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Abstract

Background: Although the experience sampling method offers advantages for gerontological research, it has sel-
dom been applied to examine well-being and meaning-making tendencies among adult children working caregivers
of parents with dementia and thus lacks empirical support for such applications. In response, we aimed to validate the
proposed protocol’s participation status, feasibility, usability, and ecological validity.

Methods: For 15 consecutive days, 100 adult child working dementia caregivers participated in our study via web-
based assessments on their digital devices. The protocol was first adjusted based on a series of pilot interviews with
eight volunteer dementia caregivers. Participants'compliance and preferred times for activities along with the proto-
col’s feasibility, usability, and ecological validity were evaluated in a follow-up session with all participants.

Results: The protocol was adjusted in light of recruitment details, user interfaces, the reminder mechanism, and
reference time for assessments. The general compliance rate was 93.3%. Preference times for assessments of work (10
a.m.to 3 p.m.), care (6-8 p.m.), and personal activities (7-10 p.m.) were identified. The protocol was generally con-
sidered to be feasible and easy to use, and ecological validity analysis indicated that the collected data adequately
represented real-world data.

Conclusions: Our study provides empirical evidence to support an innovative protocol and evaluate its implementa-
tion so that future studies using it can better investigate the relationship between meaning-making tendencies and
well-being among adult child working caregivers for parents with dementia.

Keywords: Experience sampling method, Protocol design, Feasibility, Meaning-making tendencies, Well-being,
Working dementia caregivers

research, especially its associations with the meaning-
making of caregiving experiences in working caregivers

Background
Well-being, including hedonic and social well-being

in relation to one’s physical and emotional status, has
often been a key outcome investigated in gerontological
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of people with dementia (PwD) [1]. However, measuring
well-being using conventional approaches has thus far
presented several concerns. First, between-person dif-
ferences have been emphasized, whereas within-person
variance has often been overlooked for ideographic pur-
poses during a period of time [2—4], especially regarding
the daily status of target populations in studies not using
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effective designs [4]. Second, in studies using multilevel
or panel data, ecological validity has not been prioritized
[5], while their accuracy and reliability may have suf-
fered due to recall bias and/or the recency effects [3, 6].
Lacking ecological validity compromises the accuracy of
capturing emotional and cognitive experiences and pre-
cludes precise reflections of real-life human ecology [7,
8]. For instance, a causal relationship between positive
aspects of caregiving experiences and well-being among
working dementia caregivers from a cross-sectional per-
spective is less persuasive than from a longitudinal per-
spective [1].

Thus, to increase the explanatory power in relation to
within-person variances and to improve ecological valid-
ity in the measurement of well-being, the experience
sampling method (ESM) following the event-contingent
approach can be adopted to investigate well-being vari-
ances in the occurrence of the same or multiple events
over a short time period by collecting daily well-being
states simulating real-world data [6, 9, 10]. The ESM,
also called “ecological momentary assessment” in some
studies, is an intensive longitudinal research method
using a structured self-report diary techniques designed
to record participants’ momentary thoughts, feelings,
behaviors, and perceived environments on multiple occa-
sions intermittently over a short period of time [11-13].
ESM has been commonly used in social psychology and
health research, focusing on measuring both subjective
(e.g., emotional mood, appraisals, momentary reflections,
social interactions) and objective (e.g., psychiatric symp-
toms, acute health issues, behavioral problems) infor-
mation in naturalistic settings [13—-15]. Based on prior
experiences with ESM practices in measuring hedonic
and social well-being, our study, by adopting the ESM,
can more accurately capture how the variances of car-
egivers’ well-being are associated with their personal
meaning-making tendencies in relation to challenges
posed in major aspects of their daily living experiences,
including caregiving, work, and personal activities [16,
17]. In the context of dementia caregiving, a multiple-
events-contingent ESM approach can be implemented
to investigate well-being in daily living experiences of
working dementia caregivers. In particular, the event-
contingent approach of the ESM involves participa-
tory self-report of occurrences of caregiving, work, and
personal life events, in which event-based well-being is
recorded simultaneously [12].

Digital devices and platforms are the major venues for
conducting assessments following the ESM. Although
digital devices have become more popular since the
beginning of the twenty-first century [18], the imple-
mentation of electronically based designs usually con-
fronts difficulties (e.g., attrition and delayed responses)
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in comparison with traditional person-to-person or
recall-based approaches [3, 6, 19]. Consequently, relevant
concerns have been observed in studies using the ESM,
including participant non-compliance, the unpredict-
able availability of participants, and negative user experi-
ences in terms of feasibility and usability [6]. To sustain
both the rigor and practicability of proposed ESM-based
protocols for studying well-being and meaning-making in
relation to experiences with caregiving for PwD, it is cru-
cial to evaluate participants’ compliance and preferred
times for activities as well as the method’s feasibility and
usability [9, 20].

