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ABSTRACT
Introduction  Meta-analytical evidence confirms a 
range of interventions, including mindfulness, physical 
activity and sleep hygiene, can reduce psychological 
distress in university students. However, it is unclear 
which intervention is most effective. Artificial intelligence 
(AI)-driven adaptive trials may be an efficient method to 
determine what works best and for whom. The primary 
purpose of the study is to rank the effectiveness of 
mindfulness, physical activity, sleep hygiene and an active 
control on reducing distress, using a multiarm contextual 
bandit-based AI-adaptive trial method. Furthermore, the 
study will explore which interventions have the largest 
effect for students with different levels of baseline distress 
severity.
Methods and analysis  The Vibe Up study is a 
pragmatically oriented, decentralised AI-adaptive group 
sequential randomised controlled trial comparing the 
effectiveness of one of three brief, 2-week digital self-
guided interventions (mindfulness, physical activity or 
sleep hygiene) or active control (ecological momentary 
assessment) in reducing self-reported psychological 
distress in Australian university students. The adaptive trial 
methodology involves up to 12 sequential mini-trials that 
allow for the optimisation of allocation ratios. The primary 
outcome is change in psychological distress (Depression, 
Anxiety and Stress Scale, 21-item version, DASS-21 total 
score) from preintervention to postintervention. Secondary 
outcomes include change in physical activity, sleep quality 
and mindfulness from preintervention to postintervention. 
Planned contrasts will compare the four groups (ie, the three 
intervention and control) using self-reported psychological 
distress at prespecified time points for interim analyses. The 
study aims to determine the best performing intervention, as 
well as ranking of other interventions.

Ethics and dissemination  Ethical approval was sought 
and obtained from the UNSW Sydney Human Research 
Ethics Committee (HREC A, HC200466). A trial protocol 
adhering to the requirements of the Guideline for Good 
Clinical Practice was prepared for and approved by the 
Sponsor, UNSW Sydney (Protocol number: HC200466_
CTP).
Trial registration number  ACTRN12621001223820.

INTRODUCTION
University students experience a dispropor-
tionate level and burden of psychological 
distress compared with both age-matched 
peers and the general adult population.1 2 
Almost half of Australian university students 
report moderate or high levels of depres-
sion, anxiety or stress symptoms,3 and at least 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The trial uses short-duration interventions designed 
to improve coping responses to transient stressors.

	⇒ A value of information analysis is included to com-
pare the value of the new trial methods with tradi-
tional approaches.

	⇒ Digital phenotyping is used to explore smartphone 
sensor information with clinical outcomes.

	⇒ More than 12 mini-trials might be required to deter-
mine the ranking for the interventions.

	⇒ The methodology assumes that the three-digital 
interventions are configured to deliver similar dos-
es and/or have approximate fidelity with standard 
methods.
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two-thirds of students experience subclinical symptoms.4 
Prevalence rates are remarkably consistent across univer-
sity settings3 5 and have remained largely unchanged for 
the last three decades.1 Psychological distress is not only 
linked to the development of serious mental disorders, 
such as major depressive disorder, but is associated with 
early withdrawal from university study, impaired academic 
performance, alcohol intake, cigarette smoking, and 
increased risk of suicidal ideation and behaviour.1

One approach to help target and reduce high rates of 
psychological distress is to deliver strategies that modify 
subjective responses to perceived stressors. Meta-analytical 
evidence confirms the potential usefulness of a range of 
interventions, including mindfulness-based interventions, 
physical activity and sleep hygiene, to reduce anxiety and 
depression symptoms in university students.6–9 However, 
of the wide range of interventions available for university 
students, it is unclear which intervention is most effec-
tive, whether interventions show differential effective-
ness for mild, moderate and severe distress, and whether 
specific interventions are more effective for individuals 
with specific symptom clusters of anxiety, depression and 
stress. In addition, established interventions typically 
rely on face-to-face delivery and are often lengthy, which 
means they are resource intensive and difficult to deliver 
at scale.

Recent evidence shows that delivering interventions via 
smartphone apps offers a potentially feasible and scalable 
way to reduce psychological distress in university students 
and young people more generally.9 Being able to offer 
short duration, targeted interventions in response to 
transient stressors, such as examinations or the transition 
from secondary school to university, may be particularly 
useful for university students. Although previous studies 
have included mixed delivery modes, including both 
face-to-face and digital self-guided interventions,7 none 
have compared all-digital interventions delivered using 
participants’ own smartphone devices.

Typically, randomised controlled trials (RCTs) are used 
to compare the efficacy of different interventions or to 
compare the effects of an intervention with a control 
group. While RCTs are considered the gold-standard 
test of interventions and have led to a large and growing 
body of evidence supporting different psychological and 
lifestyle interventions for distressed university students, 
they also have some limitations. RCTs are often lengthy, 
expensive and time-consuming to conduct, and are often 
underpowered to detect group differences, especially 
when comparing different active interventions. They 
often offer relatively little information about which indi-
vidual might respond best to a specific intervention given 
their symptom severity, profile of symptoms and/or demo-
graphics. These challenges underline the importance of 
looking for new ways to explore treatment efficacy, while 
preserving the rigour of a traditional RCT.

