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ABSTRACT

Aim(s): To explore the feasibility and acceptability of acoustic monitoring and real-time recommendations for stress detection
and management (i.e., smarthealth intervention).

Design: This qualitative study used a framework of acceptability for healthcare interventions.

Methods: From January 2021 to December 2023 in the U.S.A., we interviewed 10 family caregivers who had completed the
4-month smarthealth intervention. The caregivers shared their user experiences and feedback on the system's feasibility and
acceptability. Data were analysed using abductive thematic analysis, incorporating the framework of acceptability for healthcare
interventions and the collected data.

Results: Seven themes and 19 categories emerged: attitudes, burden, ethicality, intervention adherence, intervention coherence,
perceived effectiveness and suggestions. Feedback on the smarthealth intervention was mixed. Some found it beneficial, citing
accuracy, ease of use and increased awareness. However, others felt burdened during its use, primarily due to time constraints.
Conclusion: The smarthealth intervention can potentially improve caregivers' awareness of themselves and caregiving situations.
Implications for the Profession and/or Patient Care: Future directions should involve adapting the smarthealth interven-
tion to consider diverse caregiving scenarios and incorporating a larger sample of caregivers.

Impact: This is the first study to offer a voice detection system and real-time stress management recommendations to caregivers
of people living with dementia. An individualised approach should be considered to improve the system's effectiveness. This
includes providing personalised intervention components, considering caregivers' time and establishing a user-friendly system
with high accessibility. The findings can be a cornerstone for smarthealth interventions influencing dementia caregivers' self-
care and emotional regulation.

Reporting Method: Standards for Reporting Qualitative Research.

Patient or Public Contribution: Members of the public and service users from a memory clinic and social media platforms
contributed to the study by reviewing recruitment materials.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Trial Registration: This trial's study protocol was registered with ClinicalTrials.gov (ID No. NCT04536701) on 3 September

2020 (https://classic.clinicaltrials.gov/ct2/show/NCT04536701)

1 | Introduction

The number of family caregivers for older adults in the United
Statesreached 38 millionin 2021 (Reinhard et al. 2023), including
11 million caregivers of people living with Alzheimer's disease
and related dementias (ADRD) (Alzheimer's Association 2024).
Family caregivers are individuals who provide unpaid care for
their family members, relatives, friends or neighbours of peo-
ple living with health issues (Reinhard et al. 2023). Caregivers
provided a wide range of help, such as assistance in activities of
daily living, conducting medical tasks for their care recipients,
coordinating care and providing emotional support (Alzheimer's
Association 2024; Reinhard et al. 2023). These caregiving tasks
are more intensive for caregivers of people living with ADRD
than those of people without dementia due to the nature of dis-
ease progression, causing a higher level of burden (Alzheimer's
Association 2024). In turn, caregiver burden contributes to psy-
chological morbidity, social isolation and poor physical and men-
tal health for caregivers, leading to early care transition for care
recipients from their homes to long-term facilities (Alzheimer's
Association 2024; Rose et al. 2021).

To address caregiver burden, various interventions for caregiv-
ers of people living with ADRD have been implemented (Cheng
et al. 2020; Walter and Pinquart 2020). These interventions have
included cognitive behavioural therapy, psychoeducation, coun-
selling, respite care, mindfulness-based interventions and social
support (Cheng et al. 2020; Walter and Pinquart 2020). Such
interventions have generally helped to reduce burden, stress
and anxiety, ranging from small to moderate effects. Given
advancements in technology, research focusing on technology-
based interventions and technology-based caregiving support
has emerged (Lindeman et al. 2020). The positive effects of
technology-based interventions on the emotional health of care-
givers suggested that such interventions could be an alternative
to in-person programmes, offering a time-saving option for in-
home caregivers (Zhai et al. 2023).

2 | Background

The integration of advanced technology into interventions for care-
givers of people living with ADRD has been a growing trend in re-
cent years (Cheng et al. 2020; Zhai et al. 2023). These interventions
often involve wearable sensors, voice recognition systems, virtual
reality, robots and systems implemented by artificial intelligence
(AI) and machine learning (Lindeman et al. 2020). Notably, these
innovative interventions have facilitated the development of user-
centred designs, allowing interventions to be tailored to individ-
ual needs (Zhai et al. 2023). In addition, they have the potential
to monitor and regulate individuals’ emotions in real time within
natural settings with high accessibility (Bettis et al. 2022; Mitsea
et al. 2023). For example, acoustic monitoring combined with eco-
logical momentary assessment (EMA) can detect stressful mo-
ments, provide in-the-moment strategies and help users regulate
their emotions (Bettis et al. 2022).

Yet, interventions for caregivers of people living with ADRD have
predominantly been limited to web-based systems (Fernandez-
Bueno et al. 2024; Zhai et al. 2023). Reviews focused on interven-
tions using innovative technologies for family caregivers indicate
that studies targeting caregivers of people living with ADRD have
employed web-based approaches only, such as online video con-
ferencing, telephone-based support, websites and mobile apps
(Fernandez-Bueno et al. 2024; Zhai et al. 2023). Moreover, Al-based
interventions have largely targeted dementia care management,
highlighting the need for innovative interventions specifically to
support the caregivers themselves (Xie et al. 2020). Therefore, it is
pivotal to develop advanced technology-driven interventions tai-
lored to caregivers, particularly considering their stress.

To address the research gap in innovative interventions for care-
givers of people living with dementia, we developed and tested a
smart health technology for audio-based stress detection and real-
time stress management using reinforcement machine learning.
This system incorporates stress management strategies based on
mindfulness activities, providing opportunities to improve self-
regulation skills regarding mental health and attitudes towards
dyadic conflicts (Mitsea et al. 2023; Singh et al. 2023).

3 | The Study
3.1 | Aim and Objectives

We aimed to explore the feasibility and acceptability of interven-
tion for stress detection and management amongst caregivers
of people living with ADRD through acoustic monitoring (i.e.,
smarthealth intervention). Our primary objective was to iden-
tify user experiences and perceived effects of the intervention.
The second objective was to gather the participants’ suggestions
to improve the quality of the intervention.

4 | Methods
4.1 | Design

This paper presented descriptive qualitative findings from a
study using a multiple-methods design. The study was based
on technology, real-time-based intervention using an acoustic
monitoring system and an EMA-based mobile app (EMA app)
(Rose et al. 2021). To gather qualitative data, we conducted
semi-structured, one-on-one interviews with each participating
caregiver at the end of the intervention.

