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Abstract

Background: Ecologica momentary assessments (EMAS) are short, repeated surveys designed to collect information on
experiences in real-time, real-life contexts. Embedding periodic bursts of EMASs within cohort studies enables the study of
experiences on multiple timescales and could greatly enhance the accuracy of self-reported information. However, the burden
on participants may be high and should be minimized to optimize EMA response rates.

Objective: We aimed to evaluate the effects of study design features on EMA response rates.

Methods: Embedded within an ongoing cohort study (Health@NUS), 3 bursts of EMAS were implemented over a 7-month
period (April to October 2021). The response rate (percentage of completed EMA surveys from all sent EMA surveys; 30-42
individual EMA surveys sent/burst) for each burst was examined. Following alow response rate in burst 1, changes were made
to the subsequent implementation strategy (SMS text message announcements instead of emails). In addition, 2 consecutive
randomized controlled trials were conducted to evaluate the efficacy of 4 different reward structures (with fixed and bonus
components) and 2 different schedule lengths (7 or 14 d) on changes to the EMA response rate. Analyses were conducted from
2021 to 2022 using ANOVA and analysis of covariance to examine group differences and mixed models to assess changes across
al 3 bursts.

Results: Participants (N=384) were university students (n=232, 60.4% female; mean age 23, SD 1.3 y) in Singapore. Changing
the reward structure did not significantly change the response rate (F3350=1.75; P=.16). Changing the schedule length did
significantly change the response rate (F 35,=6.23; P=.01); the response rate was higher for the longer schedule (14 d; mean
48.34%, SD 33.17%) than the shorter schedule (7 d; mean 38.52%, SD 33.44%). The average response rate was higher in burst
2 and burst 3 (mean 50.56, SD 33.61 and mean 48.34, SD 33.17, respectively) than in burst 1 (mean 25.78, SD 30.12), and the
difference was statistically significant (F,7=93.83; P<.001).
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Conclusions: Small changes to the implementation strategy (SMS text messages instead of emails) may have contributed to
increasing the response rate over time. Changing the available rewards did not lead to a significant difference in the response
rate, whereas changing the schedule length did lead to a significant difference in the response rate. Our study provides novel
insights on how to implement EMA surveys in ongoing cohort studies. This knowledge is essential for conducting high-quality

studies using EMA surveys.
Trial Registration:

(J Med Internet Res 2023; 25:e45764) doi: 10.2196/45764
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Introduction

Ecological momentary assessment (EMA) surveys are amethod
of capturing self-reported information on experiences in
real-time, real-life settings. In EMA studies, participants are
prompted to respond to brief sets of questions, often multiple
times per day for several days [1]. Although EMA has been
used for decades [2], this approach has recently increased in
popularity as evidenced by the number of recent review studies
[3-15]. These reviews have examined the use of EMAsto study
various health-related behaviors and experiences, including
stress [4], mood and anxiety disorders[10], social interactions
[5], physical activity, eating behaviors, tobacco smoking, sexual
health, and al cohol consumption [6]. Other reviews have covered
the applicationsof EMA within clinical psychology [3,9,12,15]
and methodological considerations [7,11].

There are 3 key advantages of using EMA over traditional
retrospective surveys. First, the recall period is short, typically
covering current or very recent experience, thus minimizing
recall biases [16,17]. Second, ecological validity is enhanced
as experiences are reported in the context of daily life. Third,
EMA can be delivered on intensive and repeated schedules to
capture patterns and dynamic interactions between experiences
that may occur as frequently as weekly, daily, hourly, or more
[18]. These advantages are further enhanced by technological
devel opmentsthat have madeit possibleto deliver EMA surveys
viaasmartphone[19] rather than viapen and paper assessments.

Integrated into longitudina cohort studies, periodic bursts of
EMA surveys (ie, repeated rounds of EMA surveys [20,21])
could advance our understanding of trajectories of health and
health-related behaviors [18,22]. Such an approach overcomes
the methodological limitations of traditional cohort studies,
where assessments are repeated only months, years, or decades
apart, by capturing within-person variations in health and
health-related behaviors and dynamic interactions between them
and contextual determinants in real-life settings. A few such
studies are ongoing in the United States [23-25]. One study
currently underway at the National University of Singapore
(NUS) isHeath@NUS, which aims to examine the health and
health-related behaviors of approximately 1000 university
students (Clinical Trials.gov NCT05154227).

Nonresponseto EMA surveys may erode the advantages of this
approach. EMA protocols must balance comprehensive coverage
of the constructs of interest (eg, health-related behaviors such
as physical activity or eating and experiences such as stress or

https://www.jmir.org/2023/1/e45764

mood) agai nst acceptable participant burden [26,27]. Questions
contained within EMA surveys must accurately assess each
construct and be implemented within a sampling strategy that
matchesthe expected occurrence (or fluctuation) of the construct
in daily life [20,28]. However, if each EMA survey has many
guestions or is sent frequently, respondents may find the EMASs
intrusive or difficult to respond to in the context of daily life.
Placing high burden on respondents may result in nonresponse
to EMA surveys and an incomplete picture of the construct of
interest [29,30].

Currently, little is known about maximizing data compl eteness
in EMA studies. Some studies have found that missing dataare
related to participant characteristics such as age or personality
traits [31] and to study design factors such as the incentives
offered to participants, the number of days of monitoring, or
the number of surveys per day or questions per survey
[8,11,32,33]. Similarly, the content or complexity of theincluded
questions may influence participants' ability or willingness to
respond. If such factors are related to missing data, then they
require careful consideration when designing EMA studies.
This is particularly important within longitudinal studies that
implement bursts of EMA aongside other study requirements
(eg, health screenings, continuous digital assessments, biometric
assessments, and traditional questionnaires), as the burden on
participants may be considerable and willingnessto engage with
the study requirements may decrease over time. In addition to
concerns about missing EMA data, undue burden may result in
poorer quality of data (eg, owing to carelessresponding to EMA
surveys [33]), to other study requirements being missed, or, in
the worst case, withdrawal from the study.

Furthermore, studies that implement repeated bursts of EMA
surveys face unique challenges when compared with one-off or
single-burst EMA studies. The start date of single-burst studies
is often clear—a prespecified date or directly following
enrollment into a study or contact with the research team.
Conversely, when multiple bursts of EMAS are implemented,
the start date may be clear for the first burst of EMA if it
coincides with the recruitment date. However, the start date of
subsequent bursts may only be communicated electronically
(eg, an email or push notification) or not at all (eg, participants
just receivethefirst EMA survey), and this may haveimportant
implications for response rates to the upcoming round. If the
communication strategy is not optimum, it follows that
participants may not be able to respond to all EMA surveysin
all EMA bursts.
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This study aims to evaluate progressive changes made to the
implementation strategy for bursts of EMA surveys embedded
within an ongoing cohort study. Our objectiveswere asfollows:

1 Aim 1. to evaluate whether offering different reward
structures for completing EMA surveys would lead to an
increase in the response rate relative to the control group.

2. Aim 2: to evaluate whether implementing a 7-day EMA
schedule (intervention group) would improve the response
rate relative to a 14-day schedule (control group).

3. Secondary aim—aim 3: To compare the overall response
rates across 3 bursts of EMA surveysfollowing changesto
the EMA implementation protocol.

Methods

This study evaluated participants response rates to the first 3
bursts of EMA surveys nested within an ongoing prospective
cohort study, Health@NUS (Clinical Trials.gov NCT05154227).

Health@NUS

Full details of Hedth@NUS are available elsewhere [34].
Briefly, Health@NUS uses traditional and digital strategiesto
capture health-related behaviors and rel ated factors over a2-year
period as students complete their university education and as
many of them transition into postuniversity work and life.
Throughout the 2-year study, participants repeat traditional
guestionnaires and biometric assessments (baseline and 1- and
2-y follow-up). Movement behaviors (ie, physical activity,
sedentary behavior, and sleep [35]) were monitored continuously
using a wearable device (Fitbit Versa Lite), and a smartphone
app tracked dietary intake and delivered up to 5 bursts of EMA
surveysper year. These EMA dataextend and contextualize the
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information from the traditional and digital assessments with
guestions covering movement (sleep, physical activity, and
screen time) and diet (whether food was eaten, where it was
eaten, what was eaten, activities while eating, and satiety after
eating) and stress, fatigue, and mood. By combining bursts of
EMA surveys with other digital technologies, Health@NUS
will capture and describe the temporality of experienceswithin
and between days, and their effects on health over time, at a
level of granularity not previously possible.