To date, the application of the ESM in gerontological
research has been limited, especially when focusing on
the well-being of adult child dementia caregivers in sce-
narios of care and in terms of their work and personal
lives. Adult children worldwide, who represent the larg-
est group of family caregivers for PwD [21], have suffered
not only physical problems (e.g., hypertension, diabetes,
ischemic heart disease, and stroke) but also psychologi-
cal burden (e.g., compromised well-being, depressive
symptoms, depression, and decreased life satisfaction)
[22-24] due to the deteriorating symptoms (e.g., cogni-
tive decline, impaired communication skills, and behav-
ioral problems) observed among PwD [23]. Under such
extreme stress, caregivers have an innate need to make
sense of their care, work, and personal life experiences as
a means to counter their compromised well-being [25—
28]. Other than collecting the dates, times, locations, and
events of engagement, the ESM designed for research
on dementia care records a caregiver’s well-being and
meaning-making in order to investigate how their mean-
ing-making tendency in those experiences affects their
hedonic and social well-being [6, 12, 29-31].

To ensure the effective implementation of the ESM to
monitor the well-being and meaning-making tendencies
among adult child working dementia caregivers, the pro-
posed protocol should be adjusted to better address the
abovementioned concerns. To that end, our study aims
to adjust the overall procedure of the protocol in order
to promote well-being among the target caregivers and
explore implementation-related outcomes, including the
status of participation (i.e., participants’ compliance and
preferences for activities) as well as the protocol’s feasi-
bility and usability, and ecological validity.

Methods

Design

Our study incorporated the ESM using Qualtrics, an
online survey tool, to collect data from digital platforms
and operating systems across smartphones, tablets, lap-
tops, and personal computers [32]. End-point devices
used among participants included smartphones (95.1%),
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tablets (3.3%), and personal computers (1.6%) using
either the Android operating system or iOS.

We adopted a multiphase approach consisting of the
baseline phase, the ESM phase, and the follow-up phase.
Prior to an assessment, the target participants were
screened by the inclusion criteria. Afterward, each par-
ticipant received an electronic copy containing an infor-
mation sheet, a consent form, and instructions for taking
the survey using a digital device. At the participant’s
request, a phone call was made to provide more detailed
and interactive instructions. In the baseline phase, cross-
sectional data were collected on personal psycho-socio
demographic information, relationships with the PwD,
meaning-making, and well-being [33-35]. During the
ESM sessions, each participant was separately required
to make assessments during their care hours, work hours,
and personal hours, respectively. Each assessment was
forecasted by a prompt reminding message on the digi-
tal device through the pre-installed instant messaging
app. Once a participant was reminded and ready to fill
the assessment, he or she was provided with the link to
the web-based assessment, which included the personal
contacts, date and time, location, event of engagement,
stress level, coping approaches, and well-being. Accord-
ing to Table 1, personal identification was collected using
the phone numbers registered at the baseline. The date
and time of each ESM survey being taken were recorded
chronologically. The location (among "home", "work-
place”, "outdoor”, and "others to specify") was recorded
when a participant clicked the prompt message to the
survey. Events of engagement were recorded using one of
the following options: "care", "work", "personal activity”,
and “others to specify”. The stress level perceived during
the current activity was scored in the range from 1 (no
stress) to 5 (extreme stress). Coping strategies including

Table 1 ESM items
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8 major coping strategies were recorded as "is currently
using’, or “will try later”. Positive and negative affectivi-
ties scale including 10 positive affectivities and 10 nega-
tive affectivities were scored ranging from 1 (none of
this affectivity) to 5 (extreme in this affectivity) [36]. In
the end, a schedule for care, work, and personal activities
for the next day was provided when a participant has not
specified it before or had any emergent change. Based on
the pre-scheduled care hours, work hours, and personal
hours collected during the baseline phase or the last
question of ESM surveys, participants were sent prompt
messages and ESM surveys one to three times per day
depending on the occurrences of activities among all
three types. For instance, participants who work only on
weekends, they received two surveys on workdays and
three surveys on weekends, in comparison to three times
on workdays and two times on weekends for the regular
working class. The ESM period continued for 14 con-
secutive days for each participant. The follow-up phase
was conducted right after the 14-day ESM period, during
which each participant was again asked about their rela-
tionships with the PwD, meaning-making, and well-being
during that phase. Upon completion of all phases, the
participant was given incentives (i.e., a coupon) acknowl-
edging their contribution to the study. The protocol was
designed to follow the principle of voluntary participa-
tion, meaning that participants could withdraw from the
study at any time at their discretion.

