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ABSTRACT

Objectives Regular physical activity (PA) and reduced
sedentary behaviour (SB) have been associated with positive
health outcomes, but many older adults do not comply with
the current recommendations. Sensor-triggered ecological
momentary assessment (EMA) studies allow capturing real-
time data during or immediately after PA or SB, which can yield
important insights into these behaviours. Despite the promising
potential of sensor-triggered EMA, this methodology is still in
its infancy. Addressing methodological challenges in sensor-
triggered EMA studies is essential for improving protocol
adherence and enhancing validity. Therefore, this study aimed
to examine (1) the patterns in sensor-triggered EMA protocol
adherence (eg, compliance rates), (2) the impact of specific
settings (eg, event duration) on the number of prompted
surveys, and (3) participants’ experiences with engaging in a
sensor-triggered EMA study.

Design Two longitudinal, sensor-triggered EMA studies—
one focused on PA and the other on SB—were conducted
using similar methodologies from February to October 2022.
Participants’ steps were monitored for sevendays using a
Fitbit activity tracker, which automatically prompted an EMA
survey through the HealthReact smartphone application

when specified (in)activity thresholds were reached. After the
monitoring period, qualitative interviews were conducted. Data
from both studies were merged.

Setting The studies were conducted among community-
dwelling Belgian older adults.

Participants The participants had a median age of 72
years, with 54.17% being females. The PA study included
88 participants (four dropped out), while the SB study
included 76 participants (seven dropped out).

Primary and secondary outcome measures Descriptive
methods and generalised logistic mixed models were
employed to analyse EMA adherence patterns. Simulations
were conducted to assess the impact of particular settings
on the number of prompted EMA surveys. Additionally,
qualitative interview data were transcribed verbatim and
thematically analysed using NVivo.

Results Participants responded to 81.22% and 79.10% of
the EMA surveys in the PA and SB study, respectively. The

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study focused on sensor-triggered ecological
momentary assessment (EMA) to examine short
bouts of physical activity and sedentary behaviour,
minimising recall bias.

= Data from two innovative sensor-triggered EMA
studies were combined to examine EMA adherence,
optimal EMA settings and participant experiences.

= A combination of quantitative and qualitative meth-
ods was used in this study, enhancing the depth and
comprehensiveness of the findings.

= Adults aged 65 years and older were recruited,
limiting the generalisability of the lessons learnt to
other populations.

confirmation rate, defined as the percentage of EMA surveys

in which participants confirmed the detected behaviour, was
94.16% for PA and 72.40% for SB. Logistic mixed models
revealed that with each additional day in the study, the odds of
responding to the EMA survey increased significantly by 1.59
times (OR=1.59, 95%Cl: 1.36 to 1.86, p<0.01) in the SB study.
This effect was not observed in the PA study. Furthermore,
time in the study did not significantly impact the odds of
participants confirming to be sedentary (OR=0.97, 95%Cl:
0.92 t0 1.02, p=0.28). However, it significantly influenced the
odds of confirming PA (OR: 0.81, 95%Cl: 0.68 to 0.97, p=0.02),
with the likelihood of confirming decreasing by 19% with each
additional day in the study. Furthermore, a one-minute increase
in latency (ie, time between last syncing and starting the EMA
survey) in the PA study decreased the odds of the participant
confirming to be physically active by 20% (OR: 0.80, 95%Cl:
0.72 10 0.89, p<0.01). Simulations of the specific EMA settings
revealed that reducing the event duration and shorter minimum
time intervals between prompts increased the number of EMA
surveys. Overall, most participants found smartphone usage

to be feasible and rated the HealthReact app as user-friendly.
However, some reported issues, such as not hearing the
notification, receiving prompts at an inappropriate time and
encountering technical issues. While the majority reported that
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their behaviour remained unchanged due to study participation, some noted an
increased awareness of their habits and felt more motivated to engage in PA.
Conclusions This study demonstrates the potential of sensor-triggered EMA
to capture real-time data on PA and SB among older adults, showing strong
adherence potential with compliance rates of approximately 80%. The SB
study had lower confirmation rates than the PA study, due to technical issues
and discrepancies between self-perception and device-based measurements.
Practical recommendations were provided for future studies, including
improvements in survey timing, technical reliability and strategies to reduce
latency.

INTRODUCTION

Performing regular physical activity (PA) and inter-
rupting and limiting sedentary behaviour (SB) have been
associated with significant physical and mental health
benefits.' However, despite the general consensus about
the beneficial effects of PA, 3%—-7% of UK older adults
aged over 65 do not meet the global recommended
levels of at least 150 min of moderate-intensity or 75 min
vigorous-intensity PA per week, as measured by device-
based methods.*” In addition, although recent guidelines
urge people to limit and interrupt SB, older adults aged
65 years and older spend on average more than 10 hours
in sedentary activities per day” and nearly half of their
sedentary time in sedentary bouts that last longer than
30min.” Growing evidence indicates that sedentary time is
amajor risk factor for numerous adverse health outcomes,
including type 2 diabetes, metabolic syndrome, cardio-
vascular disease, cancer and increased mortality risk in
both adult and older adult populations.*'! Furthermore,
prolonged sedentary bouts (=30min) have been associ-
ated with negative physiological consequences, including
reduced glucose metabolism, impaired lipid profiles and
increased inflammation markers, all of which contribute
to heightened cardiometabolic risk.'? Therefore,
promoting PA and interrupting and limiting SB remain
important health priorities.

A novel and promising approach for promoting PA
and interrupting and limiting SB is the use of Justin-
Time Adaptive Interventions (JITAls). JITAls provide
behavioural support at the right time and in the most
conducive environmental and social context (ie, when the
person needs it most and is most likely to be receptive).
For example, encouraging prompts can be delivered
when an individual is at risk of engaging in prolonged
SB or when he/she is in a favourable context to initiate
a PA session."” To enhance the development of effective
JITAIS, it is imperative to acquire a deeper understanding
of the time-dependent and context-dependent factors
influencing PA and SB within and between individuals.

One valuable approach for gaining such insights is
through the application of ecological momentary assess-
ment (EMA) studies. EMA is a data collection method,
enabling repeated sampling of behaviours and experi-
ences in participants’ natural environment.'* By capturing
real-time data, EMA maximises ecological validity and
minimises recall bias, offering benefits compared with
retrospective questionnaires.'” Using brief assessments,

EMA can shed light on the factors influencing individuals’
engagement in PA or SB in specific contexts, providing
opportunities to explore context-dependent and time-
dependent determinants of behaviour."®

Time-based and event-based sampling are the most
commonly used methods in EMA research. Time-based
sampling assesses participants’ current behaviour and
experiences during specified or random moments of
the day, aiming to identify determinants more broadly
without a predefined focus on events.'” This method
may involve administering surveys at fixed intervals (eg,
every two hours), fixed timepoints (eg, every morning at
10:00) or at random moments during the day to assess
determinants and behaviours in participants’ natural
environments. This approach enables researchers to
investigate the fluctuations of these determinants and
behaviours within an individual over time. However,
when investigating a specific behaviour like PA, the likeli-
hood of a prompt occurring during a PA event (such as a
10min jogging event) is relatively low. Therefore, event-
based sampling (also called event-contingent or context-
sensitive EMA) offers the possibility to examine real-time
contexts in which individuals are physically active and/
or sedentary.” Historically, event-based sampling relied
on self-initiation of the surveys. However, recent techno-
logical advances in wearable sensors enable researchers
to prompt a survey automatically when the behaviour
of interest occurs, providing them with the opportunity
to fine-tune event-based sampling methods in PA and
SB research.!” This sensor-triggered approach, where
the device itself prompts surveys based on real-time
behaviour, shows promising potential, though sensor-
triggered event-based EMA studies remain underrepre-
sented in literature.'™'