The schedule for the first burst of Health@NUS EMA surveys
was designed based on the available literature[11,32], the need
to capture multiple constructs as succinctly as possible, and our
experiencesimplementing EMA inthelocal context [22,36,37].
Degpite this approach, the response rate to the first burst was
low. On average, participants completed only 26% of the surveys
they received, well below the 70% or higher response rate
reported in other studieswith comparable populations[11,32,38]
and the recommended acceptabl e threshold of 80%[2,39]. This
low response rate prompted the study team to carefully review
the EMA implementation strategies and schedule with the
overall aim to increase the response rate in future bursts.

This Study

To evaluate these changes, we implemented 2 randomized
controlled trials (RCTs) within the ongoing Health@NUS study.
The practical nature of these nested RCTs (ie, to act to improve
overal EMA survey response rate in an ongoing study) meant
that publishing a protocol before starting the study was not
feasible. The outcome variable (response rate) was specified a
priori. The flow of participants through these RCTs is shown
inFigure 1.

Figure 1. Flow of participants through the nested randomized controlled trials. HP: Health Points.
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Participants

Participants were recruited to Health@NUS via email, campus
posters, and word of mouth. To be €eligible, participants had to
(2) beafull-timestudent at the NUS, (2) be aged 18to 26 years,
(3) beacitizen or permanent resident of Singapore, and (4) own
asmartphone compatible with the study app (ie, minimum iOS
10 or Android 7). Recruitment was ongoing at the time of
writing this paper.

There were no additional eligibility criteria for this study. A
total of 384 students who joined Health@NUS during the first
wave of recruitment between October 2020 and March 2021
were included. During study enrollment, participants provided
written informed consent to receive short surveys (EMAS, <10
min each) via the study app (HiSG app). Participants were
advised that the EMA surveys were optional but highly
encouraged and that they would be compensated for answering
them. No specific details of the survey timing, frequency, or
the compensation were provided during the consent process.

EMA Details

Overview

This study was based on the first 3 bursts of EMA surveys,
delivered on the following dates:

1 Burst 1: April 24 to May 7, 2021 (baseline)

2. Burst 2: July 19to August 1, 2021 (aim 1, reward RCT)

3. Burst 3: October 11 to October 24, 2021 (aim 2, schedule
length RCT)

The EMA questions asked about movement behaviors, eating
behaviors, the context of these behaviors, and emotional states.
The content and number of questions in each survey varied
(minimum: 1 question; maximum: 12 questions; Multimedia
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Appendices 1 and 2). As this study focused on the overall
response rate, the details of the content of the EMA survey
guestions are not described here.

In each burst, up to 6 EMA surveys were delivered per day on
a time-stratified sampling schedule [39]. EMA surveys were
scheduled to be sent at arandom timewithin thefollowing fixed
timewindows: 8:30 AM t09:30 AM (survey 1), 11 AM to noon
(survey 2), 1:30 PM to 2:30 PM (survey 3), 4 PM to 5 PM
(survey 4), 6:30 PM to 7:30 PM (survey 5), and 9 PM to 10 PM
(survey 6).

In all 3 bursts of EMA surveys, participants were notified of
each EMA survey via a push notification, plus a second push
notification sent 25 minutes later if the EMA survey had not
already been answered. Participants had 45 minutes to respond
to each EMA survey, starting from the time of the first push
notification.

Burst 1 of EMA Surveys

Before burst 1 (baseline), the participants received an email to
notify them of the upcoming EMA burst. A second reminder
email and one push notification reminder were sent midway
through the EMA burst (see the left-hand side of Figure 2).

During burst 1, all participants received 42 EMA surveys over
10 dayswithin a14-day period (seethe left-hand side of Figure
3). Participants received 25 Health Points (HP) for completing
each individual EMA survey, up to a total of 1050 HP
(equivalent to approximately SG $7 [US $5.1]). In Singapore,
HP can be earned by participating in arange of health promotion
programs such as yearly physical activity interventions [40].
HP are accumulated in one central e-wallet and can be
exchanged for vouchers.

Figure 2. Overview of general reminders sent before and during each ecological momentary assessment (EMA) burst. Reminder sent via email (E),
text message (T), or push notification (P). Group A: 25 Health Points (HP) per completed EMA survey. Group B: 25 HP per completed EMA survey
+ bonus HP available. Group C: 50 HP per completed EMA survey. Group D: 50 HP per completed EMA survey + bonus HP available. An additional
2 push notifications are sent per EMA survey (first push notification, second push notification 25 min later, if survey remans

unanswered).FIG20V~1.PNGd.
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Figure 3. Overview of the 14- and 7-day ecological momentary assessment (EMA) schedules. The black dot indicates that an EMA survey was sent
on this day in thistime window. Surveys were sent at random times within the following time windows: survey 1 (8:30-9:30 AM), survey 2 (11 AM to
noon), survey 3 (1:30-2:30 PM), survey 4 (4-5 PM), survey 5 (6:30-7:30 PM), survey 6 (9-10 PM). Burst 1 and 2: al participants (N=384) received the
14-day EMA schedule (burst 1: 42 EMA surveys and burst 2: 41 EMA surveys as survey 6 on day 9 was not sent due to atechnical glitch). Burst 3:
intervention group participants (n=288) received the 7-day schedule (30 EMA surveys), and control group participants (n=96) received the 14-day

schedule (42 EMA surveys).
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Burst 2 of EMA Surveys

The EMA schedule was identical to the 14-day schedule
implemented in burst 1 (see the left-hand side of Figure 3) with
the exception that survey 6 on day 9 was not sent because of a
technical glitch in the study app, resulting in 41 surveys being
sent in total.

Before the start of burst 2, participants received an email and
an SMS text message to notify them of the upcoming EMA
burst. In addition, all participants received a push notification
on their smartphone every 3 days to remind them to complete
the EMA surveys (Figure 2) and participants in groups B and
D (Table 1) also received an email reminder every 3 days.

In burst 2 of EMA surveys, there were 4 different reward
structures provided for completing EMA surveys: a control
group that received 25 HP per completed EMA survey (group
A), a group that received 25 HP per completed EMA survey
plus bonus HP for completing >50% or 80% of EMA surveys
(group B, ie, 50% or 80%=completing >20 or >32 EMA surveys,
respectively), agroup that received 50 HP per completed EMA

https://www.jmir.org/2023/1/e45764

survey (group C), and a group that received 50 HP per EMA
survey plus bonus HP for completing >50% or 80% of EMA
surveys (group D; Table 1).

To evaluate whether changing the reward structure led to an
increase in the EMA response rate (aim 1, reward RCT),
participantswererandomly allocated onal:1:1:1 ratio to group
A, B, C, or D before burst 2. An independent allocation officer
used a random number generator to determine the allocation
seguence. The sequence was integrated into the HiSG app and
participants were automatically assigned to their respective
group for burst 2 of the EMA surveys.

The participants were not explicitly informed of their group
alocation or of the existence of different reward groups.
However, participants were notified that rewards were available
and participants in group B and group D were notified of the
bonus HP available and of the completion rate threshold that
they needed to meet to receive them (ie, at least 50% or 80%
completion) via the reminder emails and push notifications
(Figure 2).
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Group A Group B Group C Group D
H pb/survey 25 25 50 50
Bonus HP®
>500% EMAY surveys completed N/A® 500 N/A 500
>80% EMA surveys completed N/A 1000 N/A 1000
Total possiblereward
HP 1050 2050 2100 3100
Approximate value, SG $ (US $) 7.0(5.1) 13.7 (10.0) 14.0 (10.3) 20.7 (15.2)
8Rewards were provided as Health Points.
PHP: Health Points.
CParticipants could receive either the 50% or 80% completion bonus, not both.
9EMA.: ecol ogical momentary assessment.
ENI/A: not applicable. Participants in these groups were not eligible for bonus HP.
Measures

Burst 3 of EMA Surveys

The original 14-day schedule was condensed into 7 days, and
the overall number of EMA surveyswas reduced to 30 (seethe
right-hand side of Figure 3). Early morning surveys (survey 1,
8:30-9:30 AM) were removed from the 7-day schedule where
possible as these received the lowest response rate in previous
bursts. The control group received the original 14-day schedule
(identical to the 14-d schedule used in bursts 1 and 2; see the
left-hand side of Figure 3). The reward structure was reverted
to that of burst 1 (ie, 25 HP/completed survey for all
participants) as preliminary analyses of the reward RCT (ig,
aim 1) data indicated no significant between-group difference
in the response rate to EMA surveys.