In Artificial Intelligence (AI)-driven adaptive trials, 
instead of one large trial, we perform a series of ‘mini-
trials’ where the results of each feed into the next.10–12 At 

each step, AI methods are used to (A) update an under-
lying model of the effectiveness of the interventions 
under evaluation and (B) alter the proportion of partici-
pants allocated to each intervention in the next mini-trial. 
Under this scheme, progressively fewer participants are 
allocated to less effective interventions in later mini-trials. 
Importantly, the sequence of mini-trials can stop as soon 
as the estimates of intervention effect become certain; 
potentially much earlier, and involving fewer individuals 
than a traditional RCT. In this trial, we will use contex-
tual multiarm bandit, which is a specific type of AI algo-
rithm.12 The aim of the contextual multiarm bandit AI 
method is to identify the most effective intervention for a 
group as quickly as possible, to explore the intervention 
outcomes enough to ensure that one (or more) are not 
discarded from the trial until the best-performing inter-
ventions emerge, and to perform trials to maximise statis-
tical power while controlling false detection rates.

AI-driven adaptive trials promise to provide a quicker, 
and more efficient alternative to RCTs, particularly when 
there are multiple potentially effective options, and when 
it is important to determine which treatment option is 
best for a particular cohort of people. Compared with 
RCTs, adaptive trials have been argued to: (1) require 
fewer participants to estimate the effectiveness of an inter-
vention,12 (2) reach a definitive conclusion earlier so that 
the best treatment can be offered sooner to the broader 
population, (3) stop recruitment to futile interventions 
early and (4) identify interactions between different inter-
ventions and different patient subgroups.13–15 Although 
first discussed over three decades ago, adaptive trials have 
only recently been introduced in health settings, but have 
been successfully applied in a cluster RCT of physical 
activity promotion interventions in general practice.10 To 
our knowledge, AI-driven adaptive trials have never been 
used in the mental health context.

In the Vibe Up study, our primary aim is to use AI-driven 
adaptive trial methods to determine which out of three 
brief, 2-week digital self-guided interventions (mind-
fulness, physical activity or sleep hygiene) or an active 
control intervention (ecological momentary assessment, 
EMA)16 lead to the greatest reductions in psychological 
distress in Australian university students. Our aim is to 
identify the most effective intervention within three sepa-
rate ‘cohorts’ or ‘groups’: participants with normal/mild 
distress, moderate distress or severe distress. If this goal 
is achieved, we aim to identify the second most effective 
intervention within each cohort. The Vibe Up study will 
run as a sequence of mini-trials, where participants are 
allocated to one of the four groups and complete self-
report measures to assess how much their distress changed 
from preintervention to postintervention. Information 
about outcomes in each of the interventions (or control 
group) for mildly, moderately and severely distressed 
participants gained from one mini-trial is used to update 
the algorithm, which in turn will adjust how many partic-
ipants are allocated to each of the four interventions in 
the next mini-trial. In this study, the AI algorithm has 
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two goals: with the smallest number of participants (1) to 
identify the best-performing intervention within a severity 
group (mild, moderate, severe) and (2) to maximise the 
benefits for participants during the trial period.

Our second aim is to test the value of this novel trial 
approach in the mental health setting. We are specifically 
interested in establishing whether the AI-driven adaptive 
trial methodology is an efficient method in comparison 
to the traditional RCT in determining the effectiveness of 
the interventions. The trial will encompass an economic 
evaluation with a Value of Information (VoI) analysis to 
determine whether the AI-adaptive trial approach yields 
more value compared with a traditional four-arm RCT. 
In theory, allocating participants using the AI-adaptive 
trial approach will result in fewer participants required 
to rank interventions by their effect size compared with 
a four-arm RCT strategy. This will reduce trial participant 
recruitment costs, although administration costs for the 
AI-adaptive trial approach may differ compared with an 
RCT. It will also variably affect the confidence intervals 
around each estimated effect size. The economic eval-
uation will, therefore, seek to compare the change in 
decision uncertainty from the AI-adaptive trial approach 
compared with a traditional four-arm RCT strategy.

The study also incorporates theoretically driven 
substudies focusing on assessing resilience of the students 
to negative affect using EMA and exploring the potential 
for smartphone-based passive sensing of activity (digital 
phenotyping) to predict changes in distress symptoms.

The primary outcome variable is psychological distress 
(as measured by the Depression, Anxiety and Stress Scale, 
21-item version (DASS-21) total scores) postintervention, 
relative to preintervention. Secondary outcome variables 
include changes in physical activity, sleep quality, and 
mindfulness from preintervention to postintervention.

Based on previous meta-analytical evidence, we expect 
that the mindfulness and physical activity interventions 
will be more effective than the sleep hygiene and the active 
control interventions in reducing overall psychological 
distress in the sample (as measured by the DASS-21 total 
scores). We expect to identify differences in intervention 
efficacy according to baseline distress levels measured by 
the DASS-21 (mild, moderate, severe). Exploratory anal-
yses comparing intervention effects for symptom clusters 
of depression, anxiety and stress will be conducted. We 
expect that the AI-driven optimisation design will reduce 
decision uncertainty compared with a well-designed 
four-arm RCT that aims to establish superiority of partic-
ular interventions and any differential effects of severity 
on outcomes.

