monitoring

technology could provide additional assurance as they “...may be unaware of or may forget

specific details about situations in which behaviours occur, leaving professionals with limited

data for identification of appropriate interventions.” (Williams et al., 2012).

To optimise implementation of in-home monitoring technology for daily use amongst

ICGs of PwD, a user-centred design (UCD) approach, aimed at understanding the user’s

problems and needs, is essential (Wrede et al., 2021). The CeHRes roadmap is based on

user-centred design principles, dividing the implementation process of eHealth technologies

into five phases. In the first contextual inquiry phase, stakeholders (all persons affected by the

eHealth technology) are identified and selected, with whom potential strong/weak points and
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regulations/conditions of the current situation, as well as needs and wishes are discussed.

Secondly, in the value specification phase the stakeholders express their added values they

desire of the eHealth technology, which then can be implemented in the creation of the

mock-ups and eventually the system. Thirdly, the created mock-ups are tested by the end

users in the environment they are supposed to be implemented in. As a last step before actual

implementation of the eHealth technology, in the operationalization phase all practical aspects

that are important for the successful implementation are handled, such as training the ICG to

understand the data provided by the in-home monitoring technology. Throughout all phases,

constant evaluation regarding the match of the stakeholder’s values and the technology itself

is conducted, as well as a final evaluation after implementation to measure the outcomes

(Gemert-Pijnen & Span, 2016).

For the successful and sustainable implementation of in-home monitoring technology

among ICG of PwD, investigating the needs and problems of the ICGs through acceptance

research is crucial (see first phase of the CeHRes roadmap). While there has been some

acceptance research in this context, most of it is of qualitative nature. In this paper, acceptance

is defined as the willingness, intention to or actual successful implementation of the

respective technology (Sharma et. al., 2021; Horberry et al., 2018). In a qualitative study,

Wrede et al. (2021) investigated the expected barriers, benefits, needs and requirements of

caregivers of community-dwelling PwD towards unobtrusive home-monitoring technologies.

Generally, the attitude towards those technologies is positive, as they “... could contribute to a

shift from reactive to more preventive and proactive care.” (p. 12). In another qualitative

study from the Netherlands, the majority of ICGs reported that the benefits of in-home

monitoring technologies outweigh the concerns. In addition to that, unlike the previous study

in which less obtrusive technology was used, privacy did not seem to pose a major issue for

the participants (Zwierenberg et al., 2018).

This study tries to fill the gap of the lack of quantitative acceptance research in the

context of in-home monitoring technologies for ICGs of PwD, leading to the general

descriptive question of “What is the acceptance towards in-home monitoring technology for

community dwelling PwD from the perspective of ICGs in Germany or the Netherlands for

different care situations?”. As described, different situations such as ICGs living situation, and

determinants, like the time since diagnosis of the CR’s disease, can lead to different perceived

burdens amongst the caregivers. At that time this study was made, it appears that no previous

quantitative research, that considers the influence of the living situation and the time since

diagnosis on the acceptance of unobtrusive in-home monitoring technology, has been
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conducted. Accordingly, this study tries to answer the following research questions: (1) “What

is the acceptance towards in-home monitoring technologies among ICGs of PwD or MCI who

live together with their CR versus those who do not?”, (2) “To what extent is the acceptance

towards in-home monitoring technologies among ICGs of PwD or MCI associated with the

time since the diagnosis of their CR’s condition?”.

Methods

Design

In order to answer both research questions, a cross-sectional study design was used.

Participants

Inclusion criteria for participation in the study required participants to provide unpaid

care or support (= informal) to person(s) with dementia or MCI that live either alone, together

with their caregiver or in a community-dwelling in Germany or the Netherlands. In addition,

to take part in the survey, participants needed to be capable of providing informed consent and

to understand German or Dutch. Informal caregivers whose CRs lived in a care-institution

were excluded from further participation in the study.

A sample consisting of Dutch and German participants was collected using purposive

and snowball sampling. Advertising flyers and the online survey-link were sent to dutch and

german dementia-societies and self-help groups who acted as a mediator to promote the study

to the informal caregivers. Furthermore, Facebook served as an additional propagation of the

study. The survey was spread in several dutch and german Facebook-groups in which

informal caregivers of PwD were members. Lastly, the participants themselves were

motivated to forward the study to other ICGs of PwD from their social circle. 