Before the start of burst 3, participants received an SMS text
message (instead of an email) notifying them of the upcoming
EMA burst plus they received an SMS text message every 3
daysto remind them to completethe EM A surveys (total number
of SM'S text messages sent/participant: 5 for those receiving a
14-d schedule and 3 for those receiving a 7-d schedule [Figure
2]). Participants were not directly informed of their group
allocation (14 or 7 d).

The second nested RCT aimed to eval uate whether acondensed
EMA schedule would achieve a higher response rate (hereafter
referred to as schedule length RCT). We hypothesized that the
condensed 7-day schedule (intervention) would achieve ahigher
response ratethan the original 14-day schedule (control) because
some studies have reported declining response rates over time
[41-43]. As such, we conducted a 2-arm trial in which we
randomly allocated participantson al:3 alocation ratio (control:
intervention). Randomization was stratified by reward RCT
groups to ensure that the 1:3 alocation ratio was equal across
the 4 reward groups and to ensure that prior reward experience
would not have an impact on the results. As before, an
independent all ocation officer used arandom number generator
to determine the alocation sequence, and this was integrated
into the HiSG app so that participants were automatically
assigned to their respective group for burst 3.

https://www.jmir.org/2023/1/e45764

At baseline, participants self-reported their age (date of birth);
sex (male or female); ethnicity (Chinese, Indian, Malay, or
Other); marital status(singleor never married, currently married,
separated but not divorced, divorced, widowed, or refuse to
answer); monthly household income (<SG $2000 [US $1466],
SG $2000-SG $3999 [US $1466-US $2932], SG $4000-SG
$5999 [US $2933-US $4398], SG $6000-SG $9999 [US
$4399-US $7331], >SG $10,000 [>US $7332]), refuse to
answer, or do not know); whether they are an undergraduate or
postgraduate student; and the faculty they are studying in.

Biometric assessments (height in cm and weight in kg) were
taken by trained study personnel. BMI was calculated from
height and weight measurements and classification
recommendations for Asian populations [44] were followed

(<18.4 kg/m?=underweight; 18.5-22.9 kg/m?=normal; 23-27.4
kg/m?=overweight; and >27.5 kg/m?=obese).

EMA surveys were administered via the HiSG app, and
responses were automatically captured by the app and uploaded
to astudy server inreal time.

Primary Outcome

The primary outcome measure was the response rate (ie,
percentage of completed EMA surveys from all sent EMA
surveys) for each burst of EMA surveys.

Statistical M ethods

Baseline characteristics were analyzed descriptively. Separate
1-way ANOVASs were used to estimate the effect of changing
thereward structure (aim 1, reward RCT) or the schedulelength
(aim 2, schedule length RCT) on the response rate at burst 2
and burst 3, respectively. A sensitivity analysis was conducted
using analysis of covariance to adjust for the response rate at
burst 1 (ie, baseline).

Secondary aim 3 was first analyzed using linear mixed model
analysis with restricted maximum likelihood estimation to
compare the overall response rate across the 3 bursts of EMA
surveysfollowing changesto the EMA implementation protocol
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(illustrated in Figure 2). The model was adjusted for group
allocation at burst 2 and burst 3. Pairwise comparisons, with
Bonferroni correction for multiple comparisons, were conducted
to identify which bursts had significantly different response
rates. We also conducted further subgroup analysisfor secondary
aim 3 with participantswho were all ocated to the control group
for each EMA burst. The subgroup for this analysis was
specified as all participants from burst 1 (N=384), data from
group-A (control group) participantsat burst 2 (n=96), and data
from participants in the 4 groups that received the 14-day
schedule (control group) at burst 3 (n=96; 24 of these
participants also contributed datain burst 2). All analyses were
conducted in R software (version 4.1; R Foundation for
Statistical Computing).

Ethical Consider ations

Ethics approval was obtained from the National Healthcare
Group in Singapore (reference 2019/00285). All participants
provided written informed consent before commencing the study
and consented for their deidentified datato be used for research
purposes. For this study, the maximum compensation available
to participantsranged from SG $21 (US $15) to SG $34.66 (US
$25) depending on group allocation during the reward RCT and
on the number of EMA surveys they compl eted.

Results

Participant Flow

Between October 2020 and March 2021, 384 participants were
recruited and enrolled into this study, and data collection was
complete by October 2021.

https://www.jmir.org/2023/1/e45764
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Following burst 1 and before burst 2, the participants were
randomized to group A (n=96), group B (n=95), group C (n=96),
or group D (n=97). Following burst 2 and before burst 3,
participants were randomized to the intervention (7-d EMA
schedule, n=288) or control (14-d EMA schedule, n=96) group.
Figure 1 presents the details of participant flow through the
trial.

Participant Characteristics

The study participants were predominantly undergraduate
students (376/384, 97.9%), female (232/384, 60.4%), of Chinese
ethnicity (366/384, 95.3%), and reported as being single or
never married (382/384, 99.5%). The mean age of the
participants was 23.37 (SD 1.25) years, and most of the
participants had a BMI that was classified as either normal
weight (203/384, 52.9%) or moderately overweight (114/384,
29.7%). Details of the participant characteristics at baseline for
all participants and for each group alocationinthe 2 RCTsare
presented in Table 2.

For the reward RCT, group A had a dightly higher proportion
of participantswith amonthly household income of <SG $2000
(<US $1466; compared with the other 3 reward groups). For
the schedulelength RCT, the 7-day schedule group had adlightly
higher proportion of male participants and of participants with
a reported monthly household income of <SG $2000 (<US
$1466) as compared with the 14-day schedule group. The 7-day
schedule group al so had fewer participantswho reported aBM|
inthe healthy range as compared with the 14-day schedule group
(Table 2).
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Table 2. Participant characteristics.
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Overdl Reward RCT? Schedule length RCT
(N=384)
Group AP GroupB®  Groupc®  Groupp®  7-dschedule 14-d schedule
(n=96) (n=95) (n=96) (n=97) (n=288) (n=96)

Age (y), mean (SD) 23.4(1.3) 23.4(1.2) 236(1.3) 232(L1)  233(14) 234(L2) 23.3(1.4)
Sex, n (%)

Male 152 (39.6) 36 (37.5) 43(453)  40(4L7)  33(34) 120 (41.7) 32(33.3)

Femae 232 (60.4) 60 (62.5) 52(547)  56(58.3) 64 (66) 168 (58.3) 64 (66.7)
Ethnicity, n (%)

Chinese 366 (95.3) 92 (95.8) 91(95.8)  91(94.8)  92(94.8)  277(9.2) 89 (92.7)

Other 18 (4.7) 4(42) 4(42) 5(5.2) 5(5.2) 11 (3.8) 7(7.3)
BMI (kg/mz), mean (SD) 22.03(3.23) 22.07(2.84) 2226(3.31) 21.53(2.95) 22.28(3.73) 22.15(3.3) 21.70 (2.96)
BMI categori%(kg/mz), n (%)

Underweight: <18.5 47 (12.2) 13 (13.5) 7(7.4) 15(156)  12(124)  37(12.8) 10 (10.4)

Normal: 18.5-<23 203 (52.9) 49 (51) 51(53.7)  54(56.3)  49(50.5) 143 (49.6) 60 (62.5)

Overweight: 23-<27.5 114 (29.7) 31(32.3) 31(326)  24(25) 28(289)  90(31.3) 24 (25)

Obese; 227.5 20 (5.2) 3(3.1) 6(6.3) 3(3.1) 8(8.2) 18 (6.3) 2(2.1)
Faculty, n (%)

Science and Medicine 155 (40.4) 29 (30.2) 46(484)  40(417)  40(412)  112(38.9) 43 (44.8)

!Engi neeringand Comput- 86 (22.4) 33(34.49) 21 (22.1) 13(13.5) 19 (19.6) 68 (23.6) 18 (18.8)

ing

Artsand Social Sciences 56 (14.6) 19 (19.8) 7(7.4) 15(15.6)  15(155)  44(153) 12 (12.5)

Business, Accounting 42 (10.9) 6(6.3) 11(116)  12(125)  13(134)  32(11.1) 10 (10.4)

and Law

Design and Environment 32 (8.3) 5(5.2) 8(8.4) 14(146)  5(5.2) 23(8) 9(9.4)

Others 13 (3.4) 4(4.2) 2(2.1) 2(2.1) 5(5.2) 9(3.) 4(4.2)
Monthly household income (SG $[US $]), n (%)

<2000 (<1466) 37 (9.6) 13 (13.5) 5 (5) 8(8.3) 11(11.3)  31(10.8) 6(6.3)

2000-5999 (1466-4397) 104 (27.1) 22 (22.9) 26(274)  26(27.1)  30(30.9)  75(26) 29 (30.2)

6000-9999 (4398-7329) 69 (18) 19 (19.8) 15(158)  22(229)  13(134)  52(18.) 17 (17.7)

>10,000 (>7330) 70 (18.2) 21 (21.9) 17(17.9)  16(167)  16(165)  55(19.1) 15 (15.6)

Refllise toanswerordo 104 (27.1) 21(21.9) 32(337)  24(25) 27(278)  75(26) 29 (30.2)

not know

3RCT: randomized controlled trial.

bGroup A: 25 Health Points per completed ecological momentary assessment survey.
®Group B: 25 Health Points per completed ecological momentary assessment survey + bonus Health Points available.
dGroup C: 50 Health Points per completed ecological momentary assessment survey.
€Group D: 50 Health Points per completed ecological momentary assessment survey + bonus Health Points available.

