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Introduction 34 

Good sleep health is characterised by duration, quality, efficiency and timing of sleep 35 

that leaves a person satisfied with their sleep and alert during the day.  Poor quality sleep 36 

increases the risk of many chronic conditions including cardiovascular disease [1], type 2 37 

diabetes [2], and depression [3], as well as negative impacts on self-rated health [4], work 38 

productivity [5] and economic output [6]. Between 30-50% of the global population report 39 

poor quality sleep [7], with only half being attributable to diagnosed sleep disorders [8, 9]. 40 

Previous research identified that a high proportion of middle-aged adults have both poor 41 

physical activity and sleep behaviours [9].  42 

Given the number of people who report poor sleep health, broad reaching and 43 

effective interventions are required [10].  Face-to-face cognitive behavioural therapy for 44 

insomnia (CBTi), is an effective treatment for poor sleep quality, but accessing CBTi is often 45 

limited by a lack of  trained therapists and insufficient time and funds [11]. Technology-46 

based interventions can potentially address this problem by offering greater reach and 47 

accessibility. Meta-analysis of technology-based sleep interventions have shown significant 48 

improvements in sleep quality (d~0.41) [12]. These interventions have targeted populations 49 

with sleep disorders [12], but little is known about their ability to improve sleep quality 50 

amongst people reporting poor sleep quality but without a sleep disorder. Physical activity is 51 

known to improve sleep health [13], with meta-analyses indicating that regular exercise has a 52 

positive effect on total sleep time (d=0.25, 95% CI 0.07- 0.43), sleep efficiency (d=0.30, 95% 53 

CI 0.06-0.55), sleep-onset-latency (d=0.35 95% CI 0.00-0.70) and sleep quality (d=0.30, 95% 54 

CI 0.48-1.00)) [13]. However, around 23.3% of adults worldwide are physically inactive [14]. 55 

“Regular exercise” is a component of sleep hygiene behaviours that are regularly utilised in 56 

sleep interventions [15], however, this component is usually not explicitly targeted. In a 57 

recent review of interventions using self-help CBTi, none of the 16 studies using sleep 58 
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hygiene, provided detailed instructions about increasing activity [16]. Additionally, it has 59 

been shown that in multiple behaviour interventions, to maximise change, each behaviour 60 

must be targeted using behaviour change techniques that are specific to that behaviour [17-61 

19]. Sleep interventions not providing specific behaviour change techniques for physical 62 

activity, may not maximise the changes in activity or capitalise on potential flow-on effects 63 

that increased activity may have on sleep health. Therefore, combining a physical activity 64 

intervention with a sleep intervention has the potential to enhance its efficacy to improve 65 

sleep quality.  66 

This study aims to examine the efficacy of a combined physical activity and sleep 67 

health intervention with a sleep health-only intervention and a wait list control, to improve 68 

sleep quality in middle-aged adults without a sleep disorder. The intervention groups will be 69 

compared on the secondary outcomes of sleep characteristics (sleep onset latency, sleep 70 

duration, sleep efficiency, sleep disturbance, use of sleep medication and daytime 71 

dysfunction), physical activity, depressive symptoms and quality of life. The study will also 72 

assess physical activity, sleep hygiene, insomnia severity, sleep timing, morningness-73 

eveningness and app usage as mediators and moderators of sleep health. 74 

 75 

Methods 76 

Study design  77 

The intervention will be implemented in a three-armed randomised controlled trial, 78 

the Refresh Study (REsearch FoR Exercise, Sleep and Health), with a three-month primary 79 

time point and six-month post-baseline follow-up. The aim is to compare sleep quality 80 

between a combined Physical Activity and Sleep Health group (PAS), a Sleep Health Only 81 

group (SHO) and a Waitlist Control group (CON). The multi-component intervention will be 82 

delivered remotely using a mobile device (smart-phone or tablet) application “app” (called 83 
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“Balanced”) and will provide additional support in the form of emails, text messages and a 84 

participant handbook.  Participants in the intervention groups will use the app to access 85 

educational resources, set goals, self-monitor, and receive feedback about the health 86 

behaviours. Each intervention group will only receive targeted intervention materials specific 87 

to their intervention allocation (both physical activity and sleep behaviours for the PAS 88 

group; sleep behaviours only for the SHO group). Participants in the PAS group will also be 89 

provided with a pedometer (Yamax SW-200) to facilitate self-monitoring of physical activity. 90 

The CON group will be asked not to change their physical activity and sleep behaviours, and 91 

will be offered the combined physical activity and sleep health intervention after they have 92 

completed the 6-month follow-up survey. 93 

The Refresh Study has received approval from the Human Research Ethics 94 

Committee, The University of Newcastle, Australia (reference number: H-2016-0267) and is 95 

registered with the Australian and New Zealand Clinical Trials Registry 96 

(ACTRN12617000680369; Universal Trial number: U1111-1194-2680). All participants will 97 

provide informed consent via an online form and will be able to withdraw at any time, for any 98 

reason, without prejudice. Participants will be asked to complete online surveys at baseline, 99 

three-months, and six-month post-baseline follow-up (Figure 1) assessing sociodemographic 100 

information, presence of chronic diseases, sleep and physical activity behaviours, mental 101 

health status, and quality of life. The baseline survey will be completed prior to 102 

randomisation. Reminders to complete assessments will be sent via email or SMS (short 103 

message service) (Table 1). Participants will also receive weekly summary progress reports 104 

and email or SMS reminders prompting participants to self-monitor target behaviours using 105 

the app if required (Table 1). At the completion of each assessment, participants will be 106 

entered into a draw to win one of 5 x $50 Gift Cards.  107 

 108 
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Table 1. Messaging Support Communication Schedule Summary 109 

Type Purpose Delivery Timing 

Useful facts Useful knowledge regarding the benefits 

of physical activity and sleep for health 

and well-being. 

SMS Once a week 

x 12 

Weekly Summary 

Report 

A personalised summary of participant’s 

behaviours over the previous week.  

Email Once a week 

x 12 

Tools  One tool every 3 weeks to refresh the 

information about action planning, goal 

setting and stress management 

techniques. 

Email Weeks 3,6 

and 9  

Prompts A text message prompt a participant to 

keep logging if they haven’t logged any 

information for four out of seven days. 

SMS & 

email 

As required 

 

An email message to prompt a participant 

to keep logging if they haven’t logged 

any information for four out of seven 

days, on four consecutive weeks. 

An alert to complete the three-month 

survey. 

A reminder to complete the three-month 

survey if required. 

An alert to complete the six-month 

survey. 

A reminder to complete the six-month 

survey if required. 