4.2 | Theoretical Framework

We employed the theoretical framework developed by Sekhon
et al. (2017) to facilitate the evidence-based assessment of the
acceptability of a healthcare intervention (Sekhon et al. 2017). It
offers a comprehensive approach to developing and evaluating
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healthcare interventions (Sekhon et al. 2017). This framework
includes seven components: (1) affective attitude (an individu-
al's thoughts or feelings about the intervention), (2) burden (the
effort required for intervention adherence), (3) ethicality (an
evaluation of the intervention's compatibility with an individ-
ual's values and circumstances), (4) intervention coherence (the
extent of an individual's understanding of the intervention), (5)
opportunity costs (the perceived benefits or values lost by par-
ticipating in the intervention), (6) perceived effectiveness (the
belief that the intervention fulfils its intended objectives) and
(7) self-efficacy (an individual's confidence in their ability to ad-
here to the intervention as instructed) (Sekhon et al. 2017) (see
Figure 1).

4.3 | Study Setting and Recruitment
4.3.1 | Smarthealth Intervention

The smarthealth intervention was conducted from January 2021
to December 2023 and was registered with ClinicalTrials.gov
(ClinicalTrials.gov ID: NCT04536701). The 4-month trial was
designed to identify moments of stress in caregiving dyads using
acoustic monitoring and provide real-time stress management
recommendations (Rose et al. 2021). The initial month served as
a baseline period for emotion recognition by monitoring acoustic
data through pre-trained deep-learning models, which helped
detect stressful situations encountered by caregivers via changes
in voice tone, tenor or speed (Gao et al. 2021; Rose et al. 2021).

Participating caregivers received study equipment where the
study team members have installed the voice activity detection
system as well as EMA (e.g., a laptop, a smartphone and a Wi-Fi
router), set up the study equipment based on the reading man-
uals and ad-hoc instructions of the study team members and
recorded their voices into the system to monitor their stressful
situations.

During the next 3months (i.e., the implementation period), the
system sent check-in messages along with a stress management
tip (e.g., body scan, deep breathing, time-out and enjoyable ac-
tivities) through the EMA app on the study smartphone when
it detected caregivers' stressful situations or when interac-
tions between each caregiving dyad were likely to occur (Gao
et al. 2021). Caregivers were expected to engage in the recom-
mended activity within 30-60min of receiving the message
and answer follow-up questions about whether they had im-
plemented the activity and found it helpful or why they did not
follow the tip (Gao et al. 2021; Rose et al. 2021). Based on their
responses, the system determined caregivers' preferred stress
management tips and delivered one tailored to their preferences
using deep-learning techniques (Gao et al. 2021). At the end of
the study, caregivers answered the same questionnaires that
they completed at baseline. They also participated in individ-
ual, semi-structured interviews to share their experiences using
the system and provide feedback or suggestions regarding the
programme’s feasibility and acceptability. Figure 2 and Table 1,
respectively, illustrate an overview of the smarthealth interven-
tion and the study procedure.

How an individual
feels about the
intervention

The participant’s confidence
that they can perform the
behavior(s) required to
participate in the intervention

Self-Efficacy

The extent to which the
intervention is
perceived as likely to
achieve its purpose

Perceived
Effectiveness

The extent to which
benefits, profits or values
must be given up to engage
in the intervention

Opportunity
Costs

Affective
Attitude

Acceptability

A multi-faceted construct that
reflects the extent to which
people delivering or receiving a

healthcare intervention consider it
to be appropriate. based on
anticipated or experiential

cognitive and emotional
responses to the intervention

The perceived amount
of effort that is required
to participate in the
intervention

The extent to which the
intervention has good
fit with an individual’s
value system

Ethicality

The extent to which the
participant understands
the intervention and
how it works

Intervention
Coherence

FIGURE1 | Theoretical framework of acceptability. Source: This theoretical framework of acceptability was adapted from Sekhon et al. (2017).
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4.3.2 | Recruitment

Participants were recruited using purposive sampling. A re-
cruiter at a memory clinic in a Midwestern academic institution
introduced caregivers of people living with ADRD. The staff
then provided the research personnel (E.K., K.M.R.) with con-
tact information for caregivers interested in the intervention,
and the research personnel reached out to potential participants.
The recruitment method was also conducted through social
media and clinical trial platforms to recruit caregivers across
the United States. We requested the social media recruitment
service for the medical centre at the Midwestern academic in-
stitution. We uploaded the advertising posts to linked caregiver
support groups on social media platforms, such as Facebook.
Caregivers who accessed the study information online and
were interested in the study contacted the principal investigator
(K.M.R.) via phone or email.

4.4 | Inclusion and/or Exclusion Criteria

Eligible caregivers were adult primary caregivers of older
adults living with ADRD and those who: (1) reside with their
care recipients, (2) have access to home Wi-Fi for study par-
ticipation and (3) score above three on the Revised Memory

Recommendation Messages

1)  Stress management tips
2)  Positive affirmations

3)  Encouraging words
Monitor

Recommender
System

Recommendation
Messages

Smartphone

and Behaviour Checklist, indicating caregiver stress (Teri
et al. 1992). Eligible caregiving dyads who agreed to partic-
ipate proceeded with the verbal consent process during the
screening call and signed the electronic consent form sent via
a link.

We screened 201 caregivers, and amongst the potential caregiv-
ers, 22 caregiving dyads (22 caregivers and 22 care recipients)
provided signed consent forms (Ko et al. 2025). The exclusion
was mainly due to non-responsiveness, privacy concerns, a lack
of interest, research-related burden and not meeting the criteria.
Half of the 22 dyads ended up not participating in the study, and
one caregiver dropped out (see Figure 3).

4.5 | Data Collection

One-on-one interviews with each participant via Zoom, which
lasted an average of 71 min (46-110min), were employed. The
caregivers who participated shared their experiences with the
system and suggested improvements. The interview questions
focused on (1) system feasibility and acceptability, as well as
(2) system effects on emotional regulation and relationship im-
provement between caregivers and their care recipients. Table 2
illustrates key interview questions.

Acoustic Acoustic .
Classifier | Signal k.l.)
Microphone

Emotion Detection via

1)  Voices (acoustic signal)
2)  Daily/real-time surveys

Additional activities to be completed using study laptop:
Scheduled. virtual training sessions and check-ins with
study participants

Participant completion of data collection forms, at baseline
and end of study. via shareable REDCap link

FIGURE2 | An overview of smarthealth intervention. EMA =ecological momentary assessment; REDCap =research electronic data capture.

Source: The overview of the smarthealth intervention was retrieved from Rose et al. (2021).

TABLE1 | Study procedure.