A potential reason for this under-representation might
be that sensor-triggered EMA is accompanied by various
methodological and technological challenges. Clear
methodological and technological guidelines for the
development of a sensor-triggered EMA study on PA and
SB are currently lacking but could positively impact EMA
protocol adherence and ecological validity of the results.
In the context of sensor-triggered EMA studies, setting
optimal prompting rules (ie, predefined thresholds
that need to be exceeded to initiate a sensor-triggered
survey) is of utmost importance. Event duration, step
count, the use of outliers (ie, minutes with activity that
exceed or fall below the predefined threshold for trig-
gering EMA surveys), and other settings can affect the
number of surveys that will be prompted. Moreover,
there are currently only suggestions rather than estab-
lished guidelines on the optimal prompt frequency
to ensure adequate data collection while minimising
participant burden. To avoid sending multiple surveys
within a short time frame or during a single event, it is
important to set an appropriate time interval between two
prompts. However, optimal time intervals between two
EMA prompts have yet to be established. To address these
gaps and enhance the design of future EMA studies, it is
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Table 1
Keywords

Keywords and their definitions

Definition

Device-initiated =~ A method where devices automatically

ecological prompt real-time surveys based
momentary on detected behaviours, capturing
assessment immediate data and reducing recall bias

Compliance rate  The ratio of completed surveys to the

number of prompted surveys

Confirmation rate The rate of events that were confirmed
by the participants

The proportion of correctly prompted
events that were responded to

True positive rate

crucial to explore how these specific settings affect the
number of surveys. However, there is no universal solu-
tion, as optimal guidelines may vary between PA and SB
and depend on specific research questions. Additionally,
sensor-triggered EMA is accompanied by several tech-
nical challenges. For instance, incorrectly triggered EMA
surveys can increase participant burden and lead to frus-
tration, reduced engagement or incomplete data collec-
tion. This can be assessed by calculating the ‘true positive
rate’, which is the proportion of true PA or sedentary
events that resulted in prompts (detected by an acceler-
ometer) and were responded to, relative to the total (ie,
true and false) prompted EMA surveys. A summary of the
definitions can be found in table 1.

Optimising these methodological and technical issues
could lead to greater compliance with EMA proto-
cols, which is crucial to obtain ecologically valid data.
Currently, there is extensive research on the impact of
event duration and prompt frequency on adherence
in EMA studies.”*** However, research on the practical
aspects of implementing sensor-triggered EMA remains
limited. For example, compliance can be influenced
by factors like prompt latency (the delay between an
event and when the prompt is delivered). If too much
time passes between the detected behaviour and the
EMA prompt, participants may perceive the survey as
irrelevant or disconnected from their behaviour. Typi-
cally, compliance is expressed as the ratio of completed
surveys to the number of prompted surveys.”” It can be
anticipated that compliance decreases throughout the
study period because of participant fatigue. Furthermore,
understanding participants’ experiences with sensor-
triggered EMA studies, particularly among older adults, is
critical, as there are still more challenges associated with
using digital solutions in this age group compared with
others.” This can offer valuable insights into the accept-
ability, feasibility and challenges of the study protocol,
as well as provide suggestions for improving future EMA
studies focusing on PA and SB in older adults.

The main objective of this study is to summarise
lessons learnt from conducting two sensor-triggered
EMA studies, one on PA and the other on SB, among
older adults, and provide practical recommendations

for future sensor-triggered EMA studies in these areas.
Specifically, we aim to (1) explore patterns in protocol
adherence throughout the study, assessing both compli-
ance and confirmation rates (ie, the rate at which partic-
ipants confirmed the events) and investigating how these
rates vary by study day and prompt latency; (2) examine
technical and methodological aspects, including the true
positive rate (ie, the proportion of accurately prompted
events that were responded to) and the influence of
specific EMA settings (eg, event duration) on prompt
frequency and (3) gain insights into older adults’ experi-
ences regarding their participation in a sensor-triggered
EMA study.

METHODS

Participants

Two observational, sensor-triggered EMA studies were
performed from February to October 2022 in Flan-
ders, Belgium. One study focused on PA (n=88), the
other study focused on SB (n=76). Participants in both
studies were recruited through purposeful convenience
sampling by reaching potential participants via organi-
sations for older adults, social media and word-of-mouth
in the social network of the involved researchers. Partic-
ipants were excluded from the study if they had been
diagnosed with cognitive impairments (eg, mild cognitive
impairment, dementia) or were not able to walk at least
100 m independently.

Procedure

During the first home visit, an intake survey was conducted
to assess participant characteristics, including age, sex,
height, weight and familiarity with smartphones. Partic-
ipants were then equipped with a Fitbit activity tracker
(Inspire 2 or Ionic models) and a smartphone with
data-SIM (Motorola E40 or G20), on which the sensor-
triggered EMA app and Fitbit app were installed. The
sensor-triggered EMA studies lasted for seven consec-
utive full days, starting on the day after the first home
visit. Every evening before going to bed, participants were
asked to register information regarding any prompts they
might have missed during the day or technical issues they
encountered. A second home visit was planned to gather
the materials and to conduct a semistructured interview
on participants’ user experience and the feasibility of the
study. The study was reported according to the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology checklist (see online supplemental file 1).

Materials and measures

Fitbit activity tracker

The Fitbit activity tracker serves as a suitable monitoring
device in EMA studies due to its user-friendliness and capa-
bility to capture short bouts of PA and/or SB in real-world
settings.””*’ Participants wore either the Fitbit Ionic or
Fitbit Inspire 2 on their non-dominant wrist throughout
the study periods to track their minute-by-minute step

Delobelle J, et al. BMJ Open 2025;15:€096327. doi:10.1136/bmjopen-2024-096327

3


https://dx.doi.org/10.1136/bmjopen-2024-096327

Open access

Health React

Ho
ek

1.1.17

Figure 1

count and heart rate. To ensure continuous real-time
monitoring of daytime behaviour, participants charged
the Fitbit only at night. The Fitbit application syncs with
the Fitbit server approximately every 15min via internet
connection. However, this may have caused a latency
between the measured behaviour and the prompt.
During the first home visit, we reviewed all survey items
with participants, specifically explaining that, due to the
synchronisation interval, it was possible for a prompt to
arrive a little later than the actual behaviour. This clarifi-
cation ensured participants understood the timing aspect.

HealthReact

Both studies used HealthReact (V.1.62, University of
Hradec Kralove, Czechia) as a web-based platform, accom-
panied by a smartphone-based application to trigger EMA
prompts (figure 1). The platform supports time-based,
as well as sensor-triggered EMA sampling. Since Health-
React is connected with Fitbit servers in real-time, making
the data accessible via the Fitbit Application Program-
ming Interface (API) via internet connection, a survey
can be elicited during or immediately after a specific
event or behaviour of interest. To automatically elicit
an EMA survey based on real-time PA or SB, predefined
prompting rules are required. A prompting rule can be

09:58 B & 5% . 90%m

Studie zitgewoontes

Wat was de voornaamste zittende/liggende
activiteit die u aan het uitvoeren was vlak voor de

melding?
®  TVkijken
[e) Computer/tablet/smartphone
gebruiken
O Lezen
(O  Eten/drinken
(O  Praten met vrienden/familie/...
(O  Een taak voor mijn job uitvoeren
'e) Me verplaatsen naar vrienden/
familie/de winkel/ ...
o Zorgen voor mezelf (vb: wassen,
aankleden, ...)
0O Huishoudelijke taken uitvoeren (vb:
koken, strijken, ...)
e @

Screenshots from the HealthReact application on a smartphone.

created based on metrics such as average or accumulated
steps, minutes categorised by activity intensity (eg, fairly
active, lightly active, very active or sedentary), heart rate,
etc over a certain time period. In addition, HealthReact
also provides the possibility to create an end rule (ie,
an end rule initiates a standby mode during which the
sensor-triggered EMA application becomes receptive and
waits for the end rule to be fulfilled).