 110 

Recruitment 111 

A total of 275 participants were recruited from across all states of Australia using 112 

nationwide advertising on social (e.g., Facebook, Instagram) and traditional media, in 113 

conjunction with, posters in local businesses and around the University of Callaghan Campus 114 

and on community noticeboards. Recruitment took place between May and September 2017.  115 
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Interested individuals were directed to an online consent form and eligibility survey which 116 

was used to assess eligibility. Ineligible applicants were advised of their ineligibility at the 117 

end of the survey and offered the opportunity to use the Balanced app without the need to 118 

complete assessments [20]. 119 

 120 

Figure 1. Flow of participants through the Refresh Study 121 

 122 

Eligibility 123 

To be eligible for inclusion in this study, individuals must have satisfied the following 124 

inclusion criteria: 125 

• be aged between 40 and 65 years, 126 

• have a BMI between 18.5 and 35, 127 

• participate in less than 30 minutes of moderate or vigorous exercise (such as walking 128 

or a sport) on three or more days of the week,  129 

• report fairly bad or very bad sleep quality, 130 

• have access to either an iOS or Android smartphone or tablet that can access the 131 

internet. 132 

Exclusion criteria included: 133 

• having a diagnosis of a sleep disorder such as insomnia, restless legs, narcolepsy, 134 

obstructive sleep apnoea,  135 

• taking any medication related to assisting sleep, 136 

• pregnancy, or having a child aged less than 12 months, 137 

• having any condition which would contraindicate participation in physical activity or 138 

changing sleep, 139 
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• being employed as a shift-worker, 140 

• planning to travel to a time zone which is three or more hours different from their 141 

usual time zone, once a month or more over the following three months, 142 

• currently using a tracking device for physical activity and/or sleep, 143 

 144 
Previous studies, requiring low active participants, have used the single-item physical 145 

activity measure ‘As a rule, do you engage in at least half an hour of moderate or vigorous 146 

exercise (such as walking or a sport) on five or more days of the week (yes/no)?’[21, 22]. 147 

Despite participants’ apparent eligibility (by answering “no” to this question), approximately 148 

50% of these participants were subsequently found to meet current physical activity 149 

guidelines at the more thorough baseline assessment [21, 22]. Therefore, to identify 150 

participants who are more likely to be insufficiently active, the screening question for this 151 

study was adapted to: ‘As a rule, do you engage in at least half an hour of moderate or 152 

vigorous exercise (such as walking or a sport) on three or more days of the week (yes/no)?’. 153 

 154 

Randomisation 155 

Participants will be randomised to one of the three study groups after their baseline 156 

assessment has been completed. A randomisation list to assign participants to either control 157 

or one of the two intervention groups in a ratio of 1:2:2 will be generated using SAS V9.4 158 

(SAS Institute, Cary, North Carolina, USA).  Permuted block randomisation will be used 159 

with random blocks of sizes of 10 and 15. Sequentially numbered, opaque envelopes will be 160 

used to conceal group allocations. Participant allocations will be assigned from this list by a 161 

research assistant who is independent of the study. 162 

 163 

 164 
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Intervention 165 

The Refresh Study is a multi-component intervention to improve sleep quality. The 166 

details of the intervention platform and the specifics for each of the three groups are 167 

described below. 168 

 169 

Intervention Platform 170 

The intervention will primarily be delivered using the Balanced app, available on both 171 

iOS and Android operating systems. The original version of this app and its development is 172 

described elsewhere [20]  and has been modified for the current study as detailed below. 173 

The app can be tailored to a participant’s specific group allocation to provide only the 174 

features, functionality and educational resources specific to their group allocation. The Sleep 175 

Health Only group will only have access to the sleep component of the app. The Physical 176 

Activity and Sleep Health group will receive an identical sleep component in addition to a 177 

physical activity component. Participants will be sent login details so they can access the 178 

appropriate version of the app and it will be available to the participants for the entirety of the 179 

study period (6 months). The app was developed using concepts which operationalise 180 

constructs from social cognitive and self-regulatory theories, which have been found to 181 

facilitate behaviour change [20, 23, 24]. The theoretical constructs and behaviour change 182 

techniques to be operationalised within the study are described in Tables 2a and 2b. There are 183 

five sections within the app, described below: 1) Your Stats, 2) Dashboard, 3) Progress, 4) 184 

Resources and 5) My Profile.  185 

 186 

Table 2a.  Operationalisation of social cognitive factors and behaviour change strategies for 187 
physical activity intervention component 188 
 189 
Table 2b.  Operationalisation of social cognitive factors and behaviour change strategies for 190 
sleep intervention component 191 
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Your Stats 192 

The Your Stats section of the app (Figure 2), allows participants to enter goals for 193 

physical activity (daily moderate-vigorous intensity activity time (minutes), daily step count, 194 

and the number of days per week to do muscle strengthening exercises a participant wishes to 195 

perform) and sleep (time to go to sleep, time to wake up and the number (out of 10) of sleep 196 

hygiene behaviours the participant wishes to try to practice each day). The sleep hygiene 197 

behaviours are based on those identified as useful for improving sleep health from a public 198 

health perspective [15]. In addition, the Your Stats section allows participants to enter data 199 

about what they actually achieved daily, for each of these behaviours. It also allows them to 200 

enter a subjective rating for sleep quality, although no goal is set for sleep quality, since sleep 201 

quality is under less volitional control of an individual relative to other behaviours.  The 202 

information entered into this section of the app, then produces feedback in the form of the 203 

traffic lights on the Dashboard and graphs in the Progress section. The Your Stats section is 204 

intended to operationalise the constructs of goal-setting and self-monitoring. 205 

 206 

Figure 2.  207 
a. Screenshot of Balanced Your Stats for Activity showing data entry option for 208 

daily behaviour and goals. 209 
b. Screenshot of Balanced Your Stats for Sleep showing data entry options for 210 

nightly sleep behaviours and a sample of sleep hygiene options (screen extended). 211 
 212 

Dashboard 213 

The Dashboard section (Figure 3) provides a visual representation of progress 214 

towards goals using a traffic light system and is intended to operationalise the construct of 215 

feedback on a behaviour.  Activity and Sleep “tiles” are displayed for the Physical Activity 216 

and Sleep Health group and a single Sleep “tile” is displayed for the Sleep Health Only 217 

group. The colour refers to minutes of activity for the activity tile, and sleep duration for the 218 

sleep tile.  The colour of the tiles reflects progress of the user-entered data for a behaviour, in 219 
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comparison to their goal for that behaviour. A green light indicates a participant is meeting, 220 

exceeding or close to their goal; an orange light indicates they are progressing toward their 221 

goal although are not close; and a red light indicates they are markedly below their goal. This 222 

is based on process evaluation of the original Balanced app, indicating participants preferred 223 

progress toward their goals to be displayed, rather than comparison to recommended 224 

guidelines for a behaviour [20]. 225 

 226 
Figure 3 227 
a. Screenshot of the Balanced Dashboard displaying green and orange feedback on 228 

Activity and Sleep tiles for the Physical Activity and Sleep Health group.  229 
b. Screenshot of the Balanced Dashboard displaying red feedback on the Sleep tile 230 

for the Sleep Health Only group. 231 
 232 

Progress 233 

The Progress section of the app (Figure 4) provides graphical feedback of the 234 

participant’s progress in relation to their physical activity (activity time, step count and 235 

muscle strengthening sessions) and/or sleep (sleep duration, sleep quality, sleep/wake time 236 

consistency and sleep hygiene) behaviours for four time periods (daily, weekly, three months 237 

and all). Although participants do not set goals for sleep quality and sleep duration, the 238 

feedback regarding these elements of sleep is important. Changes in sleep quality potentially 239 

reflect the outcome of practicing good sleep hygiene behaviours [15] and participants 240 

essentially set a sleep duration goal by setting goals for time to sleep and time to wake, which 241 

can then be used to compare their actual sleep duration with sleep duration recommendations 242 

