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Abstract

Background Previous studies assessing shift workers behaviours have mainly used self-report recall questionnaires,
however these measures don't always account for variations in work schedules. Alternative methods that allow for
real-time assessments tailored to capture variations in work patterns might provide more accurate measures of
physical activity (PA) and sedentary behaviour (SB). Therefore, the aim of this study was to evaluate the feasibility

of Ecological Momentary Assessment (EMA), which provides real-time evaluations of PA and SB in shift workers. A
secondary aim was to compare shift workers and non-shift worker responses.

Methods Participants (n=120; 58% female, mean /\/lage:36.0), included 69 shift workers and 51 non-shift workers.
After downloading the EMA app, shift workers received either interval-contingent tailored (SW-T) or standardized
EMA prompts (SW-S) over 7-10 days, while non-shift workers received standardized prompts (NSW-S) for seven days.
Prompts were scheduled five times daily, every three hours. The EMA survey asked participants to report their current
activity, including type, duration, and location of physical activity and sitting. Feasibility was assessed by analysing
recruitment, retention, and compliance rates (EMA surveys completed) across SW-T, SW-S, and NSW-S groups.

Results Approximately 78% of invited workers enrolled, and all enrolled workers completed at least one prompt

on 4 out 7 days in the NSW-S and 7 out of 10 days in the SW group. Workers who chose not to participate reported
unwillingness to travel for meetings (n=14), while others did not respond (n=20). Participants completed an average
of 24 surveys per day, each one taking less than 30 s to complete. Overall, 64% of EMA surveys were started and
completed. SW-S completed the least prompts (57%), while SW-T and NSW-S completed 64% and 68%, respectively
(p=0.90). On average, workers missed 36% EMA surveys which was similar for SW and NSW (p=0.05).

Conclusion Our study represents one of the few studies that has used EMA in the shift work population with
adaptation to shift schedules. The findings showed a modest compliance to EMA. Strategies are needed to enhance
compliance rates. However, EMA shows promise for capturing real-time behaviours in shift workers'natural work
environments.
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Background

Shift work is defined by work hours outside the regular
daytime (06:00-18:00 h) and includes early morning, late
afternoon/evening, night, or rotating shifts [1]. In indus-
trialized societies, approximately 15-20% of workers are
shift workers in industries like healthcare, manufactur-
ing, mining and transport [2, 3]. Shift work is associated
with an increased risk of chronic diseases, including car-
diovascular diseases, breast cancer and diabetes [4, 5].
Mechanisms related to shift work and poor health out-
comes appear to be multifactorial, including circadian
disruption, disturbed sleep, lifestyle behaviours, and
psychosocial stress [6]. Previous studies concluded that
shift work results in poor sleep quality and dietary pat-
terns [7]. It is also plausible that shift work may impact
movement-related behaviours because of rotating work
schedules [8, 9]. Exploring the effects of shift work on
movement-related behaviours, therefore, can provide a
more comprehensive understanding of the association
between shift work and health risks.

Regular physical activity, especially moderate-to-vig-
orous intensity (MVPA), is associated with physiological
and psychological benefits and reduced risk of chronic
diseases [10, 11]. Replacing sedentary behaviour with any
physical activity will reduce the burden of various chronic
diseases and produce health benefits [12, 13]. Studying
all behaviours within the 24-hour paradigm is crucial
for understanding their interconnections in shift work
[2]. However, assessing shift workers’ physical activity
and sedentary behaviours during shifts, while consider-
ing contexts, can be complicated [14]. Therefore, meth-
ods that allow for real-time assessments and repeated
schedules to capture within-person variations are needed
[15]. Ecological momentary assessment (EMA) uses an
approach for collecting data in real time that could pro-
vide insights into day-to-day health behaviours [15].

EMA is increasingly becoming the method of choice in
assessing health behaviour in real-time, overcoming the
problems of recall bias [16]. EMA is defined as monitor-
ing or sampling strategies to assess phenomena at that
moment they occur in natural settings [17]. The EMA
method uses an approach of collecting data in real time
including signalling to participants to complete a survey
at random or predefined intervals [18]. In EMA studies,
participants are instructed to respond to self-report sur-
veys over the course of the day for a short period of time
(e.g., weeks and months) using a device such as a mobile
phone. It can provide context, type and time, which can
be beneficial for providing information on time and shift
schedules suitable for developing effective interven-
tion strategies [19]. Contextual information can include

intrapersonal, interpersonal, and environmental factors
in which behaviour occurs that are integral in under-
standing outcomes of behaviour [20]. Thus, EMA can be
used to understand how work-related factors influence
behaviour in the shift work population.

