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Understanding sleep health
challenges of defence shift workers
to design a digital, sleep and
circadian management tool
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Defence personnel need to be agile and responsive in their assessment of strategic and tactical tasks.
Sleep and circadian disruptions, however, can compromise personnel’s readiness. Digital health
technologies have the potential to provide sleep and circadian health management advice but need
to be designed with active involvement from stakeholders and communities. This study explored
challenges with shift work in a cohort of defence personnel to identify end-user expectations for

a sleep health smartphone application. Eight shift working Air Traffic Control personnel from the
Australian Defence Force participated in 60-70-minute semi-structured online interviews. Informal
discussions were also held with various defence stakeholders to determine requirements for an app.
Defence personnel reported disruptions to their sleep, family, and social life due to environmental
and operational circumstances, such as shift work, mental load, and unplanned schedules. They were
highly receptive to a digital intervention and emphasised need for personalised support. Gamification,
availability of the app via the defence forces, and high data security were recognised as key enablers.
These insights should serve as theoretical foundation for further development, co-design, and testing
of digital health tools in other shift worker cohorts, and to better examine and address the impacts of
operational demands on their health and performance.

Keywords Participatory approaches, Shift work, Sleep health support, Military health, Behaviour change,
Intervention development

Shift work is a ubiquitous part of the modern, 24/7 world. While critical to the functioning of society, it can
lead to chronic disruption of sleep due to misalignment between sleep-wake behaviours and circadian rhythms,
resulting in adverse cognitive, health and safety consequences!. Sleep and circadian disruption can exacerbate
existing health conditions and increase the risk of developing cardiovascular and metabolic diseases, as well as
certain forms of cancer*?. Compared to the general population, shift workers are at a greater risk of workplace
accidents and adverse driving events post shift**. Organisational and individual-level approaches are needed to
prevent and ameliorate the negative impacts of shift work.

Atan organisational level, common sleep and circadian management practices include rostering practices such
as forward rotation rosters, i.e., starting with morning and ending with evening or night shifts, strategic napping
during the shift, and consideration of light intensity and spectral composition for alertness optimisation’>¢”.
While useful, these practices are inconsistently adopted and vary considerably across industries. Often, these
practices are not tailored to address individual differences in coping with shift work, such as sex, age, diurnal
preference, light sensitivity, and habitual sleep practices. Non-pharmacological individual approaches, such as
sleep psychoeducation, light interventions, stress reduction, timed caffeine, diet and exercise have been shown
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to improve sleep and alertness in shift workers, with positive implications for health®#-1°. These strategies can
be delivered as lifestyle management support for circadian disruption, demonstrating their potential utility
across all types of shift work. However, implementing these individual-level interventions on a large scale can be
challenging, due to barriers such as irregular and unplanned work hours that prevent shift workers from accessing
standard healthcare!®!”. They also require continuous adaptation and personalisation to suit operational and
personal contexts, which may be difficult to achieve if the interventions are delivered manually!%17:18,

Defence personnel represent a unique population of shift workers who work long hours and experience high
levels of psychophysiological stress that comes with hazardous and sensitive military operations'®. These unique
operational challenges make them particularly susceptible to sleep disturbances and circadian disruption®%2!.
Sleep disruption is pervasive in military personnel??, and up to 77% of active-duty personnel report getting less
than seven hours of sleep®-%". Sleep disturbances are also common across most operational units, including
pilots, air traffic controllers, submariners and special forces!>?!?%2°, Insufficient or disrupted sleep is associated
with poorer health, more lost work days due to sick leave and lower productivity, and higher odds of early
discharge from the military?2. A number of cognitive functions that are critical for the military’s demanding
work environments may also be compromised with restricted sleep'?%. This is why management of sleep-wake
schedules is recognised as a key protective factor for optimising cognitive fitness in defence personnel®*3L. Tt
is also recognised that addressing sleep and circadian disruption can have a positive impact on the military’s
physical fitness and field training®*?>. Nuanced, individually tailored approaches that address operational
complexities are needed to optimise sleep and circadian function in order to enable defence personnel to sustain
operational performance and recovery.