[25]. Consistency in the time to sleep and time to wake is a key component of sleep hygiene 243 

recommendations and has been shown to be associated with improved sleep health [26-28].  244 

This section is intended to operationalise the constructs of feedback and self-monitoring. 245 

 246 
 247 
 248 
 249 
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Figure 4 250 
a. Daily progress summary for sleeping time. b Weekly progress summary for sleeping 251 
time. c. Three-month progress summary for sleeping time d. Three-month progress 252 
summary for sleep and wake times. 253 

 254 

Resources 255 

The Resources section provides educational information about “how much, why and 256 

how” for each behaviour, including national recommendations [25, 29], benefits of these 257 

behaviours for health, suggestions for improving these behaviours such as goal setting, action 258 

planning and sleep hygiene behaviours [15] and tips for overcoming barriers. The educational 259 

strategies are based on existing research and previous interventions [20, 30]. This information 260 

will be available for both behaviours for the Physical Activity and Sleep Health group whilst 261 

the Sleep Health Only group will only have access to the sleep information. The Resources 262 

section also includes information explaining the traffic light system. It is intended that the 263 

behaviour change techniques of education and action planning will be operationalised in The 264 

Resources section. 265 

 266 

My Profile 267 

The My Profile section of the app allows participants to change their email address 268 

and password and provides information about the research team involved with app 269 

development. 270 

 271 

Study Groups 272 

Physical Activity and Sleep Health Group Intervention (PAS) 273 

The Physical Activity and Sleep Health intervention group will use the app to access 274 

educational material, set physical activity and sleep goals, self-monitor their physical activity 275 

and sleep behaviours and to receive graphical feedback in relation to their progress towards 276 
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these goals. In addition to the app, participants in the Physical Activity and Sleep Health 277 

intervention group will be mailed a pedometer, to assist with self-monitoring step count, and 278 

a participant handbook, containing information about how to use the app, as well as “tools” 279 

for setting goals, action planning and stress management techniques.  280 

Participants will also receive content and prompts via emails and text messages during 281 

the first 12 weeks of the intervention. These will include a weekly text message containing a 282 

brief educational fact about, or tip for overcoming barriers to, physical activity or sleep, and a 283 

weekly email, containing a personalised summary of the participant’s weekly physical 284 

activity and sleep behaviours. The email is created by the research team, summarising the 285 

self-monitoring information participants have entered into the app. This summary will 286 

provide additional feedback and prompt the setting of new goals if required. Participants with 287 

blank entries in their personalised email summary will be encouraged, by text within the 288 

email, to enter information into the app. On weeks 3, 6 and 9, in conjunction with their 289 

weekly summary, participants will receive a copy of the goal-setting (week 3), action 290 

planning (week 6) and stress management tools (week 9) (which they will have received 291 

initially with their handbook) to reinforce these strategies over time and promote continued 292 

engagement.  293 

Additional text messages may also be sent as required, to prompt a participant to keep 294 

logging behaviours if they do not log information for any of the physical activity and/or sleep 295 

behaviours on four days or more out of seven in the last week. After four consecutive text 296 

messages, participants will be sent an email further encouraging them to log their behaviours. 297 

Prompts to re-engage in self-monitoring will be sent, as e-health interventions frequently 298 

suffer from non-usage attrition after several weeks [31] and self-monitoring is an important 299 

behaviour change technique [32]. Text messages will be sent using an online, web-based text 300 

messaging service only accessible to the research team. Table 1 provides a summary of the 301 
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messaging support communication schedule. The core components of the intervention are 302 

education, self-monitoring, and feedback on performance as detailed below.  303 

 304 

Education  305 

Educational content will be provided within the “Resources” section of the app and 306 

within the goal-setting, action planning and stress management “tools” mailed and emailed to 307 

participants. These will provide information on the health benefits of sufficient physical 308 

activity and sleep, inform participants of the national recommendations for physical activity 309 

and sleep duration, educate participants about sleep hygiene behaviours they can adopt to 310 

promote good sleep and also provide information on stress management and relaxation 311 

techniques.  312 

The Goal Setting Tool will also provide specific guidance for which physical activity 313 

and sleep goals they will be required to set, and how to go about setting these goals. 314 

Participants will be encouraged to gradually increase their physical activity levels towards the 315 

levels recommended in the national guidelines, including both aerobic and muscle 316 

strengthening exercise. Materials will detail strategies to increase daily steps to increase 317 

incidental physical activity and reduce sitting time. Participants will also be encouraged to 318 

choose and engage in sleep hygiene behaviours and increase the number they engage in over 319 

time. A key intervention focus is on the establishment of regular bed-time and wake time, as 320 

a larger variation in bed-times have been shown to be associated with poorer sleep [26, 28].  321 

The Action Planning Tool will provide insight into the “how, why, when, where, who 322 

with, and what” of creating an action plan, including examples of action plans and exercise 323 

options, from which the participant can model their own.  This will include: aerobic physical 324 

activities (e.g., brisk walking, cycling, swimming) and resistance training physical activities 325 

(e.g., squats, modified push-ups, planking) as well as intensity (e.g., “until you huff and 326 
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puff”), duration (e.g., at least 30 minutes) and frequency (e.g., five days/week or two 327 

days/week of activity one plus three days/week of activity two) in which they could choose to 328 

engage. Participants will be encouraged to develop an action plan for both physical activity 329 

and sleep. 330 

The Stress Management Tool will provide step-by-step guides to progressive muscle 331 

relaxation, deep breathing exercises and mindfulness exercises, adapted from publicly 332 

available resources [33-36]. Information about how to use the app and interpret the feedback 333 

graphs and traffic light system of goal progress will be provided in the participant handbook.   334 

 335 

Self-monitoring and goal setting 336 

To facilitate self-monitoring of physical activity and goal setting, participants in the 337 

Physical Activity and Sleep Health intervention group will be provided with a pedometer 338 

(Yamax SW200) to measure daily step count, as pedometers have been shown to produce a 339 

significant effect on physical activity behaviour change [18]. Goal setting and action planning 340 

for both physical activity and sleep hygiene behaviours will be emphasised. The goals will be 341 

entered into the Dashboard section of the app, reviewed intermittently and updated if 342 

necessary. 343 

Goals to be entered into the app for physical activity will include; the daily number of 344 

minutes of moderate to vigorous intensity, the number of days per week of resistance 345 

training sessions and daily step count, and for sleep: time to bed (hh:mm), time to wake 346 

(hh:mm), the daily number of sleep hygiene behaviours (out of 10) they wish to practice, 347 

which is an approach used in previous studies [20]. Participants will be required to self-348 

monitor these behaviours by manually entering information about each of the behaviours for 349 

which they set goals (in the “Dashboard” section of the app) and a sleep quality rating (using 350 

a star rating with five stars indicating excellent quality sleep). 351 
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Goal setting and self-monitoring will be essential components for assessing progress 352 

and garnering feedback. This is important since it has been shown that interventions which 353 

include physical recording of information (e.g., writing activity information down in a 354 

logbook) and those that bridge the gap between setting a goal and attaining a goal, by 355 

regularly monitoring goal progress, are likely to enhance behaviour change [32]. 356 