The following HealthReact settings were applied for
both substudies. The maximum number of prompts
was limited to six per day to avoid overburdening the
participants.'® ' The EMA surveys were required to be
completed within 30min. Reminders were scheduled
to be sent at 10 and 20 min following the initial prompt
and then, during the final five minutes of the 30-minute
time span, reminders were sent every minute. The EMA
surveys always consisted of 12 (PA study) and 14 (SB study)
questions. The first one was a confirmation question (ie,
“Were you actually being physically active just before the
survey was prompted?” for the PA study, and “Were you
actually sitting at this moment or just before the survey
was prompted?” for the SB study). Subsequent questions
covered the type of activity, the participants’ physical and
social context, and various affective and physical states.
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Table 2 Overview of the procedures of both sensor-
triggered EMA studies

PA study SB study
Number of participants (n) 88 76
Start rule
Steps 5’ >60 steps  30’, O steps
per minute per minute
Heart rate / >40 bpm
End rule 2’ <10 steps /
per minute
Minimum sampling interval 60’ 120°
Sampling frequency max. 6/day max. 6/day
Study duration 7days 7 days
Survey expiry time 30’ 30’
Max. number of items per 12 14
prompt
Interview participants (n) 25 41

bpm, beats per minute; EMA, ecological momentary assessment;
PA, physical activity; SB, sedentary behaviour.

If the participant indicated not to be active/sedentary
before the survey was prompted, the survey was stopped.
Finally, considering Fitbit’s syncing interval of approxi-
mately 15min, the maximum time interval to detect an
event in the past was set at 20 min, allowing an extra five
minutes for unexpected delays in data transmission and
processing to ensure all walking and sedentary events
were captured.

PA settings

To capture sustained walking bouts of atleast five minutes,
the start rule was set at >60 steps per minute. This
threshold was expected to capture walking bouts with a
sensitivity and specificity of approximately 99% and 98%,
1respectively.29 However, since the total number of events
per participant was low for the first 12 participants, the
protocol was adapted to allow one outlier (ie, one minute
with less than 60 steps) during the five-minute walk for
the remaining participants. In addition, to prevent inter-
rupting the walking bout with an EMA prompt, an end
rule was implemented. Only when the start rule (ie, at
least five minutes, 60 steps/minute) was followed by two
consecutive minutes of 10 or fewer steps per minute was
the EMA survey prompted. Finally, a minimum interval
of 60min was set between two prompts to ensure an
even distribution of prompts throughout the day and to
capture a diverse range of PA. For an overview, see table 2.

SB settings

A survey was prompted after 30 consecutive minutes of
zero steps. To avoid prompting surveys about SB during
non-wear, an additional start rule based on heart rate
greater than 40 beats per minute was implemented. No
end rules were set for SB settings. To ensure a good distri-
bution of prompts during the day, an interval of at least

120 min between prompts was set. In addition, to prevent
prompting surveys during the night, a time interval from
midnight to 6:00 hours was set during which no prompts
could be sent. All survey prompts in the SB study were
cross-checked against the Fitbit step data, and only the
valid prompts (ie, those triggered during wear time)
were retained for data analysis. For an overview of these
settings, see table 2.

Interviews

After participation in the EMA study, semistructured
interviews were conducted with the first 25 (PA study)
and 41 (SB study) participants, until data saturation was
reached. This allows for both predefined questions and
open-ended explorations. Participants were asked about
their overall experience with the EMA study, including
the user-friendliness of the devices (Fitbit activity tracker
and smartphone) and HealthReact, as well as the
perceived accuracy, timing and number of surveys. See
online supplemental files 2 and 3 for the interview guides
for the PA and SB study, respectively. The interviews were
audio-recorded and conducted at the participants’ home
to ensure participant comfort and confidentiality. The
study was conducted and reported in accordance with the
Standards for Reporting Qualitative Research (SRQR)
checklist (see online supplemental file 4).

Patient and public involvement

Patients and the public were not directly involved in the
research process, as this study combined results from two
separate studies. However, each study individually tailored
EMA items to the target group. Before developing the
EMA surveys, the most commonly held beliefs about PA
and SB (modal salient beliefs) among non-active older
adults were identified through qualitative interviews.” *!
Additionally, an activity diary was used to explore poten-
tial activities for inclusion in the EMA survey, ensuring
the survey items were well-aligned with the experiences
and needs of the target group.

Data processing and statistical analyses

Analyses were performed using RStudio (R V.4.3.1). To
address the first aim, descriptive statistics were computed
to evaluate the protocol adherence, including the
number of surveys sent to participants, the number of
ignored surveys, and the number and rate of answered
surveys per participant (ie, compliance rate). Further-
more, the number and rate of responded surveys in which
the behaviour was confirmed (ie, confirmation rate) were
calculated based on all correctly triggered events. Graphs
were generated to illustrate compliance rates and likeli-
hood of confirming the behaviour in prompts over the
study period. Subsequently, generalised logistic mixed
models (random intercept-fixed slopes) were conducted
to investigate how the likelihood to respond and the like-
lihood to confirm the behaviour of interest fluctuate over
time using the Ime4 package.” These models reflected
the hierarchical structure of the data, which consisted of
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three levels: repeated measurements nested within days,
which are in turn nested within individuals. A null model
was run to estimate the between and within subject vari-
ance using the intraclass correlation coefficient (ICC).
The outcome variables (compliance and confirmation)
were defined as binary (ie, whether a response was given
or not, and whether an event was confirmed by the partic-
ipants or not). Four separate models were estimated,
one for each outcome variable within each study. Time
in the study served as the independent continuous vari-
able, calculated as the number of days between the study
start date and the date of each EMA survey response. To
avoid overfitting, the random effect for days was removed
when necessary (ie, all models with ‘time in the study’
as an independent variable), based on model diagnos-
tics such as singular fit warnings or near-zero variance
components. Since time in the study was equally distrib-
uted over participants, it can be assumed that our current
models primarily captured variability at the within-subject
level. To assess model assumptions, we examined Cook’s
distance to detect potential influential observations that
might disproportionately affect the estimated fixed or
random effects and checked for linearity in the relation-
ship between continuous predictors and the logit of the
predicted outcomes. When the linearity assumption was
violated, the independent continuous variable was log
transformed. Subsequently, we investigated the effect of
prompt latency (ie, time between last syncing and starting
the EMA survey) on prompt confirmation. However, the
version of HealthReact we used in this study did not
record the exact timestamps for when the survey was
prompted, only logging the time when participants began
their responses. For the PA study, we determined the
prompt timing by identifying the timestamp of the sync
that occurred after the stepping event but prior to the
response start. However, this method could not be applied
to the SB study since participants often had multiple
syncs during the sedentary event, making it impossible
to unequivocally pinpoint the prompt timing. Therefore,
prompt timing and latency were not computed in the SB
study. To investigate whether prompt latency predicts the
likelihood of validating the prompt in the PA study, an
additional generalised logistic mixed model was run. An
interaction effect between prompt latency and time in
the study was incorporated into the model, since it was
hypothesised that the relationship between confirmation
and prompt latency might be moderated by the day in
the study.

For the second aim, we calculated the proportion of
surveys that were truly triggered by walking or sedentary
events (as recorded by Fitbit) divided by the total trig-
gered surveys that were answered (ie, true positive rate),
and the incidence of technical issues encountered by
participants. Descriptive statistics for both study samples,
such as age, gender, BMI and average daily steps, were
also computed. In addition, to calculate the expected
number of prompts for various sensor-triggered EMA
settings, a series of simulations were conducted using

data recorded by Fitbit. Minute-by-minute step count data
were used to simulate walking events, while both heart
rate and step count data were used to simulate sedentary
events. First, the original settings used in both studies
were replicated to calculate the total number of inactivity
and walking bouts under ideal settings (ie, assuming no
technical issues and a continuous internet connection).
For walking events, these were five minutes of >60 steps,
one outlier, time span set to 20min backwards and a
minimum time interval of 60 min in between two prompts;
for sedentary events: 30 min of zero steps, maximum time
interval to detect an event in the past set to 20min (ie,
time backwards) and a minimum time interval of 120 min
in between two prompts, while measuring a heart rate
of >40 beats per minute. For the simulation of walking
events, the two-minute inactivity end rule was not applied
due to its computational complexity. However, our focus
was solely on examining how specific settings impact the
number of EMA surveys and not to compare simulated
with actual prompts. In a second step, we modified these
specific settings (ie, step count, event duration, time back-
wards, minimum time interval in between two prompts
and number of outliers) and re-ran the simulations to
understand how specific changes in EMA settings impact
the number of daily prompts per participant. For all simu-
lations of sedentary events, the step count threshold for
prompting a survey was adjusted to <2 steps per minute,
instead of zero, based on the recent validation study.*

Qualitative data from semistructured interviews

Finally, the audiotapes of the interviews were transcribed
verbatim and processed with NVivo V.12.1 to address
the third aim. The data were analysed using a deductive
approach; various aspects regarding the EMA study were
thematically analysed, using three key themes: Health-
React, prompts and participant experiences. The Heal-
thReact theme included subthemes of feasibility and
user-friendliness of the HealthReact application. The
prompts theme encompassed the perceived accuracy of
prompts, their effects on behaviour, encountered prob-
lems, timing and the amount of prompts. Lastly, the
theme about participant experiences was divided into
subthemes of smartphone usage, study duration and
general experiences. The two largest themes (ie, prompts
and participant burden) were visually presented in two
Pen Profiles to enhance clarity.