Materials

The survey items can be assigned into five sections: (1) Informal caregiver’s

demographics, (2) Care recipient’s demographics, (3) perceived burden of care, (4) digital

literacy / perceived personal innovativeness, (5) user acceptance towards in-home monitoring

technology.

The sections of “(3) Perceived burden of care” and “(4) digital literacy / perceived

personal innovativeness” are insignificant for this study and were only included into the

survey to serve the research questions of fellow researchers.
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Informal caregiver’s demographics

The participant’s demographics -section is composed of nine questions. Age of the

ICG was measured as a continuous variable. The question of “are you an informal caregiver?”

was measured as a dichotomous variable. The variables like gender, country of residence,

reason of care and relation to CR, were nominal variables with more than two answer options

whereas number of ICGs, travel time to CR, and ICG’s education level were ordinal variables.

Living situation. The variable “travel time to care recipient” was of particular

importance to answer the first research question. The research question dealt with the

acceptance towards in-home monitoring technology in ICGs who live together with their CR

versus ICGs who do not live together with their CR. Since the variable “travel time to care

recipient” is a categorical variable with five answer possibilities (living together with CR /

living between 1-5 minutes away / living between 6-15 minutes away / living between 16-30

minutes away / living between 31-60 minutes away / living more than 61 minutes away from

CR) it needed to be transformed into a new dichotomous variable to fit my research question.

This was done by combining the four answer options, in which the ICG needs to travel to the

CR, into one new category of “Not Living Together”. This resulted in a new dichotomous

variable called “Living situation” with two categories: (1) with ICG and (2) without ICG.

Care recipient’s demographics

The CR’s demographics -section is composed of six questions. Age of the recipient

was measured as a continuous variable. The question of “what describes the housing situation

of your care recipient?” was measured as a dichotomous variable. The variables like type of

dementia, kind of help for the CR and the question of “Where does your care recipient live?”,

were nominal variables with more than two answer options. The remaining variable of time

since diagnosis was measured as an ordinal variable.

Time since diagnosis. The variable of “time since diagnosis” was used to answer the

second research question. The research question focused on the association between the past

time since the diagnosis of the CR with the acceptance of in-home monitoring technologies.

The variable of “time since diagnosis of care recipient” had six answer options: (1) Less than

one year, (2) 1 and 2 years, (3) 2 and 3 years, (4) 3 and 4 years, (5) 4 and 5 years, (6) more

than 5 years.
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User acceptance towards in-home monitoring technology

First, usage of in-home monitoring technology was explained and visually illustrated 

to the participants (see appendix A). Then, four different subscales measured different

constructs that served the different research questions of fellow researchers. However, those

subscales cannot be used to answer the research questions in this study as they strongly

deviate from the adopted definition of acceptance, being the willingness, intention to or actual

implementation of the respective technology. Consequently, only certain items from two of

those four subscales were relevant and selected to eventually create an own scale measuring

acceptance.

In the first subscale, five distinct scenarios were described to the participant, in which

in-home monitoring technology is used in different ways. The scenarios included (1) the use

of in-home monitoring technology to monitor safety-related aspects (e.g. detection of falls and

wandering), (2) risk predictions (e.g. monitoring of walking speed and patterns), (3) self-care

behaviour (e.g. eating, personal hygiene etc.), (4) sleeping behaviour (e.g. nocturnal unrest

and night rhythms) and (5) long-term patterns (e.g. detection of cognitive or physical

deterioration). For each scenario, the same scale of ten items was repeatedly presented to the

participant in each usage-scenario. For each item, the participant had to indicate the extent to

which he/she agrees or disagrees to a statement using a 5-point Likert scale (1 = Strongly

disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = fully agree). Out of those ten items, only

two were relevant, resulting in ten items in sum (two items for each of the five scenarios) that

would be used for the computation of the acceptance score. Those two items were: (1) “I

consider it acceptable to collect this type of information, using the system”, measuring the

ICG’s acceptance of in-home monitoring technology in the respective context, and (2) “I am

willing to use such a monitoring system in the (near) future”, measuring the ICG’s intention to

eventually use the respective technology.