 357 

Feedback 358 

The participant’s goals will be compared with the activity and sleep information 359 

entered by the participant and used to provide graphical feedback in the Progress section of 360 

the app as described above. To assist with motivation, at the end of each week, participants 361 

will receive a personalised, tabulated, weekly summary (once per week for the first 12 weeks 362 

of intervention) of their behaviours. The feedback for physical activity will include: total 363 

weekly minutes of activity, daily average minutes of activity, number of days/week activity 364 

time goal was reach, number of days/week they were close to activity time goal,  total weekly 365 

step count, daily average step count, number of days/week step count goal was reach, number 366 

of days/week they were close to step count goal, the number of days on which muscle 367 

strengthening sessions performed that week and if they met the muscle strengthening goal or 368 

not. The feedback for sleep will include: average nightly sleep duration, average sleep quality 369 

rating, daily average number of sleep hygiene behaviour performed, average bed time, 370 

average wake time and an indication as to whether the participant’s bed times and wake times 371 

varied by < 60 minutes or > 60 minutes [37]. The participant will be encouraged to use this 372 

feedback to evaluate their weekly performance and use this as a guide when reviewing their 373 

goals and to determine their goals for the following week. 374 

  375 

 376 
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Sleep Health-Only Group (SHO) 377 

The Sleep Health-Only group will receive the same sleep education, goal setting, 378 

action planning and monitoring as the combined Physical Activity and Sleep Health group. 379 

They will not receive any of the physical activity components of that intervention group 380 

beyond the general advice to “exercise regularly” as part of the overall sleep hygiene 381 

recommendations. They will not receive a pedometer. 382 

 383 

Wait List Control Group (CON) 384 

The wait list control group will not receive any intervention materials and will be 385 

asked not to modify their behaviours regarding physical activity and sleep. They will be 386 

asked to complete the assessments at 0, three and six months, after which time they will be 387 

offered access to the combined physical activity and sleep health intervention. 388 

 389 

Measures 390 

All outcomes except sociodemographic characteristics will be measured using an 391 

online survey at baseline, 3 months and 6 months. In addition, the 3-month survey will 392 

include measures to assess app usage for the intervention groups. Table 3 provides an 393 

overview of the outcome measures and timing of measurement. 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 
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Table 3. Overview of outcome measures and timing of measurement 402 

  Time point of assessment 
Outcome Measure Baseline 3 

months 
6 

months 
Primary Outcome     
Sleep quality (past 30 days) The Pittsburgh Sleep Quality 

Index (PSQI) 
x x x 

Secondary Outcomes     
Minutes of moderate- and 
vigorous intensity physical 
activity (per week) 

The Active Australia 
Questionnaire (AAQ 

x x x 

Self-reported resistance 
training 

Two item questionnaire asking 
number of days and time spent in 
resistance training 

x x x 

Sleep characteristics  Sub-components of The Pittsburgh 
Sleep Quality Index (PSQI) 

x x x 

Sitting time The Workforce Sitting 
Questionnaire 

x x x 

Mental Health The Kessler 6 (K6) x x x 
 The Depression Anxiety and 

Stress Scale (DASS-21) 
x x x 

Quality of life The 12-Item Short Form Health 
Survey 

x x x 

Energy and fatigue The 3-item subscale of the Rand 
36  

x x x 

Sample Characteristics     
Sociodemographics Age, gender, ethnicity, education, 

income, marital status, occupation, 
employment status 

x   

Lifestyle and health factors Height, weight, alcohol and 
caffeine consumption, smoking 
status, chronic disease status, 
working hours 

x x x 

Mediators/Moderators     
Sleep hygiene practices The Sleep Hygiene index (SHI) x x x 
Insomnia severity Sleep Condition Indicator (SCI) x x x 
 The Insomnia Severity Index (ISI) x x x 
Sleep Timing The Sleep Timing Questionnaire 

(STQ) 
x x x 

Morningness-Eveningness The Morningness-Eveningness 
Questionnaire (MEQ) 

x x x 

Process evaluation 
(intervention groups only) 

    

App usage & engagement The Balanced App database  x  
Assessment of App Usability 
and Usage Statistics 

The System Usability Scale  x  

 403 

 404 

 405 

 406 
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Primary outcomes  407 

Sleep quality will be assessed using the Pittsburgh Sleep Quality Index (PSQI) at 0, 408 

three and six months. The PSQI assesses sleep disturbances and sleep quality over the 409 

preceding month using a seven component, 19-item survey assessing various components of 410 

sleep, including times to bed and to wake, duration, sleep onset latency, subjective quality 411 

and other problems. The scores (0-3) of the seven components are summed (range 0-21) and 412 

scores above five indicate poor quality sleep, with poorer sleep signified by a higher number.  413 

The PSQI has been found to have good validity [38] and reliability (α=0.83) [39]. 414 

 415 

Secondary Outcomes 416 

Physical Activity 417 

Self-reported physical activity will be assessed using the Active Australia 418 

Questionnaire (AAQ), which assesses time spent in walking, moderate and vigorous intensity 419 

activity during the previous 7 days. It has acceptable test re-test reliability and validity [40] 420 

and is sensitive to changes in physical activity during interventions [41]. Physical activity 421 

will be reported as the total minutes of walking, moderate and vigorous (weighted by two) 422 

intensity physical activity. Self-reported resistance training will be assessed using two items 423 

adapted from items in previous studies which assessed participation in resistance training [42, 424 

43]. These items assess the number of days that resistance training was performed and the 425 

amount of time engaged in resistance training each day. Physical activity will also be 426 

assessed as a mediator and moderator. 427 

 428 

 429 

 430 

 431 
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Sleep Characteristics 432 

 The following individual sub components of the PSQI will be also reported: sleep 433 

onset latency, sleep duration, sleep efficiency, sleep disturbance, use of sleep medication and 434 

daytime dysfunction [39]. 435 

 436 

Sitting Time 437 

Sitting time will be assessed using the Workforce Sitting Questionnaire (WSQ) which 438 

assesses total and domain specific (whilst travelling, working, watching TV, using the 439 

computer at home and at other times of the day) time spent sitting on week days and on 440 

weekends. The (WSQ) has acceptable test-retest reliability (ICC = 0.46-0.90) and acceptable 441 

criterion validity compared to accelerometry (r = 0.18-0.46) [44]. 442 

 443 

Mental Health  444 

Mental health will be assessed using the Kessler 6 (K6) and Depression Anxiety 445 

Stress Scale-21 (DASS-21) questionnaires. The Kessler 6 is a validated measure of non-446 

specific psychological distress derived from a short, six item psychological screening 447 

questionnaire [45]. DASS-21 is a valid and reliable instrument for assessing the presence of 448 

depression, anxiety and stress (α = 0.88, 0.82 and 0.90 respectively); [46]. 449 

 450 

Quality of Life 451 

Health-related quality of life will be assessed using the 12-Item Short Form Health Survey 452 

which measures self-reported physical and mental health components over the previous four 453 

week period [47]. In addition, energy and fatigue will be measured using the 3-item subscale 454 

of the Rand 36 (Version 1.0) [48]. This will allow any changes in energy and fatigue over the 455 

intervention period to be measured. 456 
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 457 