RESULTS

Participant and study characteristics

Initially, 92 individuals were recruited for the PA study,
and 83 for the SB study. However, four participants from
the PA study and seven participants from the SB study did
not complete the 1-week assessment period, due to stress
related to study participation (PA study: n=4; SB study:
n=5) or illness (SB study: n=2). Therefore, the final study
sample consisted of 88 and 76 participants for the PA and
the SB study, respectively. Table 3 provides the descriptive
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Table 3 Participant characteristics and protocol adherence

Study PA Study SB

Characteristics (n=88) (n=76)
Age (years; median+IQR) 71.00+10.00 73.00+10.00
Sex

Female (%) 49.44 58.90
BMI (kg/m?2; mean+SD) 26.49+4.01 25.62+3.62
Marital status

Married or cohabiting (%) 70.79 64.38
Education

Higher (%) 32.58 43.06
Daily steps (median+IQR) 8126+7752 70415567
Familiar with smartphone (%) 78.8% 76.32%
Total number of prompts sent 884 2579
Prompts per participant 9+9 36+11
(median+IQR)

Compliance rate (n) 81.22% (718) 79.10% (2074)

Confirmation rate (n)* 94.16% (613) 72.40% (1005)

True positives of answered 653 1388
promptsT

False positives of answered 62 594
prompts

True positive ratet 91.32% 70.03%

*Total number of confirmed prompts were calculated based on
confirmation in the EMA survey.

TTrue positives were calculated based on Fitbit step data.

FTrue positive rate=true positives of answered prompts divided by
the sum of true and false positives.

BMI, body mass index; EMA, ecological momentary assessment;
PA, physical activity; SB, sedentary behaviour.

statistics of the participants and study characteristics for
both studies separately. However, nine participants in the
PA study did not receive any surveys, due to syncing issues
between the Fitbit device and the Fitbit app (n=7) or insuf-
ficient PA to trigger the start rule (n=2). One participant
from the SB study got no surveys due to the absence of
any heart rate data from the Fitbit device. Furthermore,
two participants from the SB study experienced an irreg-
ular or complete absence of syncing, resulting in the loss
of data on at least oneday in the study. Additionally, five
participants had an unexpectedly low number of surveys,
probably due to disruptions with the Bluetooth connec-
tion of the Fitbit or non-wear periods. Descriptive statis-
tics of Fitbit steps and prompts for individual participants
are included in online supplemental file 5 (PA study) and
online supplemental file 6 (SB study). The true positive
rate (ie, proportion of surveys that were truly triggered
by walking or sedentary events divided by the total trig-
gered surveys that were answered) for the PA study was
91.32% and for the SB study was 70.03%. However, due to
unforeseen technical issues in the SB study, resulting in
surveys being prompted during non-events, 593 of all the
2074 (28.95%) answered surveys could not be identified

as a true or false positive answer. In addition, partici-
pants confirmed being physically active in 94.16% of the
EMA surveys prompted by the sensor detection of PA,
and participants confirmed being sedentary in 72.40%
of the surveys prompted by the sensor detection of SB.
Furthermore, the PA and the SB study achieved a compli-
ance rate of 81.22% and 79.10%, respectively. Descriptive
statistics for the compliance and confirmation rates per
day in both studies are presented in figure 2.

Identifying patterns concerning compliance and confirmation
rates of the performed activity

PA study

In the PA study, 94% of the variance in the confirmation
rate could be attributed to differences within subjects.
However, due to singularity issues, the compliance rate’s
variance could not be calculated.

The generalised logistic mixed model did not find
significant associations between time in the study and
the compliance rate (exp(b): 0.92, 95% CI: 0.82 to 1.03,
p=0.17). However, the odds of answering ‘yes’ (ie, I was
indeed physically active before the survey was prompted)
were significantly affected by day in the study (exp(b):
0.81, 95% CI: 0.68 to 0.97, p=0.02), with the likelihood of
confirming the behaviour decreasing by 19% with each
additional dayin the study. In addition, the median latency
between the last syncing and the start of answering the
survey in the PA study was 3.13min (IQR=15.34). Confir-
mation was not significantly influenced by the interac-
tion between time in the study and latency (exp(b): 1.02,
95% CI: 0.74 to 1.43, p=0.87). However, after removing
the interaction effect, a significant association was
observed between latency and confirmation. Specifically,
a one-minute increase in latency decreased the odds
of answering ‘yes’ on the confirmation question by on
average 20% (OR: 0.80, 95% CI: 0.72 to 0.89, p<0.01).

SB study

The ICC for compliance with SB prompts indicates that
23.40% of the variance can be attributed to differences
between individuals. Similar to the PA results, the compli-
ance rate’s variance could not be calculated due to singu-
larity issues. A generalised logistic mixed model revealed
a statistically significant association between the time in
the study and compliance rate (OR: 1.59, 95% CI: 1.36
to 1.86, p<0.01), with the odds of responding increasing
by 1.59 times with each additional day in the study. No
significant association was found between confirmation
rates and study day (exp(b): 0.97, 95% CI: 0.92 to 1.02,
p=0.28).

Using simulations to explore the impact of specified settings
on the number of prompts

The original EMA settings resulted in a simulated
median of 2.00 (IQR=1.10) and 4.26 (IQR=2.76)
surveys per day per participant for walking and seden-
tary events, respectively. The highest number of daily
surveys for walking events was obtained by setting
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Figure 2 Evolution of mean compliance and confirmation rates for PA and sedentary events with corresponding CI. PA,
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Table 4 Simulations of prompt frequencies for walking and sedentary events with different EMA settings

Event duration

Threshold Minimum time Backwards

Prompts per day for each

Setting (min) (steps) interval (min)  (min) Outlier participant (median=IQR)
Walking events
Original 58 60 60’ 20’ 1 2.00+1.10
Simulation
Number of steps B’ 80 60’ 20’ 1 1.75+£0.98
55 100 60’ 20' 1 1.33+1.00
Duration event 3’ 60 60’ 20’ 1 3.14+1.57
10’ 60 60’ 20’ 1 1.50+1.00
15’ 60 60’ 20’ 1 1.25+0.79
Time interval 5 60 (0} 20’ 1 4.54+3.22
5 60 30° 20' 1 2.50+1.55
Backwards &’ 60 60’ 2’ 1 1.60+0.67
&' 60 60' 18’ 1 2.00+1.12
Outliers 5K 60 60’ 20' 0 1.83+0.94
Sedentary events
Original 30' 0 120’ 20' 0 4.26+2.76
Simulation
Number of steps 30' <2 120' 20' 0 4.30+2.80
Duration event 15 <2 120" 20' 0 6.00+2.93
45' <2 120' 20' 0 3.44+2.38
60" <2 120" 20' 0 2.75+1.83
Time interval 30' <2 o' 20' 0 12.44+11.25
30' <2 60' 20' 0 6.20+4.50
30' <2 90' 20' 0 4.86+3.56
Backwards 30' <2 120' 2' 0 3.89+2.58
30' <2 120' 18' 0 4.30+2.80

The values in italic were preserved as in the original settings of the simulations.