Digital technologies are a highly promising and cost effective option* for addressing sleep and circadian
disruption in shift workers. Unlike one-size-fits-all psychoeducation, digital technologies can expand the scope
of existing interventions, drive behaviour change and provide timely, tailored support that addresses variability
across job roles, individual circumstances, diurnal preferences, and differences in circadian biology. Recently,
a beta version of a smartphone app that was co-designed with shift working healthcare workers found that
personalised sleep-wake recommendations significantly improve insomnia, sleep impairments and mental
health in shift workers'®!®. Targeted redevelopment of an app for use in defence can serve as a scalable, efficacious
pathway to maximise defence personnel’s sleep and circadian health, with flow-on impacts on cognitive fitness
and job performance. This study utilised a qualitative, exploratory methodology to understand sleep health
challenges and identify requirements for a smartphone application for defence personnel undertaking shift work.

Methods

Recruitment

Community engagement

To involve the defence community in all stages of design and implementation of the digital technology, we engaged
the Defence, Science, and Technology Group (DSTG, a research institution within the Australian Department
of Defence), other Defence stakeholders and a digital health organisation, Curve Tomorrow. Informal group
discussions were convened at several stages throughout the project to identify potential participant cohorts for
interviews, explore working conditions within their operational environments, seek expert advice and feedback
on data collection and documentation, and finalise key requirements for technology development. Groups
involved in participatory approaches of this research are highlighted in Fig. 1.

The study was approved by DSTG Low-Risk Ethics Panel (Protocol: LD 13-21), registered with the Monash
University Human Research Ethics Committee (Protocol: 31242), and performed in accordance with the
Declaration of Helsinki. Participants were recruited from the Royal Australian Air Force (RAAF) through
purposive sampling from a specialist squadron that included the RAAF Air Traffic Controller (ATC) personnel -
a cohort whose job is characterised by 24/7 mission profiles and shift work rosters that are often non-negotiable.
RAAF was selected as the participating group for the consultation in the design and implementation of this
digital technology because the ATC job requires exceptional cognitive flexibility, deep expertise in resource
management and risk-based decision making under pressure, similar to other military roles. ATC experiences
may also align with broader defence lifestyle challenges, including sleep disturbances, shift schedules with
periods of high training and demand. Volunteers were invited from the participant pool of approximately 20
personnel; their decision to participate was guaranteed to have no impact on their employment, in accordance
with the Australian Defence policy on research ethics. Participants provided informed consent for confidential
participation, and for the interviews to be audio recorded and transcribed verbatim. Participants were considered
to be on-duty during their participation, and in addition received AUD$100 gift vouchers for their participation
and time commitment to the study.

A digital invitation to participate in the study was distributed via the Squadron chain of command, inviting
expressions of interest to be sent directly to the research team. A researcher contacted interested individuals via
phone or email to explain the study’s objectives. Participants were told that the research would draw on their
perspectives to outline the initial requirements of a smartphone application that addresses sleep and circadian
disruption in defence personnel. Participants were not informed about the beta version of the healthcare shift
work app to ensure that their responses were not influenced by this information.

Data collection

We conducted participatory research®>¢ to engage with community stakeholders for identifying the concerns
with shift work, developing an interview guide, conducting interviews and finalising user requirements for an
app-based product®?. This was done to ensure that the digital technology was driven by and aligned with
the unique needs®**® of this industry. While it is beyond the scope of this study, upon product development,
stakeholders were invited to comment on the product from conceptual stages to final design to ensure that the
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Fig. 1. Stakeholders, participants, research and development team involved on the project. Associations across
each group are highlighted using arrows.

Introduction Initial briefing, inform the participant about the purpose of the interview, discuss confidentiality.
Demographics Age, job type or role, partners or dependents, domestic duties, if relevant.
Discuss shift work schedule, structure and schedule for each shift, task load for each shift type and breaks taken during or between consecutive shifts.
Coping with shift work Discuss lifetime strategies used to accommodate shift work and manage performance, and feelings associated with those strategies.
Explore sleep and lifestyle impacts of shift work on other family members and dependents.
Interactions with digital tools | Discuss tools or applications used currently or in the past to manage sleep and shift work, as well as functionalities that they have found useful.

Table 1. Guiding topics for discussion.

product met their requirements. Their feedback is currently being used to improve product features, design and
delivery.

