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Abstract

Background: Ecological momentary assessment (EMA) enables repeated, real-time measurement of emotional states, behaviors,
and contextual exposures in individuals’ daily lives. Although EMA has been increasingly used in health and behavioral research,
evidence regarding the feasibility, compliance, and acceptability of smartphone-based EMA among older adults in Asian settings
remains limited.

Objective: This study aimed to evaluate the feasibility, EMA compliance, usability, and acceptability of a 14-day
smartphone-based EMA protocol among community-dwelling older adults in Singapore.

Methods: The data came from the Ecological Momentary Assessment in Ageing study, a smartphone-based EMA study designed
to assess mental well-being, lifestyle behaviors, and perceived neighborhood environment among older adults. Adults aged 65
years or older in Singapore were enrolled and asked to complete 5 EMA prompts per day over 14 consecutive days using a
smartphone app. Each EMA prompt remained available for up to 5 hours after delivery. EMA prompts assessed momentary
mental well-being, sleep, physical activity, screen time, and perceived neighborhood environment. Feasibility indicators included
recruitment and retention rates. EMA compliance was assessed as the proportion of completed EMA prompts out of all scheduled
prompts. Usability and acceptability were assessed using a poststudy survey.

Results: Between June 2025 and December 2025, a total of 186 individuals initially expressed interest in the study, of whom
139 (74.7%) scheduled an appointment, and 132 (95%) of the latter attended the appointment. Of those who attended, 98.5%
(130/132) were enrolled. Participants had a mean age of 70.1 (SD 4.04) years; 65.4% (85/130) were female, 90.8% (118/130)
were Chinese, and 65.4% (85/130) had postsecondary or university-level education. All enrolled participants completed the
14-day EMA protocol, resulting in 100% (130/130) retention. Across all participants, 99% (9007/9100) of the scheduled EMA
prompts were completed. The poststudy usability survey was completed by 96.9% (126/130) of the participants. Among those
who completed the poststudy usability survey, 88.1% (111/126) agreed or strongly agreed that the app was easy to use, 84.1%
(106/126) agreed or strongly agreed that most people would learn to use it quickly, and 87.3% (110/126) preferred the app over
face-to-face interviews. Overall, 91.3% (115/126) reported being satisfied or strongly satisfied with the app, and 100% (126/126)
indicated willingness to be contacted for future research.

Conclusions: A 14-day smartphone-based EMA protocol was highly feasible and acceptable among community-dwelling older
adults in Singapore, with high retention and compliance and favorable usability ratings. These findings support the use of EMA
methodologies in aging research within Asian contexts and suggest that older adults can successfully engage with repeated
smartphone-based assessments when protocols are appropriately designed and supported.
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Introduction

As populations age worldwide, the increasing demographic
representation of older adults and the associated burden of
multimorbidity and psychological distress have become major
public health concerns [1,2]. In Singapore, one of Asia’s
fastest-aging societies, 23.8% of the population is projected to
be aged 65 years or older by 2030 [3]. This demographic shift
underscores the urgent need for targeted strategies to support
mental well-being in later life. According to the Institute of
Mental Health, approximately 1 in 27 older adults (aged ≥60
years) in Singapore experienced depression in 2013 [4], with
an anticipated rise in these figures following the psychological
impacts of the COVID-19 pandemic [5,6]. Unaddressed
psychological distress in older adults is associated with an
elevated risk of adverse health outcomes, including
cardiovascular disease, dementia, and premature mortality
[7-11]. Managing these risks is further complicated by the high
prevalence of multi-morbidity in this population, which can
exacerbate both psychological and physical health challenges
and increase the complexity of monitoring health outcomes in
daily life.

Ecological momentary assessment (EMA) has emerged as a
novel measurement approach involving repeated measurements
of individuals’ behaviors, emotions, or perceptions in their
natural environment [12]. Unlike traditional surveys, EMA
captures real-time data, allowing for ecologically valid insights
into the moment-to-moment fluctuations in daily experience.
Previous studies have demonstrated the potential benefits of
EMA in capturing within-person variability in cognitive,
emotional, and physiological measures among older adults
[13,14]. EMA has also been increasingly applied among older
adults with chronic conditions, including cardiovascular disease
and cancer, for which real-time data collection offers particular
advantages for monitoring symptom burden and daily
functioning [15-18].