From the second subscale, three items out of nine were considered as appropriate and

thus included in the creation of the acceptance scale. The three items consisted of statements

which assessed the participant’s intention to use in-home monitoring technology in the future

and could be rated using a 5-point Likert scale (1 = Strongly disagree, 2 = disagree, 3 =

neutral, 4 = agree, 5 = fully agree). Those statements were: (1) “I am willing to use in-home

monitoring technology for the care of the person with dementia at this moment in my life”,

(2) “I am willing to use in-home monitoring technology for the care of the person with

dementia when cognitive or physical health of my care recipient declines'' and (3) “It is a

good idea to use in-home monitoring technology in the care of my care recipient”.
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The selected items from both subscales added up to 13 items that were appropriate for

creating an acceptance scale with which the research questions could be answered. Prior to

creating one acceptance scale out of the selected 13 items, the internal consistency was

checked to make sure that those items can in fact reliably measure acceptance. A reliability

analysis using the selected 13 items was conducted, which resulted in an excellent Cronbach’s

alpha of .95. For the acceptance scale, a summative scale would have resulted in a large

score-range, which is why in this case a mean scale with values from 1 (=low general

acceptance) to 5 (high general acceptance) was chosen. To construct that scale, the selected 13

items were computed into a new numeric variable measuring general acceptance. 

Process / Procedure

Originally, the survey was phrased in English. However, since the target group consists

of ICGs of PwD from Germany or the Netherlands, the survey was translated into German

and Dutch (see Appendix). This was done using the translation software DeepL, followed by

proofreading by the researchers as well as project leaders.

Approximately three weeks before the survey was distributed, ethical approval was

requested at the ethics committee of the University of Twente. For the ethical assessment, a

number of questions such as the purpose of this study, research questions and type of research

had to be answered. After the ethics committee made sure that the study satisfies the

characteristics and conditions for ethically responsible research, ethical approval was granted

and data collection could start.

Dementia-societies were the key-distributors of the survey, as they own a pool of

relevant contacts to ICGs. Before the study was sent to the dementia societies, it was

pre-tested by the researchers themselves. After minor improvements to the survey, it was

forwarded to all contacted societies that agreed on disseminating the study. In addition, online

dementia groups, mainly on Facebook, were used to further distribute the survey.    

Participation in the survey was possible by clicking on the link, which led to Qualtrics

(a web-based survey tool) where one could directly start the survey. The first page of the

survey consisted of an information sheet, containing the study purpose, a time estimate,

information about confidentiality, the right to withdraw from the study any time, possible

rewards and a declaration of consent. Then the main body of the survey (the five sections)

followed. On the last page of the survey participants are thanked for their participation and

asked to forward the survey to their friends, family members or acquaintances, provided they

are also informal caregivers of people with dementia. Participation in the study was voluntary,
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however, at the end of the survey participants had the chance to leave their email so that they

could have been contacted when they would have won the reward for participation in the

study. The reward consisted of a ten Euro Mydays coupon for people from Germany or ten

Euro Cadeaubon coupon for people from the Netherlands. At the very end of the survey

participants once again could leave their email addresses, in case they were interested in being

contacted about research progress and further research.

Data Analysis

For the data analysis, statistical software “SPSS” was used. The filter command in

SPSS was used to remove participants from the data-set that did not finish the study (variable

“finished” = 0). In the pre-test the study took approximately 20 minutes. A threshold of at

least three minutes (180 seconds) of study duration was set and participants that needed less

than that were removed with the filter command (variable “Duration_in_seconds” GT 179) as

it was not possible to properly participate in this study in such little time. Furthermore, two

exclusion questions (dementia / MCI = 0, “country of residence'' = “other”) did not lead

automatically to the exclusion of further participation in the study. Consequently, the filter

command was used to remove participants whose CR was not diagnosed with dementia or

MCI and three participants were casewise removed because they chose neither Germany nor

Netherlands as their country of residence. Further seven responses were casewise removed as

for those cases, the care recipient lived at a care institution.