Before study Baseline period (1 month)

Implementation period (3 month) Final

« Screening/consenting « Monitor acoustic signals of
« Equipment setup caregiving dyads through
« Baseline surveys conversations

Collect caregivers' daily
mood states via self-reported
surveys

« Final surveys
« Interview

« Monitor acoustic signals of
caregiving dyads through
conversations

« Collect caregivers' daily mood states
via self-reported surveys

« Daily messages for stress reduction
o Stress management tips
o Positive affirmations and

encouraging words
o Daily self-care goal
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Flowchart of Recruitment

201 caregivers contacted

Excluded (n=179)

e Did not respond to contact for
screening (n=82)
e  Worried about privacy issue (n=30)

e Not interested (n=29)

e  Study would be burdensome (n=26)

e Did not meet inclusion criteria (n=11)
e  No longer wanted to participate (n=3)
e  Others (n=11)

Withdrew from study (n=11)

e No longer wanted to participate
e  Failed to reach out after consenting
e  (Care recipient passed away

e  Study would be burdensome
e  Caregiving dyad would travel often
e Had difficulty with technology use

Screening Memory clinic (n=63)
Social media (n=125)
Others (n=13)
Consenting 22 Consented
Enrollment 11 Participated
v

10 Completed the intervention » 1 Dropped out

FIGURE 3 | Flowchart of recruitment. This image was adapted from our previous publication, Ko et al. (2025). Several of the 179 respondents

were excluded due to multiple reasons for non-participation.

4.6 | Data Analysis

Participants’ demographic data were analysed using descriptive
statistics, including frequency, percentage, mean and standard
deviation. The interviews with the caregivers were recorded
via Zoom and transcribed verbatim. Two authors read the tran-
scripts multiple times and analysed the interview transcripts
separately to improve trustworthiness. The two authors com-
pared and refined the initial codes generated independently
during regular discussions. Any code disagreement was re-
solved through regular meetings involving the other authors.
Subsequently, the refined codes were categorised and themat-
ically organised through the similarities in the characteristics
of the codes and the theoretical framework of acceptability. We
used Microsoft Word, Excel and NVivo, released in March 2020
(QSR International Pty Ltd. 2020), to analyse and describe par-
ticipants' data.

Abductive thematic analysis was employed as the data analysis
method. Thematic analysis helps interpret respondents’ mean-
ing by creating codes and themes (Braun and Clarke 2006),
whilst abductive data analysis engages researchers equally in
collected data and current theories or knowledge regarding the
topic (Braun and Clarke 2006; Thompson 2022). Researchers
can use this method to align the collected data with existing
theories and bridge the gap between theory and reality when
the existing literature or theory differs from the data explana-
tion (Thompson 2022). The abductive thematic analysis begins
by using prior theoretical knowledge and observing the partic-
ipants' data. It then proceeds through matching the data with
prior knowledge and proposing a theory to find the most suitable
explanation for a phenomenon (Thompson 2022). We initially
coded participants' interviews and categorised and thematised
them based on Sekhon et al.'s framework (Sekhon et al. 2017).
Additionally, we used the theme of ‘intervention adherence’,
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TABLE 2 | Key questions for interview.

TABLE 3 | Baseline characteristics of participants.

Items Questions

Feasibility of the system  « Tell me about your experience
using the Smarthealth system

« What could make this system
improved?

« Have you had any concerns
whilst using the Smarthealth
programme?

« How would this programme
positively or negatively affect
other caregivers like you?

Helpfulness of the stress  « Tell me about the provided
management tips stress management activities

» Overall, how have your
emotions changed before and
after the intervention?

« How has the intervention
helped you improve conflict
situations with [care
recipient]?

« How has this programme
improved the way you care for
[care recipient]?

defined as the extent to which participants adhere to the inter-
vention as intended (Lipschitz et al. 2022), without addressing
opportunity costs and self-efficacy in the acceptability frame-
work based on the collected interview data.

4.7 | Ethical Considerations

The Institutional Review Board at The Ohio State University
(#2019B0406) approved this study. Before collecting data, all
participants provided written informed consent.

4.8 | Rigour and Reflexivity

To enhance the rigour of this qualitative study, we applied four
criteria of trustworthiness: (1) credibility (i.e., similarities be-
tween the empirical data and researchers’ representation of the
data; internal validity), (2) transferability (generalizability and
external validity), (3) dependability (i.e., reliability and the con-
sistency of research findings) and (4) confirmability (i.e., the
neutrality of research findings) (Lincoln and Guba 1985; Nowell
et al. 2017). Two authors (E.K., K.D.W.) were involved in the
data analysis and shared the data interpretations amongst all
authors to raise credibility (Nowell et al. 2017). We also used
direct quotations when describing the themes and categories,
allowing readers to deeply understand the participants’ experi-
ences (Thompson 2022) and wrote memos to reflect on our expe-
riences and roles during the data collection and analysis (Nowell
et al. 2017). We followed the Standards for Reporting Qualitative
Research guidelines to report study findings and improve study
transparency (O'Brien et al. 2014).

Caregivers  Care recipients

(n=10) (n=10)
Age (mean [SD]) 62.4 (11.75) 77.3(8.23)
Gender (female, n [%]) 7 (70%) 3 (30%)
Race (non-Hispanic 8 (80%) 9 (90%)
White, n [%])
Education level (above 10 (100%) 7 (70%)
high school, n [%])
Employment status 3(30%) 0 (0%)
(employed, n [%])
Marital status 7 (70%) 8 (80%)
(married, n [%])
Caregiving hours/day 20.9 (6.64)
(mean [SD])
Caregiver duration 35.1(21.34)
(months, mean [SD])
Household member 2.3(0.67)

(mean [SD])

Note: n=number; SD =standard deviation.

5 | Results
5.1 | Characteristics of Participants
5.1.1 | Demographics

Table 3 illustrates the demographic data of the participants. This
study included 10 caregiving dyads (10 caregivers and 10 care
recipients), and all the caregivers completed interviews. The av-
erage age of caregivers was 62.4years, whilst that of care recip-
ients was 77.3years. Caregivers were mainly females (70%), as
opposed to the percentage of female care recipients (30%). The
caregiving dyads were predominantly White (80% of caregiv-
ers and 90% of care recipients). All caregivers had tertiary ed-
ucation levels above high school; care recipients also reported
a high education level above high school, accounting for 70%.
Three caregivers were working and providing caregiving. Seven
of them were married and cared for their spouses. On average,
caregiving hours per day and duration per month were around
21h and 35months.

5.2 | Qualitative Results

Seven themes and 19 categories emerged regarding the accept-
ability and effects of the smarthealth system (see Figure 4).