METHODS AND ANALYSIS
Trial design
This is a sequential RCT using bandit-based response 
adaptive allocation to compare (on an intention-to-treat 
basis) the effectiveness of three brief, 2-week digital self-
guided interventions and an active control intervention 

in reducing self-reported psychological distress in Austra-
lian university students. The group sequential design will 
be executed as a sequence of up to twelve, ‘mini-trials’ 
each recruiting a sample of at least 120 participants. There 
will be no predefined upper limit for recruitment into 
each mini-trial. Each participant will be eligible to take 
part in one mini-trial only, with each trial lasting 4 weeks. 
Once participants have screened eligible for the study, 
they will complete a baseline assessment on their smart-
phone, 1 week of daily EMA, and a second assessment at 
2 weeks postbaseline. Participants who do not complete 
the second assessment will not proceed to the interven-
tion period of the trial. Next, they are allocated by the 
AI algorithm to one of the three intervention groups, or 
the EMA control which they receive for 2 weeks. Finally, 
all participants complete a postintervention assessment at 
the end of the 4-week period.

Trial timing is shown in figure  1. The expected trial 
timing and sequence is shown for example participants 
who complete all activities immediately when prompted 
(participants A and C) versus for participants who 
complete activities after a delay but still within the grace 
period (participants B and D).

A trial protocol adhering to the requirements of the 
Guideline for Good Clinical Practice17 was prepared for 
and approved by the Sponsor, UNSW Sydney (Protocol 
number: HC200466_CTP).

Patient and public involvement statement
The study was conceived and designed by a multidisci-
plinary research team consisting of clinical psychologists, 
software engineers, computer scientists and user experi-
ence experts. Research questions and outcome measures 
were derived in consultation with the target population 
(university students) through one-on-one consultations. 
Thirty-three university students experiencing psycholog-
ical distress were involved in this process. They provided 
feedback on the initial designs of the smartphone app 
and the appropriateness of the intervention content and 
language. Individual participants will receive a summary 
of their well-being status at the end of their participation 
in the study. Final study results will be aggregated and 
presented in published manuscripts and national confer-
ence presentations. Results will also be published on the 
study website.

Participants
The trial aims to enrol a total sample of approximately 
1200 adult university students with mild to severe psycho-
logical distress according to the 10-item Kessler Psycho-
logical Distress Scale (K-10) at recruitment but without 
psychotic spectrum disorders or significant suicidality.

Inclusion criteria
Participants must satisfy the following criteria at screening:

	► Adults aged 18 or older.
	► Currently residing in Australia and planning to be 

resident throughout their study period.
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	► Currently enrolled at a higher education institution.
	► Advanced, fluent or native English speaker.
	► Own an eligible personal smartphone (iPhone 6S/

Android 5 or later) with active mobile number and 
internet access.

	► Self-rated psychological distress on the K-1018 scoring 
≥20,19 indicative—of ‘likely to have a mild (or more 
serious) mental disorder’20—at screening. The K-10 
is a widely used, validated tool for assessing psycho-
logical distress in adult populations and K-10 scores 
are strongly correlated with mental illness cases in 
community samples.21

Exclusion criteria
Participants will be excluded at screening if they:

	► Indicate high levels of self-rated suicidal ideation 
(scoring ≥21, ‘high ideation’) on the Suicide Ideation 
Attributes Scale,22 a reliable and valid measure for 
assessing suicidality in general adult populations.

	► Report a current active diagnosis of psychosis or 
bipolar disorder.

	► Have already completed a previous mini-trial.
	► Indicate major disruptions or events in the next 2 

months which may make it difficult to take part in the 
study.

	► Indicate plans to travel outside of Australia in the next 
2 months.

	► Indicate that they would be unable to safely undertake 
a physical activity intervention if allocated to receive 
this treatment.

Participants will not be restricted from receiving any 
other treatments during the trial but will be discouraged 
from undertaking new psychological therapies during the 
4-week trial period.

Recruitment
The trial will be promoted via targeted paid social media 
advertisements placed on Facebook and Instagram; plat-
forms identified as effective for research recruitment 
in young adults.23 24 Advertisement text was developed 
through formative interviews with university students. 
Interviews identified two themes to which potential 
participants might be receptive: improving personal 
resilience to university-related stressors, and the oppor-
tunity to contribute to improved community mental 
health through digital innovation. Advertisements will be 
targeted by age and keywords/community interests indi-
cating affiliation to higher education institutions and will 
link potential participants to a study website containing 
study information materials and directions on how to 
complete online self-screening and consent. Reflecting 
investigator experience with similar studies, the trial will 
allow up to US$4.50 to be spent on advertising per eligible 
enrolled participant.

Because the group-sequential design requires a stream 
of potential participants, performance of the advertising 
strategy will be monitored. Review will focus on two goals: 
achieving a consistent sample size per mini-trial; and 
trying to ensure balanced representation of presenting 
level of psychological distress and gender (recognising 
the risk of under-representation of male-identifying 
participants in youth mental health trials25). Descrip-
tive statistics concerning screening and consent rates 
in response to different targeting criteria and combina-
tions of advertising text and imagery will be collected 
and reviewed. Responses to a single-item screening ques-
tionnaire indicating where participants heard about 
the study will also be assessed. Recognising the risk in a 
group-sequential design that adjustments to recruitment 

Figure 1  The expected trial timing and sequence. EMA, Ecological Momentary Assessment.
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strategy could introduce group-specific biases, we will aim 
to improve (in a prospective fashion) balanced repre-
sentation by gender/distress severity rather than trying, 
for example, to redress a deficit in the overall sample by 
focusing on recruiting primarily males, or those with very 
high distress, for a particular mini-trial. As males tend to 
be more difficult to recruit into studies,26 the adopted 
strategy separated recruitment of male and female partic-
ipants into two different campaigns and allocated more 
budget to social media advertisement aimed at males.