Then, descriptive statistics of the demographic variables were computed. For

demographic variables that were categorical like gender, education and time since diagnosis,

natural numbers (n) and percentages were computed for each category. Continuous

demographic variables like age were primarily tested for normality to decide which

measurement could be used to summarise the distribution. A significant Shapiro-Wilk test (p

< .001) indicated non-normality for the age of ICG variable and age of CR variable. Due to

non-normality, instead of the mean and standard deviation, the median and the interquartile

range were used as measurements for the two continuous demographic variables.

The first research question was about the acceptance towards in-home monitoring

technologies among caregivers of people with dementia or MCI who live together with their

CR versus those that do not live together with their CR. ICG’s acceptance towards in-home

monitoring technologies is measured using the acceptance scale, which represents the

dependent variable. The independent variable is the CR’s living situation with two categories:

(1) with ICG and (2) without ICG. To select the appropriate parametric test to answer this
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research question, assumptions of normality had to be checked. To test this assumption, a

Shapiro-Wilk test was used, which turned out to be significant (p = .01), thus violating the

assumption of normality. Due to non-normality, the non-parametric “Mann-Whitney-U” test

was used. This test compares two groups using the median, which represents skewed

distributions more accurate. With the Mann-Whitney-U test, the difference in acceptance for

the group of CRs that live together with their ICG is compared to the group of CRs that live

alone using the median of both groups.

The second research question was about the extent to which acceptance towards

in-home monitoring technology among ICGs of people with dementia or MCI is associated

with the time since diagnosis of their CR’s condition. Acceptance was the dependent variable

that could be measured using the acceptance scale. The independent variable was time since

diagnosis, which was coded ordinally. Due to non-normality of the acceptance score, a

non-parametric correlation coefficient “Spearman’s correlation” was used to check for an

association between the passed time since the diagnosis of the CR’s condition and the ICG’s

acceptance towards in-home monitoring technologies. Spearman’s correlation can be used for

ordinal, interval or ratio variables.

Results

From 250 initial responses, 94 were removed due to incompletion of the survey

leaving 156 responses (dropout-rate = 37%). After removing all responses with under three

minutes of survey-duration, the number of responses reduced to 118. Further removal of 30

responses of non-demented / non-MCI cases, five responses of non German or Dutch ICGs

and seven responses of CRs that lived in a care institution took place, resulting in a total of 76

remaining responses after data cleaning.

Approximately three-quarters of the participants were female and german. The

majority of participants were highly educated, with more than half of participants having a

Bachelor / Master degree (or equivalent) or higher. The median (IQR) age in years of

participants was 56.5 (8). Most ICGs were the daughters or sons of the CR (63%) while only

17% were spouses or partners. The amount of ICGs that lived together with their CR (30%)

was similar to those who needed to travel between 6 and 30 minutes to reach their CR (40%)

(see Table 1).
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Table 1

Demographic Characteristics of the Informal Caregivers (n = 76)

n Percent
(%)

Median
(Md)

Interquartile
range (IQR)

Age (in years) 56,5 8

Gender
Female
Male
Other

57
19
0

75
25
0

Nationality
Germany

Netherlands
59
17

78
22

Reason of care
Dementia or MCI (inclusion criteria)

Ageing
Somatic impairment

Mental illness
Other

76
33
12
5
3

100
43
16
7
4

Relation with care recipient
Spouse / partner
Daughter / son

Daughter / son in law
Sister / brother

Grandchild
Neighbour / friend

Other

13
48
7
0
6
1
1

17
63
9
0
8

1.5
1.5

Are there more people that provide care for your CR?
No, I am the only person

Yes, one other person
Yes, two other persons
Yes, three other persons
Yes, four other persons

22
30
12
6
6

29
39
16
8
8

Travel time to care recipient
I live in the same house
I live 1-5 minutes away
I live 6-15 minutes away
I live 16-30 minutes away

I live 31-1 hour away
I live more than 1 hour away

23
7
18
12
7
9

30
9
24
16
9
12

Highest completed education?
Primary or lower education

Secondary education or equivalent
Secondary vocational education

Bachelor / master degree or equivalent
Doctoral degree

Other

12
16
6
39
3
0

16
21
8
51
4
0
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When it comes to the CRs themselves, the median (IQR) age in years was 84 (8.75).