Although recruitment was scheduled to occur from
October 2020 to September 2021, the survey was sus-
pended in February for the Lunar New Year holiday and
during May and June when COVID broke out in Guang-
zhou. During the latter period, because most communi-
ties were under lockdown for the quarantine purpose,
caregivers were restricted from working in their offices

Details

Codes Items Description

DO_1  Personal ID phone number that was registered at the baseline
D0_2 date date of survey being taken

DO_3 time time of survey being taken

D1 location the location when the prompt message was received
D2 events events of engagement

D3 stress perceived level of stress

D4 coping a list of coping strategies

D5 PANAS 10 positive and 10 negative affectivities

D6 schedule
day

time schedule of care, work, and personal activities in the next

for internal identification of cases
in the format of YY/MM/DD
in the format of HH:MM:SS

multiple choices among "home', "workplace', "outdoor’, and
"others to specify"

multiple choices among "care", "work'’, "personal activity', "others
to specify"

Likert scale from 1—"no stress" to 5—"extreme stress"

each coping strategy has two options: "is currently using", and
"will try later"

Likert scale from 1—"none" to 5—"extreme"
optional if not previously provided in the baseline
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and could not bring work back to their homes, either. In
addition, outdoor activities were strongly discouraged if
not prohibited.

Eligibility criteria

To be eligible to participate in our study, caregivers
needed to (1) be informal, unpaid adult child working
caregivers (i.e.,>18 years old) [37]; (2) be residents of
Guangzhou (i.e., have local hukou or resident status); (3)
provide at least 8 h of care per week [21]; (4) be employed
for at least 8 h per week [21]; (5) have personal spare time
amounting to at least 30 min per day to engage in leisure,
recreational, and/or physical activities; and (6) care for a
care recipient (CR) medically diagnosed with dementia
who had at least one neuropsychiatric behavioral symp-
toms according to the Neuropsychiatric Inventory Ques-
tionnaire (NPI-Q) [38-40] and who was also a resident
of Guangzhou (i.e., have local hukou or resident status).
At the same time, prospective participants were ineligi-
ble if they (1) were adult children-in-law providing for-
mal or paid care to a parent living with dementia or were
younger than 18 years of age; (2) were not residents of
Guangzhou; (3) provided less than 8 h of care per week;
(4) were employed less than 8 h per week during the time
of the survey or self-employed; (5) possessed less than
30 min per day for leisure, recreational, and/or physi-
cal activities; and (6) cared for a CR not diagnosed with
dementia or mild cognitive impairment or who presented
no neuropsychiatric symptoms according to the NPI-Q
(Table 2).

Participants

Participants were recruited from community cent-
ers and hospitals or via their individual or social

Table 2 Inclusion and exclusion criteria
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connections in Guangzhou. One hundred participants
were scheduled to be recruited by the estimation of
power analyses for subgroup comparisons, latent class
analysis, and hierarchical linear modeling. Initially,
a sample size of 70 was considered to be sufficient for
conducting an independent t-test between subgroups
(i.e., with high vs. low well-being) with p values less
than 0.05 or Cohen’s d values greater than 0.8 according
to GPower software [41]. Later, latent profile analysis
indicated that at least 90 participants would be neces-
sary to infer a profile of meaning-making tendencies
predicting one’s level of well-being [42]. Last, a mini-
mum of 50 participants (e.g., 2 groups of 25 partici-
pants) was indicated to be necessary to avoid bias in
hierarchical linear modeling to estimate the impact of
within-person and between-person factors on personal
well-being with bootstrapping or simulation-based
methods [43-45].

Adjustment

Prior to all assessments, the potential improvement
of the overall procedure was adjusted following pilot
interviews. Feedback was gathered from our pilot
sample of eight volunteers (mean age was 57.3 years;
five women and three men) living with family mem-
bers with dementia in local communities. Following a
mixed-methods approach, the volunteers participated
in a brief version of the assessments (i.e., five instead of
14 days) followed by a face-to-face interview [46-48].
Based on the comprehensive feedback, the protocol
was adjusted in the following aspects: inclusion and
exclusion criteria, feasibility and usability of the web-
based user interface and practices, scheduling and

Agent Items Inclusion Criteria Exclusion Criteria
CR
Residence Guangzhou resident not Guangzhou resident
Diagnosis dementia mild cognitive impairment or not dementia
Behaviors NPI>1 NPI=0
CG
CG type informal and unpaid caregiver formal or paid caregiver
CGrole adult child aged 18 and above adult—child-in-law or family member other than child; or
child younger than 18
Residence Guangzhou resident not Guangzhou resident
Caregiving > 8 h per week <8 h per week
Employment > 8 h per week <8 h per week
Personal life > 30 min per day for leisure, recreational <30 min per day for leisure, recreational or physical activities

or physical activities
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reminding system, and the hint for the time duration of
the assessments.