5.2.1 | Attitude

The theme ‘Attitude’ in this study referred to the extent to
which an individual feels about participating in an inter-
vention and assesses the intervention based on their user
experience. This theme encompassed affective and cognitive
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* Initial impressions
* Appraisal
* Perceived accuracy

*  Enriching intervention resources
* Individual tailoring -
*  Making the system more accessible ~

Suggestions

Perceived
Effectiveness

* Conflict management

= Awareness

* Emotional regulation

* Unaware of or gradually devaluing the benefits

Attitude

Accept-
ability

* Deploying the system
* Using the system

* Varying by personal relevance
» Perceiving as necessary for everyone

Ethicality

Intervention
Coherence

Intervention
Adherence

« Setting up the system in an optimal place
¢ Understanding the study procedure
* Misunderstanding activities

-

—~__| * Endeavoring to adhere
« Struggling to adhere

FIGURE4 | Themes and categories related to the acceptability of a smarthealth intervention. The themes are listed in the circle, and categories
are listed in the outer rectangles that correspond to the theme. Source: This map was based on the framework presented in Sekhon et al. (2017).

attitudes and included three categories: (1) initial impressions,
(2) appraisal and (3) perceived accuracy. Sekhon et al. (2017)
placed affective attitude as one of the components in the
framework of acceptability and defined it as ‘how an individ-
ual feels about taking part in an intervention’. This component
can include individuals' impressions, fondness or comfort to-
wards the intervention. In contrast, cognitive attitude reflects
individuals' assessments and perceptions of products based
on their user experiences (Zahid et al. 2024). These two as-
pects contribute to the overall meaning of attitude. Therefore,
we replaced affective attitude in the original framework with
‘Attitude’ to encompass participants’ cognitive and emotional
considerations.

Participants in this study initially had various impressions re-
garding the intervention, such as concerns or expectations,
which could change over time. For example, some were wor-
ried about setting up the system on their own or had privacy
concerns. However, these concerns diminished over time as the
participants became used to the system and paid less attention
to them.

Initially, it felt weird to know that there was a
recording going on the whole time and privacy issues.
[...] but then, after a while, after about two or three
weeks, you just forget about it.

[P02, male, spousal caregiver, retired]

Some other caregivers expected that the intervention would im-
prove their reactions to their care recipients and improve their
emotional health. The perceived satisfaction with using the sys-
tem varied amongst participants.

When it came to appraisal, participants determined the values
of system functions and intervention components, sharing both
positive and negative feedback. Participants found the system
procedure thoughtful, not invasive and remotely available. They
also enjoyed the intervention over time and hoped the study

would continue. Some caregivers valued following the interven-
tion components, even for a short period. They found these tips
beneficial and appreciated the self-care goal messages and en-
couraging words, contributing to the overall positive experience
of using the system.

I think it's a really good program that you're having.
It's very, it's understandable, and it doesn't have a
whole lot of things, but it's still personal things that
you have.

[P09, female, spousal caregiver, retired]

However, negative feedback on the intervention was also raised
for several reasons, such as receiving texts in non-stressful mo-
ments and facing challenges in performing activities in real-time
when they received messages. Additionally, some caregivers
reported comments specific to the intervention components,
including that the body scan activities did not work for them,
encouraging words seemed superficial and the time-out activi-
ties sounded too childish.

Interaction with research staff was also one of the important
aspects that contributed to the appreciation of the intervention.
Some caregivers were satisfied with the staff notifying them of
the issues promptly. In contrast, others pointed out the need for
more frequent communication with the users to enhance the
overall support system (Ko et al. 2025). Sharing visualised data
with users also served as a key to encouraging participants to
engage with the system. Some participants found that the vi-
sualised data indicated the system captured their emotions ac-
curately. In contrast, others noticed discrepancies between the
data and their perceptions. Sharing these data during the inter-
views positively influenced their emotional awareness.

The other category of attitude was the perceived accuracy of the
system. Participants assessed the system'’s accuracy with mixed
feedback. Some reported that the system was quite accurate,
rating it 65%-90%. Considering that the system sent alerts in
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stressful situations, there were some moments when the system
detected non-stressful situations as stressful.

There were times when there was stress, and it picked
it up appropriately. But then, again, there were times
where I wasn't there and say, that I'm stressed, you
know.

[P10, male, adult child caregiver, employed]

By contrast, other participants felt that the system was less ac-
curate, even rating it at 20% accuracy. They reported that the
system failed to detect stressful moments, as the participants
received messages indicating stress despite not experiencing
it. Apart from mistaking non-stressful situations for stressful
ones, other reasons were addressed regarding a lack of accuracy,
such as capturing non-caregiving stressful situations, not being
angry but frustrated and not verbalising stress when stressed.

Sometimes it gets aggravating when you have to say

things three or four times, so it's not really anger, it's just

frustration, you have to explain complicated concepts.
[P02, male, spousal caregiver, retired]

In sum, participants had mixed attitudes towards using the
system, which might affect their involvement. Furthermore,
another theme named ‘burden’ could potentially influence the
study participants' behaviours during the assessment of the sys-
tem's acceptability.

5.2.2 | Burden

According to Sekhon et al. (2017), burden refers to the perceived
amount of effort required to participate in the intervention. The
burden regarding the smarthealth intervention is associated
with situations when participation requires too much time, ex-
pense or cognitive effort, indicating that the burden is too great.
Participants in this study discussed the burden of deploying the
system and using the system.

Participants experienced both challenges and positive experi-
ences whilst deploying the system. For example, a caregiver who
had positive experiences using the intervention felt uncomfortable
and frustrated whilst setting up the system, particularly amongst
caregivers who were not tech-savvy. However, caregivers gener-
ally found the system easy to set up. Specifically, the manual for
system set-up was well described, and the colour-coded labelling
reduced their burden during the system set-up process.

I'm not the most tech-savvy. But the instructions
about everything how to set it all up, you know, it was
easy to follow. It didn't require a rocket scientist type,
degree, or anything.

[PO7, female, spousal caregiver, retired]

However, the participants experienced various challenges in using
the system. One challenge was the timing of the messages sent.
Caregivers frequently received alarms when they were busy or re-
ceived excessive messages in non-stressful situations, potentially

leading to frustration with the system. A caregiver who was
stressed whilst providing care felt annoyed by the need to answer
questions, which added to their stress and considered the system
an extra, time-consuming task rather than a helpful tool.

The alerts that I would get would always happen at
the worst possible time when I was right in the middle

of something.
[P04, male, adult child caregiver, not currently
employed]

We also identified several technical issues, including system
and software interface glitches. In addition, some participants
suggested that the system should be more flexible and less in-
trusive, considering the user's schedule and movement at home
and outside.