A review by Kim et al [19] assessed the feasibility of EMA
among older adults aged 65 years and older across 38 studies.
Although some studies reported dropouts or nonadherence due
to technical difficulties or health-related issues, these challenges
were not unique to older age, suggesting that, with careful
protocol design and appropriate digital tools, EMA can be
feasible and effective in older populations [19]. A recent
meta-analysis further reported generally high compliance among
older adults participating in EMA studies [20]. In addition to
feasibility, EMA offers an important methodological advantage
as it is less susceptible to recall bias and allows for the collection
of repeated, real-time information on current exposures and
experiences [21]. Its ability to capture environmental, situational,
and psychological factors concurrently provides a more
comprehensive understanding of daily life among older adults.

Although EMA and time-sampling studies have been conducted
among middle-aged and older adults in Asian populations,
including studies of affective, social, and psychophysiological

processes [22-24], fewer studies have focused primarily on the
implementation of smartphone-based EMA protocols in older
adults. Existing studies differ in study aims, participant age
ranges, assessment platforms, prompt schedules, and response
windows, making direct comparison of feasibility and adherence
difficult. In addition, engagement with smartphone-based EMA
may vary according to digital literacy, technology adoption,
daily routines, and comfort with mobile data collection.
Therefore, implementation-focused evidence on feasibility,
compliance, and acceptability remains important for informing
future EMA studies involving older adults in Asian settings.
This study aimed to evaluate the feasibility, EMA compliance,
usability, and acceptability of a 14-day smartphone-based EMA
protocol among community-dwelling older adults in Singapore,
a highly urbanized city-state in Asia.

Methods

Study Design
This observational feasibility study was conducted as part of
the Ecological Momentary Assessment in Ageing study, which
was designed to examine daily mental well-being and related
lifestyle and neighborhood contextual factors among older
adults. Participants completed repeated real-time assessments
of emotional states, lifestyle behaviors, and perceived
neighborhood environment while going about their daily
routines. Feasibility was assessed using recruitment and
retention rates. EMA compliance was assessed using prompt-
and participant-level completion metrics. Usability and
acceptability were assessed using poststudy survey measures
of app usability, satisfaction, preference compared with
face-to-face interviews, and willingness to be contacted for
future research.

Participants and Recruitment
Participants were recruited between June 2025 and December
2025 from the National University of Singapore (NUS)
community, with additional recruitment from the Singapore
Population Health Studies (SPHS). Recruitment within the NUS
occurred via targeted email invitations sent to faculty and staff.
Eligible SPHS participants who had previously consented to be
contacted for future research received email invitations through
the SPHS team in compliance with the Personal Data Protection
Act 2012.

Eligible participants were Singapore citizens or permanent
residents aged 65 years or older who were able to read English
and owned a smartphone (iOS or Android) with an active data
plan. Participants were required to download and use a
smartphone app during the 14-day study period. Individuals
were excluded if they had a diagnosis of schizophrenia,
psychotic depression, or severe dementia or screened positive
for possible cognitive impairment using the Singapore version
of the Abbreviated Mental Test (AMT) [25]. Age-adjusted
cutoffs were applied (≤7 for the ages of 65-74 years; ≤6 for ≥75
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years). The AMT items can be found in Multimedia Appendix
1.

The original study protocol aimed to recruit 150 participants,
anticipating approximately 20% attrition, yielding a target
analytic sample of 120 participants. A total of 130 participants
were enrolled. As this was a descriptive, implementation-focused
study rather than a hypothesis-testing study, this sample was
considered sufficient to summarize recruitment, retention, EMA
compliance, usability, and acceptability.

Study Procedures
Before participant recruitment, the EMA protocol and RealLife
Exp app were internally pretested by 2 study team members,
each using the app over a 14-day testing period. Pretesting
assessed app installation, prompt timing, reminders, survey
flow, item clarity, response options, estimated completion time,
and the data export process. Exported pilot data were reviewed
to confirm variable meanings, time stamp fields, response

coding, and how missing responses were recorded. Any
uncertainties regarding app functions or exported data fields
were clarified with the app provider before participant
enrollment.