To maximise participation in the study, we also plan to 
advertise via university organisations, university societies, 
university staff contacts and releases through traditional 
media outlets.

A psychological safety response register will be main-
tained for the trial, with a team of qualified clinical 
psychologists on call during the trial period. This register 
will be reported to the human research ethics committee 
annually. A protocol is in place to log and report any 
adverse events.

Interventions
The trial will evaluate three brief, self-directed interven-
tions delivered via a software application (app) installed 
on participants’ personal smartphones (see table  1 
for details). Each intervention is entirely separate but 
designed to be loosely matched on ‘dose’ and required 
effort over a 14-day period. Each intervention consists 
of brief modular information covering key concepts, 
delivered as infographics, structured activities (eg, prac-
tising mindfulness with guided audio) and a ‘frequently 
asked questions’ section including tips, safety advice and 
answers to common questions associated with that inter-
vention. In addition, an in-app support page is available 
with contact details of mental health support for partici-
pants. Participants are also asked to complete a daily log 
relevant to each intervention: for mindfulness, time spent 
practising mindfulness; for physical activity, time spent 
being physically active; for sleep, hours slept the night 
prior and for EMA (active control), current affect experi-
ence including experience of both positive and negative 
emotions. Each participant will be allocated to receive 
one intervention, once. Evidence supporting the selec-
tion of the chosen interventions is included as online 
supplemental appendix A. All interventions are unlocked 
and available to participants at the end of each mini-trial.

Mindfulness intervention
Mindfulness is the ‘awareness that emerges through 
paying attention on purpose, in the present moment 
and non-judgementally to the unfolding of experience 
moment by moment’.27 Mindfulness meditation can be 
instructor-facilitated or self-guided (eg, using a course 
of guided audio meditations to learn mindfulness tech-
niques28). The mechanisms of mindfulness medita-
tion are distinct from relaxation training29 and include 
changes in attention, emotion regulation, sensory aware-
ness and self-awareness.30

The Vibe Up Mindfulness intervention consists of 
an introductory video that includes instructions for 
bringing mindful awareness to daily activities, followed 
by a set of five 3–5 min instructor-guided audio medi-
tations that focus on mindful awareness of breathing; 
noticing, awareness and acceptance of thoughts (‘leaves 
on a stream’ exercise); attending to bodily sensations 
(body scan); and mindful eating and walking. Encour-
agement to adopt a non-judgemental, accepting and self-
compassionate response to present moment awareness is 
weaved throughout the practices. Participants are given 
the choice of a male or female narrator, both of whom 
are clinical psychologists experienced in delivering mind-
fulness interventions. Audio recordings are released in a 
structured sequence with a 1-day gap between each. Once 
released, participants can access audio and video record-
ings as much as they wish.

Physical activity intervention
The Vibe Up Physical Activity intervention starts with an 
introductory infographic that outlines the benefits of 
physical activity, Australian guidelines for physical activity, 
setting realistic goals and incremental change, and prac-
tical suggestions for increasing daily physical activity. The 
intervention was designed in consultation with exercise 
physiologists who specialise in mental health. The Vibe 
Up Physical Activity intervention prompts participants to 
choose a goal each day to increase their physical activity. 
An evidence-based 7 min high-intensity circuit training 
protocol is provided as one option for increasing phys-
ical activity.31 The trial intervention delivers this as an 
instructor-led video of a qualified exercise physiologist 
presenting a series of exercises. Participants are asked 
to complete some form of physical activity on most days 
during the 2-week intervention period. The interven-
tion also incorporates infographic-based psychoeduca-
tion about the benefits of exercise, how exercise can be 
integrated into everyday life and anchoring information 
about expected levels of exercise intensity during the 
programme. This is presented for review as a structured 
‘onboarding’ process at the start of the intervention.

Sleep hygiene intervention
Vibe Up Sleep Hygiene is a brief, self-guided sleep 
hygiene intervention including basic elements of stim-
ulus control. Sleep hygiene refers to the set of daily living 
activities that are necessary to maintain good quality sleep 
and full daytime alertness.32

Although there are recognised common determinants 
of poor sleep relating to arousal (eg, caffeine ingestion) 
and sleep organisation (eg, excessive bedtime variation), 
the activities that influence sleep either positively or nega-
tively substantially vary from individual to individual.32 The 
purpose of sleep hygiene education is to help individuals 
identify the specific behaviours and habits that promote 
their own sleep and implement these, while eliminating/
reducing those that disturb sleep.33 For those with sleep 
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Table 1  Interventions

Module Summary of content Format

Mindfulness

Introduction 	► Explanation of mindfulness and its benefits for students.
	► Formal versus informal mindfulness practice.
	► Tuning into the five senses to bring mindful awareness to daily activities.
	► Reducing judgement and increasing self-compassion.

Video

 � 1. Mindful 
breathing

Guided mindfulness practice based on mindful awareness of breathing. Audio, with two voice 
options

 � 2. Unhooking 
from thoughts

Guided mindfulness practice teaching non-judgement towards thoughts, using ‘leaves on a 
stream’ imagery.