EMA, ecological momentary assessment.

the minimum time interval between prompts at zero
minutes (resulting in a median of 4.54 daily surveys),
or by shortening the duration of the event to 3min
(resulting in a median of 3.14 daily surveys). Adjusting
the time span in which Fitbit could detect an event
(time backwards) and the removal of one outlier
did not affect the median number of surveys. The
median number of surveys prompted for sedentary
events increased as the interval between two surveys
was shortened. The highest number of surveys, 12.44
(IQR=11.25), was achieved by setting the interval
between surveys to 0 min. When adjusting the dura-
tion of the event, the highest number of surveys,
6.00 (IQR=2.93), was obtained with a duration of 15
sedentary minutes. When extending the duration
of the sedentary event to 45 or 60 min, a number of
3.44 (IQR=2.38) and 2.75 (IQR=1.83) surveys were
obtained, respectively. The number of surveys gener-
ated by manipulating specific EMA settings is shown
in table 4.

Semistructured interviews

A total of 66 participants took part in the semistructured
interviews, with 25 participants specifically addressing PA
and 41 participants discussing SB.

HealthReact

Feasibility

The majority of participants (SB: n=26, PA: n=8) found
answering questions on HealthReact feasible. The other
participants were neutral (n=7). Only one participant
required the assistance of the researchers to answer the
prompts.

User-friendliness

Most participants (SB: n=25, PA: n=7) reported that Heal-
thReact was easy to use. A few participants (SB: n=1, PA:
n=2) mentioned needing some time to get accustomed to
it initially, but no longer had issues afterward. However,
one participant found the application difficult to work
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True positive prompts (SB: n=7,PA: n=9)

question and it was right, it was nght yes."

“| did not experience getting prompts during an activity that was not sedentary.”
“I moved fairly a lot and it was every time after a physical exertion that | got a

out of the question at this point...”

No effects on behavior (SB: n =18, PA: n =17)
“Yes, | became more aware of my behavior, but to change it, that's

Awareness (SB: n =18,
PA:n=5)

“l actually thought it was
useful to see how little |

Adjustment (SB: n=7,PA: n=5)

“Then | subconsciously thought faster of, I'm going to go for another
walk or I'm going to go outside again.”

“I made sure to move more. And it made me want to spend more
moments standing straight and just take something to drink or just
go outside for a while. It [the event-based prompts] made me more

Prompts during non- move. Based on that, you -
events (SB: n=15,PA: n can decide to stop the active.
=3) sedentary activity once in a

“Yes, that happened a while and choose to, for

couple of times (i.e., getting example, just walk back and

prompts during an activity forth” ‘1 Effects on behavior
that was not sedentary)”

No awareness (SB: n =14, PA: n=8)
“No, it's just a kind of confirmation. For example, today | got more
notifications than yesterday, because | was moving more.”

Did not hear notification (SB: n=2,
PA:n=35)

“I have my doubts for people that do
not hear too well anymore. You have to
listen carefully because it's just an
ordinary notification that you get’

During physical activity bout

(PA:n=15) -
“If | was walking for more than an fppmpr!ate (SB: n=17,PA:n=5)
hour. For example, | went out for Ifit was inappropriate, | simply waited
3 hours on Monday, so yes, then half an hour before replying.”

| got them twice while walking.”

Too late to answer (SB: n=2)
“I did not hear it, or | was too
late...”

Inappropriate (SB: n=3,PA: n=8)
“There was a visitor so then | thought 'yeah, not right now, right?”

“If you were walking and then the smartphone went off, you had to wait a
moment and quickly fill it in, and then we could continue walking. Yes, that

was a bit of a downside”

Technical issues (SB: n=5,PA: n=3)

“I moved tremendously on Saturday; | walked
around all afternoon and | had the smartphone with
me, | had looked at it, but | didn't get a
questionnaire”

Sufficient (SB: n =27, PA:n=13)
“| thought that it [i.e. the amount of prompts] was appropriate, yes.”
“If you had to do it for a whole year, it would be inconvenient, but since it's

temporary, you adapt to it.”

No triggers at all (PA: n=1)
“No, not once did | receive a questionnaire, | didn't have enough
steps | guess, I'm not moving around much”

Too much (SB: n=2)
“Sometimes | was thinking: ‘here they are again...”

Amount of triggers

Could bemore (SB: n=2,PA: n=5)
“I would have had no problem with having more prompts a day if that would fit better for the study”
“| would have prefemred to have more, yes. | really enjoyed it.”

Figure 3 PEN profile: prompts. PEN profile is a structured visual representation of qualitative data, summarising participant
responses and key themes. PA, physical activity; SB, sedentary behaviour.
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with, and seven others had troubles while using the appli-
cation (see Prompts: Problems for more details).

Prompts

Perceived accuracy

Overall, the prompts in the PA study were perceived to be
accurate. However, in both studies, participants reported
receiving prompts during non-events (figure 3).

Effects on behaviour

During the study, some participants became more
conscious (SB: n=18, PA: n=10) of their behaviour
although this study was an observational study, not aiming
to change participants’ behaviour. Several of them found
the Fitbit data insightful, which heightened their aware-
ness. Participant 1072 remarked, “Now I see how many steps
1 take! I frequently go out for a walk, but the steps from inside the
house are also counted. My total number of steps went up, which
1 found interesting. ” Additionally, although the researchers
insisted on maintaining habitual behaviour throughout
the day, some participants (SB: n=7, PA: n=5) reported
actual changes in their behaviour due to the study and/
or the Fitbit. For example, using the Fitbit increased the
motivation of some participants to be more physically
active. Participant 2037 shared, “It made me take more walks
in the garden, stand up more often, and go outside sometimes.”
Conversely, most participants (SB: n=18, PA: n=17) indi-
cated that they did not significantly alter their behaviour
just because of participating in the study. For example,
participant 2055 expressed being naturally motivated to
stay active without relying on a Fitbit: “I am always moti-
vated to stay active; I don't need a Fithit for that.”

Problems

The most commonly reported issues among partici-
pants were not hearing the prompts (SB: n=2, PA: n=5),
responding too late (SB: n=2) or experiencing technical
difficulties (SB: n=b, PA: n=3). However, the majority of
participants indicated that they did not encounter signif-
icant problems overall.

Timing

The majority of participants (n=17) in the SB study felt that
the timing of the prompts was appropriate. If a prompt
was poorly timed, they simply postponed answering the
survey, as they had 30 min to complete it. However, in the
PA study, some participants (n=5) reported the timing
of the prompts to be inappropriate. For example, they
found it inconvenient to answer prompts during a walking
event. Despite the end rule designed to avoid interrupting
walking bouts, some participants still received prompts
while being physically active.

Amount of surveys

The majority of participants (SB: n=27, PA: n=13) reported
that the number of prompts was sufficient, especially for
a l-week period. In the SB study, two participants found
the number of prompts too high, while two others indi-
cated they would not mind if there were more. In the PA

study, five participants expressed a preference for more
prompts, as they enjoyed the experience.

Participant experiences

Smartphone usage

A significant portion of participants found smartphone
usage feasible (SB: n=25, PA: n=15), attributing this to
their prior familiarity with similar devices. However,
varying levels of burden were associated with smartphone
usage during the study. A notable challenge was the effort
required to consistently carry the smartphone. Addition-
ally, some participants (SB: n=1, PA: n=3) struggled with
smartphone illiteracy, finding it difficult to navigate the
device. Despite these issues, three participants from the
sedentary subgroup reported that they quickly habituated
to the device (figure 4).

Study duration

Opinions on the study duration varied. The majority
(SB: n=29, PA: n=21) considered the 7-day duration suffi-
cient, as it provided a comprehensive snapshot without
being overly burdensome. A few participants (SB: n=7,
PA: n=2) suggested that a longer duration would have
been manageable and possibly beneficial. Conversely, two
participants in the PA study felt the study duration was too
long, particularly those who received six surveys per day.