This research adopted reflexive thematic analysis, which is a qualitative research method designed for
flexible, reflective, and theory-driven coding or analyses of data®*’. We used this method as it allows researchers
to engage deeply with data, and favours an iterative, recursive process where themes are co-constructed with
data. Interviews were selected as a mode for data collection to allow users to contribute independent ideas
confidentially. A semi-structured interview guide was developed based on guidelines for qualitative research®!.
The question guide was developed by the research team and the tech(nology) development team based on a
co-design question guide that was previously developed for examining sleep in shift workers and identifying
potential requirements for app-based products in healthcare workers'’. This guide was reviewed by the research
team at DSTG and approved by the DSTG ethics committee and the Wing Commander of the participating base.
Broad lines of questioning included: (i) the structure of routines and lifestyles around shift work; (ii) the impact
of shift work on sleep, family or social life, work and general performance, and health; (iii) current strategies
to manage sleep and health (including commercially available smartphone apps or tools); (iv) expectations
and requirements for a technology that addresses sleep and circadian management in shift work; and (v)
sociotechnical features that would increase end user engagement and long term adoption. A brief, preliminary
question guide, and prompts are provided in Table 1.

All interview sessions (approximately 60-70 min) were conducted remotely using Google Meet. There were
two interviewers (PV and always one member of the tech development team) that facilitated these interviews.
Reflective notes were initially made by PV with the tech development team after these interviews to ensure
contextual understanding, document any additional insights or reflect on the interview process itself. The
interview guide was refined to include any additional prompts (e.g. if participants had a specific term for “night
shift” or phrases that were relevant) for the next participant. All participant information was deidentified,
encrypted and stored in a secure database.
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Data analyses

Data were analysed using NVivo software (version 1.7.1) to condense meanings based on participant descriptions
and researcher interpretation. The six phase process within reflexive thematic analysis was used to identify
patterns and themes in the data® that emphasised the quality of data and depth of narratives by inclusion of
a broad range of participants (including different gender, career stages, marital status, family and caregiving
responsibilities, and life experiences)?>. A constructivist-interpretivist approach was applied, which views
knowledge as co-constructed through interaction®’. The approach also acknowledges that reality is subjective
and shaped by our cultural and social construct. We maintained reflexive notes to document any personal
reactions, thoughts and decisions made during the coding process*!. Authors PV, LS and TLS have backgrounds
in psychology, physiology, and development of shift work specific sleep interventions and treatments. During
interviews, author PV and the tech development team adopted a flexible and sensitive approach, built rapport
and established trust with participants. PV and interviewers from the tech development team took notes during
and just after each interview. In the first phase of analyses, two authors (PV and LS) and two research interns
reviewed all interview audio and transcripts independently to identify any inflections, emotional responses,
specific content, frequent references and patterns. Following this, PV and LS systematically worked through
each transcript, discussed their notes and assigned initial codes. This process was collaborative, and these codes
provided a shorthand way of categorising data into segments. As coding progressed, several potential themes
were generated, which PV and LS initially reviewed with each other to identify any themes that overlapped
and merging those. Themes that were considered too broad or not well supported by the data were removed.
A secondary collaborative review of themes, defining and naming them was conducted by PV, LS and TLS.
During these discussions, authors shared their reflections on why certain themes stood out. A visual thematic
map was developed to depict theme relationships and titles were assigned to each theme. Extracts that best
represented the themes were included in the final report. The final phase of reporting findings is presented in
this manuscript, with participant codes included after their quotes (e.g. P1). Themes were further reviewed by
the research team and stakeholders (see community engagement above) and collated into a list of potential areas
for app development (i.e. user requirements for an app). These potential areas for app development were then
discussed with senior leadership within the Defence, Science and Technology Group to finalise features for
initial tech development.

Results

Nine air force personnel from a participant pool of approximately 20 shift working personnel expressed interest
in participating in the study and eight were interviewed (three females, aged 21-42 years, 1-12 years’ experience
with shift work, ). One person could not participate due to unexpected travel arrangements. All participants
worked forward rotation shifts (two morning, two afternoon and one night shift). Participants knew about their
schedules for a month in advance, with the expectation that the roster may change during periods of high
demand. Specific demographic information collected for each participant, including age, gender, role, number
of years of experience and marital status are not included here to ensure confidentiality. Three themes and five
subthemes were generated, as summarised in Fig. 2: (i) Challenges with shift work (two subthemes); (ii) Coping
strategies; and (iii) Requirements for digital tool strategies (three subthemes).