The majority of CRs live with others in their own rental house or flat. Alzheimer is the most

prevalent type of dementia among the care recipients and for most CRs, dementia has been

diagnosed in not more than 2 years since their ICGs participation in the study (29 %) (see

Table 2).

Table 2

Demographic Characteristics of the Care Recipients (n = 76)

n Percent
(%)

Median
(Md)

Interquartile
range (IQR)

Age (in years) 84 8.75

Type of Dementia / MCI
Alzheimer

Lewy body dementia
Vascular dementia

Mild cognitive impairment
Other / I do not know

There is no diagnosis (yet)

31
2
7
11
14
11

41
3
9

14.5
18

14.5

Time since diagnosis
Less than 1 year

1 to 2 years
2 to 3 years
3 to 4 years
4 to 5 years
Over 5 years

4
18
14
13
11
16

5
24
18
17
15
21

Housing situation
Living alone

Living with others
34
42

45
55

Where does your care recipient live?
In an own (rental) house or flat

In a family member’s house or flat
In a assisted living home or flat

In a nursing home (exclusion criteria)
Other

55
15
6
0
0

72
20
8
0
0

Type of professional care
Home care by a (district) nurse or caregiver

Dementia case manager
Daycare / respite care
Household assistance

Meals on wheels
None of the above

26
17
22
31
16
15

34
22
29
41
21
20
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This study investigated the degree of acceptance of in-home monitoring technology

among ICGs of people with dementia or MCI in two different contexts. Acceptance was

measured using the acceptance scale, which turned out to be non-normally distributed (W =

insignificant). That means that the median (Md) had to be used instead of the mean (M) when

specifying the score. The median (Md) score of participants was 3.69 with a score of 3

representing a neutral attitude towards in-home monitoring technology. Therefore, a median

of 3.69 indicates a general tendency towards acceptance of this kind of technology (see Table

3).

To answer the first research question, acceptance in both groups, (1) CRs who live

together with their ICG and (2) CRs who live alone, needed to be compared using the median

(see Table 3). A non-parametric test that uses the median of both groups instead of the mean

for comparison, was chosen. The non-parametric Mann-Whitney-U test turned out to be

insignificant (p = .599), indicating no difference in acceptance between ICGs who live

together with their CR versus those who do not.

The second research question was: "To what extent is the acceptance towards in-home

monitoring technologies among informal caregivers of people with dementia or mild

cognitive impairment associated with the time since the diagnosis of their care recipient's

condition?”. Spearman's-Rho was chosen due to the non-normality of the dependent variable

of acceptance and the ordinal coding of the independent variable of time since diagnosis (see

Table 3). The Spearman-Rho test turned out to be insignificant (p = .730), indicating no

association between acceptance and time since diagnosis of the CR’s condition.
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Table 3

Acceptance for each group of the independent variables (n = 76)

Median
(Md)

Interquartile
range (IRQ)

Acceptance 3.69 1.04

Acceptance for each living situation
Informal caregivers that live together with their care recipient

Informal caregivers that not live together with their care recipient
4

3.69
1.77
0.92

Acceptance for each time since diagnosis
Less than 1 year

1 to 2 years
2 to 3 years
3 to 4 years
4 to 5 years
Over 5 years

4.23
3.42
3.89
3.85
4.08
3.27

1.17
1.13

1
1.35
1.46
0.89

Discussion

This study found a general tendency towards acceptance of in-home monitoring

technology amongst participating ICGs, which corresponds with qualitative acceptance

studies like those from Wrede, Braakman-Jansen, & Van Gemert-Pijnen (2021) and from

Zwierenberg et al. (2018). However, when it comes to answering the research questions, the

results of this study did not indicate significant differences in ICG’s acceptance towards

in-home monitoring technology and their CR’s living situation (alone versus together with

ICG). Nor did the results show a significant association between ICG’s acceptance and the

time passed since the diagnosis of the CR’s type of dementia, leaving both research questions

unanswered.