Given the varying work schedules in the shift work-
ing population, it creates a challenge to assess their
behaviours. Assessing shift workers’ behaviour should
be based on waking hours, which may be distributed
across all hours of the day because of the work schedules
[21]. Therefore, adapting EMA prompts to work sched-
ules can demonstrate how workers experience various
health behaviours day-to-day [15]. An increasing num-
ber of studies have tested the feasibility of EMA with
smartphone applications to measure physical activity
and sedentary behaviour in adults and older adults, with
compliance rates between 58 and 92% [22-25].

Studies with non-shift work populations have shown
that EMA is feasible in assessing health behaviours [23,
25]. For instance, in a workplace study, the response rate
was 81.4% for EMA prompts [25]. While EMA feasibil-
ity has been assessed in various populations, more stud-
ies are needed with shift workers. One shift work study
using EMA showed that EMA was feasible [26]. How-
ever, all the studies above did not adjust EMA surveys
by work schedules, not fully capitalizing on the poten-
tial of adjusting EMA prompts accordingly. In addition,
the results of a recent systematic review of EMA stud-
ies assessing several health outcomes in rotation work-
ers showed inadequate compliance-related information
[15]. Because of the nature of work involving shift work-
ers’ unconventional hours, it is important to strategically
design EMA studies comparing with non-shift workers
in order to determine how adapting EMA to work, non-
workdays and individuals affect feasibility. The complex-
ity of this type of work requires accurately documenting
workers’ behaviours considering different schedules and
tasks [27].

In the present study, the EMA response rates from the
two groups of shift workers who receive standardized
and tailored prompts were compared to check if tailor-
ing affects feasibility. In addition to feasibility, informa-
tion on the number of prompts and schedules concerning
EMA completion rates is essential for encouraging EMA
in real-time interventions. Our primary aim, therefore,
was to evaluate the feasibility of EMA in assessing physi-
cal activity and sedentary behaviour in shift and non-
shift workers. The other objective was to explore how the
compliance rate is affected by adapting EMA surveys to
shift work schedules versus standardized non-shift work-
ers during work and non-workdays. We hypothesized
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that EMA will be feasible to use in assessing work-
ers physical activity and sedentary behaviour. We also
hypothesized that shift workers will answer more EMA
surveys when tailored to their work schedules than when
standardized. This is because shift work involves irregu-
lar working hours, thus sending EM A surveys at standard
times may not be aligned with their work hours.

Methods and materials

Study design and participants

Ecological momentary assessments (EMA) interval-con-
tingent experience sampling method [28, 29] was used to
assess workers’ physical activity and sedentary behaviour
throughout the day. Workers (N=128) were recruited
via word of mouth from the research team, participants
who recommended the study to other shift workers, fly-
ers handed out at workplaces, and via social media (Face-
book and Twitter/X). Shift workers employed at various
industries on a full-time contract and working rotational
schedules (including, early morning and night) were
invited. Non-shift workers from various workplaces were
included if they were full time and working normal work
hours (8/9am-5/6pm) Monday to Friday. Participants
were recruited living in and around Brisbane, Ipswich,
and Toowoomba, in south-east Queensland, Australia
from various workplaces including hospitals, university
security, government offices, and the transport industry.
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The majority of shift workers were nurses and paramed-
ics, and non-shift workers were located in offices. Par-
ticipants were allocated to groups using a sequential
enrollment method [30].

A flow chart illustrating the enrolment process is in
Fig. 1. After receiving an information sheet, participants
were invited to an in-person meeting with the researcher.
During the meeting participants (1) signed the informed
consent form and were sent the link to download the
EMA app then given instructions on how to use the EMA
app, (2) completed the questionnaires about their demo-
graphic characteristics and health risk appraisal, (3) had
anthropometric measures taken and, (4) downloaded the
EMA app.