Challenges with shift work

Personal impacts

Participants reported that operational circumstances impacted their sleep and lifestyle. All participants reported
that rotating shift work and daily changes in the shift start, or end times made it difficult for them to fall or stay
asleep. Participants highlighted falling asleep as a primary concern, especially following busy shifts. “I have
insomnia,” or “I have not slept well,” were the most common sleep complaints. Some participants reported that
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Fig. 2. Summary of the challenges with shift work, coping strategies and requirements for a digital tool for
shift workers in Air Force.
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even when they were not on shift, they were at the workplace to use other facilities, such as for “gym and exercise”,
or to “stay here and catch up on other things” which usually reduced opportunities to sleep. They described
periods of high workload “very fatiguing” and particularly “difficult to unwind” after work. High workload
was also described as a reason for “cumulative fatigue” that further impacted sleep and work performance. In
addition, participants remarked that sleeping was difficult in their location due to “weather”, “harsh conditions”,
or “noisy” environments.

“They (general observation) cannot unwind and get themselves to sleep any time before two oclock in the
morning.” (P4).

“I have seen (referring to someone else) like 2-3 hours of sleep (due to insomnia)... where there is a lot of
pressure.” (P7).

“People are getting fatigued... they are not resetting their system? (P8).

Participants demonstrated awareness of circadian misalignment and the negative impacts of shift work on
physical and mental health. They noted that some shifts were particularly challenging if they conflicted with
their body clock, which made their sleep worse, especially after a shift. Participants reported that they perceive
their functioning to be poor on days after their night shifts. All participants indicated that they have concerns
about their risk of developing health conditions in the future due to sleep loss and shift work.

“1 struggle most with morning shifts, (no) matter what I do I can't sleep before midnight, unless I am
sick, I might be able to pass out but that’s where I struggle. I know others struggle with night shift” (P2).

“I know about my risk of having brain problems long term. And others know about the risks too...” (P3).

“...my personal decision making the day after a night shift is not as good. Things like I won’t do any DIY
or anything like that because I'll make a mess of it” (P7).

Impacts on family and lifestyle

When discussing their partners or spouses, participants indicated that it was difficult to plan activities or
take care of their child(ren) when the partner was working because their shift schedules were modified often,
especially during periods of high demand when there is a need to work a shift on short notice. They mentioned
that because of their roles, they were expected to minimise events scheduled between shifts and “choose best
options” to limit the amount of social or personal commitments to ensure they were always ready for work.

“And it’s (shift work) also draining for my partner a lot ..., that’s been a tough adjustment. It was also
tough adjusting to the sleep cycle as well” (P1).

“I definitely feel like I am missing out... I have duty of care and that responsibility to support the roster”
(P1).

“...my (kid) is at home, I will get a couple of hours (of sleep) max, it is very difficult” (P4).

“If you ask my (partner), it’s not the best day (after night shift) to do anything or—I'm just less personable
and not as enjoyable to be around.” (P7).

Coping strategies

All participants reported having a range of personal strategies that they were using to manage shift work. Each
participant reported using some form of an app to manage how they cope with the negative impacts of shift
work. While none of these apps was shift work oriented, they used it broadly to manage lifestyles or sleep. The
most common apps were related to meditation, exercise, wearable technology, and using an external calendar to
note their rosters and personal commitments. The most common strategy reported for managing their lifestyle
was exercise, to both “keep a routine” and “stay active” for their job demands. Each participant had some form
of sleep hygiene strategy for managing their bedroom environment, such as blackout blinds, noise-cancellation
headphones, or air conditioning. None of the participants reported the use of sleep medications but said they
“had knowledge” about medications available. Natural remedies such as herbal teas, and relaxation strategies
such as meditation were regularly used, with the latter helping them relax and unwind after work.

“I really love their (referring to an app) meditations... I need help falling asleep, then I will play one of
them” (P1).

“Meditation definitely helps me calm my mind because for me it feels slack” (P2).

“Another tool that I sort of use sometimes is like having a nap after a morning shift as well.... to be
productive later in afternoons.” (P5).

(When referring to napping) “My old school method is to just get on with it” (P6).

“There is no like a crash course on how to survive shift work or anything, you sort of just have to feel it
out yourself” (P7).