The detailed study protocol, including the baseline visit, 14-day
EMA data collection period, daily prompt schedule, response
window, and poststudy survey, is summarized in Figure 1.
Enrolled participants attended an in-person baseline visit at the
study center. During this visit, study staff confirmed eligibility,
administered the Singapore version of the AMT, measured
height and weight, and guided participants through the
installation and use of the RealLife Exp app on their own
smartphones. This included assistance with downloading the
app, accessing the survey package using a one-time passcode
provided by the research team, navigating the survey interface,
enabling push notifications, and allowing the app to run in the
background where required. No account registration or user
profile creation was required.

Figure 1. Overview of the Ecological Momentary Assessment in Ageing study protocol, including the baseline visit, 14-day ecological momentary
assessment data collection period, daily prompt schedule, response window, and poststudy survey.

Participants completed a baseline questionnaire through the app
that collected information on demographic characteristics,
medical history, educational level, and baseline mental
well-being. Details of the baseline assessment items and
response options are provided in Multimedia Appendix 2. Before
leaving the study center, participants were instructed on how
to access and respond to EMA prompts, navigate survey items,
review incomplete responses, manually open available surveys
if a push notification was missed, and confirm successful
submission before exiting the app. Participants were reminded
that each EMA prompt allowed for only 1 access session and
that prompts should be completed and submitted before closing
the app. They were also informed that the number and content
of items varied by prompt type, with responses selected from
predefined options such as Likert-type scales or multiple-choice

categories. Participants had the opportunity to ask questions
and practice using the app before beginning the EMA protocol.

Participants then completed the 14-day EMA data collection
period using the RealLife Exp app. Upon completion of the
study protocol, participants completed a brief poststudy survey
within the app. The 6-item survey assessed app usability,
preference compared with face-to-face interviews, overall
satisfaction, and willingness to be contacted for future research.
App usability items assessed participants’ perceived likelihood
of frequent use, ease of use, and learnability of the app. Usability
and preference items used 5-point agreement scales ranging
from “strongly disagree” to “strongly agree.” Overall satisfaction
was assessed using a 5-point scale ranging from “strongly
dissatisfied” to “strongly satisfied,” and willingness to be
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contacted for future research was assessed using a “yes” or “no”
item.

EMA Measures and Prompt Schedule
Participants received 5 fixed-time EMA prompts per day over
14 consecutive days. Each EMA prompt remained available for
up to 5 hours after delivery, after which the prompt expired. If
a prompt was unanswered, up to 2 reminder notifications were
sent at 15-minute intervals.

The first prompt was delivered at 7 AM and assessed sleep
quality and sleep duration from the previous night. The second,
third, and fourth prompts were delivered at 9 AM, noon, and 4
PM, respectively, and assessed momentary emotional states and
perceived neighborhood environment. Emotional state items
included tiredness, happiness, worry, stress, loneliness or
isolation, boredom, and overall mental well-being at that
moment. Perceived neighborhood environment items assessed
perceived safety, nearby green space or park availability, loud
noise or disruptions, social connection with neighbors or
community members, convenience for walking or exercise, and
overall neighborhood rating. The fifth prompt was delivered at
7 PM and assessed daily physical activity, community
interaction, screen use, “screen eating” (eating while using or
watching screen-based devices), and daytime napping. Detailed
EMA items and response options are provided in Multimedia
Appendix 3, and the app-based survey screens are provided in
Multimedia Appendix 4.

EMA Compliance
EMA compliance was calculated at the prompt level as the
proportion of completed EMA prompts out of the total scheduled
EMA prompts during the 14-day study period. Each participant
was scheduled to receive 70 EMA prompts, corresponding to
5 prompts per day over 14 days. Overall compliance was
calculated across all scheduled prompts among all participants.
Participant-level compliance was also calculated as the number
of completed prompts divided by the number of scheduled
prompts for each participant. Study staff monitored response
patterns daily. Per protocol, participants who missed 3
consecutive days of EMA prompts were to be contacted to
address potential technical or engagement issues; however, no
participants required this follow-up during the study period.