Audio, with male/female 
voice options

 � 3. Body scan Guided mindfulness practice based on mindful awareness of body sensations and releasing of 
muscle tension.

Audio, with male/female 
voice options

 � 4. Mindful eating Guided mindfulness practice encouraging the use of all five senses to bring curiosity to everyday 
activities (eating).

Audio, with male/female 
voice options

 � 5. Mindful 
walking

Guided mindfulness practice blending awareness of surrounding environment and bodily 
sensations.

Audio, with male/female 
voice options

Physical activity

Introduction 	► Benefits of physical activity for cognition, mental health and physical health.
	► Australian guidelines for physical activity.
	► Setting realistic goals and benefits of even small change.
	► Tips to increase physical activity:

	– Choosing enjoyable activities
	– Setting goals and tracking progress
	– Being social
	– Increasing step count

Infographic (reading time: 
<5 min)

 � Daily goal setting Participants choose from the following options:
	► Increasing step count
	► 7 min HICT workout
	► Other activity (social sport, gardening, yoga, bike riding, dancing, etc)
	► Rest day

Interactive app cards, with 
informational text tailored 
to the option selected.

 � HICT workout HICT protocol consisting of the following 12 exercises (each performed for 30 s, with 10 s interim 
rest periods):

1.	 Jumping jacks
2.	 Wall sit
3.	 Push up
4.	 Abdominal crunch
5.	 Step up onto a chair
6.	 Squat
7.	 Triceps dip on chair
8.	 Plank
9.	 High knees

10.	 Lunge
11.	 Push-up and rotation
12.	 Side plank

Video (7 min)

Sleep hygiene

 � 1. Why sleep? 	► Recommended hours of sleep per night.
	► Impact of lack of sleep on cognition and emotion.
	► Benefit of sleep for mental health and physical health.
	► Introduction to sleep hygiene.

Infographic

 � 2. Sleep habits 	► Establishing a regular bedtime and wake time.
	► Eliminating (or limiting) naps.
	► Establishing a wind down routine.

Infographic

 � 3. Sleep 
environment

	► Reducing light, noise and temperature disturbance, and ensuring bedding is comfortable.
	► Limiting use of bed to sleep and sex.
	► The impact of electronic devices on sleep; avoiding screens/blue light prior to bedtime, and 
not sleeping with a phone.

	► Get out of bed when unable to sleep for 20 min or more, do something relaxing and return to 
bed when sleepy.

Infographic

 � 4. Daily activities 
for sleep

	► Reducing caffeine, alcohol and nicotine intake; especially close to bedtime.
	► Eating a healthy diet and considering timing of food/fluid intake.
	► Increasing physical activity and avoiding exercise close to bedtime.

Infographic

HICT, high-intensity circuit training.
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problems, stimulus control seeks to reduce anxiety or 
conditioned arousal associated with going to bed.34

The Sleep Hygiene intervention is a programme of 
four infographic-based information modules addressing, 
respectively: the importance of sleep, positive sleep habit 
formation, creating a sleep-promoting environment, 
and how daily activities and diet affect sleep. Modules 
are released in a structured sequence with a 2-day gap 
between each. As each module is released, participants 
are prompted to review its contents and identify prac-
tical ways to apply it to their sleep hygiene practices. 
Once released, participants can access module content as 
frequently as they wish.

Mood tracker active control
The Vibe Up Mood Tracker uses EMA to characterise 
and quantify the individual profiles of dynamic affect 
experience among university students with elevated 
psychological distress. Mood trackers have often 
been used in conjunction with psychological thera-
pies, including mindfulness-based interventions,35 
to help monitor participants’ progress in the treat-
ment. It captures individuals’ subjective experience of 
emotions to inform the changes in the state of mind 
and brain function. Previous research indicates that 
specific rhythms of affect, including ongoing mood 
instability and persistent negative affect, are strongly 
associated with the onset and progress of mental 
health issues such as depression and anxiety disor-
ders.36 37 However, the dynamic change of emotions 
and its corresponding responses are often neglected 
in cross-sectional measurements. The thrive in mobile 
technologies provides a new avenue to detect the 
affect rhythm via real-time self-assessment, known as 
EMA.16 Although it is still debatable whether repeated 
self-assessment itself may alter individuals’ affect 
experience,38 it is generally acknowledged that self-
monitoring has minimal impact on health symptoms 
in the short term,39 40 thus being used as the active 
control in the current study.

The Vibe Up Mood Tracker runs on a blended EMA 
protocol consisting of signal contingent and event-
contingent EMA. For the signal-contingent EMA: two 
daily random prompts will be generated by the study 
app at a random time within two windows: morning 
(08:00–10:00) and evening (19:00–21:00) according 
to the participants’ local time. The participants will 
have up to 60 min to respond to this prompt, with 
a reminder sent after 30 min to those not having 
responded to the initial prompt. For the event-
contingent EMA: The participants will be able to log 
EMA measurements at any time (eg, in response to 
self-identified exposures to negative stressors). If a 
participant initiates an event-contingent recording 
within the 08:00–10:00 or 19:00–21:00 windows, then 
no signal contingent prompt will be generated within 
that window, regardless of whether they complete 
their self-initiated EMA response. Each EMA prompt 

contains questions regarding the current feelings 
(positive affect and negative affect) and likelihood of 
responding to the selected affect(s). Recognising that 
participants may disclose risk information in their 
response, there is an annotation in the app noting 
that ‘We don’t actively monitor responses to this ques-
tion, but help is always available if you need it.’ plus a 
link to support options.