Aim 1; Reward RCT

The first am was to evaluate whether changing the reward
structurefor completing EMA surveyswould lead to an increase

in the response rate.

https://www.jmir.org/2023/1/e45764

RenderX

The average response rates for the 4 reward groups at burst 1
and burst 2 are presented in Table 3. The response rate at burst

the groups were not significant (Table 3).

2 increased for all groups (compared with that at burst 1).
However, the differences in the burst 2 response rate between
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Table 3. Response rate (%) by reward structure for the 4 intervention groups.

Group Burst1, mean (SD) ~ Burst2, mean(SD)  F tegt (df), unadjusted® P value F test (df), adjusted® P value

ACd 24.42 (29.71) 50.56 (33.61) 1.75 (3, 380) 16 1.38 (3, 376) 25

Be 24.34 (31.13) 41.44 (35.98) N/AT N/A N/A N/A

cdg 27.08 (30.00) 43.85 (34.16) N/A N/A N/A N/A

Dh 27.24 (29.96) 50.49 (34.16) N/A N/A N/A N/A
GANOVA.

bAna ysis of covariance, adjusted for burst 1 response rate (baseline).

®Group A: 25 Health Points per completed ecological momentary assessment survey.

YPartici pantsin group A or group C could receive either the 50% or 80% completion bonus, not both.

€Group B: 25 Heslth Points per completed ecological momentary assessment survey + bonus Health Points available.
N/A: not applicable.

9Group C: 50 Health Points per completed ecological momentary assessment survey.

hGroup D: 50 Health Points per completed ecological momentary assessment survey + bonus Health Points available.

Aim 2: Schedule Length RCT

The second aim was to evaluate whether implementing a
shortened 7-day EMA schedule would improve the response
rate.

The average responserates for the 2 schedule length groups are
shown in Table 4.

Table 4. Response rate (%) by schedule length groups.

On average, participantsin the 14-day group (control) completed
48.3% (SD 33.2%) of EMA surveys at burst 3 compared with
38.5% (SD 33.4%) in the 7-day group (intervention); this
difference was significant (F; 33,=6.23; P=.01) and remained
so after adjusting for the response rate at burst 1 (baseline;
F1,280=4.63; P=.03; Table 4).

Group Burst1,meen(SD) Burst3, mean(SD) F test (dff), unadjusted® P value F test (df), adjusted® P value
7-d schedule (intervention)  24.09 (29.18) 38.52 (33.44) 6.23 (1, 382) 01 4.63 (1, 380) .03
14-d schedule (control) 30.85 (32.39) 48.34 (33.17) N/AC N/A N/A N/A

SANOVA.
bAnal ysis of covariance, adjusted for burst 1 response rate (baseline).
°N/A: not applicable.

Secondary Aim 3: Temporal Trendsin Response Rate
Atbaseline (ie, burst 1), the average response rate per participant
was 25.8% (SD 30.1%). At burst 2, the average response rate
across groups was 46.6% (SD 34.6%) and 41% (SD 33.6%) at
burst 3, and this difference was satisticaly significant
(F766=93.83; P<.001). Pairwise comparisons indicated that
the difference between burst 1 and burst 2 and burst 1 and burst
3 were both significant (P<.001), whereas the difference
between burst 2 and burst 3 was not significant (P=.05).

Subgroup analysis with control group participants was used to
compare the overall response rates across the 3 bursts of EMA

https://www.jmir.org/2023/1/e45764

surveysfollowing changesto the EMA implementation protocol.
Table 5 shows the average response rate for all participants at
burst 1 (N=384) and for participants allocated to the control
conditionsat burst 2 (group A, n=96) and burst 3 (14-d schedule
group, n=96; note that 24 participants contributed datato all 3
bursts). The average response rate was higher at burst 2 (50.6%,
SD 33.6%) and burst 3 (48.3%, SD 33.2%) than at burst 1
(25.8%, SD 30.1%), but the difference was not statistically
significant (F 4 ,5=0.72, P=.58).

Multimedia Appendix 3 shows details of how the responserate
varied across each burst of EMA surveys.

JMed Internet Res 2023 | vol. 25 | e45764 | p. 9
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Table 5. Tempora trendsin response rate.
Burst 1, mean (SD)? Burst 2, mean (SD)° Burst 3, mean (SD)° F test (df) Pvalue
Temporal trends, all participants
Response rate 25.78 (30.12) 46.61 (34.58) 40.97 (33.60) 93.83 (2, 766) <.001
Temporal trends, subgroup analysis of control group participants at each burst®
Response rate 25.78 (30.12) 50.56 (33.61) 48.34(33.17) 0.723 (4, 215) 58

8 ncludes all 384 participants from burst 1.

Bincludes 96 participants who were allocated to group A (control) at burst 2.

CIncludes 96 participants who were allocated to the four 14-day schedule groups (control) at burst 3.

A total of 24 participants contributed datato all 3 bursts.

Discussion

Principal Findings

This study experimentally evaluated the effect of rewards and
schedule length on EMA response rates within the context of
an ongoing study implementing repeated bursts of EMA surveys.
Reducing the number of days of EMA surveys led to a
significantly lower response rate. However, changing the
availablerewards did not significantly change the responserate.
Overadl, for all groups the response rate was lowest at baseline
(burst 1) as compared with the subsequent bursts of EMAs and
the difference was satistically significant. However, our
subgroup analysis that was intended to further explore whether
this was because of changes in how participants were notified
of the relevant burst of EMA surveys found no significant
differencein the response rate at each burst.

Theresponserateto burst 1 was very low, prompting this study,
and increased substantially in burst 2 and burst 3 in al groups.
It is possible that the initial low response rate was because the
upcoming EMA burst was not well communicated to the
participants. Future bursts included more frequent
communication delivered directly to all participants (via SMS
text messages and push notifications). These simple changes
may have contributed to the increased response rate. However,
we did not experimentally evaluate the effects of these
communication changes. Our secondary anaysis partialy
supported this finding, as there were significant differences
between the response rate at each burst. However, in the
subgroup analysis of the control group participants, the
differences were no longer significant.

Findingsin Context

The finding that neither offering greater reward amounts nor
reducing the schedule length led to an increase in the response
rate is broadly consistent with systematic reviews of factors
associated with EMA compliance [8,32]. However, these
reviews highlight the inconsistencies in how response rates are
reported (eg, of studies in nonclinical populations, only 22%
reported average response rate/person [8]), which makes direct
comparisons challenging. Greater uptake of EMA study
reporting guidelines [20,38] would be useful inthisregard. Our
study extends the currently available evidence by providing an
experimental evaluation of the role of rewards and schedule
length.

https://www.jmir.org/2023/1/e45764

Rewards were selected as the first intervention target as the
rewards available in burst 1 were low compared with other
studies; participants could receive atotal of approximately US
$5 for completing all the EMA surveys. In other studieswith a
similar number of EMA days (between 10 and 14 d) and surveys
(between 35 and 50 surveys), the lowest incentive was
approximately US $25 [14]. In burst 2, the total available
rewardsincreased for some groups (up to US $15) but remained
lower than comparable studies and there was only a US $10
difference between the lowest and highest value reward group.
In our study, very small rewards were directly tied to the
completion of each individua EMA survey (ie, 25-50 HP,
approximately US $0.12-US $0.24/completed EMA survey).
In the context of Singapore, small incentives (in the form of HP
and supermarket vouchers) have been used to promote
compliancetointerventions[45,46], although in these instances,
the relationship between intervention compliance and the
incentives available may have been clearer to participants. In
contrast, Health@NUS participants have a range of different
study requirementsthat are tied to different incentives; over the
course of the 2-year study, participants can receive up to about
US $313 (plus keep their study Fitbit). In addition, participants
were likely aware that completing the EMA surveys was
optional (but strongly encouraged). Taken together, immediate
rewards may have seemed small for all reward groups, and
cost-benefit reasoning may have resulted in a decision to not
complete the EMA surveys[47].