Evaluation and measures

The status of participation (i.e., participants’ compliance
and preferences for activities) and the protocol’s feasibil-
ity and usability, and ecological validity was examined in
a follow-up session after all assessments were completed.

Participants’ compliance and preferences for activi-
ties were evaluated after assessments were completed.
Although the “force-respond” function was activated
in Qualtrics upon the completion of each ESM assess-
ment, that setup may not have guaranteed participants’
a 100% of participation compliance for the online sur-
vey. To obtain the target number of assessments deemed
sufficient for data analysis, reminders and/or makeup
assessments were administered in the case that partici-
pants were unavailable for a planned assessment. Rates
of compliance were calculated based on the number of
assessments completed, divided by the overall number of
reminders and/or assessments sent. Preferences for activ-
ities afforded insights into the availability of participants
in relation to different events.

To measure the protocol’s feasibility and usability, with
reference to past experiences with implementing ESM
[4] and electronic application on digital devices [49], we
incorporated a follow-up scale adopted from past stud-
ies [19, 50, 51]. A measurement containing 17 items was
designed for a mobile-based setting to evaluate subjective
experiences regarding the assessments (e.g., “I filled in
the web-based assessment 2 to 3 times a day” and “It was
boring to work with the platform”). Responses were given
on a 5-point Likert scale ranging from 1 (totally disagree)
to 5 (totally agree).

Ecological validity indicated how the collected data
represented the real-world physical and social environ-
ment [52]. Assessments of the ESM addressed locations
and events (e.g., “Where were you when you received the
reminder message?” and “What were you doing when
you received the reminder message?”). Multiple choices
for location included the home, workplace, outdoors (i.e.
other than the workplace), and others (i.e., required spec-
ification) and for engaged events included care of the CR,
care for others (i.e., not the CR), work, physical activities,
leisure activities, and others (i.e., required specification).

Results

Adjustments

We adjusted the protocol with reference to participants’
feedback in four aspects: the details of their recruitment,
the user interface, the reminder mechanism, and refer-
enced duration of the assessment.
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First, although the inclusion and exclusion crite-
ria for the protocol were deliberately designed, minor
adjustments were needed to avoid certain unexpected
situations. Two separate cases particularly raised our
attention regarding their recruitment. One participant
reported that she usually worked at home while simulta-
neously caring for her mother; the other mentioned that
he always engaged in recreational activities along with his
father, including watching television and reading newspa-
pers. Although those two participants nevertheless met
the inclusion criteria, they appeared to use their time dif-
ferently from other participants for two reasons. In the
first case, there was no clear-cut approach to determine
whether the time used was for a specific activity because
work and care were performed simultaneously; in the
second, time was reused for two activities (e.g., care and
personal activities). The participants remained in the
sample, however, because they possessed homogeneous
characteristics, meaning-making tendencies, and well-
being in relation to the other participants. The recruit-
ment process was therefore adjusted to involve detailed
communication prior to assessments in order to prevent
similar discrepancies in the future.

Second, the user interface, albeit found to be concise
and easy to comprehend, could be customized for dif-
ferent operating systems and devices. All pilot partici-
pants (n=38) reported having a clear understanding of
the protocol design and questions and found the online
platform easy to operate. Participants stated that the
assessments were accessible on various digital devices,
including smartphones, tablets, laptops, and personal
computers, and all reported that the protocol was easier
to follow than other paper-based interviews that they had
previously completed and more flexible as they shifted
between tasks at different venues. Half (z=4) reported
completing assessments on a personal computer when
at home because the interface looked better on a larger
screen. In addition, some (7 =2) reported that the version
on their smartphones looked dense when they enlarged
the font or displayed the assessment horizontally instead
of vertically. Therefore, we created a simpler version for
individuals who need larger fonts on their smartphones,
in which supplementary information and tips are dis-
played only when they tap or click certain links instead
of displaying content directly and thus crowding the
interface.