Strategies to promote adherence
A formative user-centred design process was under-
taken to identify potential strategies for promoting 
and sustaining engagement with study interventions 
and tasks. This informed the creation of a simple 
game-like mechanism, based on the evolution of a 
virtual character (Sprout), who slowly progresses 
from infancy to adulthood each day of the mini-
trial. Embedded within the app, simple animations 
representing this evolution are used to provide a 
sense of delight and reward in response to engaging 
with the app (see figure  2). In addition, a limited 
set of text message and email reminders are used 
at points in the study where there are time sensitive 
or mandatory tasks such as installing the study app, 
completing the questionnaires, accessing the inter-
ventions after allocation and deadlines to complete 
these tasks.

Participants who complete the postquestionnaire 
battery will be offered a US$20 electronic gift token and 
will receive a written personalised summary report of the 
measurements taken during the study. Participants who 
additionally complete the follow-up questionnaires (at 
8 weeks postintervention period) will be given the oppor-
tunity to enter a draw to receive one of three US$35 
electronic gift tokens (per mini-trial). The amount of 
electronic gift tokens is not subjective to the EMA compli-
ance rate in the current study.

Outcome measures
Primary outcome measure
Depression, Anxiety and Stress Scale, 21-item version
The primary outcome measure is self-rated psycholog-
ical distress according to the total score on the DASS-21. 
The DASS-21 is a reliable, valid psychometric instru-
ment for the assessment of psychological symptoms via 
self-administration in non-clinical populations.41 The 
DASS-21 asks participants to indicate the extent to which 
each symptom was experienced over the past week, using 
a 4-item rating scale ranging from 0 (‘did not apply to 
me at all’) to 3 (‘applied to me very much, or most of the 
time’). Although consisting of three subscales, addressing 
depressive, anxiety and stress symptoms, their suitability 
as a single-factor distress measure combining all subscale 
items has recently been demonstrated in an adolescent 
population.42 Higher scores indicate higher overall 
distress levels.
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Secondary outcome measures
Modified Physical Activity Vital Sign
The Physical Activity Vital Sign (PAVS) is a two-item clin-
ical screening instrument for assessing the total time 
engaged in moderate to strenuous exercise over the past 
week in adults.43 The instrument has been demonstrated 
to be valid and suitable for rapid assessment of exercise 
behaviour.44 The questionnaire assesses the number of 
days in the past week during which moderate to vigorous 
exercise was undertaken, and the average number of 
minutes engaged in physical activity. This allows the 
calculation of the total minutes engaged in moderate 
to vigorous physical activity per week, and whether the 
participant meets the WHO guidelines of greater than 
150 min per week.

Modified Pittsburgh Sleep Quality Index Item 6
The Pittsburgh Sleep Quality Index (PSQI) is a reliable, 
valid 19-item instrument for assessing sleep quality over 
the previous month in clinical and research popula-
tions.45 To manage participant burden, we will use only 
PSQI item 6 (‘during the past week, how would you rate 
your sleep quality overall?’) modifying this to focus on the 
previous week only (to be consistent with the DASS-21 
and PAVS time horizons). PSQI item 6 uses a 4-level 
Likert scale scoring from 0 (‘very bad’) to 3 (‘very good’).

Bespoke mindfulness measure
The mindfulness literature lacks consensus about optimal 
outcome measures, and measures are often lengthy.46 
Therefore, we used a bespoke single-item question to 

measure mindfulness. Participants were asked ‘mindful-
ness is a practice where you intentionally focus your atten-
tion on what you are experiencing in the present moment, 
with an attitude of openness and non-judgement. During 
the past week, how mindful have you been?’. The ques-
tion’s wording was derived from reviews of existing ques-
tionnaires.47 48 Participants will be asked to indicate their 
response using a 5-level Likert scale from 0 (‘not at all 
mindful’) to 4 (‘extremely mindful’).

Additional measures
The International Positive and Negative Affect Schedule, Short 
Form
The International Positive and Negative Affect Schedule, 
Short Form (I-PANAS-SF)49 is a 10-item scale assessing 
participants’ subjective experience of positive (eg, 
inspired), and negative emotional states (eg, upset, 
afraid). The items were rated on a 5-level Likert scale from 
1 (‘very slightly or not at all’) to 5 (‘extremely’). Subscale 
scores are determined as the sum of item scores, with 
higher scores indicating higher levels of positive or nega-
tive affect. Reflecting on the trial focus on distress, the 
I-PANAS-SF is extended with two distress-focused items 
(feeling hopeless or calm) from the K10 to depict the 
momentary levels of psychological distress. To minimise 
burden, participants will be asked to choose which of the 
12 feelings applied to them at the moment, and then rate 
the intensity of each of the feelings they selected. Non-
selected feelings will be coded as 1 (‘very slightly or not 
at all’). If a participant selected one or more feeling(s), 

Figure 2  Examples of virtual character Sprout evolving.
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they will be asked further bespoke questions on their like-
lihood to do something because of their feelings, using 
a 4-level Likert from 0 (‘highly unlikely’) to 3 (‘highly 
likely’.) If a participant responds 2 (‘likely’) or 3 (‘highly 
likely’), a second question will ask them to describe using 
free text what it is that they are likely to do.