I'm not a regimented person, I don't take a shower
every morning, at 7:45. [..] I have the flexibility of
‘Eh, if I want to take a last-minute shower before I go,
why?’ If T take a shower, and nobody cares.

[P03, female, spousal caregiver, employed]

5.2.3 | Ethicality

In the framework of acceptability, ethicality was explained as
the extent to which the intervention has a good fit with an indi-
vidual's value system (Sekhon et al. 2017). This definition can be
rephrased as the perceived fairness of the intervention for users
with specific conditions (Sekhon et al. 2022). Participants in
the study shared their thoughts about whether the intervention
would suit their situation, and two categories emerged: varying
by personal relevance and perceiving as necessary for everyone.

They revealed that the system seemed particularly effective for
non-working individuals, such as those who are retired or work
from home whilst providing care or for people with high stress
levels and conflicts with their care recipients.

I think for somebody who is not working, and who is
just at home and focuses on the person that they are
caregiving for, it[smarthealth system] probably works
really well.

[P03, female, spousal caregiver, employed]

It could potentially be very positive if you get people
that are, um, more trouble handling the stress of

caregiving or maybe if you come back to me in 2 years.
[P02, male, spousal caregiver, retired]

Another concern raised by a participant who had previously
worked in the technology field was that non-tech-savvy users
might struggle to use the system effectively due to limited fa-
miliarity with technology, indicating a need for additional sup-
port or training for these individuals. However, caregivers who
reported themselves as ‘non-tech-savvy’ believed the system
would benefit caregivers regardless of their familiarity with
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technology. One participant stated that the intervention should
be provided to those who are just starting their caregiving jour-
ney and are in greater need of support from both the community
and themselves.

I think it would be really helpful for caregivers. I
really don't think there's enough things for the people
in the community.

[PO5, female, spousal caregiver, retired)|

5.2.4 | Intervention Coherence

Intervention coherence was associated with how appropriately
participants understood the intervention, including its purpose,
procedure and expected effects, which is related to ‘the face va-
lidity of the intervention’ (Sekhon et al. 2017). Intervention co-
herence in this study included the categories of (1) setting up the
system in an optimal place, (2) understanding the study procedure
and (3) misunderstanding activities.

System deployment in an appropriate place at home is crucial.
Participants’ locations for system deployment varied, including
the family room, kitchen or corridors between the two areas at
home. However, all the caregivers understood and agreed to lo-
cate the system far from televisions (TV) or radios to avoid inter-
ference and in places with many interactions to help the system
catch their interactions with their care recipients.

We placed it, like, in the area between our living room
and our kitchen. I think that was good because it was
far enough away from the TV. I think it was a good
place, like the area of the house where we spent the
most time.

[P03, female, spousal caregiver, employed]

Participants stated that they understood the complexity of
the smarthealth intervention, the study's purpose and its
value. This comprehensive understanding helped participants
align with the study’s goals and constantly engage with the
intervention.

I know that there was a recorded period in the
beginning, where they did a baseline. And they tried
to capture, you know, his.., how things sounded
normally and then they would, you know, look for a
deviation from that.

[PO5]

However, although participants understood the study proce-
dure, they also misunderstood certain stress management tips.
The misunderstanding was particularly apparent about the con-
cept of ‘enjoyable activities’ and ‘time-out’. Some caregivers ini-
tially didn't consider the importance of engaging in enjoyable
activities with their care recipients. Similarly, a few believed
they needed to change locations, but their understanding im-
proved after further explanation.

I was a first-grade teacher. So, for me, it[time-out]
meant go in the corner and be a bad girl. I didn't
associate it right.

[PO6, female, spousal caregiver, retired]

5.2.5 | Intervention Adherence

To explore intervention acceptability and feasibility, address-
ing both intervention adherence and coherence is important.
Intervention adherence can refer to how participants follow the
intervention as intended (Lipschitz et al. 2022). Two categories
were generated: endeavouring to adhere and struggling to ad-
here. During the intervention, some participants tried to answer
phone surveys as much as possible and follow activities, even
though the timing was not the same as when they received the
messages. They planned to keep using stress management tips
even after completing the study.

I could do it on my own when I had the time. When I
found a couple of minutes space, I would just do the
deep breathing exercise.

[P10, male, adult child caregiver, employed]

In contrast, some participants were challenged to be involved
in the study as intended. The barriers were multifaceted. One
common barrier was a lack of time to participate actively in
the study. Participants struggled with the following activities
due to the uncertainty of caregiving situations and high care
responsibilities. Whilst some tried their best to participate
in the study, others wanted to take a rest instead of follow-
ing the stress management recommendations. Such a reason
might reduce caregivers' intention to engage in the study and
perform stress management activities. Another reason was
forgetting about the system, especially on weekends, or for-
getting to receive messages altogether. Participants also found
it difficult to respond to messages and participate in activities
because they had placed their study smartphones away from
their physical locations. They missed some messages when
they were in another room or left the study phone somewhere
in their home, but not close to them. In addition, they needed
to leave home during the day due to other prioritised activities,
such as a care recipient's hospitalisation, work obligations or
running errands, which resulted in missing or skipping an-
swering the messages.

I would just forget, I would hear the alarm and I'll
take, I'll go over there, in a second, and then I forget

about.
[P04, male, adult child caregiver, not currently
employed]

Some participants encountered technical issues with the system
due to system malfunctions or other unforeseen circumstances.
For example, some did not receive regular messages or were not
able to see messages appropriately, whilst others experienced
power outages that disrupted receiving and answering messages
and following activities on time.
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I don't know... I mean, even lately, I haven't even
heard the first one command in the morning.
[PO1, female, spousal caregiver, retired|

We had a power, storm that went through, and so
there were some windows of time where we weren't

connected.
[PO5, female, spousal caregiver, retired)|

Overall, participants tried to engage in the intervention as in-
tended, but several barriers to adherence existed.

5.2.6 | Perceived Effectiveness

Understanding the study procedure and following the interven-
tions appropriately is essential to assessing the effectiveness of an
intervention. Sekhon et al. (2017) refer to perceived effectiveness
as ‘the extent to which the intervention has achieved its intended
purpose’. Participants in this study recognised the positive in-
fluence of the smarthealth intervention. The benefits included
(1) conflict management, (2) awareness of caregiving situations,
emotions and self-care needs and (3) emotional regulation.

Participants reported they improved how they cared for their care
recipients (i.e., conflict management). Participating in the inter-
vention made them more conscious of their reactions to care re-
cipients. They also attempted to understand their care recipients’
behaviours, which included calming them down, filtering words
and focusing more on their hidden meanings than their apparent
behaviours. Additionally, caregivers sought positive interactions
to understand their care recipients better.