In our study, contrary to our expectations, the burst 2 response
rate was significantly higher in the 14-day schedule group than
inthe shorter 7-day schedule group. It seemsintuitive that fewer
days of EMA surveys would be less intrusive and therefore
preferableto participants, particularly in the context of repeated
bursts of EMA surveys. However, our findings indicate the
opposite. More research is needed in this area as systematic
reviews currently report inconsistent relationships between
EMA schedule length and response rate [8,32].

Although the average response rate in EMA studies has been
reported to be >70% [11,38], these studies implement asingle
burst of surveysrather than repeated bursts. Our results compare
favorably with those of 2 other studies that have used burst
designs. In the SPARC study [48], 4 bursts of EMA surveys (8
surveys/d for 4 d) were implemented over a 7-month period
(September, October, February, and March) and reported an
average per participant response rate of 41% acrossthe 4 bursts

JMed Internet Res 2023 | vol. 25 | e45764 | p. 10
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[49]. Similarly, Howland et a [50] asked participants to
completea30-day daily diary annually for 4 years. Theretention
rate across the 4 years was reported as 73%; however, thiswas
after participants who did not meet the minimum reporting
threshold of 15 days per year (out of 30 days) were excluded
from the study. It isimportant to note that these 2 studies[48,50]
only implement repeated EMA and traditional questionnaires
(no continuous or in-person assessments). As such, in these
studies, participants would likely have specifically signed up
to an EMA study, as compared with Health@NUS participants
who have numerous other elements of data collection to fulfill,
with the EMA secondary to this and optional. This highlights
potential challenges with repeatedly administering EMA (in or
outside the context of alarger study) and that researchers should
carefully consider the likelihood of missed EMA surveys (and
missing data) when using burst designs [20,21]. However,
further research isrequired to confirm our findings. Two recent
reviews of EMA compliance found no evidence of asignificant
relationship between schedule length and compliance [8,32],
although these data were obtained from observationa rather
than experimental studies. There are few experimental studies
of study design features to minimize missing EMA data [33]
and few longitudinal EMA studies [23-25].

Strengths and Limitations

The strengths and limitations of this study should be considered.
Our RCTswere embedded within an ongoing cohort study that
required participants to fulfill several mandatory requirements
(eg, minimum Fitbit wear time and food diary logging/mo),
whereas completing the EMA surveys was optional but highly
encouraged, and participants may have decided to opt out of
this study component. Furthermore, although our sample size
was larger than that of many other EMA studies [11,38], no a
priori sample size was calculated and instead all participants
who enrolled during the first waves of recruitment (October
2020 to March 2021) were included. Our study is one of the
first to experimentally evaluate the impact of EMA protocol
features on overall response rates, and we purposefully chose
protocol featuresthat could be manipulated and evaluated within
an RCT. However, as the first few bursts of EMA were
organized and scheduled in advance, the research team had to
rapidly analyzethe previous bursts' response rate dataand select
a suitable intervention strategy for the upcoming burst. Given
more time, we may have selected aternative variables to
manipulate, such as time-varying factors (eg, time of day or
weekend vs weekday [51]); number of EMA surveys per day
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(eg, our varied number of EMA surveys/d vs a consistent
number); or whether the response rate can be predicted based
on the question type (eg, Likert scale or multiple choice) or
content (eg, dietary intake or stress). Future studies should
explore the role of time-varying factors, the number of EMA
surveys, and the type and content of questions on the overall
response rate.

Our pragmatic approach also meant that our secondary aim, to
exploretemporal changesin the response rate, was exploratory
in nature. Future studies specifically designed to experimentally
evaluate the effect of altering the announcement and
communication strategy for each EMA burst (ie, the number of
emails, SMS text messages, and push notifications that were
sent to provide details of what to expect in the upcoming burst
of EMA surveys) are needed. Studies evaluating the effects of
other temporal variables such as holidays and key periods in
the academic calendar (eg, exams) are a so needed. Asistypica
of behavioral research, it was not possible to blind participants
to their intervention condition, and we al so cannot comment on
whether participants received all of the EMA surveysthat were
sent. Furthermore, in our study, the number of EMA surveys
per day varied (3-6/d), which may have lowered the response
rate as participants did not know when to expect a survey.
Finally, our sample consists of university students who may be
especially motivated to engage in health research and therefore
may not be representative of the broader population of young
adults. The extent to which our findings generalize beyond this
group isunclear. However, asyoung adults are akey population
studied in EMA studies [20,32,52-55], our findings are likely
to be of considerable interest to the field.

Conclusions

This study is one of the first to experimentally evaluate the
effect of incentives and schedule length on EM A responserates.
It is aso the first study to consider factors related to response
in the context of an ongoing prospective cohort study
administering repeated bursts of EMA over a2-year period. By
embedding RCTs within an ongoing study, it was possible to
rapidly implement and evaluate whether altering the
implementation strategy, incentives, or schedule length would
increase the response rate. Our study therefore contributesto a
small but growing body of literature on how to implement EMA.
This knowledge is essentia for collecting high-quality EMA
data, which has a flow-on effect to the quality of conclusions
that can be drawn from these data.

This study was funded by the Health Promotion Board of the Singapore Government. The funder had no role in the analysis,
interpretation of the data, or the decision to submit the manuscript for publication.

Reporting of these nested trials followed the CONSORT (Consolidated Standards of Reporting Trials) extension for the reporting
of randomized controlled trials conducted using cohorts and routinely collected data (Multimedia Appendix 4) [56].

Data Availability

Deidentified data that support the findings of this study may be available from the corresponding author (SME) upon reasonable

request.

https://www.jmir.org/2023/1/e45764

JMed Internet Res 2023 | vol. 25 | e45764 | p. 11
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Edney et d

Authors Contributions

KC, RMvD, and FM-R secured study funding. All the authors made substantial contributions to the study design. AL and XHC
were responsible for data acquisition. CMJLG, RMvD, CST, FM-R, and SME planned the data analysis. CMJLG performed the
data analysis with input from CST and SME. SME drafted the manuscript. All authors critically reviewed the manuscript and
approved the final version.

Conflictsof I nterest

SME, CMJLG, XHC, RMvD, CST, and FM-R declare no competing interests. AL, JC, DK, and KC declare no competing financial
interests, but they are current employees at the Singapore Government Health Promotion Board.

Multimedia Appendix 1

Overview of the 14- and 7-day ecological momentary assessment schedules including number of questions sent per ecological
momentary assessment survey.
[PNG File, 88 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Constructs assessed via Ecological Momentary Assessment surveys—example questions and response options.
[DOCX File, 16 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Per day response rate for each burst of Ecological Momentary Assessment surveys.
[PNG File, 130 KB-Multimedia Appendix 3]

Multimedia Appendix 4

CONSORT-ROUTINE (Consolidated Standards of Reporting Trials extension for the reporting of randomised controlled trials
conducted using cohorts and routinely collected data) checklist.
[PDE File (Adobe PDF File), 700 KB-Multimedia A ppendix 4]

Multimedia Appendix 5

CONSORT-EHEALTH checklist.
[PDFE File (Adobe PDF File), 6489 KB-Multimedia Appendix 5]

References

1. Reichert M, Giurgiu M, Koch ED, Wieland LM, Lautenbach S, Neubauer AB, et al. Ambulatory assessment for physical
activity research: state of the science, best practices and future directions. Psychol Sport Exerc 2020 Sep;50:101742 [FREE
Full text] [doi: 10.1016/j.psychsport.2020.101742] [Medline: 32831643]

2. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008 Apr 01;4(1):1-32
[doi: 10.1146/annurev.clinpsy.3.022806.091415] [Medline: 18509902]

3. Brown AC, DhingraK, Brown TD, Danquah AN, Taylor PJ. A systematic review of the relationship between momentary
emotional states and nonsuicidal self-injurious thoughts and behaviours. Psychol Psychother 2022 Sep;95(3):754-780
[FREE Full text] [doi: 10.1111/papt.12397] [Medline: 35526112]

4.  LukanJ, Bolliger L, Pauwels NS, Lustrek M, Bacquer DD, Clays E. Work environment risk factors causing day-to-day
stress in occupational settings: a systematic review. BMC Public Health 2022 Feb 05;22(1):240 [FREE Full text] [doi:
10.1186/s12889-021-12354-8] [Medline: 35123449]