Further additional measures (as seen in table  2) will 
be collected either during screening, preintervention 
or postintervention and used as predictors in models, as 
mediators of intervention effect and in exploratory anal-
yses. These will assess contextual and perception-related 
factors that may influence subjective distress or interven-
tion response, such as the availability of social support, 
socioeconomic status and substance use. They also 
include measures of subjective attitudes concerning the 
likely success of the intervention, readiness for change, 
post hoc perceptions of the interventions and technology 
experience/barriers to use.

Short Warwick Edinburgh Mental Well-being Scale
The seven-item instrument (SWEMWBS) is an abbre-
viated version of the Short Warwick Edinburgh Mental 
Well-being Scale, originally designed to assess general 
mental well-being in adult populations.50 Although 
SWEMWBS provides less coverage of hedonic well-being 
and affect, it is sensitive to psychological well-being, has 
robust measurement properties and is explicitly recom-
mended for general population monitoring.51 Partici-
pants are asked to rate a series of statements concerning 
experiences and attitudes over the past 2 weeks (eg, ‘I’ve 
been feeling optimistic about the future’) using a 5-level 
Likert scale ranging from 1 (‘none of the time’) to 5 (‘all 
of the time’). A total score is derived by summing item 
scores and transforming using a published lookup table51 
with higher scores indicating higher positive mental 
well-being.

Multidimensional Scale of Perceived Social Support
The Multidimensional Scale of Perceived Social Support 
is a 12-item reliable instrument with moderate construct 
validity, which asks participants to rate 12 statements 
concerning support available from a 3-factor structure 
of friends, family and significant others (eg, ‘There is 
a special person who is around when I am in need.’52). 
Participants are asked to indicate agreement with each 
statement using a 7-level Likert scale from 1 (‘very 
strongly disagree’) to 7 (‘very strongly agree’). A total 
score is generated as the arithmetic mean of item scores, 
with a higher score indicating greater levels of perceived 
support. Subscale scores can be generated for each of the 
three factors but will not be used in this trial.

Subjective Socioeconomic Status Scale
The Subjective Socioeconomic Status Scale is a simple 
self-anchoring scale that uses a visual metaphor of 
status—an image of a 10-rung ladder—and asks partic-
ipants to locate their perceived position on the rungs. 
The top of the ladder is explained as representing those 

who ‘are the best off’, having ‘the most money, the most 
education and the most respected jobs’ while the bottom 
represents the opposite. The scale yields a score from 1 to 
10 inclusive where 10 represents higher perceived socio-
economic status. Subjective socioeconomic status is better 
correlated than objective measures (such as income) with 
psychological variables such as stress, negative affect and 
coping.53

National Institute on Drug Abuse Quick Screen drug screening tool
The US National Institute on Drug Abuse (NIDA) Quick 
Screen is a four-item instrument54 adapted from a single 
question screening tool for drug use in primary care.55 
The original instrument asks for the number of times that 
any drug has been used in the past year, while the NIDA 
tool asks the question separately for binge use of alcohol, 
any use of tobacco products, prescription drugs being 
used for non-medical reasons and any use of illegal drugs. 
Binge use is defined as five or more drinks in 1 day for 
males or four or more for females. Participants are asked 
to respond using a five-item scale from: ‘never’, ‘once or 
twice’, ‘monthly’, ‘weekly’ or ‘daily or almost daily’.

Credibility and Expectancy Questionnaire Items 1 and 6
The Credibility and Expectancy Questionnaire (CEQ) 
is a reliable six-item scale assessing two cognitive factors 
concerning belief in an intervention (credibility) and 
expectation of benefit from its use (expectancy).56 
Expectancy appears to be associated with observed 
outcomes in intervention research.56 57 To manage partic-
ipant burden, we will use a single CEQ item to assess 
each of the factors. Item 1 loads on credibility (‘How 
logical does the therapy offered to you seem?’) and is 
rated with a 9-level Likert from 1 (‘not at all logical’) 
to 9 (‘very logical’). Item 6 assesses expectancy (‘How 
much improvement in your symptoms do you really feel 
will occur?’) and is rated using an 11-level numeric score 
from 0% to 100% in 10% increments. Each factor will be 
evaluated separately.

Revised University of Rhode Island Change Assessment Scale 
Items 19, 24–26, 29 and 30
The Revised University of Rhode Island Change Assess-
ment (URICA) scale is a 32-item scale originally intended 
to assess readiness for change during psychotherapy.58 
The trial will assess three factors identified in the orig-
inal scale that are relevant before starting a new treat-
ment: seeking assistance, ambivalence towards change 
and taking action, by selecting the two URICA items for 
each factor that accounted for the highest proportion of 
variance explained in the original study (items 19 and 24 
for seeking assistance; items 26 and 29 for ambivalence 
towards change; and items 25 and 30 for taking action). 
Each item is a statement relating to change readiness 
in the current moment (eg, ‘I wish I had more ideas on 
how to solve my problems.’) and is scored using a 5-level 
Likert scale from 1 (‘strongly disagree’) to 5 (‘strongly 
agree’). Items 26 and 29 are reverse scored. A total score 
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is generated by summing the scores with higher scores 
indicating greater change readiness.