Regarding awareness, participants revealed that the intervention
raised their awareness of caregiving situations. They became aware
of their own lives and caregiver roles and tried to think about their
caregiving journey, despite still feeling it was hard to be aware.

It made me become more aware of how to continue to
be that supportive person without me feeling guilty
or without me feeling like ‘I'm not doing as much as I
should or could’.

[PO7, female, spousal caregiver, retired]

Participants were also more conscious of focusing on themselves
and finding more time for themselves. For example, one partic-
ipant neglected self-care activities whilst performing caregiving
duties, but he noticed the importance of self-care by following
the activities.

It's very easy just to ignore yourself and not think
about that. [I'm] maybe more aware of ‘Oh, I need
to... not necessary blow off steam’, through breathing
or something whatever it is, because we accumulate
stress and it does have a negative effect.

[P0O2, male, spousal caregiver, retired]

Moreover, participants became conscious of their emotions, the
connection between voice and emotions, the stress-inducing
factors, their reactions to stress and stress management. For in-
stance, they stated that the alarms served as a reminder of the
need to alleviate stress.

[I'm] more aware of my limitations as a human
being, and that I need to work on certain things. [...]
When I was stressed regardless of why and the phone
would alert me. It was kind of like a take a step back,
like, ‘Okay, maybe you're getting a little, little over-
threshold’, kind of a thing.

[PO8, female, adult child caregiver, employed]

Participants learned how to regulate their emotions (i.e.,
emotional regulation). Adhering to the intervention helped
them become more patient, mindful and controlled
emotionally.

I feel a little more emotionally healthy. [...] I think
I'm more patient in my dealings with him. I think
it's like more mindful of. It just, you know, and by
doing that more and more, that has become a go-to
behavior for me, you know, instead of getting angry or

commenting about something. I just let it go.
[PO5, female, spousal caregiver, retired]

Although some participants reported the effects of the inter-
vention during the interviews, others were unaware of or grad-
ually devalued the benefits. A caregiver who addressed positive
aspects of the intervention regarding emotional awareness did
not consider that the smarthealth intervention helped improve
self-care behaviours. Another caregiver stated that the inter-
vention seemed useful, but did not prefer the real-time-based
approach as it would add additional tasks and stress whilst pro-
viding care.

That is useful, but it's not really useful to get a prompt.

I [...] So, like, ‘Okay well now is not a good time’.
[P04, male, adult child caregiver, not currently
employed]

Interestingly, a participant noted that the perceived value of the
intervention components appeared to diminish over time due
to increased familiarity with the system. However, she still rec-
ognised the system's helpfulness.

It does not necessarily mean that was really, truly
less helpful. That, it may be more of getting used to it.
You're taking your morphine and it's really working
at first, so you're like, ‘Yeah!” And then it was timing
more and more below... So uphold on that it's getting

used to it in fact.
[P03, female, spousal caregiver, employed]

10 of 15

Journal of Advanced Nursing, 2025

85U8017 SUOWILOD BAI8.D 3|qed!|dde au Aq peusenob ae sapie YO SN JO SN 104 AreIqIT8UIUQ AB|IM UO (SUONRIPUOO-PUR-SWUBH WO A3 1M AeJq 1 BUl|UO//SANY) SUORIPUOD PUe SWLB 18U} 88S *[6Z02/90/92] Uo A%iqiTauliuo A8|IM ‘20004 UeTTTT 0T/I0p/woo A8 im Aseid i puljuoy//sdny wouy papeojumod ‘0 ‘8v9zs9eT



5.2.7 | Suggestions

In addition to feedback and comments on the smarthealth in-
tervention, participants also provided suggestions that would
improve the quality of the intervention in the future. This
theme includes three categories: (1) enriching intervention re-
sources, (2) individual tailoring and (3) making the system more
accessible.

First, caregivers suggested that the current tips in the interven-
tion should be modified by providing a more detailed explana-
tion of stress management tips, such as enjoyable activities and
time-out practice. Participants also suggested adding extra ad-
vice, such as engaging in physical activities, listening to music,
creating a customised list of enjoyable activities and incorporat-
ing elements related to caregiving skills.

There's some [care recipient's| behaviors that I find
difficult to deal with. At times, it would be nice to
have specific fixes for those things.

[PO5, female, spousal caregiver, retired|

Another suggestion was an individual tailoring approach to
improve the acceptability and feasibility of the smarthealth
intervention. Caregivers proposed that users should be more
involved by initiating messages themselves and following activ-
ities on their own time, receiving a call from a human or Al in-
stead of messages and noticing the time they receive messages.
Monitoring the visualised data during the intervention, such as
using a time graph that shows stress levels instead of receiving
real-time messages, could be beneficial.

What would be nice is if I could either, just on my own
time, track, like, how many times a day, ‘Did you do
a breathing exercise’, like ‘I'm going to do, breathing
exercise now, because mom's in bed or she's napping’.
[PO4, male, adult child caregiver, not currently
employed]

You have no idea of knowing, you know, whether
it's a stressful day or calm day or, you're just sending
messages to me.

[PO5, female, spousal caregiver, retired]

Additional needs regarding an individual-tailored approach
included considering each caregiver's technology literacy and
caregivers' situations (e.g., stress from non-caregiving situations
and their care recipient's health decline), customising prompts
and selecting tips according to individual preferences.

I Everybody's experiences are different. It's not like a
one-size-fits-all kind of thing.
[PO7, female, spousal caregiver, retired]

The other key suggestion was to make the system more acces-
sible. Caregivers suggested providing additional devices or ac-
cessories to facilitate easier device setup or phone portability.
One caregiver also suggested carrying the phone outside to

avoid more stressful situations. Additionally, caregivers recom-
mended integrating the system into their personal devices.

Iwould think that the end product, like the app of the
future, it wouldn't have the computer listening in on
your voice whether it is stressed or not.

[P03, female, spousal caregiver, employed]

Along with the updates on hardware, caregivers proposed that
there should be an effort to edit the stress detection algorithm
to enhance the accuracy and reliability of the voice detection
system. Renovating the application design, such as adding ad-
ditional features to the EMA app or allowing multiple caregiv-
ers to be involved in the system, is another key consideration to
make the system more accessible and user-friendly.

It would have been cool if when I missed tasks or
didn't do the suggestions, if like, there were more
options to explain why. Or if there was like, you know,
like a free form.