“Not much, we have some information, (but) you just have to really deal with it. And we're all adults so
you're expected to manage it (P7).
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User requirements for a digital shift work tool

Uses a scientific approach

Participants reported that while they had researched ways to support themselves as a shift worker, they needed
readily accessible, scientifically validated resources. They acknowledged having previously looked for online
information or smartphone apps to help manage shift work but have not seen anything that provides dedicated
support for their circumstances. Participants also demonstrated awareness of circadian rhythms and underlined
the need for having technologies that used circadian neuroscience for recovery for better performance.

“I did not know that shift work causes insomnia. Knowing shift work impacts on my life is important.”
(P2).

“I want a product that does not tell me to have a consistent bedtime, because I really cannot.” (P2).
“I don’t think there is an app for shift workers”. (P4 and 6)
“A lot of what we do is not the same as someone who sleeps at night, it is not that easy” (P5).

“When my (child) was born, we used an app that told us when a good time for him would be to nap so
he could sleep better through the night. That circadian element is what I want” (P7) “I use sounds to fall
asleep, sometimes mindfulness meditation, but I am not sure if the app I use has scientific support. Some
evidence-based strategies would help” (P8).

Personalisation of recommendations

A common comment from personnel was that they needed more information on what broader lifestyle strategies
they can use to better prepare themselves for shift work, like a “toolkit approach” to choose information of
interest. In addition to general pick and choose strategies, all participants highlighted that having day-to-day,
timed recommendations for sleep and light or other behaviours adapted to their rosters, personal commitments,
and changing sleep and fatigue levels was a crucial requirement.

“(The app should) give me a greater understanding of practices I can use to feel more in control of my
work.” (P2).

“I would like to know when I should do different activities. What if the app can tell me, your bedtime is xx
and you should take a shower before bed. That I will follow because it makes it easy for me.” (P5).

“I need to know what to do” (P8).

Given the nature of their work, requiring sustained attention across shifts, participants suggested that the
recommendations they receive should also be aimed at reducing fatigue and maximising alertness.

“It should tell me when I should have caffeine on night shifts so I can feel alert but go back to bed after
the shift”. (P4)

“What can I do to be more active during the shift?” (P7).

Gamification and adoption

Gamification was identified as a key need for the technology. Participants indicated that existing applications
are not useful as they either do not have any metrics that they can track and improve or when they are available,
they do not know how to interpret the metrics. That led to “frustrations due to unclear goals,” which was a key
barrier to long term engagement.

“I know these apps (referring to non shift work) cannot provide support for shift work, but what am I
supposed to do with a score of ‘50’ for my sleep — am I supposed to nap or skip work?” (P7).

“I want to know that if I slept poorly, what can I do? If I can take an extra nap before the shift or if I can
sleep early but not wake up early, or if I can go for a walk at a certain time.” (P8).

It was also observed that there is high competitiveness among personnel and individuals are motivated
to improve. They use apps with options to connect socially with their peers to compare their performance.
Participants noted that adaptiveness of an app and the metrics received on it will help with their compliance
and keep them accountable. It was also suggested that having an option to connect with other users will increase
accountability with the use of recommendations.

“Scores specific to me will make me feel more in control of my actions, so I can improve more.” (P2).

“We use xx app for seeing distances covered during our runs. Some of that element would keep us
accountable for our fatigue” (P3).

“It (metrics) would add a competitive element to the app - so if I did poorly, I will be motivated to improve’,
and “If the app told me I did well, I will be encouraged” (P8).

There was an emphasis on the need for an app to connect to other technologies as both a way to increase its
adoption and improve recommendations. This was identified as a key incentive to adoption, which would link
it to their everyday life.

“What I've been able to find so far in general, if the information can be gathered automatically, without
requiring too much input from the controllers, is generally the best way to go” (P3)“I use my xx (watch)
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Fig. 3. Summary of reccommendations for designing an app-based intervention for sleep and circadian health
management in defence personnel. Arrows indicate areas where a particular feature or design recommendation
may satisfy more than one theme of user requirements.

every day. Having it take all my data, such as heart rate, sleep and using it to provide recommendations.”
(P3).

“There is a lot of things we do, so reducing our burden would be helpful. Automatically drawing
information from like my xx (watch) or sending it to (the watch).” (P8).

Lastly, participants reported a greater willingness to adopt an app and higher compliance if it was made available
via defence. It was noted that while the access to an app should be via their department, an app should be
confidential and private. Participants remarked that the technology should be available on multiple platforms,
such as iOS and Android to reduce barriers to access.