Sociodemographics and Chronic Disease Status 458 

Information regarding participants’ age, sex, weight, height, marital status, income, years of 459 

educational, employment status, occupational level, work hours, ethnicity, alcohol [49] and 460 

caffeine consumption and smoking status will be assessed. Participants will be asked to report 461 

chronic health conditions including: heart/coronary disease, cerebrovascular disease, 462 

hypertension, hypercholesterolaemia, type 1 and type 2 diabetes, asthma, chronic obstructive 463 

pulmonary disease/, cancer, kidney disease, irritable bowel disease, arthritis, osteoporosis, 464 

sleep apnoea, insomnia, rest less legs syndrome, depression, anxiety or other mental illness. 465 

 466 

Mediators and Moderators 467 

Physical Activity 468 

The same measures of physical activity described above will be assessed. 469 

 470 

Sleep Hygiene Practices 471 

Sleep hygiene practices will be assessed using the Sleep Hygiene Index (SHI), a 13- 472 

item survey which assesses the frequency (always, frequently, sometimes, rarely, never) of 473 

sleep hygiene behaviours. The SHI has good test-retest reliability (r = 0.71) and  internal  474 

consistency (α = 0.66)  and is positively correlated with the Pittsburgh Sleep Quality Index  (r 475 

= 0.48) and the Epworth Sleepiness Scale ( r = 0.244); [50].  476 

 477 

Insomnia Severity 478 

To evaluate the presence of symptoms of insomnia amongst participants, the Sleep 479 

Condition Indicator (SCI), an eight item survey identifying the presence, frequency and 480 

duration of symptoms of insomnia, will be used [51]. The SCI is sensitive to change, has 481 
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internal consistency and strongly correlates with other clinically sensitive instruments (PSQI 482 

and ISI); [51]. To assess the severity of insomnia, the Insomnia Severity Index (ISI), a seven-483 

item self–report questionnaire which assesses the nature, severity and night-time and daytime 484 

impact of insomnia, will be used. The ISI is a reliable and valid instrument with high internal 485 

consistency (α = 0.90) and a strong correlation with the PSQI (r = 0.80); [52]. 486 

 487 

Sleep Timing 488 

Self-reported sleep timing will be assessed using the Sleep Timing Questionnaire 489 

(STQ) which assesses the earliest, latest and usual time to bed and time to wake as well as 490 

week day and weekend variation of these times. The STQ has reasonable test-retest reliability 491 

(r = 0.71) and validity correlating well with both wrist actigraphy (r = 0.59 – 0.77) and sleep 492 

diary (r = 0.84 – 0.86) [53]. 493 

 494 

Morningness-Eveningness 495 

To assess a participants’ predilection for morningness or eveningness the reduced 496 

scale Morning/Evening Questionnaire, a five-item survey will be used. The reduced form  497 

correlates very closely with the full questionnaire which has good internal consistency (α = 498 

0.83) and test-retest reliability (r = 0.77) [54].  499 

 500 

Assessment of App Usability and Usage Statistics 501 

Usability of the app will be assessed using the System Usability Scale which is a 502 

reliable tool used to assesses the usability of websites [55]. The questionnaire will be adapted 503 

to refer to usability of the app. Ten items used in a previous study [56] will be added to assess 504 

the usefulness of the app in terms of its ability to improve self-efficacy regarding physical 505 

activity and sleep behaviours, to set goals and overcome barriers to be active and practice 506 
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sleep hygiene behaviours, to stay active and keep up good sleep hygiene behaviours and 507 

remain motivated to be active and practice good sleep behaviours. Usage statistics (number, 508 

frequency and timing of self-monitoring entries) captured by the app database will be used to 509 

assess engagement with and use of the intervention platform using app usage tracking 510 

software similar to previous studies [57, 58].  511 

 512 

Power and Sample Size 513 

The study is powered on change in the primary outcome of sleep quality measured by 514 

the Pittsburgh Sleep Quality Index, at the three-month primary time point. Based on meta-515 

analyses and pilot data, and accounting for a sub-clinical population, we hypothesise that 516 

both the Sleep Health-Only (d=0.30) and combined Physical Activity and Sleep Health 517 

interventions (d = 0.65) will significantly improve sleep quality relative to the control group 518 

[16, 20, 59, 60]. The assumed baseline-follow-up correlation was 0.60, based on the 519 

correlation found in preliminary data from a trial which targeted and measured changes in 520 

sleep (r=0.60) [20]. A step-wise gateway approach will be applied to control family-wise 521 

error rate for analysis of the primary outcome. First, both intervention groups pooled will be 522 

compared with the control group (mean PSQI = 6.845 and 8.0 for pooled intervention groups 523 

and control group respectively; SD = 2.42: α = 0.05 (two-sided); power = 0.80) assuming an 524 

allocation ratio of 4:1 (sample size required for the first comparison, Pooled Intervention 525 

Groups = 112, Control group = 28). If this test is significant, the two intervention groups will 526 

then be compared with each other (mean PSQI = 6.42 and 7.27 for Combined Physical 527 

Activity and Sleep Health and Sleep Health-Only groups respectively; SD = 2.42; α = 0.05 528 

(two-sided); power = 0.80) (sample size for the second comparison, intervention groups = 82 529 

per group). The sample size for the study is based on the difference between intervention 530 

groups as this is the smallest difference between groups. Internet-based interventions are 531 
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known for high drop-out rates [20, 61] so to allow for 25% loss to follow-up, the size of each 532 

group was inflated accordingly (Combined Physical Activity and Sleep Health = 110, Sleep 533 

Health Only = 110, Control = 45). The control group number was further adjusted (Control = 534 

55) to allow for random block allocation using a 2:2:1 ratio, resulting in a total sample of 275 535 

participants.  536 

 537 

Analyses 538 

To examine differences between intervention groups at three and six months, generalized 539 

linear models (GLM) and generalized linear mixed models (GLMM) using an ANCOVA 540 

(baseline-adjusted) approach, will be used respectively. Analysis of three-month outcomes 541 

will include a fixed effect for group to estimate treatment effects. Analysis of six-month 542 

outcomes will use a random intercept to account for repeated measures on individuals and 543 

treatment effects will be estimated by including fixed effects for group, time and the group x 544 

time interaction. GLM and GLMM will also include the baseline value of the outcome as a 545 

covariate. Secondary outcomes will be assessed using a similar GLM and GLMM 546 

approaches. The proposed mediators will be examined using established approaches to 547 

conducting mediation analysis [62, 63]. Generalized linear mixed models and time-to-event 548 

analysis will be used to examine differences in usage patterns. All analyses will be conducted 549 

according the intention-to-treat principle including all available data. Sensitivity analyses 550 

such as multiple imputation will be undertaken to investigate the robustness of conclusions to 551 

different assumed missing data mechanisms. 552 

 553 

 554 

 555 

 556 
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Data Management 557 

Data will be collected using the Qualtrics® survey platform, exported as a text file and 558 

imported into Stata for analysis on a password protected computer. Throughout the trial, a 559 

database will be kept to track participants’ progress and will be used to generate 560 

communications with participants regarding the delivery of intervention components and 561 

scheduling of the 3-month and 6-month assessments in the form of emails and text messages.  562 