General experiences

General experiences with the study revealed mixed feed-
back. One participant found managing multiple devices
to be overwhelming. A few participants (SB: n=2, PA: n=3)
mentioned a heightened preoccupation with the study
tasks, which required continuous attention. Despite these
challenges, a substantial number of participants reported
no significant issues.

DISCUSSION

This study aimed to summarise lessons learnt from two
sensor-triggered EMA studies on PA and SB in older adults
and offer practical recommendations for future research.

Patterns in protocol adherence and the influence of
methodological and technological challenges

Overall, the compliance rates in both studies align with
those observed in other EMA research. A recent meta-
analysis, combining self-initiated, time-based and sensor-
triggered protocols in adults (>18 years) estimated an
overall compliance rate of 81.9%.% Similarly, Wrzus and
Neubauer’s recent meta-analysis reported an average
compliance rate of 79% across EMA studies, typically
involving six assessments per day over seven days. Notably,
they observed the highest compliance rates among
elementary school-aged and older adult populations, with
a levelling off in the oldest-old population.”* The high
compliance rates of 81.22% in the PA study and 79.10%
in the SB study may thus be attributed to the study popu-
lation, as older adults often achieve compliance rates
above 80% in EMA studies.™
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Smartphone illiteracy (SB: n =1, PA:n =3)
“I couldn't work with the smartphone because of my old age.”
“Oh yes, | had trouble with that [i.e. answering questions via a smartphone instead of on paper].”

Effort (SB: n=1,PA:n =6)
“Sometimes, it was a little hard [to keep the smartphone with me all the time].”

/

“I did find the smartphone fairly large to keep with me all the time.” Habituation (SB: n = 3)
“Actually, you get used to it pretty fast. | actually got used to it very
/ quickly and didn’t have a problem with it at all.”

Smartphone

Feasible (SB: n =25, PA: n = 15) ol
“I'm already used to keeping a smartphone because of my own
device.”
“It was actually only a negligible inconvenience.”
PARTICIPANT Too long (PA:n =2)
EXPERIENCES ‘I got tired of it.”
“If you get 6 times a day such a questionnaire, then you easily drop out.”

Sufficient (PA: n =21, SB: n =29)
“I thought it was good 7 days, it shouldn't be 14.”

“It was not too much but it was enough.”

“It doesn't have to be any longer, because it's my pattern and it's actually almost the same every week.”

Study duration

May have lasted longer (PA:n =2; SB:n =7)

“Seven days has certainly been not too long. Actually, the longer, the easier to answer and work with the smartphone.”
“I was glad | participated in the study, and had it taken 14 days, | would have done that too.”

Figure 4 PEN profile: participant experiences. PEN profile is a structured visual representation of qualitative data, summarising
participant responses and key themes. PA, physical activity; SB, sedentary behaviour.

In the PA study, 91.32% of the EMA surveys were
correctly prompted and responded to, whereas in the SB
study, a true positive rate of 70.03% was obtained. The low
true positive rate in the SB study was due to a technical
issue that triggered surveys even when heart rate data
were absent, causing some surveys to be prompted during
non-wear periods. In addition, wrist-worn Fitbits are not
the gold standard for capturing SB and may lead to
misclassification of standing and sitting time, which could
also slightly explain the lower true positive rate. However,
a Fitbit validation study demonstrated that specific cut-off
values can detect prolonged bouts of SB with high sensi-
tivity and specificity when compared with ActivPAL.*
However, these cut-off values were not applied in the
current study (since the calculations were not available
at the beginning of the study), but are useful for future
studies. Furthermore, descriptive statistics of the SB study
revealed that the confirmation rate (ie, the proportion
of confirmed behaviour by the participants) was 72.40%.
Due to the habitual nature of SB,** participants may not
always recognise certain inactive periods as sedentary,
impacting their reporting. In addition, sitting is often a
secondary activity associated with other tasks, leading to
reduced awareness of their sitting behaviour.* However,
in the current studies, surveys were terminated if partic-
ipants did not confirm the confirmation question. Some
participants may have intentionally denied the confirma-
tion question to save time or because they were unwilling
to answer the surveys, although this remains speculative.
In addition, the high true positive rate of 91.32% and high
confirmation rate of 94.16% for walking events (which

is a rather planned, conscious behaviour) indicate that
the prompts effectively corresponded with the moments
when participants were actually physically active, and
participants’ perceptions aligned with this finding.
However, participants in the PA study received fewer EMA
surveys, which may have reduced participant burden and
decreased the likelihood of early survey discontinuation
by denying the confirmation question. Furthermore, the
low confirmation rate in the SB study compared with the
PA study may reflect socially desirable responding, as
participants might find it more appealing to report PA
rather than indicate they were sitting. Sensor-triggered
EMA surveys may, therefore, provide more objective and
consistent recording of routine or less noticeable activi-
ties, compared with self-initiated EMA, which risks under-
reporting, as participants must actively report when an
event occurs.

The analysis of the patterns of compliance and confir-
mation rates revealed significant patterns that provide
insights into participant behaviour and the reliability of
our sensor-triggered EMA data. In the SB study, compli-
ance rates showed a strong increase over time. This
trend might be attributed to the fact that older adults
may require some time to become accustomed to smart-
phone usage, as indicated by several participants during
the interviews. Conversely, in the PA study, no significant
relationship was found between the time in the study and
compliance rate. In the SB study, the confirmation rate
remained stable over time, aligning with findings from a
previous study that also reported no decline in response
quality as time progressed.”® However, in the PA study,
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participants increasingly reported not engaging in PA as
the study progressed. In addition, an increased latency
between the last syncing and survey response resulted in a
significant drop in confirmation rates, likely due to recall
bias. Minimising delays in survey prompts is important
to ensure surveys are associated with the participant’s
behaviour, which helps maintain high confirmation rates.
While reducing these delays might be possible in the
future, it depends on the technical limitations of wear-
able devices like Fitbit, which use periodic syncing (eg,
every 15min) to balance battery life and data transmis-
sion. Real-time syncing could mitigate delays, but it poses
challenges such as reduced battery life, increased data
bandwidth and server load.

By simulating the expected number of prompts under
various conditions using Fitbit data, valuable insights
are provided into how specific EMA settings affect the
frequency of survey prompts during both walking and
sedentary events. For walking and sedentary events,
reducing the minimum interval between surveys or
shortening the event duration led to an increase in the
number of daily prompts, which is similar to findings
from another sensor-triggered EMA study.”” However,
maintaining a minimum interval between surveys may
be crucial to avoid repeated surveys for the same activity,
which ensures a representative overview of activities and
their determinants throughout the day. This also helps
to minimise participant burden, as an excess of surveys
could lead to lower participation rates and decreased
response accuracy due to fatigue.'* ' ** Furthermore,
for sedentary events, adjusting the step count threshold
to <2 steps per minute—yielding optimal sensitivity and
specificity rates®—did not impact the median number
of daily surveys. The simulations further indicated that
excluding outliers and reducing the maximum time back-
wards led to a slight decrease in the number of prompted
surveys. However, extending the time span to 18 or
20min backwards could prompt surveys for behaviours
that were performed some time ago, which may decrease
confirmation rates and render them less relevant to the
event of interest and potentially introduce recall bias. In
addition, the simulation, which replicated the original
study settings, predicted a median of two daily surveys for
walking events and four for sedentary events. However,
the real-life prompted surveys were one and six, respec-
tively. This discrepancy may be attributed to the fact that
the two-minute inactivity end rule was not applied in the
simulations, and consistent syncing was assumed, which
may not reflect real-world conditions. Furthermore, the
technical issue experienced in the SB study resulted in
the increased number of prompts in the real-life study
compared with the simulations. More detailed recommen-
dations for both PA and SB individually can be found later
in the discussion section (under ‘Recommendations’).