Procedure
Participants completed 7-10 days of EMA one wave of
data collection. For shift workers, the number of days was
dependent on individual shift schedules to collect EMA
data during all work schedules and non-workdays. Non-
shift workers participated in the study for seven consecu-
tive days including five workdays and two non-workdays.
The tailored prompts were set according to shift sched-
ule and were different for each participant and 3 h apart.
The tailored prompt times were based on anticipated
shift schedules and wake-sleep pattern of the shift work-
ers and adjusted when they reported any change of shift

Participants invited (n=164)

-Not willing to travel for

l

meetings (n=14)
-No response (n=22)

Enrolled (n=128)
Measurement:
-Questionnaire (n=128)
-EMA app (n=120)

-Anthropometry measured (n=107)
-Self-reported anthropometry (n=21)

v

Unknown EMA
technical issues (n=8)

oy

EMA data (n=120)
Total EMA prompts sent =4482

/|

\

‘ SW-T (n=51)

| ‘ SW-S (n=18)

‘ ’ NSW-S (n=51)

Average number of
prompts sent per
person=38

Total prorpts sent =1962

person=42

Average number of
prompts sent per

Total prompts sent =757

Average number of
prompts sent per
person=35

Total prompts sent=1763

Fig. 1 Recruitment and participant flow chart. Legend. HRA: Health risk appraisal, Participants invited represents the number of participants sent emails,
EMA prompts sent- the number of EMA surveys successfully sent to mobile phone. EMA prompts per person are number of EMA Surveys sent to each
participant. SW-T: shift workers with tailored EMA prompts, SW-S: shift workers who received standardized prompts, NSW-S: non-shift workers with stan-

dardised prompts
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schedule. Some of their workdays could fall on weekends.
Standardized prompts were sent at the same time of
day during work and non-workdays. For example, EMA
prompts were scheduled from 10:00 am-10:00 pm during
day/morning shifts; from 1:00pm-1:00am during evening
and 10:00 pm -10:00 am on night shifts. The standardized
EMA prompts were sent between 10:00 AM and 10:00
PM daily. Each EMA survey consisted of five questions,
took less than a minute to complete and disappeared
after 30 min if unanswered. For non-shift workers the
non-workdays were weekend days and working days were
Monday to Friday. This avoided shift workers receiving
prompts while they were sleeping. Table 1 summarises
the EMA prompting schedule.

Upon receiving the EMA prompt on their phones, par-
ticipants were instructed to stop their current activity,
provided it was safe to do so, and complete a 1-minute
survey. For all study participants, EMA prompts were
sent via the app five times per day at 3-hour intervals
similar to other EMA studies [24, 26]. The prompts dis-
appeared after 30 min of no response. At the end of the
study, all participants were provided with feedback on
their EMA responses and device-based measures. The
study obtained approval from the University Human
Research Ethics Committee.

Ecological momentary assessment

The SEMA? app link [31] was sent via email for partici-
pants to download onto their smartphones. The SEMA?
app was available in both Apple iPhone and android
operating systems. The SEMA?® app was developed for
conducting EMA surveys and has been used in previous
EMA studies [32]. The app allows for delivering surveys
at fixed points in time or at fixed time intervals [31]. A
Checklist for Reporting EMA Studies (CREMAS) [33]
related to our study protocol is presented in supplemen-
tary Table 3.

Table 1 EMA prompting patterns and schedule

Group name  Work Study EMA prompts Number and tim-
type period ing of prompts
(days) per day
SW-T (n=51) Shift 7-10 Tailored 5 at times based
work on work schedules
SW-S(n=18)  Shift 7-10 Standardized 5 between 10 a.m.
work and 10 p.m.
NSW-S (n=51) Non- 7 Standardized 5 between 10 a.m.
shift and 10 p.m.
work

Legend. SW-T: shift workers who received tailored EMA prompts, SW-S: shift
workers who received standardized EMA prompts, NSW-S: non-shift workers
who received standardized EMA prompts
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Measures

The EMA survey

The EMA survey assessed participants’ current activ-
ity, duration, location, detailed physical activity type (if
they chose the physical activity option) and sitting. The
survey began with: “what were you doing in the few min-
utes before receiving this message?” Response options
included, “watching television, using mobile phone/com-
puter, eating/drinking, exercise or physical activity, work
duties, socializing, driving/travelling, and household/gar-
den chores, caring for children, and other” If the partici-
pant selected “watching television or using mobile phone/
computer, work duties, socializing, caring for children”,
the next question was a follow-up and asked about sit-
ting. If exercise or physical activity was reported, a fol-
low-up question asked about specific type of exercise or
physical activity. If ‘other” was selected, the participants
were asked to provide more detailed information on the
activity. For each activity reported, participants were
asked to report time spent (in minutes) on the activity
and their location. The EMA questions were adopted
from previous EMA studies assessing physical activity
and sedentary behaviour [23, 24]. Survey responses were
downloaded from the SEMA website in CSV format and
converted to excel files. Figure 2 presents an example of
the screen shots from the EMA items.