Third, the reminder messages were customized to reli-
ably monitor the punctual completion of assessments.
Although reminders followed by phone calls can mini-
mize non-response rates, some participants struggled to
be available for timely reminders over the phone while
facing a heavy load of tasks. Most (n=5) reported that
they could more easily follow the same schedule every
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day than different ones across the 2-week period. Three
participants reported that they had a different sched-
ule on at least one day during the week. The upcoming
2-week schedules of those participants were thus double-
checked via a video or audio call prior to their assess-
ments, and a pre-planned schedule for each of those
participants was thus recorded for timely reminders for
the next 14 days. The schedule for the next day was pro-
vided at the end of each day to be confirmed or changed
by the participant.

Last, the time duration hint for each assessment was
updated as a better reference for participants. Seven of
the eight participants indicated that the time required for
completing the ESM (i.e., 1-2 min) was more than suf-
ficient compared with the earlier version (i.e., 3-5 min).
Most of their assessments were completed in 55 to 70 s
once a participant had completed the questions several
times and became familiar with them. Moreover, many
of them spent 35 min on average on the baseline assess-
ment, compared with 40-60 min previously, and less
than 10 min on the follow-up assessment, compared with
15-20 min previously, which repeated the same scales
from the baseline and ESM assessments. For adjustment,
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the estimated time to remind participants with instruc-
tions was updated to 30—40 min for the baseline assess-
ment, 1-2 min for each ESM assessment, and 5-10 min
for the follow-up assessment. In that way, the estimated
duration for each assessment was adjusted on the infor-
mation page, posters, flyers, and guidelines of assess-
ments when delivered to participants.

Protocol evaluation

The protocol was evaluated to check participants’ com-
pliance and preferred times for activities and the feasi-
bility, usability, and ecological validity of the protocol.
The average time to complete each ESM assessment was
1.1 min (SD=0.54). The sample’s overall response rate
(n=100) was 93.3% for the scheduled ESM assessments
delivered between 7:00 and 23:59 for the 14-day period.
Of the three types of events (i.e., care, work, and personal
activities), work had the highest average response rate
(96.3%) versus care (92.7%) and personal life (91.8%) but
the lowest response rate on weekends (27/22=287.1% on
Saturdays, 32/36 =88.9% on Sundays), partly due to the
small number of working hours on weekends (Fig. 1).
Daily ESM assessments were scheduled based on each
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individual’s preference at certain time points. As shown
in Fig. 2, most responses were made between 18:00 and
22:00; most responses on work were collected between
10:00 and 15:00, and the peak hour was 11:00-11:59
(17.9%). Of all responses about care, most were reported
from 18:00 to 20:00, and the peak hour was 19:00-19:59
(25.2%). Of all responses on personal activities, most
were reported between 19:00 and 22:00, with the peak
during 21:00-21:59 (37.1%).

According to the evaluation of feasibility and usabil-
ity shown in Table 3, participants perceived the web-
based ESM survey platform as “easy to use” (M=3.91,
SD=1.02), “fun to work with” (M =3.21, SD=1.45), and
“easy to understand” (M =4.17, SD=0.96). Most par-
ticipants agreed that they carried a smartphone every
day (M=4.56, SD=1.31) and that doing so was easy
(M=4.33, SD=1.01). Using Qualtrics as the web-based
survey platform, participants agreed that the ESM assess-
ments were highly accessible on digital devices and gen-
erally “worked well” (M=4.75, SD=2.81). Regarding
the frequency of the online assessments, most partici-
pants engaged with the assessments 2 to 3 times per day
(M=4.68, SD=1.31) during the 14-d period (M =4.88,
SD=0.86). Prompts for assessments were perceived as
“reasonable” (M=3.68, SD=0.38) more than “annoy-
ing” (M=2.32, SD=1.84), as well as “well-displayed”
(M=4.11, SD=1.72) and “easy to complete” (M =4.41,
SD=2.30) on a smartphone. Even so, the assessments

were reported to be time-consuming (M=3.55,
SD=1.25) and, to a moderate degree, “an interruption
of daily activities” (M=3.09, SD=2.61) despite being
“understood” (M =3.80, SD=2.22).

Ecological validity analyses (Table 4) indicated that
responses covered a decent range of events and locations
representing the real ecological environment. Of all cat-
egories of events, care was the major event (42.0%), fol-
lowed by work (31.8%) and personal activities (26.2%).
Caregiving was more often provided at home (86.3%) or
in other places (11.8%), most often in relatives’ homes,
hospitals, or community centers. Caregivers’ mostly per-
formed their work as employees at a workplace (79.2%),
albeit some more often at home (11.1%) due to flexible
and/or part-time regimes during the COVID-19 pan-
demic. In addition, the validities of relevant scales have
been evaluated using factorial analysis, ranging from
0.714 (Occupational Stress Inventory) to 0.922 (Unidi-
mensional Relationship Closeness Scale). The internal
reliabilities of these scales ranged from 0.74 (Occupa-
tional Stress Inventory) to 0.91 (Unidimensional Rela-
tionship Closeness Scale).