EMA platform
When conducting sensor-triggered EMA, several techno-
logical and methodological decisions have to be made.™

First, researchers have to determine which software plat-
form to use. Each platform presents distinct advantages
and limitations. In this study, HealthReact was used.
HealthReact offers the possibility to serve as an mHealth
platform for real-time data collection and to trigger
JITAL* HealthReact is currently being used in various
research studies focusing on PA, SB and eating behaviour
research.*™ This software platform combines an EMA
platform with third-party sensors featuring an open API
to access sensor data in real-time. While various accessible
and inexpensive sensors in the form of commercial wear-
able devices such as activity trackers are available, these
wearables are not consistently validated for measuring
short bouts of PA and SB. Furthermore, continuous
internet connection is necessary to sync data between the
activity tracker and EMA platform. HealthReact supports
diverse data sources, including wearable devices (eg,
Fitbit, Garmin and Apple Watch), and sensors for glucose,
heart rate, air pollution, weight and Global Positioning
System (GPS). In addition, researchers could monitor
enrolled participants through HealthReact, viewing the
timing and frequency of prompts for each participant.
This allowed researchers to identify and address poten-
tial technical issues occurring at the smartphone level,
often without participants’ knowledge. For instance,
sometimes participants unintentionally altered Blue-
tooth settings, powered off the device or enabled flight
mode. By tracking prompts in HealthReact, researchers
could proactively contact participants when issues were
detected, helping to resolve problems early and minimise
data interruptions.

Other software platforms also exist, such as (1) smart-
phone apps using built-in sensors and (2) integrated
solutions merging the EMA platform with proprietary
sensors and (3) semiautomated, interactive monitoring
algorithms that send prompts based on activity thresh-
olds derived from accelerometer data.”’ The first option
demands good battery life of smartphones and offers
limited flexibility in setting triggering scenarios. The
second option is expensive and restricted by the range
of sensors provided by the vendor (eg, Movisens). This
method has been successfully implemented in previous
research using SB-triggered EMA, demonstrating its feasi-
bility.?” The third option necessitates researchers’ involve-
ment in monitoring and triggering diaries, which may
introduce delays or inaccuracies, making it less suitable
for larger samples. Furthermore, in literature, no over-
view exists of sensor-triggered EMA platforms and accom-
panying applications, explaining their methodological
aspects, advantages and disadvantages. Further research
is needed to provide a detailed overview of existing
sensor-triggered EMA platforms, along with an analysis of
their pros and cons.

Recommendations

Despite its potential and although the interviews gener-
ally showed a positive user experience, several challenges
emerged in the current studies. While the majority of the
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interviews indicated high feasibility and user-friendliness,
some participants reported that they did not hear the
notification, resulting in missed EMA surveys, while
others had insufficient time to complete the questions or
experienced technical difficulties. For instance, 10 partic-
ipants in the PA study and two in the SB study experi-
enced irregular or complete lack of syncing. Additionally,
almost all participants were provided with a study device.
Only a handful of the first participants used their own
smartphone. However, since HealthReact was not compat-
ible with all smartphones and to avoid further technical
issues, we decided to provide recent study devices for
every participant. Moreover, some participants had no
prior experience with smartphones. Although researchers
offered a brief training session, including a test question-
naire on HealthReact to familiarise participants with basic
smartphone handling and verify question clarity, some
participants mentioned that they still needed time to get
accustomed to the application. A recent compliance study
incorporating data from the current study supports these
findings, showing higher compliance rates among older
adults already familiar with smartphones.*® An additional
user-friendly manual covering essential smartphone skills
with clear instructions and pictures (eg, turning the
device on, checking Wi-Fi or Bluetooth settings) may be
a valuable resource for future studies. This would allow
participants to review technical information at their own
pace and reduce potential overwhelm during the training
session. Furthermore, it could improve participants’
sense of self-empowerment and confidence in managing
the technology independently. In addition, a screening
process to assess participants’ comfort with technology,
their familiarity with wearable devices, and their ability to
manage the intensity of an EMA study could be beneficial
prior to their participation. For example, brief interviews
during recruitment could help identify participants who
might find the study burdensome. Moreover, providing
ongoing technical support and regular check-ins to
gather feedback during the study can help address partic-
ipants’ concerns and make real-time adjustments. Finally,
researchers should be aware that participation in the
study might make participants more conscious of their
behaviour, potentially leading to changes towards more
desired patterns.”® This phenomenon, known as ‘EMA
reactivity’,” ** was observed in our study and may be
attributed to two factors. First, the feedback display on
the Fitbit device may have influenced participants, who
reported becoming more aware of their behaviour due
to the visibility of their step counts. Second, the nature of
the event-based EMA, with prompts triggered by specific
behaviours such as prolonged sitting or walking, could
also have contributed to increased awareness. Although
a few participants indicated they went for more walks or
paid closer attention to their sedentary time, the majority
did notreportany changes in their behaviour. Researchers
using sensor-triggered EMA should therefore be mindful
of potential reactivity, even if its effects may be limited
to a small subset of participants. Another potential

approach for studying PA and SB using sensor-triggered
EMA could involve sending surveys when participants
are neither physically active nor sedentary (ie, a mixed-
sampling strategy of triggering during events and non-
events). This approach could also help researchers better
understand the determinants and consequences of these
behaviours. Additionally, by incorporating randomised
prompts rather than solely relying on sensor-triggered
EMA, this method ensures data collection even among
individuals with lower PA levels, eliminating the need to
exclude participants based on their PA engagement.

In addition, future EMA studies, particularly those
using sensor-triggered designs, would benefit from the
development of specific guidelines to ensure consis-
tency and transparency. Existing frameworks, such as the
Checklist for Reporting Ecological Momentary Assess-
ment Studies (CREMAS) checklist,”” could be expanded
to include aspects unique to sensor-triggered EMA, such
as a comprehensive description of the hardware and soft-
ware used, the EMA platform, the rules for triggering
events and the rationale for the chosen sampling design.
Such tailored guidelines would enhance the reproduc-
ibility and comparability of sensor-triggered EMA studies.
Finally, it is important to validate wearable devices for
use in sensor-triggered EMA to account for variability
across devices and ensure applications in future research.
Furthermore, it is also essential to consider the capabili-
ties of the EMA platform and potential delays in real-time
data transfer, such as the syncing delay between a wear-
able and its server, which could affect the timing of event
detection.

Physical activity

Based on the current study and the simulations we
conducted, recommended settings for prompting for
walking events in older adults are as follows. First, using
a threshold of at least 60 steps/min to prompt walking
events is recommended, as it is a feasible threshold that
yields a sufficient number of daily surveys and can be
considered sustained walking.” Given that the median
number of daily surveys is already low (one per day),
and increasing the threshold to 80 or 100 reduces the
median number of daily surveys, 60 steps/min seems
optimal for older adults. However, this rate does not
reach the intensity of moderate PA, which is approxi-
mately 110 steps/minute.*” In addition, relying solely on
step counts excludes the possibility of prompting surveys
for other types of PA, such as muscle strengthening,
balance and coordination exercises. However, since
Fitbits’ ‘active minutes’ are not valid for detecting short
bouts of moderate to vigorous PA,' step counts, rather
than ‘active minutes’, are recommended to prompt EMA
surveys. Alternatively, EMA surveys could be prompted
based on heart rate, but setting a heart rate threshold is
challenging, as events could also be prompted by stress or
anxiety rather than PA.* Furthermore, such EMA proto-
cols are currently lacking in literature. Second, extending
the duration of an event reduces the median number of
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daily surveys, especially in older adults who are a rela-
tively inactive population. Therefore, prompting an EMA
survey after just five minutes of walking is recommended
for researchers investigating short bouts of PA, which is
similar to findings from another sensor-triggered EMA
study.”” If the research focus is on longer bouts of PA,
extending the overall study duration could help ensure
sufficient data are collected to address the research objec-
tives. Third, extending the time span to 20 min backwards
could prompt surveys for behaviours performed much
earlier, reducing the validity of the study and the confirma-
tion rate. Therefore, setting max backward at two minutes
is recommended and may yield more ecologically valid
data. Fourth, while end rules can prevent the interrup-
tion of PA by an EMA survey, they can result in missed
events if the end rule is too strict. For example, a walking
event might be missed if the end rule requires inactivity of
less than 10 steps per minute for two consecutive minutes,
but the participant keeps moving at about 20 steps per
minute, which would be comfortable enough to answer
the survey. Furthermore, the effectiveness of the end rule
is influenced by the maximum time interval to detect
an event in the past. In our study, this interval was set to
20 min, meaning that the HealthReact server remains on
standby until the end rule is met within this time frame. As
aresult, even if a walking event is followed by two minutes
of inactivity, these two minutes can occur anywhere within
the 20-minute window, potentially allowing the participant
to resume walking before the prompt is triggered. This
diminishes the impact of the end rule and may lead to
EMA prompts being sent during ongoing walking events.
Indeed, some participants reported in the interviews that
they received EMA surveys during walking events, which
they found inconvenient. To prevent this and ensure that
prompts are only sent when an activity bout has truly
ended, end rules should be applied with a shorter time
backwards interval. Furthermore, defining an end rule is
challenging because a threshold of <60 steps per minute
may be considered a non-event but could still represent
light PA. Fifth, although simulations in this study showed
no impact of outliers on the number of daily prompted
surveys, considering outliers could be useful in specific
situations, such as when a participant stops at a traffic
light. However, allowing an outlier in a five-minute PA
event may not be valuable if researchers are interested in
sustained walking. Sixth, the majority of the participants
found a 7-day measurement period feasible and did not
mind a longer duration.'? Extending the study period may
provide more profound insights into the participants’
behaviour and experiences. Seventh, depending on the
research questions, it may be beneficial to exclude partic-
ipants who do not engage in PA. For predictive or causal
research questions, a mixed sampling strategy is recom-
mended.” In contrast, for descriptive research questions,
excluding participants with insufficient PA may be neces-
sary, as they would never receive a sensor-triggered EMA
survey and, therefore, would not be represented in the
study results.