When reflecting upon the results of this study while being cognizant of the importance

of user-centred design principles, it becomes clear that pure acceptance research among a

narrow circle of stakeholders, such as the users themselves (ICGs) or the technology itself, is

just one part out of many for successful long-term implementation of eHealth (Greenhalgh et.

al., 2017). The concept of user-centred design by means of the CeHRes roadmap emphasised

the importance of taking into account all stakeholders that will be eventually affected by the

respective technology, which next to the end-users would also include the broader group of

stakeholders such as the people who are being monitored (CRs), but also care organisations.

As Greenhalgh et. al. (2017) state, it is especially the dynamic interaction between all those
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stakeholders that needs to be considered when trying to implement a new complex

technology. The majority of research on adoption of new technology comes too short of

taking into consideration the bigger picture, which is why Greenhalgh et. al. (2017) created an

interdisciplinary framework aimed at predicting and evaluating the success of eHealth and

social care programs. The NASSS framework tries not only to address adoption (and its

challenges) of eHealth and social care programs, but also non-adoption and abandonment as

well as the transition from a niche product to the mainstream (Scale-up), the spread of the

technology or program to new settings and businesses (spread) and its long term

implementation (sustainability) (Greenhalgh et. al., 2017). Using the NASS framework,

challenges that by far exceed the mere acceptance of eHealth by the end-users become

apparent. For example, the implementation process of new technologies in care organisations

has been barely studied, although answering questions like “What is the organisation’s

capacity to innovate?” or “What changes will be needed in team interactions and routines?” is

essential for successful implementation. In the context of the use of in-home monitoring

technologies in those organisations it is important to keep in mind that formal caregivers

would probably need to restructure their care-routine, as they will constantly receive health

information upon which they have to react flexibly.

In this study, the concept of unobtrusiveness in eHeath was touched upon. As an

example, RT-based systems were given, which work independently from the user, while also

not drawing the user's attention by blending in with its surroundings. Those RT-based systems

manage to do that by analysing the human body’s reflection of radio waves using deep

learning and artificial intelligence (AI) while data is gathered through Wi-Fi, radar and

wireless sensors implanted in daily-use objects (Sharma, Klein Brinke, Van Gemert-Pijnen, &

Braakman-Jansen, 2021). Murphy et. al. (2021) investigated potential ethical concerns

regarding AI. When using AI, there is no way around dealing with accountability. Questions

like “who is responsible for AI errors in patient diagnosis?” have to be discussed and solved

before such systems can reach the mainstream. Vourganas et al. (2022) propose that in case of

unpredicted outcomes that lead to an unwanted event, the end-user or the designer would

probably be considered as responsible. They add that in order to properly address those

questions and deal with the accountability issue, clear classifications based on level of

sensitivity for health technologies using AI should be made, which requires further research

(Vourganas et al., 2022). When it comes to trust in AI based systems, one has to settle to

security of confidential data. As mentioned in the NASSS framework, to overcome these

challenges, those ethical issues cannot be solved in isolation, but have to be viewed in relation
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to each other by for example providing inclusive development processes (Murphy et. al.,

2021). When it comes to RT-based systems, privacy is less of a matter when compared to

other HAR-based eHealth like wearables, as the raw data in RT-based systems is not easily

interpretable by humans since it requires complex data processing (Sharma, Klein Brinke, Van

Gemert-Pijnen, & Braakman-Jansen, 2021). However, this encryption of data raises new

questions, as it is not clear how and by whom end-users will be taught to appropriately use

those systems and correctly read its health data. Stiges-Maciá et al. (2021) present some

media that could be used to properly train ICG’s in the use of complex eHealth technologies.

Through e-learning platforms, which include texts and videos, ICGs could not only be trained

to operate those devices, but those platforms could also be used to teach ICGs new caring

skills which they could incorporate into their daily routine, although their systematic review

indicated no significant improvements in caring skills through those platforms. Also, it is not

clear who pays for the provision of such platforms. This in turn raises new uncertainties about

the financing of the training and resources most likely needed in order to properly operate

those complex devices. For example, if the care organisations themselves had to pay for the

training of their formal caregivers, this could constitute too big of a barrier which eventually

could lead to a failed implementation of that technology. For the training of informal

caregivers a similar problem arises, as for example the government would probably need to

fund it, which could create a societal burden, especially if the respective technology is

implemented on a larger scale. This then would add up to the already existing societal burden

through productivity (and in respect thereof economic) losses caused by intensive care

processes from informal caregivers (Michalowsky et al., 2016). These examples and questions

illustrate the need for more research making use of a holistic approach on the implementation

of new eHealth.