[PO8, female, adult child caregiver, employed]

6 | Discussion

We described the user experiences and perceived benefits
of smarthealth intervention, a 4-month intervention using
acoustic monitoring and interactive recommendations for
stress reduction amongst caregivers of people living with
ADRD. We classified the findings into seven sections: (1) at-
titude, (2) burden, (3) ethicality, (4) intervention adherence,
(5) intervention coherence, (6) perceived effectiveness and (7)
suggestions. Participants expressed initial thoughts about the
system and evaluated its function and accuracy for stress de-
tection (attitude). Some participants encountered difficulties
deploying and using the intervention (burden) and considered
whether it aligned with their values (ethicality). Participants
also discussed how they adhered to the intervention and what
hindered their involvement (intervention adherence). They
understood the intervention's purpose and procedures ac-
cordingly, although some misunderstood stress management
tips (intervention coherence). The perceived effectiveness of the
system varied amongst participants, but there were improve-
ments in conflict management, awareness of caregiving sit-
uations, emotions, self-care needs and emotional regulation.
Suggestions for improvement were considering each user's
unique characteristics, such as enriching intervention re-
sources, tailoring the system to individual needs and ensuring
system accessibility.

Some participants who entered the study with initial concerns
reported a decrease as they became more familiar with the
system, and none of the participants raised any issues about
privacy invasion during the study. The transition from ini-
tial discomfort to a neutral or positive outlook highlights
the importance of giving users time to adjust and determine
the system's genuine effect. This adaptation process may be
necessary to improve the effect of interventions that rely on
ongoing monitoring or other intrusive technologies. Despite
these adjustments based on actual participants' feedback, we
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faced recruitment challenges and could only enrol 10 individ-
uals, due in part to concerns about privacy, lack of interest
and the perceived burden of participation. These barriers may
stem from low digital literacy and limited trust in technol-
ogy (Hassan 2020), making individuals hesitant to engage
in technology-based interventions. Moreover, prior research
on dementia caregivers' technology use indicates that their
primary purposes for technology use are to coordinate care,
access hands-on support and find information about medica-
tions or care strategies (Block et al. 2020). These uses are pre-
dominantly focused on supporting care recipients rather than
addressing caregivers' health needs, possibly contributing to
caregivers' limited interest in our intervention.

To reduce caregivers' perceived burden and concerns about the
smarthealth intervention, we employed several strategies, such
as providing detailed instructions with pictures and colour-
coded labels on the study equipment and ensuring that they
did not need technological literacy, as the participants used the
system in a passive monitoring manner. The comprehensive in-
struction of the system and minimal involvement in controlling
the system may reduce caregivers' concerns about advanced
technology use (Gao et al. 2021). However, unfamiliar technical
terms or the need to instal additional devices may still concern
less tech-savvy participants. Engaging caregivers of people liv-
ing with ADRD across varying levels of technological familiar-
ity and encouraging them to focus on their health is essential.
To support this, interventions could be conducted with accessi-
ble devices (e.g., smart watches, personal smartphones or rings)
and non-technical language for older caregivers. Moreover, in-
corporating peer support and offering personalised feedback
on changes in caregivers' stress may motivate them to prioritise
their own health. Sharing existing users' feedback and providing
multicomponent interventions that address the needs of both
caregivers and care recipients may also improve participant
engagement.

Whilst some participants reported high accuracy in stress
detection through acoustic monitoring, the limitations in the
smarthealth intervention's accuracy were also noted. The
feedback might highlight challenges in interpreting acous-
tic signals for stress, likely due to individual differences in
stress perception and expression. For instance, some partic-
ipants raised their voices to vent stress, whereas others did
not. Caregivers of people living with ADRD are also likely to
hide their emotions; this may be related to the increases in
caregiving burden and depression (Khalaila and Cohen 2016).
Additionally, background noise and environmental factors
may also disrupt the acoustic monitoring, complicating the
analysis of vocal stress indicators. This issue may be further
related to the participant's perception that the system may not
be suitable for their caregiving situation and stress. Future
studies on developing more refined algorithms considering
individual emotional expression mechanisms in diverse care-
giving contexts may be warranted. Additionally, we should
not ignore the situation in which unrecognised stress affects
the subtle body response, as voice is one of the factors indicat-
ing stress (Pisanski et al. 2018), suggesting the possibility that
participants might not recognise their stress or negative emo-
tions when the system detected subtle changes in their voice.
To help users more reliably recognise stressful moments,

additional biological measurements, such as heart rate vari-
ability or skin conductance response, could be used along
with the voice recognition system.

In addition, there were burdens and challenges regarding the
real-time-based approach. A real-time approach has the poten-
tial to regulate emotions (Bettis et al. 2022). However, caregiv-
ers of people living with ADRD tend to provide a wide range of
caregiving responsibilities to their care recipients (Alzheimer's
Association 2024), which may hinder caregivers from engag-
ing in real-time-based interventions. It can also cause the
variability of participants’ feedback on the smarthealth inter-
vention. To effectively implement a real-time intervention for
caregivers of people living with ADRD, it may be necessary
to integrate real-time monitoring whilst assisting caregivers'
responsibilities through comprehensive support. For example,
it would be beneficial if the voice activity detection algorithm
could identify caregiving tasks, such as assisting with activi-
ties of daily living, to avoid sending alerts during these times.
Additionally, the stress notification method could be cus-
tomised based on each participant's preference (e.g., sound,
vibration, light, display of number). This approach can help
users reduce the intervention-related burden and improve ad-
herence to the smarthealth intervention. Moreover, although
most participants acknowledged the intervention's purpose
and procedures, some misunderstood certain intervention
components, such as time-out and enjoyable activities. This
suggests a need to enhance understanding through frequent
communication and follow-ups, helping caregivers perceive
more benefits from the smarthealth intervention.

Regarding the ethical aspects, participants noted that the in-
tervention may be particularly suitable for caregivers who are
unemployed or experiencing high levels of stress. This is likely
because the intervention involved installing devices in partici-
pants’ homes and using EMA apps and smartphones to monitor
emotions and provide stress management tips. The intervention
was developed during the COVID-19 pandemic, when many
caregivers were confined to their homes and facing increased
stress and burden (Rose et al. 2021). This background may have
made the intervention more relevant to in-home primary care-
givers and those with higher stress levels. To serve a broader
range of caregivers, future adaptations may need to include more
flexible delivery options, such as asynchronous settings that can
be accessed at the caregiver's convenience or tailored modules
based on individual stress levels. Nevertheless, participants ap-
preciated the intervention's role in raising emotional awareness
and acting as a reminder of their stress. Their feedback suggests
that the intervention helped them acknowledge the challenges
of caregiving and offered emotional support, indicating its po-
tential as an ethical and widely applicable support tool.