Sedentary behaviour

In this study, step data were used to prompt surveys for
sedentary events.”” An alternative method to prompt
surveys could involve using ‘sedentary minutes’ tracked by
the Fitbit. Comparative studies have evaluated this Fitbit
metric against activPAL” and GT3X+” devices. These
studies indicated that Fitbits’ measures are comparable to
these devices. However, they only assessed daily sedentary
time and did not investigate shorter time periods, which
are crucial for sensor-triggered EMA.

The duration of the event of interest should be carefully
determined based on the research question. The longer
the event duration, the fewer surveys will be prompted.
For instance, a shorter event lasting for 15min could
prompt a median of six surveys per day, while an event
lasting onehour might result in only three surveys per
day. When defining bout durations based on the research
question, these differences in prompt frequency should
be considered, as a longer study period may be necessary
to ensure adequate statistical power, particularly when
fewer surveys are prompted daily. Moreover, the desired
distribution of surveys should also be carefully consid-
ered. Removing the time interval between survey prompts
in simulations more than doubled the number of surveys
prompted for a 30min event. However, prompting
multiple surveys within the same sedentary bout may
be undesirable, especially when studying distinct seden-
tary events. Thus, maintaining a time interval between
prompts can be advantageous for certain research ques-
tions. Additionally, depending on the desired maximum
number of surveys per day, researchers may want to adjust
this interval to ensure that surveys are distributed evenly
throughout the day.

In this study, the study duration for each participant was
sevendays, based on the typical duration of other EMA
studies that lasted between one and ten days.'? However,
in some of the participants included in our study, data
collection extended beyond the planned seven days
because researchers were unable to conduct the final
home visit on the exact day following the last scheduled
day. The fact that participants continued to respond to
the surveys, even though they were explicitly instructed
to do so for only seven consecutive days, suggests that
they may not have minded a longer study duration. This
hypothesis is supported by the qualitative interviews, in
which most participants expressed that they would be
willing to participate in a longer study if it would benefit
the research.

This study employed a continuous sensor-triggered
approach, allowing participants to receive survey prompts
throughout the entire study period whenever the event of
interest occurred. While this method enables comprehen-
sive data collection, it can result in a high number of daily
surveys, potentially increasing participant burden.'? %
When researchers are interested in measuring over longer
periods, such as several weeks or months, this approach
would be too burdensome for participants. To mitigate
this burden, an EMA burst design could be a possible
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alternative for some studies. Instead of conducting
continuous assessments over an extended period, partic-
ipants are asked to complete several assessments within
a shorter, concentrated timeframe. For example, partici-
pants might be involved in the study over several weeks but
only receive surveys on specific days within that period.
This approach allows for data collection spread out over
a longer time frame while minimising the frequency of
surveys over the total study period.” **

To optimise study validity, the maximum timespan that
HealthReact looks back should be set as short as possible.
While a two-minute ‘max backwards’ setting is recom-
mended, it may slightly reduce the number of survey
prompts compared with longer settings.

In contrast to the PA study, no end rules were set for
the SB study. This was done intentionally. We assumed
that by prompting a survey during a sedentary episode,
participants would still be able to easily respond while
the episode was ongoing. This was also confirmed by the
qualitative interviews. However, if the researcher would
be more interested in specific factors that can only be
measured immediately after the episode, an ‘end rule’
could be opted for. This might be relevant in research
questions related to, for instance, interrupting sitting
behaviour.

Strengths and limitations

This study has some notable strengths. First, this study
employed a sensor-triggered method to prompt surveys
based on PA and SB, providing valuable insights in this
field. Second, the study’s mixed methods approach, inte-
grating both qualitative and quantitative data, provides a
more comprehensive understanding. Third, combining
the lessons learnt from two separate studies focusing
on PA and SB enhances the insights gained on sensor-
triggered EMA studies in general and sheds light on the
recommendations specific to these behaviours.

However, the study also demonstrates several limita-
tions. First, since the current study was conducted among
older adults, the lessons learnt may not be applicable to
all populations. Factors such as varying thresholds for
PA intensity and cadence, PA and SB patterns, dispari-
ties in technological literacy and sensory limitations (ie,
hearing loss, tremor, visually impaired) could impact the
methodological choices for conducting sensor-triggered
EMA in other populations. Nevertheless, given the
limited literature on methodological considerations for
sensor-triggered EMA studies for PA and/or SB in all
populations, this study could provide valuable insights
for researchers aiming to conduct sensor-triggered EMA
studies in other populations as well. Second, participants
of both studies were recruited through purposive conve-
nience sampling, potentially limiting the generalisability
of the study findings. However, efforts were made to
ensure a heterogeneous sample by considering sociode-
mographic factors such as age and gender. Third, there
were issues with prompting surveys in the study focusing
on SB due to a bug in the HealthReact application,

resulting in a smaller dataset and possibly compromising
the reliability of the sensor-triggered prompts. Fourth, in
some models (ie, the model for compliance rate in the
PA study and the model for confirmation rate in the SB
study), the random effect for days was removed to avoid
overfitting, which limited our ability to fully differentiate
between within-person and between-person variability in
adherence. Future research with larger sample sizes or
alternative modelling approaches could better capture
temporal fluctuations in adherence within individuals.
Fifth, we acknowledge limitations regarding the trustwor-
thiness of our qualitative findings. Specifically, we did not
employ member checking or researcher triangulation,
which may have impacted the validation of our findings
and the interpretation of participant perspectives.

CONCLUSIONS

This study highlights the potential of sensor-triggered
EMA as a valuable tool for capturing real-time data on PA
and SB among older adults. The high compliance rates
(over 79%) in both studies demonstrate good adherence
to the EMA surveys. Qualitative insights further indi-
cate that most participants found the application user-
friendly and feasible to use, with overall positive feedback
regarding their participation in the study. In the PA
study, confirmation and true positive rates were notably
high, indicating that the EMA surveys were prompted
accurately after walking events. Conversely, the SB study
showed lower true positive and confirmation rates, likely
due to technical issues and discrepancies between partic-
ipants’ self-perceptions and device-based Fitbit measure-
ments, respectively. Practical recommendations (eg,
specific settings to prompt EMA surveys) for future sensor-
triggered EMA studies focusing on PA and SB events
among older adults were provided. However, significant
challenges remain, including a negative impact of latency
on survey response, technical issues, notification timing
and EMA reactivity, which must be addressed to improve
protocol adherence and the validity of future findings on
older adults’ health behaviours in EMA research.
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