Implementation procedure

The implementation procedure of the protocol consisted
of three phases: the baseline phase, the ESM phase, and
the follow-up phase (Fig. 3).
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Table 3 Feasibility and usability measures (n=100)

Item M (SD) %2
1 The web-based survey platform is easy to use 3.91(1.02) 64.4
2 [tis easy to carry the smartphone with me 4.33(1.01) 574
3 I carried my smartphone with me every day 4.56 (1.31) 67.3
4 After the researcher’s explanation | understood how the web-based survey platform would 7 (0.96) 644

work

5 It was fun to work with the platform 3.21(145) 69.3
6 It was boring to work with the platform 2.89 (1.08) 426
7 The web-based survey platform worked well 4.75(2.81) 46.5
8 I experienced the prompts as reasonable 3.68 (0.38) 446
9 The number of prompts was annoying 2.32(1.84) 495
10 I filled in the web-based assessment for 14 consecutive days 4.88 (0.86) 87.1
1 [ filled in the web-based assessment 2 to 3 times a day 468 (1.31) 91.1
12 [t was easy to fill in the web-based assessment on my smartphone 441 (2.30) 49.5
13 The questions were well-displayed on my smartphone 1(1.72) 446
14 Filling in one web-based assessment was an interruption of my daily activities 3.09 (261) 416
15 Filling in one web-based assessment took too long 79 (1.01) 713
16 The study took too long 3.54(1.25) 79.2
17 I understood the questions that were asked 3.80(2.22) 86.1

! Scores were based on a 5-point Likert scale (ranging from 1—totally disagree to 5—totally agree)

2 Ppercentage of scores above the mean

Table 4 Ecological validity (n=100)

Events location’ Total 2
Home Work Outdoor Others

Care 1379 28 (1.8%) 1(0.1%) 189 1597
(86.3%) (11.8%) (42.0%)

Work 134 958 38(3.1%) 79 (6.5%) 1209
(11.1%) (79.2%) (31.8%)

Personal 869 2(0.2%) 89 (9.0%) 34 (3.4%) 994 (26.2%)
(87.4%)

Total 1513 986 39 (34%) 268 (7.9%) 3800 (100%)
(62.7%) (26.0%)

Note: " all row percentages

2 all column percentages

The baseline phase of the survey needed to be com-
pleted on the weekend or whenever participants were
free—ideally, one day before the beginning of the ESM
phase. During the baseline phase, participants were asked
to report their CRs’ daily living capacities (i.e., activities
of daily living and instrumental activities of daily living)
and symptoms (i.e., severity level on the NPI-Q); their
own demographic information (e.g., gender, age, mari-
tal status, level of education, religious belief, duration
of caregiving in months, living arrangement, caregiving
role, economic condition, average hours per day spent on
care, work and personal life, and time taken to adapt to

caregiving role); their overall mental status (i.e., distur-
bances on the NPI, Zarit Burden Inventory, Positive and
Negative Affect Schedule (PANAS)); hedonic well-being
and social well-being (SWB) [53-58]; and the dyadic rela-
tionship between themselves as caregivers and their CRs
in the past and during caregiving (i.e., with the Unidi-
mensional Relationship Closeness Scale) [59]. Meaning-
making of care, work, and personal life, on the Positive
Aspects of Caregiving, Work and Meaning Inventory,
and Meaning in Life Questionnaire, were reported at
baseline as well [60-62]. In addition, personal schedules
for care, work, and personal activities from 6:00 to 23:59
for the next day (or more days during the next two weeks,
if could be provided) were collected prior to the begin-
ning of the next phase for a timely and accurate assess-
ment based on the ESM.

Next, the ESM phase started on a Monday and con-
tinued for 14 consecutive days. Throughout each day,
participants were reminded by prompts to report each
event in their care, work, and personal life and its loca-
tion, as well as their coping strategies and perceived
hedonic and social well-being (i.e., PANAS and SWB)
[6]. Throughout the 14-day period, reminders were sent
to participants based on their preferred time points
reported in advance. An additional prompt allowed
participants to provide the schedule for the next day if
they had not previously provided any future schedule
or needed to accommodate any short-notice changes.
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Prompts included a reminder function sent to a social
networking app accompanied by a link to the online
web-based assessment. The reminder in the app dis-
played “Accomplished” once the participant clicked the
reminder that directed them to the assessment. Qual-
trics was also set up to email us detailed content when-
ever a participant finished an assessment. In that way,
we were able to monitor the process and the complete-
ness of every assessment at any time.