Participant engagement with the intervention will be monitored by ATR and MJD, usage data 563 

from the app is stored on password protected servers. Participants will be sent email/text 564 

messages of encouragement to re-engage with the intervention if required. The members of 565 

the research team who are based in Newcastle Australia (ATR, BM, MJD, EGH and RCP) 566 

will have access to all identified and de-identified data. Given the nature of the trial and the 567 

data being collected, a Data Management Committee is not required. 568 

Identifiable electronic information will be kept on a networked computer which will 569 

be password protected. Only the researchers and the company that conducts maintenance on 570 

the app, will have access to this material. De-identified data will be kept for a minimum of 571 

fifteen years at the University of Newcastle after which time the paperwork will be shredded 572 

or electronically deleted. 573 

Findings of the research will not allow the identification of participants and will be published 574 

in scientific literature, ATR’s doctoral thesis and presented at scientific conferences. 575 

 576 

Roles and Responsibilities 577 

The ICMJE criteria for authorship have been met by all authors [64]. ATR, BM, RCP, 578 

CV, WJB, EGH and MJD contributed to the intervention development and design. ATR, 579 

MJD and EGH conducted and developed the data analysis plan.  All authors edited the 580 

manuscript and approved the final version prior to submission. ATR will be primarily 581 
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responsible for recruitment, data collection and delivery of the intervention, under the 582 

supervision of MJD, RCP and EGH. BM will undertake these responsibilities when required. 583 

ATR, MJD, BM and RCP conceptualised the study and led all aspects of study design and     584 

CV, WJB and EGH provided critical review of the study methodology. ATR drafted the 585 

manuscript. All authors (ATR, BM, RCP, CV, WJB, EGH and MJD) will be involved with 586 

the interpretation of results and the dissemination of the research findings. 587 

Any changes to the trial protocol will be submitted for approval by the Human Research 588 

Ethics Committee (HREC) and updated with ANZCTR. Any adverse events, related or un-589 

related to participation in the trial will be reported to HREC. Participants will be advised to 590 

seek medical assistance as soon as possible if they experience any shortness of breath, chest 591 

pains or other potentially significant health symptoms. Participants will be provided with 592 

contact details for Lifeline and BeyondBlue in case they find the nature of any questions in 593 

the surveys distressing. 594 

 595 

Discussion 596 

Poor sleep health is associated with a considerable burden of illness including 597 

increased risk of non-communicable diseases [65], depression, decreased work productivity 598 

and high health care costs [6]. Approximately 30-50% of adults worldwide report poor sleep 599 

quality [7]. Only about half of these people have a diagnosable sleep disorder [8], yet many 600 

interventions to date are targeted at those with a sleep disorder.  Additionally, although 601 

physical activity has been shown to improve sleep quality [13], none of the studies included 602 

in a review of sleep health interventions provided participants with specific strategies and 603 

behaviour change techniques to foster changes in physical activity [16]. This is important, as 604 

previous studies have shown education-only physical activity interventions are not effective 605 



27 
 

[66]. This is particularly important in the context of multiple behaviour interventions where, 606 

to maximise change in a behaviour, specific intervention strategies need to be provided for a 607 

behaviour [17]. Consequently, sleep health interventions that do not provide participants with 608 

targeted strategies to change physical activity may not maximise change in physical activity, 609 

nor the resulting flow on effects that physical activity may have on sleep health.  Given the 610 

large numbers who report poor sleep health [7] as well as large proportion of the population 611 

who are insufficiently active [14], including the large proportion of middle aged adults who 612 

report both poor sleep and insufficient activity [9] these factors are likely to have a 613 

detrimental impact on health. Therefore, there is a clear need for the development of broad-614 

reaching, effective interventions to improve sleep quality for this population of adults who 615 

experience poor sleep quality but do not have a sleep disorder [67, 68]. Although participants 616 

will be excluded from this study if they report diagnosed sleep disorders, they will not be 617 

screened for undiagnosed conditions and as such will be a study limitation. This study will 618 

also allow the evaluation of the effectiveness of the intervention to improve physical activity 619 

behaviour and the exploration of any associated effects of the interventions on depressive 620 

symptoms and quality of life, which are both known to be adversely impacted by poor sleep 621 

health and low levels of physical activity [3, 70-72].  622 

To achieve this, a technology-based approach which allows participants access to the 623 

intervention at a time and place convenient to them can be used [73]. An important feature of 624 

this study includes the use of behaviour change strategies using constructs from 625 

psychological theories known to facilitate behaviour change and which are likely to enhance 626 

the effect of the intervention [74].  Another important element is the inclusion of a specific 627 

physical activity component within the sleep intervention, since physical activity has been 628 

shown to improve sleep [13, 75]. A review of the effects of physical activity on sleep found 629 

that regular exercise produced comparable results to pharmacological and behavioural 630 
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therapy interventions for insomnia  for sleep-onset-latency, sleep duration and sleep quality 631 

[13]. Another review examining the influence of exercise on sleep quality and insomnia in 632 

middle-aged women, found that, although there was no significant effect on insomnia 633 

severity, exercise improved sleep quality [76]. However, sleep interventions to date have 634 

largely not harnessed this potential effect by specifically targeting physical activity. The 635 

three-arm design will allow us to directly compare the relative efficacy of the physical 636 

activity and sleep health intervention to the sleep only intervention to determine whether the 637 

addition of physical activity enhances the effectiveness of a sleep health intervention to 638 

improve sleep quality. The combination of a physical activity intervention with a sleep 639 

intervention is likely to further reduce the risk of chronic diseases associated with poor sleep 640 

such as cardiovascular disease and type 2 diabetes, by synergistically enhancing the 641 

effectiveness of the sleep intervention [4, 77], and may guide multiple health behaviour 642 

change strategies and policies in the future. 643 
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 1 

Table 2a.  Operationalisation of social cognitive factors and behaviour change strategies for physical activity intervention component 2 

Theoretical 
Construct 

Behaviour 
Change 
Technique 

Physical Activity 
Intervention 
Component  

Description Intervention 
Delivery Method 

Self-efficacy     
Confidence in one’s 
ability to engage in a 
behaviour (physical 
activity or sleep) 
(task self-efficacy) 
and to overcome 
barriers to engaging 
in these behaviours 
(barrier self-
efficacy) 

Setting graded 
tasks/ incremental 
challenges 

Setting achievable 
goals and regular 
revision of goals 

Participants will be encouraged to 
gradually increase the number of 
sessions, duration and intensity of 
physical activity. 

App 
Goal setting tool 
 

Self-monitoring/ 
self-re-evaluation 

Daily logging of 
activity into 
Balanced app 

Participants will log:  
- Minutes of daily physical activity 
- Daily step count 
- Muscle strengthening sessions – 
‘yes’ or ‘no’ each day. 
Graphical feedback in the form of bar 
charts and a colour coded traffic light 
display relating to their progress 
towards set goals will be provided. 

App 
Pedometer 

Goal 
review/feedback/ 
positive 
reinforcement  

Dashboard -
Traffic lights  

The dashboard will be divided into 
tiles. The physical activity tile will 
relate to minutes of physical activity 
based on daily entries (24h); A green 
light indicates a participant is meeting, 
exceeding or close to their goal; an 
orange light indicates they are 
progressing toward their goal although 
are not close; and a red light indicates 
they are markedly below their goal. 

App 
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Bar graphs Bar Graphs will show progress in 
relation goals for minutes of physical 
activity, step count and days including 
muscle strengthening sessions, over 
four time points; daily, weekly, three-
month and all.  

App 

Email messages  Weekly personalised summary email 
with information about personal 
activity goal progress will be sent to 
participants. 