EMA feasibility

The feasibility outcomes were assessed through several
key metrics: compliance rate, recruitment and retention
rates. Compliance rate was calculated as the proportion
of EMA surveys completed relative to those sent, with
thresholds set based on prior EMA studies (>70% for
compliance) [33, 34]. Notably, EMA compliance rates
in previous research varied widely, ranging from 44 to
96%, with an average of 71% [35]. Recruitment rate was
the percentage of eligible participants who agreed to par-
ticipate and enrol in the study relative to those invited
to participate. Retention was defined as the percentage
of participants who completed at least one prompt on at
least 4 out of 7 days for non-shift workers and 7 out of
10 days for shift workers during data collection [34]. The
unanswered EMA surveys were categorized as missed
prompts. Survey completion time, from prompt signal to
completion, was recorded.

Total EMA responses were calculated over the 7-10
days, adjusted according to participant type (shift worker:
7-10 days; non-shift worker: 7 days). The responses were
then examined in relation to various work-related fac-
tors such as work versus non-workdays and different
shift schedules for shift workers. Feasibility markers were
reported for all participants and subgroups (SW-T, SW-S,
and NSW-S), assessing the overall viability of EMA
implementation. Additionally, associations between
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Were you sitting?

vshift before receiving this message”?

Fig. 2 SEMA app screenshots from the researcher phone. The images show how the EMA questions appeared on the mobile phone

prompt responses and participants’ demographic charac-
teristics were explored to understand factors influencing
survey completion rates.

Anthropometry

Waist circumference measurements (to the near-
est 0.5 cm) were taken by placing a tape measure mid-
point between the lower border of the rib cage and the
iliac crest [36]. Participants’ height was measured to
the nearest 0.1 cm using a stadiometer (Seca), with par-
ticipants standing with their scapula, buttocks and heels
resting against a wall, the neck was held in a natural
non-stretched position, and the head was held straight.
Weight was measured to the nearest 0.1 kg using a digi-
tal scale, Seca 803. Participants removed shoes and heavy
clothes prior to weighing. Body mass index (BMI) was
calculated as weight (kg)/height (m) squared.

Health risk appraisal questionnaire

Participants’ age (years), gender (male, female, or pre-
fer not to say), marital status, and shift schedules were
reported. The health risk appraisal section asked partici-
pants to report their perceived health status by choosing
the options ‘poor; ‘average, ‘good’” or ‘excellent’ Partici-
pants also reported how their work schedule impacted

their activities, including leisure time and domestic
activities.

Statistical analyses

The demographic characteristics and feasibility mark-
ers were summarised as means and standard deviations
for continuous variables, and frequencies and percent-
ages for categorical variables. To test for normality, we
used histograms and Shapiro-Wilk tests. We performed
a Kruskal-Wallis test to examine the differences in the
demographic characteristics of participants in the three
work groups (SW-T, SW-S and NSW-S) and EMA com-
pliance between groups. The prediction of answering
prompts versus missing them by workdays, non-work-
days and shift schedules were examined using multilevel
logistic regression analyses [24, 34]. Pearson correlation
coefficients were calculated to test associations between
EMA compliance rate with age, sex, and BMI. The alpha
level was set at 0.05 for all analyses, and all statistics were
conducted in SPSS version 27.