Ethical Considerations
Ethics approval was obtained from the institutional review board
of the NUS (protocol number NUS-IRB-2024-169). All
participants provided written informed consent before taking
part in the study. Participant information was handled in
accordance with institutional privacy and confidentiality
requirements. Data collected through the RealLife Exp app were
exported and stored securely within an institution-approved
cloud-based storage platform (NUS Dropbox). Access to the
study data was restricted to authorized members of the research
team and protected via institutional log-in credentials and
password authentication. Study data were analyzed in
deidentified form. Participants who completed the full 14-day

EMA protocol, including the poststudy survey, received SGD
100 (SGD 1=US $0.77 as of June 25, 2026) via electronic
transfer. Participants who completed at least 7 consecutive days
but did not complete the full study received prorated
reimbursement based on the number of days completed.
Participants who completed fewer than 7 consecutive days were
not eligible for reimbursement.

Statistical Analysis
Descriptive statistics were used to summarize participant
characteristics, recruitment and retention rates, EMA
compliance, and poststudy survey measures of usability and
satisfaction. EMA compliance was summarized overall and at
the participant level, as described above. Means and SDs were
reported for continuous variables, and frequencies and
proportions were reported for categorical variables. Additional
descriptive analyses were conducted to contextualize EMA
compliance and response quality. Response latency was
calculated as the time between EMA prompt delivery and survey
initiation among completed prompts. Prompt completion time
was calculated as the time between survey initiation and survey
submission. We summarized median response latency; median
prompt completion time; and the proportions of completed
prompts submitted within 15 minutes, 1 hour, and 5 hours of
prompt delivery. Extremely short prompts were defined as
prompts with a completion time of less than 10 seconds. As an
indicator of potential repetitive responding, straight-lining was
assessed among same-scale emotional state items administered
in the daytime EMA prompts. Straight-lining was defined as
selecting the same response option across all emotional state
items within a prompt. Noncompleted prompts were included
in the denominator for compliance calculations and excluded
from response timing and response quality analyses. No
imputation was performed. All analyses were conducted using
Stata (version 18; StataCorp). This study was reported with
reference to the CHERRIES (Checklist for Reporting Results
of Internet E-Surveys) guidelines [26]. The completed
CHERRIES checklist is provided in Multimedia Appendix 5.

Results

Recruitment and Retention
Recruitment and retention outcomes are summarized in Table
1. Between June 2025 and December 2025, a total of 186
individuals initially expressed interest in the study and were
contacted via phone to confirm eligibility and explain the study
procedures. Of these individuals, 74.7% (139/186) scheduled
an appointment at the study site, and 95% (132/139) attended
the scheduled appointment. In total, 1.5% (2/132) of the
individuals who attended the appointment ultimately declined
participation: one due to privacy concerns related to electronic
reimbursement through the app (eg, PayNow) and one due to
an inability to commit to the EMA response window. A total
of 98.5% (130/132) of the participants who attended the
appointment were enrolled, and all completed the 14-day EMA
protocol, resulting in 100% (130/130) retention (Table 1).
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Table 1. Recruitment, retention, and ecological momentary assessment (EMA) compliance outcomes from initial expression of interest to completion
of the 14-day smartphone-based EMA protocol among community-dwelling older adults in Singapore.

Values

Recruitment and retention, n/N (%)

139/186 (74.7)Scheduled appointment among those who expressed interest

132/139 (95)Attended appointment among those scheduled

130/132 (98.5)Enrolled among those who attended the appointment

130/130 (100)Completed 14-d protocol among enrolled participants

EMA compliance

70 EMA prompts per participant (5 prompts per day × 14 d)Total prompts scheduled per person

9100Total scheduled EMA prompts, n

9007/9100 (99)Completed EMA prompts, n/N (%)

93/9100 (1)EMA prompts not completed, n/N (%)

99.0 (2.23)Participant-level compliance rate (%), mean (SD)

130/130 (100)Participants with ≥80% compliance, n/N (%)

Participant Characteristics
Baseline characteristics of the 130 enrolled participants are
summarized in Table 2. Among the 130 participants, the mean
age was 70.1 (SD 4.04) years, and participants were
predominantly female and of Chinese ethnicity. Most

participants (85/130, 65.4%) had postsecondary or
university-level education, and slightly more than half (75/130,
57.7%) used Android devices. In total, 20.8% (27/130) reported
a medical history of stroke, myocardial infarction, kidney failure,
or cancer. The mean AMT score was 9.8 (SD 0.42).

Table 2. Baseline characteristics of community-dwelling older adults enrolled in the 14-day smartphone-based ecological momentary assessment study
in Singapore (N=130).