“If we are told there is a free app available by our supervisors, we will likely volunteer to use it” (P1).

“I do not want our managers and supervisors to know how we sleep, but some form of support (should be
available).” (P6).

The three themes determined as user requirements for an app were utilised to generate a list of potential areas for
app development. These areas for app development were identified by the research team, partnering digital health
technology company and senior leadership within defence. These are summarised in Fig. 3. The first area for app
development, uses a scientific approach, and suggests providing shift workers with specific resources that support
management of lifestyles as a shift worker, with scientific reasoning for each recommended strategy. The second
area of app development is personalisation of recommendations, which is based on participants’ commenting on
their need for specific instructions on activities that they should do, which aligns with their requirements and
adapts to their needs around rostering or personal commitments. Lastly, gamification and adoption highlights
strategies that may encourage defence personnel to adopt an app, through social connection with peers, use of
metrics to document changes in sleep or performance and inclusion of some form of competitive element to
promote adherence.

Discussion

Insufficient or poor quality sleep among defence personnel can directly affect the health and readiness of the
workforce®®. Optimising sleep health and circadian functioning can increase the capacity of defence personnel
to deploy neurocognitive resources and support tactical decision making. In this study, we examined some
of the key challenges a representative cohort of defence shift workers experience with their sleep and lifestyle
when working nonstandard work hours and identified individual needs for digital technology to support sleep
health. Consistent with research in other shift work contexts?**®47, our findings suggest that defence air traffic
controllers often experience sleep disruption due to nonstandard work hours, operational and environmental
factors. All participants reported that they actively try to manage their sleep to sustain or improve their
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functioning, expressing interest and willingness to utilise digital technologies that can help improve their sleep
and alertness.

This study delivers key priorities for developing a sleep and circadian health app for shift working defence
personnel, as illustrated in Fig. 3. These priorities are categorised into three areas: (i) scientific approach; (ii)
personalisation of recommendations; and (iii) gamification and adoption. First, an app needs to adopt a scientific
approach that is specific to shift work, as existing tools emphasise night-time sleep. Explanation to personnel
on why certain strategies may be useful and the scientific basis for reccommendations may promote adherence.
Second, recommendations need to be personalised. The product should offer tailored strategies that consider
the personal, family and lifestyle impacts of shift work. These tailored strategies need to be multifaceted and
account for differences in operational circumstances, personal commitments, and unpredictability of schedules.
Implementation of biomathematical modelling approaches may address these operational and work-life
balance pressures to provide sleep and light recommendations in an automated manner, adaptable to individual
differences in lifestyle!>48-53,

These findings are based on a specific cohort of RAAF Air Traffic Controllers and in addition to personal
and operational circumstances, it is also crucial to acknowledge substantial variability in how individuals
from broader defence ecosystem may respond to shift work, including the direction and magnitude of their
circadian phase shift, especially after consecutive night shifts*>. Consistent with previous research?83-56-58,
our findings suggest that air traffic controllers in defence may find it difficult to undertake shifts or follow
recommendations that conflict with their chronotype, compromising both their job performance and wellbeing.
While biomathematical models predict circadian phase, inter-individual variability in circadian timing may
need to be accounted for to further personalise these models. However, accurate estimations of circadian timing
and subsequent changes across different shift schedules may not be feasible with current measures, in which
case, improving phase predictions®®*, or using diurnal preference can be employed as an alternative to help
with timing or dosage of other fatigue countermeasures, such as caffeine and exercise, which will offer necessary
personalisation in a practical way.

Lastly, for long term adoption of an app, the technology needs to offer confidential support with relatable,
clear language and reduced manual input. In agreement with earlier literature®, our study also found that
the integration of multiple technologies, such as wearables and mobile health apps is a key facilitator for app
uptake in Defence. This is likely because wearable technology can improve the personalisation of sleep-wake
management systems, enable goal tracking, and encourage health behaviour change, accelerating engagement
and uptake at scale. Integrative technology can also reduce manual input from the user to enable long term
adoption, allowing for more seamless integration with personnel’s daily activities.