Results

Participant characteristics

The non-shift workers were significantly older than both
the shift work groups (Table 2). Body Mass Index was
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Table 2 Participant characteristics for each of the three groups

Demographic Total SW-T SW-S NSW-S P-
characteristic (n=120) (n=51) (n=18) (n=51) value
Age (years) 360+£106 31.6+85 300+84 421+113 002
mean+SD
BMI (kg/m?) 279457 270+46 277(51) 290+69 090
mean+SD
Gender n (%) 0.71

Male 50.0 (41.7) 240 8.0 (444) 18(35.3)

(47.0)
Female 70.0(583) 27.0 10.0 33.0(64.7)
(52.9) (55.6)

Marital status 0.05
n (%)

Livingwith ~ 69.0(59.5) 250 9.0(50.0) 34.0(66.6)
partner (49.0)

Not living 47.0(40.5) 260 9.0(50.0) 17.0(33.3)
with partner (50.9)
Work type 450(37.5) 330 12.0 -
n (%) 29.0(24.2) (64.7) (66.7) 50(9.8)

Health care  46.0(383) 180 6.0(33.3) 46.0(90.2)

Other (35.3) -

Office -
workers

Legend: SW-T: shift workers who received tailored EMA prompts, SW-S: shift
workers who received standardized EMA prompts, NSW-S: non-shift workers
who received standardized EMA prompts, BMI: Body Mass Index. Health care
workers include nurses and paramedics, other represented other various
industries including security, drivers, and manufacturing. Living with partner
include married and not married but living with partner, Not living with partner
include participants who reported that they were single, separated/divorced
and widowed. Statistically significant difference (p<0.05) between SW-T, SW-S
and NSW-S using Kruskal Wallis test

similar for all groups with an average of 27.9 kg/m?, plac-
ing participants in the overweight category. Most partici-
pants were female (58%), and the majority of non-shift
workers were married or living with a partner. Most of
the shift workers were nurses and paramedics (66%). The
remaining shift workers included security guards, driv-
ers, and manufacturing workers. The non-shift workers
were office workers.

Supplementary Table 1 presents EMA-reported activi-
ties, with work duties (16.4%) being the most frequent,
followed by phone or computer use. Caring for children
was the least reported activity (1%). Significant differ-
ences in reported physical activity and TV watching were
observed across the three work groups, with non-shift
workers reporting the highest levels.

EMA feasibility

EMA recruitment and retention

Of the 164 workers who were sent emails to participate,
128 volunteered, thus 78% enrollment rate. The reasons
for declining participation included being unwilling to
travel to the university campuses for the in-person visit,
or not responding. All the 128 workers who were enrolled
completed the study. However, eight were excluded from
the analysis due to unknown EMA technical issues. Thus,
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120 participants who completed the study were included
in the final analyses.

EMA compliance

Table 3 presents workers overall compliance and prompt
responses by work and non-workdays. A total of 4482
EMA prompts sent across all study participants. Partici-
pants started and responded to 2951 prompts but com-
pleted 2900 (64%). On average, each participant received
37 prompts per day. Participants in our study completed
an average of 24 surveys per day.

Shift workers who received standard prompts (SW-S)
missed about 17 prompts (43%), while SW-T missed 14
prompts (36%). On average NSW-S missed 11 prompts
(32%) out of the 35 sent, with the difference between all
the three groups being borderline significant (p=0.05).
Each survey took an average of 24 s to complete, and this
was similar across the three groups (p=0.26). The preva-
lence of overall completed prompt and missed prompts
was similar for the 3 groups (SW-T, SW-S and NSW-S).
SW-T answered more prompts during non-workdays
than at work. When comparing the shift schedules,
SW-T were more likely to answer all the prompts than
miss them.

Figure 3 shows the completed prompts according to
the timing of daily prompts (first to fifth prompt). The
most frequently answered was the first prompt of the
day (26%), and the fifth was the least answered (14%)
in all participants. However, the differences in prompt
responses were between prompt 1 and 4 (p=0.04) and
prompt 1 and prompt 5 (p=0.01), but no differences in
prompt 1, 2 and 3.

SW-T answered more prompts during non-workdays
than at work. When comparing the shift schedules, SW-T
were more likely to answer all the prompts than miss
them. Further, the day and evening shift prompts were
frequently answered than night (prompt 3 OR=0.86,
prompt 4 OR=0.86, and prompt 5 OR=0.90). SW-S
were more likely to answer the first four prompts than
miss them during non-workdays than workdays, except
the fifth prompt (OR=0.88). The odds ratios of prompt
responses by work, nonwork days and shift schedules are
presented in supplementary Table 3. Additionally, SW-S
answered more prompts during day and night shifts
than evening shift. In contrast, the non-shift work group
were likely to answer all the five prompts during week-
days than weekends. EMA compliance was also unrelated
to age (r=-0.03; P=0.47), gender (r=0.08; P=0.47), BMI
(r=0.03; P=0.38), and marital status (r=0.03; P=0.49).