5. MOoIsAME, Lax M, Korhonen J, Gumpel TP, Séderberg P. The experience sampling method in monitoring social interactions
among children and adol escentsin school: a systematic literature review. Front Psychol 2022 Apr 4;13:844698 [ FREE Full
text] [doi: 10.3389/fpsyq.2022.844698] [Medline: 35444596]

6.  Perski O. Understanding health behaviours in context: a systematic review and meta-analysis of ecological momentary
assessment studies of five key health behaviours. Health Psychol Rev 2022:1-26 [doi: 10.31234/osf.io/t2f39]

7. StinsonL, LiuY, Dalery J. Ecological momentary assessment: a systematic review of validity research. Perspect Behav
Sci 2022 Jun 06;45(2):469-493 [FREE Full text] [doi: 10.1007/s40614-022-00339-w] [Medline: 35719870]

8.  WilliamsMT, LewthwaiteH, Fraysse F, Gajewska A, Ignatavicius J, Ferrar K. Compliance with maobile ecological momentary
assessment of self-reported health-related behaviors and psychological constructs in adults: systematic review and
meta-analysis. JMed Internet Res 2021 Mar 03;23(3):€17023 [FREE Full text] [doi: 10.2196/17023] [Medline: 33656451]

https://www.jmir.org/2023/1/e45764 JMed Internet Res 2023 | vol. 25 | e45764 | p. 12
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app1.png&filename=2e82d467efdb837b638fbdc6d64243bb.png
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app1.png&filename=2e82d467efdb837b638fbdc6d64243bb.png
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app2.docx&filename=533a4e032b8ba01ee3124c2ee878efa6.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app2.docx&filename=533a4e032b8ba01ee3124c2ee878efa6.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app3.png&filename=5b25bd332954ef53cbf5e2825637a0c7.png
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app3.png&filename=5b25bd332954ef53cbf5e2825637a0c7.png
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app4.pdf&filename=961a69a9f4aa4fef6c0260d69491f3b9.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app4.pdf&filename=961a69a9f4aa4fef6c0260d69491f3b9.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app5.pdf&filename=b0a986c28ba7489d8ba03ae406f1e270.pdf
https://jmir.org/api/download?alt_name=jmir_v25i1e45764_app5.pdf&filename=b0a986c28ba7489d8ba03ae406f1e270.pdf
https://europepmc.org/abstract/MED/32831643
https://europepmc.org/abstract/MED/32831643
http://dx.doi.org/10.1016/j.psychsport.2020.101742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32831643&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
https://europepmc.org/abstract/MED/35526112
http://dx.doi.org/10.1111/papt.12397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35526112&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-12354-8
http://dx.doi.org/10.1186/s12889-021-12354-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35123449&dopt=Abstract
https://europepmc.org/abstract/MED/35444596
https://europepmc.org/abstract/MED/35444596
http://dx.doi.org/10.3389/fpsyg.2022.844698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35444596&dopt=Abstract
http://dx.doi.org/10.31234/osf.io/t2f39
https://europepmc.org/abstract/MED/35719870
http://dx.doi.org/10.1007/s40614-022-00339-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35719870&dopt=Abstract
https://www.jmir.org/2021/3/e17023/
http://dx.doi.org/10.2196/17023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33656451&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Edney et d

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Frumkin MR, Rodebaugh TL. Therole of affect in chronic pain: a systematic review of within-person symptom dynamics.
J Psychosom Res 2021 Aug;147:110527 [FREE Full text] [doi: 10.1016/j.jpsychores.2021.110527] [Medline: 34082154]
Hall M, Scherner PV, Kreidel Y, Rubel JA. A systematic review of momentary assessment designs for mood and anxiety
symptoms. Front Psychol 2021 May 17;12:642044 [ EFREE Full text] [doi: 10.3389/fpsyq.2021.642044] [Medline: 34079492]
Degroote L, DeSmet A, De Bourdeaudhuij |, Van Dyck D, Crombez G. Content validity and methodological considerations
in ecological momentary assessment studies on physical activity and sedentary behaviour: a systematic review. Int J Behav
Nutr Phys Act 2020 Mar 10;17(1):35 [FREE Full text] [doi: 10.1186/s12966-020-00932-9] [Medline: 32151251]

Mote J, Fulford D. Ecologica momentary assessment of everyday social experiences of people with schizophrenia: a
systematic review. Schizophr Res 2020 Feb;216:56-68 [doi: 10.1016/j.schres.2019.10.021] [Medline: 31874743]

Smith KE, Mason TB, Juarascio A, Schaefer LM, Crosby RD, Engel SG, et al. Moving beyond self-report data collection
in the natural environment: areview of the past and future directions for ambulatory assessment in eating disorders. Int J
Eat Disord 2019 Oct 16;52(10):1157-1175 [FREE Full text] [doi: 10.1002/eat.23124] [Medline: 31313348]

Maugeri A, BarchittaM. A systematic review of ecological momentary assessment of diet: implications and perspectives
for nutritional epidemiology. Nutrients 2019 Nov 07;11(11):2696 [ FREE Full text] [doi: 10.3390/nu11112696] [Medline:
31703374]

May M, Junghaenel DU, Ono M, Stone AA, Schneider S. Ecological momentary assessment methodology in chronic pain
research: asystematic review. JPain 2018 Jul;19(7):699-716 [ FREE Full text] [doi: 10.1016/j.jpain.2018.01.006] [Medline:
29371113]

Raphael K. Recall bias: a proposal for assessment and control. Int J Epidemiol 1987 Jun;16(2):167-170 [doi:
10.1093/ije/16.2.167] [Medline: 3610443]

Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE, Fulton J, et al. The effect of socia desirability and
socia approval on self-reports of physical activity. Am J Epidemiol 2005 Feb 15;161(4):389-398 [FREE Full text] [doi:
10.1093/aje/kwi054] [Medline: 15692083]

Dunton G. Ecological momentary assessment in physical activity research. Exerc Sport Sci Rev 2017 Jan;45(1):48-54 [doi:
10.1249/jes.0000000000000092]

Home page. Ethica. 2022. URL : https://ethicadata.com/ [accessed 2023-09-19]

Heron KE, Everhart RS, McHale SM, Smyth JM. Using mobile-technol ogy-based ecological momentary assessment (EMA)
methods with youth: a systematic review and recommendations. J Pediatr Psychol 2017 Nov 01;42(10):1087-1107 [doi:
10.1093/j pepsy/jsx078] [Medline: 28475765]

Sliwinski MJ. Measurement-burst designsfor social health research. Soc Personal Psychol Compass 2008 Jan;2(1):245-261
[FREE Full text] [doi: 10.1348/174866407x260199] [Medline: 19334313]

Edney SM, Park SH, Tan L, Chua XH, DickensBSL, Rebello SA, et al. Advancing understanding of dietary and movement
behavioursin an Asian population through real-time monitoring: protocol of the Continuous Observations of Behavioural
Risk Factorsin Asiastudy (COBRA). Digit Health 2022 Jun 30;8:20552076221110534 [FREE Full text] [doi:
10.1177/20552076221110534] [Medline: 35795338]

Dunton GF, Liao Y, Dzubur E, Leventhal AM, Huh J, Gruenewald T, et a. Investigating within-day and longitudinal effects
of maternal stress on children's physical activity, dietary intake, and body composition: Protocol for the MATCH study.
Contemp Clin Trials 2015 Jul;43:142-154 [FREE Full text] [doi: 10.1016/j.cct.2015.05.007] [Medline: 25987483]
O'Connor SG, Habre R, Bastain TM, Toledo-Corral CM, Gilliland FD, Eckel SP, et al. Within-subject effects of environmental
and social stressors on pre- and post-partum obesity-related biobehavioral responses in low-income Hispanic women:
protocol of an intensive longitudinal study. BMC Public Health 2019 Feb 28;19(1):253 [FREE Full text] [doi:
10.1186/s12889-019-6583-x] [Medline: 30819155]

Wang S, Intille S, Ponnada A, Do B, Rothman A, Dunton G. Investigating microtemporal processes underlying health
behavior adoption and maintenance: protocol for an intensive longitudinal observational study. IMIR Res Protoc 2022 Jul
14;11(7):€36666 [FREE Full text] [doi: 10.2196/36666] [Medline: 35834296]

Janssens KA, Bos EH, Rosmalen JG, Wichers MC, Riese H. A qualitative approach to guide choices for designing adiary
study. BMC Med Res Methodol 2018 Nov 16;18(1):140 [FREE Full text] [doi: 10.1186/s12874-018-0579-6] [Medline:
30445926]