The follow-up phase, beginning directly after the end
of the ESM phase, was designed to assess participants’
overall well-being (i.e., PANAS and SWB), meaning-
making of care (i.e.,, PAC), life (i.e., MLQ), and work
(i.e., WAMI, reported on a workday). Any participant
who missed more than one-fourth (>10) of the ESM
assessments were excluded from the sample [63].

Statistical analysis

R3.6.0 and SPSS 24.0 were used for analyses and to cre-
ate tables in APA Style, while Microsoft Excel was used
to generate figures in APA Style. To begin, multilevel
analyses were conducted to compare caregivers accord-
ing to age group, gender, level of education, the severity
of their CR’s dementia, caregiving conditions, and work
hours. Second, latent profile analysis was used to analyze
characteristics and well-being across profiles of caregiv-
ers who had different tendencies to make meaning of
events in their care, work, and personal life. Third, hierar-
chical linear modeling was used to examine the trajectory
of well-being influenced by variances within an individ-
ual (i.e., Level 1) and personal characteristics (i.e., Level
2), as well as in the profiles of caregivers with different

meaning-making tendencies (i.e., Level 3). Those partici-
pants who have % missing data were also excluded from
the analyses. Sporadic missing data was processed using
mean-, regression-, or multiple-imputation techniques
depending on the properties of the variables [64].

Data management and confidentiality

The risk of data was kept at a low level as only three cop-
ies were made to store the data. The laptop, external
hard drive, and server were protected by passcodes. Col-
lected data were archived with version control eliminat-
ing sensitive personal information while using the unique
identifier for reference to the source in case of retrieving
missing data. The master list of identifiers corresponding
to participants’ personal information was stored in a des-
ignated electronic device with passcodes. Other personal
information such as the address, date of birth, and phone
numbers irrelevant to the study were not collected nor
registered unless they were relevant to any research ques-
tions in this project.

The risk of leakage of data was low as all data were
passcode-protected. Only authorized researchers and
staff had the access right. The data were stored in a pass-
code-protected laptop, external hard drive, and backup
server in the laboratory. Data were backed up monthly
in the laboratory server with copies at three different
devices. Data were planned to be deleted five years after
this study completes.

Ethical consideration and dissemination
Following the integrity and the guideline of research eth-
ics and policy, this study was registered and approved on
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October 8, 2020, by the Human Research Ethics Com-
mittee at the University of Hong Kong (EA200080) to
ensure ethical clearance for research involving human
participants.

Participants were required to give written informed
consent before the survey. Data anonymity and confiden-
tiality were ensured during their participation. The col-
lected data of this study were planned to yield a series of
manuscripts that aim for presentation and publication
in a timely fashion once the data is collected and ana-
lyzed. The available findings of manuscripts during the
stages of the project can be disseminated to the scientific
community, such as public media, the annual academic
conferences, and submitted to social science journals for
publication.

Discussion

To our best knowledge, our study marks the first attempt
to investigate well-being and meaning-making tenden-
cies among adult child working dementia caregivers.
Our aim was to perfect the overall procedure of the pro-
posed protocol so that future studies using the design can
be developed to investigate the well-being among these
caregivers and examine participants’ compliance and
preferred times for activities, as well as the protocol’s fea-
sibility and usability, and ecological validity.

The protocol’s adjustment has improved its capacity
to investigate the relationship between meaning-making
tendencies and well-being among working dementia car-
egivers, in terms of generalizability, usability, and feasibil-
ity. Above all, the updated recruitment approach not only
made data collection more precise but also increased the
generalizability of the results by increasing the repre-
sentativeness of the sampled population. The recruitment
and analysis with 100 participants were acceptable, for it
allowed decent statistical power (i.e., p <0.05 and Cohen’s
d>0.8) for group comparisons and hierarchical linear
modeling [41]. The survey was assessed to be equipped
with sufficient guidelines, online supervision and tuto-
rials, and customized responses as well as validated to
maximally reduce experimental errors (e.g., unforced
errors, misspellings, non-response errors, and experi-
mental biases) [65]. With a customized design and display
on various devices, the updated interface was more user-
friendly and easier to interact with on different devices.
Such flexibility in user interface and improvement in
user-friendliness avoid the kind of incompatibility often
reported by users of built-in mobile apps, which are also
costly if they extend their compatibility across different
operating systems [66]. ESM assessments following cus-
tomized, timely reminders and daily routines according
to the next day’s schedule prevented unresponsiveness
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from participants. Even though the updated reference
times did not affect the actual times that participants
spent on the assessments, we wanted participants to
be as informed as possible and did not want to present
misleading information. Overall, the adjusted protocol
demonstrated desirable validity and reliability in explor-
ing the relationship between meaning-making tendencies
and well-being.