Discussion

This study assessed EMA feasibility among participants
in a work setting. The study aimed for a compliance
rate of 70%, but the observed compliance rate was 64%.
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Table 3 Summary of EMA overall compliance and prompt responses during work and non-workdays

P-value

51)

NSW-S (n

SW-S (n=18)

=51)

SW-T (n

Total
(n

EMA

120)

%

sD
6.9
6.9

Mean
234

%

sD
129
9.3

Mean
24.7

SD %

87

Mean
24.2

sD %

8.7

Mean
2

0.90
0.05

64.0 57.0 68.0

39 64.0

Completed prompts

Missed

320

429

16.7

36.0

9.5

13.8

36.0

8.6

131

prompts

0.26

0.10

0.34

0.31

045

0.33

041

0.25

0.40

Response time (min)

Workday
26.2

Non-workday

23.6

Workday
30.3

Non-workday

29.8

Workday
24.6

Non-workday

20.5

Workday
24.6

Non-workday

27.0

Prompt responses (%)

1st Prompt
2nd prompt

0.64
045
0.88
0.17
0.99

224

204

23.7

222

21.7

224

21.0

209

19.6

19.3

20.7 20.6

3rd prompt
4th prompt

17.6

16.9

149

159

17.8

185

16.8

171

154

14.3

149

1.3

14.0

173

14.8

14.3
Legend. Abbreviations n: total number, SD: standard deviation, min: minutes taken to respond to each survey. SW-T: shift workers with tailored EMA prompts, SW-S: shift workers who received standardized prompts, NSW-S:

non-shift workers with standardised prompts. Differences with Kruskal Wallis test between the groups are statistically significant (p<0.05)

5th prompt
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Although the compliance rate fell below the pre-set goal,
a rate of 64% still indicates a substantial level of partici-
pant engagement and adherence. The observed compli-
ance rate is within a range that can still yield meaningful
insights, given that many EMA studies report compara-
ble compliance rates (58-92%) [23-25].

However, our study findings contrasts with higher
compliance rates reported in similar studies of non-
shift workers [25]. University employees receiving five
daily surveys during workdays achieved an 80% compli-
ance rate [25]. Despite employing a comparable prompt
frequency to Weatherson et al. [25], our study achieved
a lower overall compliance rate. Conversely, office work-
ers participating in a five-day study with four EMA sur-
veys per day achieved a 58% compliance rate [23]. Several
factors may explain the lower-than-expected compli-
ance rate. A systematic review indicated that mobile
EMA studies with 1 to 3 prompts per day generally had
higher compliance compared to those with more than 3
prompts [29]. However, this evidence is inconsistent, as
some studies with fewer prompts reported lower compli-
ance rates [37], while others with more prompts reported
higher compliance rates [22, 38].

Notably, our study EMA survey expired after 30 min
when unanswered, we did not send reminders. This
is potentially contributing to higher compliance rate
observed in Weatherson et als study [25], which aligns
with recent findings indicating that frequent reminders
can increase overall compliance rates [39]. These results
collectively underscore the complex interplay of survey
methodology and participant engagement in determin-
ing EMA compliance levels across different occupational
contexts. Our study compliance rate may have also been
affected by lack of monetary incentives. Participants in
our study were provided with personalised feedback on
their EMA responses and movement. For example, office
workers with the higher compliance rate received $20
[23]. In comparison, office workers who did not receive
incentives had a lower completion rate [25]. Evidence
from a meta-analysis investigating the compliance of
EMA showed that giving participants incentives was
associated with higher compliance rates [40]. Therefore,
compliance rates could be enhanced through the use
of incentives and reminders, as the study design itself
was robust, evidenced by the fulfillment of 90% of the
CREMAS checKklist criteria.