Email 

Relapse 
prevention 

Use of prompts  Participants will receive text prompts 
to remind and encourage them to log 
physical activities if they have not 
logged for any four of seven 
consecutive days. 

Text message 
reminder 

Text messages including useful facts 
about physical activity and 
information about overcoming 
barriers. 

Text message fact 

Normative 
behaviours 

Information in the 
“Resources” 
section of the 
Balanced app 

Information regarding the health 
benefits of, national recommendations 
for, and strategies to achieve physical 
activity will be provided. 

App 

Knowledge/ 
education 

Educational 
information in  
the “Resources” 
section of the 
Balanced app 
and the Goal 
Setting and 

Australian physical activity 
recommendations will be provided. 

App 

Health benefits of physical activity 
(e.g., reducing the risk of heart 
disease, diabetes, depression and 
anxiety as well as feel more energised) 
will be provided.  

App 
Goal Setting Tool 
Action Planning 
Tool 
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Action Planning 
Tools 

Overcoming barriers; participants will 
be provided with information about 
overcoming barriers.  

App 
Goal Setting Tool 
Action Planning 
Tool 

Social support; participants will be 
encouraged to find friends and family 
to be physically active with. 

App 
Goal Setting Tool 
Action Planning 
Tool 

Tips for creating an action plan 
outlining type of activity, intensity, 
duration, where, when, who with and 
some problem-solving strategies, will 
be provided to inform participants how 
to go about being physically active. 

App  
Action Planning 
Tool 

Outcome Expectations/Expectancies  
An individual’s 
anticipated outcome 
of physical activity 
behaviours and the 
value they place 
upon that outcome 

Information on 
consequences of 
behaviour 

Educational 
information in the 
“Resources” 
section of the 
Balanced app 

Health benefits of physical activity 
(e.g., reducing the risk of heart 
disease, diabetes, depression and 
anxiety as well as feel more energised) 
will be provided.  

App 
Handbook 

  Action Planning 
Tool 

As part of the intervention materials, 
reasons why they wish to improve 
their physical activity and what they 
anticipate as personal benefits, 
following improved physical activity 
(examples will be provided).  

App 
Action Planning 
Tool 

Socio-structural   
The creation of 
supportive 
relationships which 

Mobilise social 
support 

Information in the 
“Resources” 
section of the 
Balanced app 

Participants will be encouraged to 
engage with family members, friends 
and peers to assist them achieve their 

App 
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reduce vulnerability 
to stress 

Example action 
plan 

physical activity goals by joining in or 
encouraging them to do so.  

Action Planning 
Tool 

 Environmental 
restructuring 

Educational 
information in the 
Action Planning 
tool. 

The example action plan will provide 
ideas to assist participants make the 
most of their environment to improve 
their physical activity such as: “I’ll 
park the car further away so I can 
walk.”, “Use the steps and the bench 
in the park”.  

Action Planning 
Tool 

Intentions and Goals   
Intentions and goals 
refer to what a 
person proposes to 
do 
 

Use of prompts Text messages Participants will receive text prompts 
to remind them to log physical 
activities if have not logged for any 4 
of 7 consecutive days. 

Text message 
reminder 

Action plan Development of 
action plan 

The Action Planning Tool will assist 
in the creation of an action plan, 
outlining type of activity, intensity, 
duration, where, when, who with and 
some problem-solving strategies, will 
be provided to inform participants how 
to go about being physically active. 

Action Planning 
Tool 

Graded tasks Action plan 
revision 

Participant’s action plans will be 
revised/updated as required 
intermittently 

App 
Action Planning 
Tool 

Goal setting  Setting of 
proximal and 
distal goals 

Participants will set daily goals with 
an action plan. Additionally, 
participants will be asked to set a 
longer term goal to keep in mind for 
the end of the intervention (e.g., “I 
will run a Park Run without 
stopping”). 

App 
Goal Setting Tool 
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 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

Review of goals Graphical 
feedback: bar 
charts  

Participants will receive on-screen 
feedback on their progress in the form 
of a bar chart which displays their 
progress towards their goals. 

App 

Graphical 
feedback: traffic 
lights 

Participants will receive graphical on-
screen feedback on their progress in 
relation to their goals in the form of a 
traffic light system display; within 
20%, meeting or exceeding goals will 
generate a green light; entries between 
20% and 35% of goal will generate an 
orange light; entries more than 35% 
below goal will generate a red light. 
This feedback will be used to assist 
participants in reviewing their goals. 

App 

Time 
management 

Educational 
information in the 
Action Planning 
tool. 

Participants will be provided with 
information about scheduling physical 
activity sessions in the example action 
plan. 

Action Planning 
Tool 
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  Table 2b.  Operationalisation of social cognitive factors and behaviour change strategies for sleep intervention component  1 

 2 

Theoretical 
Construct 

Behaviour 
Change 
Technique 

Sleep Intervention 
Component  

Description Intervention 
Delivery Method 

Self-efficacy    
Confidence in one’s 
ability to engage in a 
behaviour (physical 
activity or sleep) 
(task self-efficacy) 
and to overcome 
barriers to engaging 
in these behaviours 
(barrier self-
efficacy) 

Setting graded 
tasks/ incremental 
challenges 

Setting achievable 
goals and regular 
revision of goals 

Participants will be encouraged to 
set realistic sleep goals (Bed time, 
wake time and sleep hygiene goals) 
which can be adjusted at any time. 

App 
Goal setting tool 
 

Self-monitoring/ 
self-re-evaluation 

Daily logging of 
sleep into Balanced 
app 

Participants will log:  
- Sleep start time 
- Sleep end time 
- Sleep hygiene goals achieved 
(from checklist of 10) 
- Sleep quality rating (1-5 stars) 
Graphical feedback in the form of 
bar charts and a colour coded traffic 
light display relating to their 
progress towards set goals will be 
provided.  

App 

Goal 
Review/feedback/ 
positive 
reinforcement  

Traffic lights  The dashboard will be divided into 
tiles. The sleep tile will relate to 
nightly sleep duration; A green 
light indicates a participant is 
meeting, exceeding or close to their 
goal; an orange light indicates they 
are progressing toward their goal 
although are not close; and a red 
light indicates they are markedly 
below their goal. 

App 
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Bar graphs Bar Graphs will show progress in 
relation goals for bed time/wake 
time, sleep duration, sleep hygiene 
and sleep quality over four time 
points; one day, week, three-
months and all.  

App 

Email messages  Weekly personalised summary 
email with information about 
personal sleep goals progress will 
be sent to participants. 

Email 

Relapse 
prevention 

Use of prompts  Participants will receive text 
prompts to remind them to log 
sleep behaviours if they have not 
logged for any four of seven 
consecutive days. 

Text message 
reminder 

Text messages including useful 
facts about sleep and information 
about overcoming barriers. 

Text message fact 

Knowledge/ 
education 

Educational 
information in the 
“Resources” 
section of the 
Balanced app and 
the Goal Setting 
and Action 
Planning Tools 

Advice including national 
recommendations for sleep duration 
and about the how much, why and 
how of engaging in sleep 
promoting behaviours (sleep 
hygiene) will be provided. 

App 
Goal Setting Tool 
Action Planning 
Tool 

Health benefits of good sleep (e.g., 
reducing the risk of heart disease, 
diabetes, depression and anxiety as 
well as feel more energised) will be 
provided. 