The evaluation of the adjusted protocol clarifies par-
ticipants’ compliance and preferred times for activities,
as well as the satisfactory feasibility, usability, and eco-
logical validity of the protocol. With a reminder mecha-
nism developed with a mixed-methods approach, the
protocol’s response rate of 93% exceeds that of protocols
solely using one pop-up reminder for each assessment
[67, 68]. The summarized preferred times for activities
inform the effective implementation of the ESM assess-
ments and how they ensured reliable data collection
and prevented delays or truancy in responses. Given its
enhanced feasibility, the protocol facilitates daily ESM
assessments, each of which takes only 1-2 min to com-
plete, which neither interrupts daily activities nor brings
undue mental burden to participants. The updated proto-
col thus seemed effective and easy to use on a daily basis
even when the participants had to complete a variety of
other tasks at different time points throughout the day.
Our findings confirm that the ESM design has desirable
feasibility and usability in measuring the daily conditions
of dementia caregivers [9, 69]. However, our protocol
does not come across the issues associated with digital
ignorance or digital divide due to homogeneous younger
participants in their 40 s [10]. On top of that, decent
ecological validity was reflected in several aspects. For
one, the protocol fully captured the real life of a demen-
tia caregiver who was also employed in another occupa-
tion regarding their daily engaged events and locations.
For another, the 15-day design (i.e., one day at baseline
and 14 days during the ESM and follow-up phases), com-
pared with a cross-sectional design, was able to better
depict the variances and patterns of a caregiver’s well-
being and how caregivers cope with daily difficulties in a
more timely and accurate manner [6]. Moreover, unlike
traditional ESM-designed studies focusing on a single
event [6, 12, 29, 63], the protocol is proved to successfully
evaluate three independent events in a target population
from a dynamic, trajectorial perspective, one that best
outlines a more well-rounded life experience of such car-
egivers. The repeated measure consisting of ESM-related
questions about making meaning in the daily care, work,
and personal activities among dementia caregivers over
the 2-week period can thus empower the caregivers to
more fully consider the significance of meaning-making
to the well-being.
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Given the rigor and feasibility demonstrated in the
design of this protocol, a few things can still be per-
fected. Although participants in our study could all
have access to digital devices (e.g., smartphones),
such digital devices may remain unavailable in certain
communities or among older age groups who do not
heavily rely on electronic commerce or social media
networks, for example, due to low digital literacy or
limited Internet access [70]. In response, smartphones
with data plans can be lent to participants for surveys
in the case that they have no digital devices or Inter-
net access [71]. Moreover, people using technological
devices in ESM-oriented research may confront dif-
ficulties if their knowledge about digital devices is not
up-to-date [72, 73]. Therefore, a detailed tutorial or
pre-session training via video conference or audio call
should be provided to individuals who lack digital lit-
eracy. Such an arrangement can also build rapport with
participants and minimize the occurrence of unpredict-
able situations that each participant may confront on
a daily basis. The design used for this specific protocol
is slightly different from common ESM approaches.
Since we investigate three different types of activities of
working dementia caregivers, the efficient arrangement
should be designed to avoid overlapping or mismatched
assessments in corresponding time periods. Therefore,
such a multiple-events-contingent ESM design can be
further validated in future studies.

In sum, to our knowledge, this study is the first to
have investigated the relationship between meaning-
making tendencies and well-being among adult—child
working dementia caregivers. Our study empirically
evaluated the implementation-related outcomes of the
protocol and thus offered insights that can inform the
future application of the protocol on digital devices in
gerontological research. For instance, future studies
may refer to the protocol to probe trends among car-
egivers of PwD in greater depth and in terms of their
CRs’ different subcategories of dementia (e.g., vascular
dementia, Alzheimer’s disease, Lewy body dementia,
and frontotemporal dementia) or phases of dementia
(e.g., early and late phases). Interventions and support
services using effective meaning-oriented approaches
can be more useful once specific subtypes of PwD and
their caregivers are identified and, in turn, can better
benefit specific PwD populations as a result of future
empirical studies and improved clinical practices [74,
75]. The protocol can moreover serve as a preliminary
reference tool for cultural comparisons designed to
investigate cultural impacts on caregivers’ meaning-
making tendencies and perceived well-being among
a broader sample of diverse cultures and/or socioeco-
nomic contexts.
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