More prompts were missed by shift workers who
received standard prompts, but the difference was not
significant. However, the results should be analysed with
caution because of the lower sample size in the group.
Previous studies also recommended that EMA prompt-
ing be tailored to individual participants’ schedules to
increase compliance [28, 41]. Therefore, the method
supports estimating physical activity and sedentary
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Prompt response %

@ 1st prompt

SW-§

W 2nd propmt

NSW-S
B0 5th prompt

@ 3rd prompt 0O 4th prompt

Fig. 3 Responses to the five EMA prompts between groups. SW-T: shift workers with tailored EMA prompts, SW-S: shift workers who received standard-

ized prompts, NSW-S: non-shift workers with standardised prompts

behaviour with various predictors of behaviours, such
as work, non-work, and shift schedules is possible with
EMA.

Our results showed that the first prompt of the day had
the highest response rate for shift and non-shift workers.
This might be attributable to the time of the day of EMA
prompts sent to participants. EMA responses are some-
times able to explain the mental processes [39]. Addition-
ally, response rates were consistent across demographic
factors such as age, body mass index, and gender. Simi-
larly, there were no significant differences in age and
gender between participants with complete EMA data
and those with missing EMA data. Shift workers in our
study were younger than non-shift workers. One would
expect that the age differences between shift workers and
non-shift workers to influence the prompt compliance
because it has been shown that younger participants tend
to have lower responses to EMA. Rintala et al. concluded
that compliance rates are often reduced in younger popu-
lation due to their busy daily routine or less interest [42].
However, this was not the case in our study as age did not
influence compliance rate and this is consistent with the
results of Weatherson et al. [25].

Our study had an acceptable enrollment and retention
rate. The high retention rate is consistent with studies
using similar designs including use of mobile technology
and short EMA surveys [42]. EMA studies that allows
participants to use their smartphones provides familiar-
ity and convenience [42, 43]. This is evident by our study
participants completing each survey in less than a minute
(24 s). By comparison, office workers in the Engelen et al.
study also took less than one minute to complete each
prompt [23]. Given the short time taken to complete the
EMA surveys, our study results showed that participant
burden may be low.

Strengths and limitations

Participants provided extensive data for 7-10 days about
activities during work and non-workdays. Participants
received a total of 4482 prompts throughout the study
to all study participants, thus creating a large number
of data points per person. In addition, the EMA proto-
col allowed for evaluation of within-individual variation
of work, non-work and shift schedule schedules. These
interactions are difficult to obtain when using traditional
self-report measures. This study used shift and non-shift
work populations, therefore expanding the evidence of
use of EMA in both working groups.

The SEMA? application used in this study was still in
the research development stage, thus we were not able to
find out why some prompts were not delivered to partici-
pants. Findings of this study should be considered within
the context of this work as a pilot study. The SW-S group
had a smaller sample compared to the other groups. Fur-
ther we did not assess participants’ mood or stressful
events. Further, given that the sample included workers
in Australia and did not cover all shift work industries,
the results cannot be generalised to other countries and
all shift workers. EMA prompts set from 10 a.m. to 10
p.m. could have resulted in missing physical activity and
sedentary behaviour early morning and late night in non-
shift work and shift workers who received standardized
prompts. The overall compliance rates could be related to
the prompts occurring at inopportune times. It is impor-
tant to note that mobile EMA may not be appropriate
for all industries, for example workers in mining, manu-
facturing, and retail may not have access to their phones
during work hours. Therefore, these findings should be
interpreted with caution. Acceptability assessments could
have provided a more comprehensive understanding of
how the study may translate into practice and whether
it is likely to be well-received by the intended popula-
tion. Future research should incorporate acceptability
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evaluations to ensure participant engagement and iden-
tify potential issues.

Conclusions

This study represents one of the few studies that used
EMA in the shift work population. The current study
showed modest compliance rate but higher retention and
enrollment rates. This suggest that EMA is feasible to
assess physical activity and sedentary behaviour in work-
ers, but more work is needed on how to increase com-
pliance when tailoring prompts to shift work schedules.
EMA provides real-time physical activity and sedentary
behaviour data to reach large populations affordably [44].
Repeated monitoring of behaviours with EMA may also
result in awareness of behaviour and result in altering of
behaviour, for example breaking up patterns of sitting
[41]. The insights gained and the successful adaptation
of EMA protocols highlight the study’s practical viability
and provide a foundation for refining methods in future
research. The use of tailoring prompts can inform future
health promotion programs using mobile apps on when
to deliver prompts to improve behaviours based on the
days and times of the day when they answered more
prompts.
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