Hasselhorn K, Ottenstein C, Lischetzke T. The effects of assessment intensity on participant burden, compliance,
within-person variance, and within-person relationships in ambulatory assessment. Behav Res Methods 2022 Aug
10;54(4):1541-1558 [FREE Full text] [doi: 10.3758/s13428-021-01683-6] [Medline: 34505997]

Maes |, Mertens L, Poppe L, Crombez G, Vetrovsky T, Van Dyck D. The variability of emotions, physical complaints,
intention, and self-efficacy: an ecological momentary assessment study in older adults. Peerd 2022 May 19;10:€13234
[FREE Full text] [doi: 10.7717/peerj.13234] [Medline: 35611175]

Smyth JM, Stone AA.. Ecological momentary assessment research in behavioral medicine. Journal of Happiness Studies
2003;4(1):35-52 [FREE Full text] [doi: 10.1023/a:1023657221954]

Ram N, Brinberg M, Pincus AL, Conroy DE. The questionable ecological validity of ecological momentary assessment:
considerations for design and analysis. Res Hum Dev 2017 Aug 10;14(3):253-270 [FREE Full text] [doi:
10.1080/15427609.2017.1340052] [Medline: 30613195]

https://www.jmir.org/2023/1/e45764 JMed Internet Res 2023 | vol. 25 | e45764 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/34082154
http://dx.doi.org/10.1016/j.jpsychores.2021.110527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34082154&dopt=Abstract
https://europepmc.org/abstract/MED/34079492
http://dx.doi.org/10.3389/fpsyg.2021.642044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34079492&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-00932-9
http://dx.doi.org/10.1186/s12966-020-00932-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32151251&dopt=Abstract
http://dx.doi.org/10.1016/j.schres.2019.10.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31874743&dopt=Abstract
https://europepmc.org/abstract/MED/31313348
http://dx.doi.org/10.1002/eat.23124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31313348&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11112696
http://dx.doi.org/10.3390/nu11112696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31703374&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1526-5900(18)30030-0
http://dx.doi.org/10.1016/j.jpain.2018.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29371113&dopt=Abstract
http://dx.doi.org/10.1093/ije/16.2.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3610443&dopt=Abstract
https://europepmc.org/abstract/MED/15692083
http://dx.doi.org/10.1093/aje/kwi054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15692083&dopt=Abstract
http://dx.doi.org/10.1249/jes.0000000000000092
https://ethicadata.com/
http://dx.doi.org/10.1093/jpepsy/jsx078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28475765&dopt=Abstract
https://compass.onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-9004.2007.00043.x
http://dx.doi.org/10.1348/174866407x260199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19334313&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076221110534?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221110534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35795338&dopt=Abstract
https://europepmc.org/abstract/MED/25987483
http://dx.doi.org/10.1016/j.cct.2015.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25987483&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6583-x
http://dx.doi.org/10.1186/s12889-019-6583-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30819155&dopt=Abstract
https://www.researchprotocols.org/2022/7/e36666/
http://dx.doi.org/10.2196/36666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35834296&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-018-0579-6
http://dx.doi.org/10.1186/s12874-018-0579-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445926&dopt=Abstract
https://europepmc.org/abstract/MED/34505997
http://dx.doi.org/10.3758/s13428-021-01683-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34505997&dopt=Abstract
https://europepmc.org/abstract/MED/35611175
http://dx.doi.org/10.7717/peerj.13234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35611175&dopt=Abstract
https://link.springer.com/article/10.1023/A:1023657221954
http://dx.doi.org/10.1023/a:1023657221954
https://europepmc.org/abstract/MED/30613195
http://dx.doi.org/10.1080/15427609.2017.1340052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30613195&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Edney et d

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Tominaga T. Effects of personal characteristics on temporal response patternsin ecological momentary assessments. In:
Proceedings of the 18th IFIPTC 13 International Conference on Human-Computer Interaction. 2021 Presented at: INTERACT
'21; August 30-September 3, 2021; Bari, Italy p. 3-22 URL : https:/link.springer.com/chapter/10.1007/978-3-030-85607-6_1
[doi: 10.1007/978-3-030-85607-6_1]

Wen CK, Schneider S, Stone AA, Spruijt-Metz D. Compliance with mobile ecological momentary assessment protocols
in children and adolescents: a systematic review and meta-analysis. JMed Internet Res 2017 Apr 26;19(4):e132 [FREE
Full text] [doi: 10.2196/jmir.6641] [Medline: 28446418]

Eisele G, Vachon H, Lafit G, Kuppens P, Houben M, Myin-Germeys 1, et al. The effects of sampling frequency and
guestionnaire length on perceived burden, compliance, and careless responding in experience sampling datain a student
population. Assessment 2022 Mar 10;29(2):136-151 [doi: 10.1177/1073191120957102] [Medline: 32909448]
Miiller-Riemenschneider F. Health@NUS - studying health behaviours and well-being during the student-to-work life
transition using mHealth. US National Library of Medicine. 2021. URL: https://www.clinicaltrials.gov/study/NCT05154227
2Zterm=health@nus& rank=2 [accessed 2023-09-19]

Falck RS, Davis JC, Li L, Stamatakis E, Liu-Ambrose T. Preventing the '24-hour Babel': the need for a consensus on a
consistent terminology scheme for physical activity, sedentary behaviour and sleep. Br J Sports Med 2022 Apr
23;56(7):367-368 [FREE Full text] [doi: 10.1136/bjsports-2021-104487] [Medline: 34556466]

Park SH, Petrunoff NA, Wang NX, van Dam RM, SiaA, Tan CS, et al. Daily park use, physical activity, and psychological
stress: astudy using smartphone-based ecol ogical momentary assessment amongst amulti-ethnic Asian cohort. Ment Health
Phys Act 2022 Mar;22:100440 [FREE Full text] [doi: 10.1016/j.mhpa.2022.100440]

Park SH, Yao J, Chua XH, Chandran SR, Gardner DS, Khoo CM, et al. Diet and physical activity as determinants of
continuously measured glucose levelsin persons at high risk of type 2 diabetes. Nutrients 2022 Jan 15;14(2):366 [FREE
Full text] [doi: 10.3390/nu14020366] [Medline: 35057547]

Liao Y, Skelton K, Dunton G, Bruening M. A systematic review of methods and procedures used in ecological momentary
assessments of diet and physical activity research in youth: an adapted STROBE Checklist for Reporting EMA Studies
(CREMAYS). IMed Internet Res 2016 Jun 21;18(6):e151 [FREE Full text] [doi: 10.2196/jmir.4954] [Medline: 27328833]
Shiffman S. Designing protocols for ecological momentary assessment. In: Stone A, Shiffman S, Atienza A, Nebeling L,
editors. The Science of Real-Time Data Capture: Self-Reports in Health Research. Oxfordshire, UK: Oxford University
Press, 2007.

Yao J, Tan CS, Chen C, Tan J, Lim N, Muller-Riemenschneider F. Bright spots, physical activity investments that work:
National Steps Challenge, Singapore: a nationwide mHealth physical activity programme. Br J Sports Med 2020 Sep
19;54(17):1047-1048 [doi: 10.1136/bjsports-2019-101662] [Medline: 31857340]

Ponnada A, Li J, Wang S, Wang W, Do B, Dunton GF, et al. Contextual biases in microinteraction ecological momentary
assessment (LEMA) non-response. Proc ACM Interact Mob Wearable Ubiquitous Technol 2022 Mar 29;6(1):1-24 [FREE
Full text] [doi: 10.1145/3517259]

Ziesemer K, Konig LM, Boushey CJ, Villinger K, Wahl DR, Butscher S, et a. Occurrence of and reasons for "missing
events' in mobile dietary assessments: results from three event-based ecological momentary assessment studies. IMIR
Mhealth Uhealth 2020 Oct 14;8(10):€15430 [FREE Full text] [doi: 10.2196/15430] [Medline: 33052123]

Connelly M, Bromberg MH, Anthony KK, Gil KM, Franks L, Schanberg LE. Emotion regulation predicts pain and
functioning in children with juvenile idiopathic arthritis: an electronic diary study. J Pediatr Psychol 2012 Jan;37(1):43-52
[EREE Full text] [doi: 10.1093/jpepsy/jsr088] [Medline: 22037006]

WHO Expert Consultation. Appropriate body-massindex for Asian populationsand itsimplicationsfor policy and intervention
strategies. Lancet 2004 Jan 10;363(9403):157-163 [doi: 10.1016/S0140-6736(03)15268-3] [Medline: 14726171]