Values

70.1 (4.04)Age (y), mean (SD)

Sex, n (%)

45 (34.6)Male

85 (65.4)Female

Ethnicity, n (%)

118 (90.8)Chinese

5 (3.8)Malay

7 (5.4)Indian

Educational level, n (%)

45 (34.6)Secondary or lower

51 (39.2)Postsecondary

34 (26.2)University

Smartphone type, n (%)

55 (42.3)iOS

75 (57.7)Android

Medical history of stroke, myocardial infarction, kidney failure, or cancer, n (%)

27 (20.8)Yes

103 (79.2)No

23.85 (3.48)BMI (kg/m2), mean (SD)

9.8 (0.42)AMTa score (possible range 0-10), mean (SD)

aAMT: Abbreviated Mental Test.
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EMA Compliance
EMA compliance outcomes are summarized in Table 1. Across
130 participants, a total of 9100 EMA prompts were scheduled
over the 14-day study period. Of these 9100 prompts, 9007
(99%) were completed. The mean participant-level compliance
rate was 99.0% (SD 2.23%), and all 130 participants exceeded
the 80% compliance threshold.

Additional response timing and response quality metrics are
summarized in Multimedia Appendix 6. Among completed
EMA prompts, the median response latency was 11.1 (IQR
1.0-33.7) minutes, and 85.4% (7696/9007) of the prompts were
completed within 1 hour of delivery. Straight-lining across

same-scale emotional state items was uncommon at the prompt
level, occurring in 1.1% (61/5460) of the daytime EMA prompts.

Usability and Acceptability
Poststudy survey data on usability and acceptability were
available for 96.9% (126/130) of the participants; analyses were
therefore restricted to these participants. Poststudy survey
responses indicated high usability and acceptability of the EMA
app (Table 3). Most participants agreed or strongly agreed that
the app was easy to use and that most people would learn to use
it quickly. A total of 87.3% (110/126) preferred the app over
face-to-face interviews, and overall satisfaction was high. All
participants indicated willingness to be contacted for future
research.
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Table 3. Acceptability and usability of the RealLife Exp app among participants who completed the poststudy survey (n=126).

Participants, n (%)Item

I think that I would like to use this product frequently.

4 (3.2)Strongly agree

64 (50.8)Agree

55 (43.7)Neutral

2 (1.6)Disagree

1 (0.8)Strongly disagree

I thought the product was easy to use.

47 (37.3)Strongly agree

64 (50.8)Agree

15 (11.9)Neutral

0 (0)Disagree

0 (0)Strongly disagree

I imagine that most people would learn to use this product very quickly.

31 (24.6)Strongly agree

75 (59.5)Agree

18 (14.3)Neutral

2 (1.6)Disagree

0 (0)Strongly disagree

Compared to a face-to-face interview, I prefer to use the RealLife Exp app.

43 (34.1)Strongly agree

67 (53.2)Agree

9 (7.1)Neutral

6 (4.8)Disagree

1 (0.8)Strongly disagree

How would you rate your overall satisfaction with the RealLife Exp app?

46 (36.5)Strongly satisfied

69 (54.8)Satisfied

11 (8.7)Neutral

0 (0)Dissatisfied

0 (0)Strongly dissatisfied

Would you be willing to be contacted for future research studies related to the topic?

126 (100)Yes

0 (0)No

Discussion

Principal Findings
This study demonstrated that a 14-day smartphone-based EMA
protocol is highly feasible and acceptable among
community-dwelling older adults in Singapore. Retention and
prompt-level compliance were high, and poststudy survey
findings indicated favorable usability and satisfaction with the
RealLife Exp app. Although high completion rates alone do not
necessarily indicate a positive user experience or meaningful
engagement with every prompt, the combination of high EMA

compliance, favorable usability ratings, and limited evidence
of repetitive responding supports the feasibility and acceptability
of the protocol in this population. The finding that all poststudy
survey respondents were willing to be contacted for future
research further suggests that participation in the 14-day EMA
protocol was not perceived as overly burdensome and that
participants may remain receptive to similar app-based research.