App 
Goal Setting Tool 
Action Planning 
Tool 

Information about environmental 
restructuring and how to manage 
the bedroom environment as part of 

App 
Goal Setting Tool 
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good sleep hygiene will be 
provided.  

Action Planning 
Tool 

Action planning 
Tool  

The action planning tool will 
provide information about the how, 
why, when, where, who with and 
what of achieving sleep goals. 

Action planning 
Tool 

 Stress Management 
Tool 

The stress management tool will 
provide links to relaxation podcasts 
and videos, as well as step-by-step 
guides to progressive muscle 
relaxation, deep breathing exercises 
and mindfulness exercises which 
are commonly accepted techniques 
incorporated into interventions for 
sleep. 

Stress Management 
Tool 

Problem solving Educational 
information in the 
mid-week text 
message  

Tips for overcoming obstacles in 
changing sleep behaviour will be 
provided amongst the mid-week 
text messages.  

Text message fact 

Outcome Expectations/Expectancies  
An individual’s 
anticipated outcome 
of sleep behaviours 
and the value they 
place upon that 
outcome 

Information on 
consequences of 
behaviour 

Educational 
information in the 
“Resources” 
section of the 
Balanced app 

Health benefits of good sleep (e.g., 
reducing the risk of heart disease, 
diabetes, depression and anxiety as 
well as feel more energised) and the 
current national guidelines on how 
much sleep is needed, will be 
provided. 

App 
Handbook 

Action planning 
tool 

As part of the intervention 
materials, reasons why they wish to 
improve their sleep behaviour and 
what they anticipate as personal 

App 
Action Planning 
Tool 
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benefits, following improved sleep 
(examples will be provided).  

Socio-structural   
The creation of 
supportive 
relationships which 
reduce vulnerability 
to stress 

Mobilise social 
support 

Information in the 
Action Planning 
Tool 
 
 

Information on seeking support 
from those in the same household 
(housemates, partner, and family 
members) will be provided. 

App 
Action Planning 
Tool 

Environmental 
restructuring 

Educational 
information in the 
“Resources” 
section and the  
Action Planning 
Tool. 

Environmental restructuring as part 
of good sleep hygiene will be 
highlighted in the resource section 
and include details on how to 
manage the bedroom environment. 

App 
Action Planning 
Tool 

Intentions and Goals 
Intentions and goals 
refer to what a 
person proposes to 
do 
 

Use of prompts Text Messages Participants will receive text 
prompts to remind them to log 
sleep if not logged for any 4 of 7 
consecutive days. 

Text message 
reminder 

Action plan Development of 
action plan  

Participants will receive a guide to 
assist them develop action plan 
based on sleep hygiene 
recommendations, which fosters 
engagement in sleep promoting 
behaviours.  

Action Planning 
Tool 

Graded tasks Action plan 
revision 

Participant’s action plans will be 
revised/updated as required 
intermittently 

App 
Action Planning 
Tool 

Goal setting  Setting of proximal 
goals 

Participants will set personal 
bedtime and wake time goals; 
number of sleep hygiene 

App 
Goal Setting Tool 
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behaviours will be set as a sleep 
hygiene goal. 

Review of goals Graphical 
feedback: bar 
charts  

Bar Graphs will show progress in 
relation goals for bed time/wake 
time, sleep duration, sleep hygiene 
and sleep quality over four time 
points; one day, one week, three-
months and all.  

App 

 Graphical 
feedback: traffic 
lights 

The dashboard will be divided into 
tiles. The sleep tile will relate to 
nightly sleep duration; entries 
within 20%, meeting or exceeding 
goals will generate a green light; 
entries between 20% and 35% of 
goal will generate an orange light; 
entries more than 35% below goal 
will generate a red light. 

App 

Barrier 
Identification/ 
problem solving 

Educational 
information in the 
mid-week text 
message  

Tips for overcoming obstacles in 
changing sleep behaviour will be 
provided amongst the mid-week 
text messages.  

Text message fact 

Socio-structural   
The creation of 
supportive 
relationships which 
reduce vulnerability 
to stress 

Mobilise social 
support 

Information in the 
Action Planning 
Tool 
 
 

Information on seeking support 
from those in the same household 
(housemates, partner, and family 
members) will be provided. 

App 
Action Planning 
Tool 

Environmental 
restructuring 

Educational 
information in the 
“Resources” 
section and the  

Environmental restructuring as part 
of good sleep hygiene will be 
highlighted in the resource section 
and include details on how to 
manage the bedroom environment. 

App 
Action Planning 
Tool 
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Action Planning 
Tool. 

Intentions and Goals 
Intentions and goals 
refer to what a 
person proposes to 
do 
 

Use of prompts Text Messages Participants will receive text 
prompts to remind them to log 
sleep if not logged for any 4 of 7 
consecutive days. 

Text message 
reminder 

Action plan Development of 
action plan  

Participants will receive a guide to 
assist them develop action plan 
based on sleep hygiene 
recommendations, which fosters 
engagement in sleep promoting 
behaviours.  

Action Planning 
Tool 

Graded tasks Action plan 
revision 

Participant’s action plans will be 
revised/updated as required 
intermittently 

App 
Action Planning 
Tool 

Goal setting  Setting of proximal 
goals 

Participants will set personal 
bedtime and wake time goals; 
number of sleep hygiene 
behaviours will be set as a sleep 
hygiene goal. 

App 
Goal Setting Tool 

Review of goals Graphical 
feedback: bar 
charts  

Bar Graphs will show progress in 
relation goals for bed time/wake 
time, sleep duration, sleep hygiene 
and sleep quality over four time 
points; one day, one week, three-
months and all.  

App 

 Graphical 
feedback: traffic 
lights 

The dashboard will be divided into 
tiles. The sleep tile will relate to 
nightly sleep duration; entries 
within 20%, meeting or exceeding 
goals will generate a green light; 

App 



42 
 

entries between 20% and 35% of 
goal will generate an orange light; 
entries more than 35% below goal 
will generate a red light. 

Barrier 
Identification/ 
problem solving 

Educational 
information in the 
mid-week text 
message  

Tips for overcoming obstacles in 
changing sleep behaviour will be 
provided amongst the mid-week 
text messages.  

Text message fact 

 1 

 2 

 3 

 4 

 5 

 6 

 7 
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Figure 1. Flow of participants through the Refresh Study 2 
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Figure 2.  39 
a. Screenshot of Balanced Your Stats for Activity showing data entry option for 40 

daily behaviour and goals. 41 
b. Screenshot of Balanced Your Stats for Sleep showing data entry options for 42 

nightly sleep behaviours and a sample of sleep hygiene options (screen extended). 43 
 44 
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Figure 3 16 
a. Screenshot of the Balanced Dashboard displaying green and orange feedback on 17 

Activity and Sleep tiles for the Physical Activity and Sleep Health group.  18 
b. Screenshot of the Balanced Dashboard displaying red feedback on the Sleep tile 19 

for the Sleep Health Only group. 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 



51 
 

 1 

Figure 4 2 
a. Daily progress summary for sleeping time. b Weekly progress summary for sleeping time. 3 
c. Three-month progress summary for sleeping time d. Three-month progress summary for 4 
sleep and wake times. 5 