Ang GE, Edney SM, Tan CS, Lim N, Tan J, Miller-Riemenschneider F, et al. Physical activity trends among adultsin a
national mobile health program: a popul ation-based cohort study of 411,528 adults. Am J Epidemiol 2023 Feb
24;192(3):397-407 [FREE Full text] [doi: 10.1093/aje/kwac193] [Medline: 36345089]

Bilger M, Shah M, Tan NC, Tan CY, Bundoc FG, Bairavi J, et a. Process- and outcome-based financial incentives to
improve self-management and glycemic control in people with type 2 diabetes in Singapore: arandomized controlled trial.
Patient 2021 Sep 25;14(5):555-567 [FREE Full text] [doi: 10.1007/s40271-020-00491-y] [Medline: 33491116]

Larrick RP, Nisbett RE, Morgan JN. Who uses the cost-benefit rules of choice? Implications for the normative status of
microeconomic theory. Organ Behav Hum Decis Process 1993 Dec;56(3):331-347 [EREE Full text] [doi:
10.1006/0bhd.1993.1058]

Bruening M, Ohri-Vachaspati P, Brewis A, LaskaM, Todd M, Hruschka D, et a. Longitudinal social networks impacts
on weight and weight-related behaviors assessed using mobile-based ecological momentary assessments: study protocols
for the SPARC study. BMC Public Health 2016 Aug 30;16(1):901 [FREE Full text] [doi: 10.1186/s12889-016-3536-5]
[Medline: 27576358]

van Woerden |, Bruening M. Social contexts are related to health behaviors: mMEMA findings from the SPARC study.
Appetite 2022 May 10;175:106042 [doi: 10.1016/].appet.2022.106042] [Medline: 35537660]

https://www.jmir.org/2023/1/e45764 JMed Internet Res 2023 | vol. 25 | e45764 | p. 14

(page number not for citation purposes)


https://link.springer.com/chapter/10.1007/978-3-030-85607-6_1
http://dx.doi.org/10.1007/978-3-030-85607-6_1
https://www.jmir.org/2017/4/e132/
https://www.jmir.org/2017/4/e132/
http://dx.doi.org/10.2196/jmir.6641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446418&dopt=Abstract
http://dx.doi.org/10.1177/1073191120957102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32909448&dopt=Abstract
https://www.clinicaltrials.gov/study/NCT05154227?term=health@nus&rank=2
https://www.clinicaltrials.gov/study/NCT05154227?term=health@nus&rank=2
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=34556466
http://dx.doi.org/10.1136/bjsports-2021-104487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34556466&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000023
http://dx.doi.org/10.1016/j.mhpa.2022.100440
https://www.mdpi.com/resolver?pii=nu14020366
https://www.mdpi.com/resolver?pii=nu14020366
http://dx.doi.org/10.3390/nu14020366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35057547&dopt=Abstract
https://www.jmir.org/2016/6/e151/
http://dx.doi.org/10.2196/jmir.4954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27328833&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2019-101662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31857340&dopt=Abstract
https://dl.acm.org/doi/10.1145/3517259
https://dl.acm.org/doi/10.1145/3517259
http://dx.doi.org/10.1145/3517259
https://mhealth.jmir.org/2020/10/e15430/
http://dx.doi.org/10.2196/15430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33052123&dopt=Abstract
https://europepmc.org/abstract/MED/22037006
http://dx.doi.org/10.1093/jpepsy/jsr088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22037006&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14726171&dopt=Abstract
https://europepmc.org/abstract/MED/36345089
http://dx.doi.org/10.1093/aje/kwac193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36345089&dopt=Abstract
https://europepmc.org/abstract/MED/33491116
http://dx.doi.org/10.1007/s40271-020-00491-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33491116&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0749597883710587
http://dx.doi.org/10.1006/obhd.1993.1058
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3536-5
http://dx.doi.org/10.1186/s12889-016-3536-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27576358&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2022.106042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35537660&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Edney et d

50.

51.

52.

53.

55.

56.

Howland M, Armeli S, Feinn R, Tennen H. Daily emotional stress reactivity in emerging adulthood: temporal stability and
its predictors. Anxiety Stress Coping 2017 Mar;30(2):121-132 [FREE Full text] [doi: 10.1080/10615806.2016.1228904]
[Medline: 27635675]

van Berkel N, Goncalves J, LovénL, FerreiraD, Hosio S, Kostakos V. Effect of experience sampling schedul es on response
rate and recall accuracy of objective self-reports. Int JHum Comput Stud 2019 May;125:118-128 [FREE Full text] [doi:
10.1016/].ijhcs.2018.12.002]

Bai S, Elavsky S, Kishida M, Dvorakova K, Greenberg MT. Effects of mindfulness training on daily stress response in
college students: ecological momentary assessment of a randomized controlled trial. Mindfulness (N Y) 2020 Jun
17;11(6):1433-1445 [FREE Full text] [doi: 10.1007/s12671-020-01358-x] [Medline: 33343764]

Bedard C, King-Dowling S, McDonald M, Dunton G, Cairney J, Kwan M. Understanding environmental and contextual
influences of physical activity during first-year university: the feasibility of using ecological momentary assessment in the
Movingu study. IMIR Public Health Surveill 2017 May 31;3(2):e32 [FREE Full text] [doi: 10.2196/publichealth.7010]
[Medline: 28566264]

Maher JP, Harduk M, Hevel DJ, Adams WM, McGuirt JT. Momentary physical activity co-occurswith healthy and unhealthy
dietary intake in African American college freshmen. Nutrients 2020 May 09;12(5):1360 [FREE Full text] [doi:
10.3390/nu12051360] [Medline: 32397433]

Parker MN, LeMay-Russell S, Schvey NA, Crosby RD, Ramirez E, Kelly NR, et al. Associations of sleep with food cravings
and loss-of-control eating in youth: an ecological momentary assessment study. Pediatr Obes 2022 Feb 08;17(2):e12851
[FREE Full text] [doi: 10.1111/ijpo.12851] [Medline: 34498417]

Kwakkenbos L, Imran M, McCall SJ, McCord KA, Frobert O, Hemkens LG, et al. CONSORT extension for the reporting
of randomised controlled trials conducted using cohorts and routinely collected data (CONSORT-ROUTINE): checklist
with explanation and elaboration. BMJ 2021 Apr 29;373:n857 [FREE Full text] [doi: 10.1136/bmj.n857] [Medline: 33926904]

Abbreviations

CONSORT: Consolidated Standards of Reporting Trials
EMA: ecological momentary assessment

HP: Health Points

NUS: Nationa University of Singapore

RCT: randomized controlled trial

Edited by T de Azevedo Cardoso; submitted 16.01.23; peer-reviewed by H Riese, C Smons, E Shippe, A Ponnada; comments to author
19.04.23; revised version received 31.05.23; accepted 28.07.23; published 19.10.23

Please cite as:

Edney S, Goh CM, Chua XH, Low A, Chia J, SKoek D, Cheong K, van Dam R, Tan CS, Miiller-Riemenschneider F

Evaluating the Effects of Rewards and Schedule Length on Response Ratesto Ecol ogical Momentary Assessment Surveys. Randomized
Controlled Trials

J Med Internet Res 2023; 25:e45764

URL: https://www.jmir.org/2023/1/e45764

doi: 10.2196/45764

PMID: 37856188

©Sarah Edney, Claire Marie Goh, Xin Hui Chua, AliciaLow, Janelle Chia, Daphne S Koek, Karen Cheong, Rob van Dam, Chuen
Seng Tan, Falk Miiller-Riemenschneider. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
19.10.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

https://www.jmir.org/2023/1/e45764 JMed Internet Res 2023 | vol. 25 | e45764 | p. 15

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/27635675
http://dx.doi.org/10.1080/10615806.2016.1228904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27635675&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1071581918306797
http://dx.doi.org/10.1016/j.ijhcs.2018.12.002
https://europepmc.org/abstract/MED/33343764
http://dx.doi.org/10.1007/s12671-020-01358-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33343764&dopt=Abstract
https://publichealth.jmir.org/2017/2/e32/
http://dx.doi.org/10.2196/publichealth.7010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28566264&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu12051360
http://dx.doi.org/10.3390/nu12051360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32397433&dopt=Abstract
https://europepmc.org/abstract/MED/34498417
http://dx.doi.org/10.1111/ijpo.12851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34498417&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33926904
http://dx.doi.org/10.1136/bmj.n857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33926904&dopt=Abstract
https://www.jmir.org/2023/1/e45764
http://dx.doi.org/10.2196/45764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37856188&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