Related to personalisation, gamification was identified as a promising avenue for improving user engagement®".
This included features such as having clear benefits outlined, allowing goal setting, and encouraging value-
creating behaviours through metrics that are updated using data collected through wearables. Previous research
has shown that these “in-game” elements such as goal setting, rewards and metrics can increase intention, effort,
and persistence®!~%. A recent systematic review has also shown that goal setting, particularly in health-related
apps can have positive impact on engagement and health-related behaviour change®. Intra-organisational
gamification through competitive elements or connecting with other employees was suggested as a motivation,
which is a well-studied strategy for enhancing productivity and motivating employees®.

Sleep education was a frequently requested feature from an app. A recent trial examining the utility of sleep
education in service members showed that individuals may be unaware of the number of hours of sleep they
may need?*, thus demonstrating the usefulness of generating awareness. In addition, existing information
related to sleep is mostly geared towards nocturnal sleep, which is not translatable to shift working populations.
Scientifically validated content, presented in an interactive format can also increase the uptake and long term
adoption of an app. In an active, highly motivated population, such as defence personnel®, there is considerable
potential to improve sleep and health through focused goal setting.

Accessibility was a key requirement for the adoption of an app. Digital and telehealth services offer feasible,
scalable support for health management, but disparities may exist, with some communities unable to gain
access®. Participants noted that an app’s uptake will likely depend on whether it is available across multiple
operating systems, and while there should be options to discuss an app’s content and data with one’s workplace
stakeholders, the tool should ideally offer confidential support.

This study was conducted as an initial discovery preceding the development of a sleep and circadian
management tool for shift workers and was subject to the following limitations. First, it involved a purposive
sample of participants from a single military unit which may have caused self-selection bias. More diverse
operator communities covering a wider range of operational settings may need to be engaged to provide
further input on the design and usability of the technology. First, while Air Traffic Controllers recruited in
the study perform risk-taking tasks that require high neurocognitive processing, their needs may be different
to other personnel, such as those involved in combat duty or submarine operations. However, it should be
noted while the operational challenges and nuances of sleep disruption may vary across roles and branches,
the core, fundamental risks of circadian misalignment and fatigue, and the need for tailored sleep management
strategies likely remain across the board. Future research should consider expanding these insights to additional
defence cohorts to deliver more responsive interventions. Second, the study’s sample size was small as our cohort
included only 20 potential participants. We acknowledge that while large sample sizes are not necessary for
proof-of-concept or participatory measures, this may restrict generalisability. It is noted that digital technologies
require individuals to self-engage in their care and motivation to use such tools can fluctuate®*. Retention ranges
anywhere from 7 to 42% for web- and app-based programs®, and less than 10% for mental health apps beyond
Day 20**. Highly targeted solutions are a good starting point for broader user uptake, with the feedback from
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the target group serving both as a catalyst for wider interest, and as a testing ground for an app’s validation and
iterative improvement.

Community engagement and the use of participatory approaches are key strengths of this research. While
sleep is considered critical for optimal health, performance and well-being of defence personnel®*®, there is
very little information on how defence personnel perceive sleep management or seek to enhance it?+. This
study addresses a major knowledge gap by aiming to understand the impacts of shift work on defence personnel,
practices they use for sleep management, specific barriers and potential facilitators of utilising sleep management
tools in this population. Important potential roles for digital technology were identified in this study, particularly
using them to deliver personalised strategies, and the need for a toolkit approach where they can select strategies
that work best for their contexts. Current sleep interventions, including telehealth or digitally delivered are
primarily targeted towards night sleepers’®. Without tailored support and resources, these interventions may
not be effective in shift work populations'. Future studies should prioritise co-designing any interventions with
partnerships between researchers, defence personnel and other stakeholders to ensure genuine collaboration
and development of technologies that addresses their needs.

Conclusions

This study advances our understanding of common burdens that defence personnel experience with shift work,
its adverse impacts, and the support they need. This project highlights the need for interventions that go beyond
one-size-fits-all models to develop multifaceted adaptive tools that offer personalised solutions to the burden of
shift work in defence. It provides community derived knowledge for development of digital technologies that can
be deployed across defence to promote accessible sleep and circadian health management. A digital intervention
targeting sleep and circadian health, developed with the community could serve both immediate operational
performance requirements and long term force preservation, career longevity and duty-of-care objectives for
defence personnel.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity and are
available from the corresponding author (tracey.sletten@monash.edu) upon reasonable request.
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