This study has some limitations that could be addressed in future research. A power

analysis indicated that for a medium effect size (d = 0.5), 80% power and a p-value set on .05

(double sided), a sample size of at least 128 participants would have been necessary to find

significant differences in acceptance between both living situations of ICGs. With a sample of

just 76 participants, the effect size of this study was small, which could have decreased the

probability to detect an effect, even though the effect might have been present. Time

constraints, a lack of resources to recruit enough participants and the inclusion of ICGs of

only two countries are altogether the primary reason for the small number of participants,

which in turn are responsible for the lack of power of this study and its insignificant results.

Another factor adding to the lack of recruited participants was most likely the relatively long
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duration of this study (approximately 20 minutes), resulting in already highly burdened ICGs

not finding the time to participate. Besides, the targeted population of ICGs was difficult to

recruit, as there is presumably no openly accessible register which lists contact details of

ICGs. Nevertheless, for the scope of this study the best has been done to recruit as many

participants as possible, using creative ways like prizes for the participants, different sampling

methods and dementia societies and organisations as distribution channels for the survey.

Another strong point of this study was the survey itself, which exhibited a high internal

consistency between the items to reliably measure the construct of acceptance.

As further investigation is required to address the multifaceted issues like training of

ICGs, accountability and responsibility of AI based systems and financing, that come with

implementation of new eHealth technologies, this study offers some practical

recommendations that can facilitate this holistic research. In order to increase the power of the

study, implications regarding the recruitment of participants should be acknowledged. First

and foremost, if time permits, one should take its time for the data collection. Furthermore, if

the research questions allows, the survey should be translated into more languages to increase

the pool of potential participants. Lastly, the implementation of new creative ways to reach

participants like the use of flyers or social media could prove as effective.

On the subject of future research, this paper provides valuable insight on how

quantitative research in the context of acceptance towards in-home monitoring technology

amongst ICG of PwD or MCI can be addressed. It also stresses the importance of an holistic

or interdisciplinary approach on research concerning the implementation of eHealth. Although

there is already lots of acceptance research, albeit of qualitative nature, on the adoption of

eHealth by the end-users, actually many more stakeholders are involved in the successful

integration of the respective technology that remain unnoticed. In this paper, user acceptance

regarding different care-situations is investigated using quantitative methods, thus

contributing to the aforementioned need of holistic acceptance research. The idea of assessing

acceptance in different care-situations could be extended to ICGs themselves, as a study by

Lin et al. (2017) shows. They investigated the use of unobtrusive HAR technology for

caregivers themselves who are at risk of injuries due to patient handling. Applying

unobtrusive HAR technology for ICGs themselves may at first sight appear disconnected to

the context of monitoring care recipients that are probably more susceptible to injury than

ICGs, however the initial aim of those technologies, that is reducing the caregiver burden, is

still pursued. In a similar manner, acceptance research could consider close relatives of ICGs,

who with the help of HAR technologies could support the ICGs in their caretaking process
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and provide additional assurance. Besides, further research could investigate the practicalities

of implementing new eHealth technology with respect to the greater picture as elucidated in

implementation schemes that include user centred design principles like the NASSS

framework or the CeHRes roadmap. For example, research on legal issues related to the

integration of monitoring technologies, questions about financing of potential training to

operate more complex eHealth systems or ethical issues like privacy and trust concerning the

use of AI based systems are all significant topics that require more attention.

In conclusion, despite the lack of significant results, two things can be taken from this

paper. First, the reminder of conducting more quantitative acceptance research by taking into

account different contexts to optimise implementation of new technologies and secondly,

incorporating the practical recommendations on data gathering of hard-to-recruit target

populations.
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