Participants’ perceived effectiveness of the smarthealth inter-
vention needs to be highlighted. Previous literature on interven-
tions targeting family caregivers of people living with ADRD has
reported significant effects on reducing stress, depressive mood,
anxiety or burden amongst caregivers (Murfield et al. 2021; Sun
et al. 2022) These findings can align with the increase in emo-
tional regulation addressed in this study. However, previous re-
search has still underexplored the other effects reported in this
paper, such as the intervention's effects on caregivers' awareness
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of caregiving situations, emotions and self-care needs and their
ability to manage conflicts with care recipients. Sun et al. (2022)
revealed that the effects of interventions might vary depending
on the type of intervention, such as support groups improving
quality of life and psychoeducation mitigating anxiety, depres-
sion and burden. Therefore, it is necessary to explore which
types of interventions are most effective in specific aspects of
caregivers' emotions or needs.

The smarthealth intervention, which delivers real-time mes-
sages when the device detects caregiver stress, is likely to stimu-
late individuals' auditory systems and motivate them to engage
in a certain activity or recognise what actions are necessary
(Cochrane 2023). This feature of the smarthealth intervention
may encourage participants to conduct stress management strat-
egies or identify their emotions, conflict situations and needs at
the moment, potentially preventing the accumulation of stress.
However, not all participants experienced these benefits. For
instance, some found the digital alarms in real-time stressful
and overwhelming. Therefore, future studies on real-time-based
interventions should develop more personalised alert systems,
ensuring that they raise participants’ awareness of emotions and
self-care needs without adding unnecessary stress.

Participants’ suggestions that the intervention be more individ-
ually tailored are consistent with previous literature findings
(Cheng et al. 2020; Zhai et al. 2023). The system is designed to
provide participants with a preferred tip from the incorporated
stress management strategies, based on their responses to ques-
tions following each recommended tip, using reinforcement
learning (Gao et al. 2021). Despite these efforts, participants did
not perceive this approach as a tailored solution. It might be due
to insufficient intervention duration or the limited number of
tip choices rather than open-ended options. Moreover, although
participants understood the system and intervention appropri-
ately, they might not always have been able to be actively in-
volved in the intervention due to various factors, such as both
caregiving and non-caregiving tasks disrupting their under-
standing of the intervention process. Hence, the system should
consider offering explicit, customised stress management tips
to each participant by allowing them to address their preferred
stress management tips before starting the intervention or by
using clearer language that highlights ‘customised’ features to
improve their recognition of its tailored solution.

6.1 | Limitations and Strengths of Work

This study has several limitations. The smarthealth system
used for this study is still in development, leading to technical
problems (e.g., error messages on the EMA app). Environmental
issues (e.g., a lack of battery power, power outages or an unsta-
ble Internet connection) also caused difficulties for the study
team. Whilst such issues were resolved quickly, they may have
bothered the caregivers. Additionally, due to equipment costs,
we were limited to four deployments at a time, each lasting
4months, with extra time needed to retrieve and reset equip-
ment for other participants. System development and technical
setup took several years, possibly shortening implementation
time. These factors may have contributed to low participant re-
cruitment and deployment rates.

Although this pilot study intended to generate insights and
inform future research rather than produce robust evidence,
the small sample size and limited race and gender distribution
amongst participants limit the generalizability of results. Female
caregivers are more likely to experience stress and burden than
male caregivers and lean towards emotional coping strategies
rather than using a problem-focused method (Swinkels et al.
2019). Race and ethnicity can also make differences in caregiver
stress and the well-being of caregivers of people living with
ADRD (Alzheimer's Association 2024).

However, the findings address the need for smarthealth inter-
ventions for dementia caregivers. This programme could help
participating caregivers increase awareness of their stress and
caregiving situations and regulate emotions and conflicts with
care recipients. Applying this intervention to the caregiver pop-
ulation may encourage them to accept changes in their feelings.
This acceptance can be one factor in developing a protective pro-
cess for individuals when overcoming a challenging situation
that may cause deficits in daily functioning (Poe et al. 2023).

6.2 | Recommendations for Further Research

To improve the accuracy of stress detection through acoustic
monitoring, it may be necessary to improve the algorithms used
for stress detection by embedding the individual threshold of
stress and emotions and considering noisy environments using
voice activity systems (Liu et al. 2024). This modification may
customise the smarthealth intervention, ensuring its relevance
to the participants' situations and values, thereby increasing
its effectiveness and acceptance amongst the caregiving pop-
ulation. To enhance the system's accuracy, it is also necessary
to incorporate additional data sources for stress, such as heart
rate variability or cortisol levels (Pisanski et al. 2018). Moreover,
future studies also need to consider situations where no verbal
actions but non-verbal language do occur, as non-verbal com-
munication is also associated with negative aspects of caregiv-
ing (Kim et al. 2024). Applying this solution to a small number
of participants and generalising the system may be challenging.
To generalise these findings, we should expand the use of the
intervention to a larger sample.

As this study showed the potential of the smarthealth interven-
tion to enhance self-perception of emotion and conflicts with
care recipients amongst the participating caregivers, this ben-
efit is worthy of further observation with a larger sample. The
tips provided will offer caregivers coping strategies they can use
in demanding circumstances. Therefore, we should continue to
examine, develop and further generalise the smarthealth inter-
vention to help caregivers of people living with ADRD recognise
their emotions and mitigate potential health risks. Future stud-
ies should develop and monitor a revised version of a real-time-
based smarthealth intervention and explore its feasibility with a
larger sample.

6.3 | Implications for Policy and Practice

Self-awareness is a component of self-care interventions recom-
mended by the World Health Organisation (WHO), and it can
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facilitate the demand for self-care behaviours (World Health
Organization 2022). Given that the participants perceive bene-
fits from the smarthealth intervention, such as improved aware-
ness of self-care and emotional regulation, our findings align
with the WHO's guidelines on self-care interventions for health
and well-being. Therefore, our study can potentially enhance
self-care behaviours and well-being amongst caregivers of peo-
ple living with ADRD. This study also relies on acoustic mon-
itoring to detect stressful situations and collect real-time data.
Considering different caregiving situations and stress expres-
sion mechanisms may help health professionals provide ongo-
ing, customised support and follow-ups, building rapport with
dementia caregiving dyads.

7 | Conclusion

This study explored the feasibility and acceptability of
smarthealth intervention from caregivers of people living with
ADRD. Participating caregivers understood the intervention
properly, although they had faced some challenges whilst par-
ticipating. The interventions could also help caregivers increase
their awareness of emotions and caregiving situations and reg-
ulate their emotions and conflicts with their care recipients.
However, there should be a need for an individualised approach
considering the various caregiving situations of different care-
givers. Future efforts should be necessary with a focus on refin-
ing such innovative interventions for caregivers of people living
with ADRD and their emotions, assessing their feasibility with
a larger sample size.
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