Several protocol features may have contributed to the high
compliance observed. These included structured in-person
onboarding with guided app installation and hands-on training,
brief prompts using predefined response options, daily
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monitoring by study staff, and access to technical assistance
throughout the study period. The flexible 5-hour response
window may also have supported completion by accommodating
older adults’ daily routines. However, response timing analyses
suggested that participants generally responded well before the
end of the full response window. Together, these findings
highlight the importance of interpreting EMA compliance in
relation to protocol design and implementation procedures.

Comparison to Prior Work
The compliance rate observed in this study was higher than
rates reported in previous EMA studies involving older adults.
A systematic review and meta-analysis reported a pooled
compliance rate of 86.41% (95% CI 77.38%-92.20%) across
EMA studies of older adults and identified common challenges
including survey burden, technical difficulties, and participant
fatigue [20]. A recent pooled analysis of community-dwelling
older adults further found that EMA compliance varied by age,
marital status, and prompt timing, with lower compliance in the
evening than in the morning and afternoon [27]. In contrast,
this study observed consistently high compliance across all 5
daily prompt timings, including the evening lifestyle prompt
delivered at 7 PM. This may reflect the low-burden and
well-supported nature of the EMA protocol. Motivational and
social factors may also be relevant to engagement in EMA
studies among older adults. Prior qualitative studies suggest
that older adults’ research participation may be shaped by civic
responsibility, perceived contribution to community well-being,
and peer networks and social support [28,29]. Although these
factors were not directly assessed in this study, they may be
important considerations for future EMA research involving
older adults.

Our favorable usability and acceptability findings are broadly
consistent with prior literature demonstrating that older adults
can engage successfully with smartphone-based EMA when
protocols are perceived as usable and adequately supported
[30-33]. Favorable user experiences and positive usability
ratings have been reported across diverse older adult
populations, including those with lower income [30], cognitive
and emotional difficulties [32], and depression with
multi-morbidity [33]. Importantly, this study extends this
evidence by showing that most participants preferred
smartphone-based EMA over traditional face-to-face interviews.
This finding adds to the literature by highlighting participant
preference for assessment modality, which has been less
frequently examined in EMA feasibility studies. However, this
finding should be interpreted cautiously as prior research
suggests that older adults’preferences for digital vs face-to-face
approaches are mixed, with documented barriers including
digital literacy concerns, privacy, and satisfaction with existing
services [34,35].

Implications
These findings have implications for the design of future EMA
and mobile health studies involving older adults. Our results
highlight the importance of reporting implementation details,
including pretesting procedures, prompt design, response
windows, participant support, response timing, and quality
metrics, to improve the interpretation and comparability of EMA
studies in older populations. The findings may also inform the
development of future ecological momentary interventions
aimed at supporting healthy aging.

Limitations
Several limitations warrant consideration. First, the study sample
consisted of English language–literate, smartphone-owning,
community-dwelling older adults willing to participate in
app-based research, which may limit generalizability to older
adults with poorer health status, lower digital literacy, limited
access to mobile technologies, or more severe functional or
cognitive limitations. Second, this study was conducted in
Singapore, a highly urbanized city-state in Asia; engagement
with mobile health apps may differ across cultural or geographic
contexts. Third, the EMA protocol was implemented over a
relatively short 14-day period; longer monitoring durations may
present different challenges for participant adherence and
engagement. Fourth, participant reimbursement may have
contributed to the high retention and compliance observed,
potentially limiting generalizability to noncompensated settings.
Fifth, although response timing and straight-lining metrics
suggested timely response and limited evidence of repetitive
responding, these are indirect indicators and may not fully
capture whether each response reflected participants’momentary
experiences. Future studies may benefit from incorporating
attention checks or consistency checks to more rigorously assess
response quality. Finally, as with all self-report EMA designs,
responses may be subject to reactivity or social desirability bias,
whereby repeated assessments may influence participants’
awareness of their behaviors or experiences and potentially
affect how they report them in real time.

Conclusions
The Ecological Momentary Assessment in Ageing study
demonstrates that smartphone-based EMA is feasible and
acceptable among community-dwelling older adults in
Singapore. High compliance, complete retention, and positive
usability ratings indicate that older adults can successfully
engage with repeated real-time data collection using mobile
technologies. By enabling repeated real-time assessment of
lifestyle behaviors, neighborhood perceptions, and mental
well-being in daily life, EMA offers a valuable research
approach for aging populations and may inform the future
development of ecological momentary interventions aimed at
promoting healthy aging.
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