Health economic evaluation measures
Additional measures will be collected for an economic 
evaluation using a health system and societal perspective. 
This will include measuring health outcomes and health-
care costs, along with changes in resource use outside the 
healthcare system. This trial will include an evaluation of 
productivity changes to capture whether improvements in 
psychological distress due to the interventions impacted 
workforce participation.

EuroQol 5-Dimension 5-Level
The EuroQol 5-Dimension 5-Level (EQ-5D-5L) is a generic 
preference-based health-related quality of life tool used 
to estimate quality of life and to undertake cost–utility 
analysis.59–61 It has five descriptive dimensions, including 
mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression.62 Each dimension has five levels, 
including no problems, slight problems, moderate prob-
lems, severe problems and extreme problems. Responses 
to the EQ-5D-5L will be captured at screening and 8-week 
follow-up, and converted into utilities using an algo-
rithm derived from the Australian general population.63 
Quality-adjusted life-years (QALYs) for each participant 
will be estimated by using estimates of utilities and the 
area-under-the-curve method.64

Recovering Quality of Life-10
Recovering Quality of Life (ReQoL) 1065 is a preference-
based health-related quality of life tool used to estimate 
quality of life for people with mental health conditions. 
It has been developed to be more sensitive than generic 
preference-based health-related quality of life tools when 
measuring differences in mental health outcomes. It 
contains 10 mental health items and one physical health 
item. Responses to ReQoL-10 are captured at screening 
and 8-week follow-up, and will be converted into utilities 
using an algorithm derived from the UK general popu-
lation. QALYs for each participant will be estimated by 
using estimates of utilities and the area-under-the-curve 
method.

iMTA Productivity Costs Questionnaire
The iMTA Productivity Cost Questionnaire66 is a self-
completed questionnaire that measures health-related 
changes in productivity. Productivity losses related to 
mental ill-health will be measured across three domains, 
including absenteeism, presenteeism and unpaid work.

Use of Mental Health Care Services Questionnaire
The Use of Mental Health Care Services questionnaire 
was developed specifically for this study to collect infor-
mation from trial participants on their use of services 
before and after the interventions. It surveys participants 
to collect information on the number of services used in 
the last 4 weeks across five domains, including hospital 

services, out-of-hospital services, online self-help services, 
community-based services and medicines.

Additional bespoke questionnaires
There are six additional study-specific questionnaires. 
These are provided in online supplemental file 1 and 
are described below. A demographics questionnaire 
will solicit information about gender, sex recorded at 
birth, sexual orientation, Aboriginal and Torres Strait 
Islander status, ethnic origin, and language most used at 
home. A study and employment questionnaire will ask at 
screening about international student status; academic 
performance (reported as current Weighted Average 
Mark or Grade Point Average) and employment in a paid 
job concurrently with studies. During the 2-week inter-
vention period, participants allocated to an active treat-
ment will be asked to complete an intervention-specific 
questionnaire asking how many minutes of, respectively, 
mindfulness, physical activity and sleep they achieved in 
the previous day. In addition, three items are included to 
assess whether participants had prior experience in using 
well-being strategies.

Postintervention, a within-study exposures question-
naire will ask participants to indicate possible disruptions 
over the past 2 weeks that may have affected their ability 
to complete or derive benefit from the intervention in 
four domains: life or routine disruption, negative impacts 
on mental health, positive impacts on mental health 
and problems using the study app. Participants will be 
asked to rate the extent to which they agree with each 
of these domains expressed as a statement (eg, ‘In the 
past 2 weeks, my life or routine was disrupted for some 
reason.’) using a 5-level Likert scale from 1 (‘strongly 
disagree’) to 5 (‘strongly agree’).

Finally, a user experience questionnaire, based on the 
System Usability Scale67 and the mHealth App Usability 
Questionnaire,68 will ask all participants about subjec-
tive perceptions on ease of use, usefulness, satisfaction 
and technology problems using the study app. For those 
allocated to an intervention, they will additionally be 
asked about trust and, separately, novelty of the informa-
tional content of the intervention, the extent to which 
they implemented intervention suggestions in the past 
2 weeks and their intentions to do so in the future. As 
for the within-study exposures questionnaire, all items 
are expressed as statements (eg, ‘I found the app easy to 
use.’) and rated using the same 5-level Likert agreement 
scale.

Digital phenotyping
Passive sensor data will be sampled and collected by the 
app according to either a predetermined frequency or 
change in user activity (eg, change in location or walking 
to running). The passive sensor data collection is contin-
gent on the user granting permissions on both registra-
tion and first launch of the app. These permissions may 
be granted or revoked by the user at their discretion 
throughout the course of the study. These data entail 

 on N
ovem

ber 7, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-066249 on 28 A
pril 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2022-066249
http://bmjopen.bmj.com/


12 Huckvale K, et al. BMJ Open 2023;13:e066249. doi:10.1136/bmjopen-2022-066249

Open access�

information about physical movements (dynamic state) 
of smartphones in space and includes specific data gener-
ated from inertial sensors (accelerometry and gyroscope) 
and from GPS sensors that determine travelled distance, 
geographical location, user activity (eg, walking, running, 
driving, as determined by the device Operating System) 
and step count. These data points can be used to explore 
associations with changes in anxiety, depression and 
stress levels within individuals, and to predict DASS-21 at 
endpoint.

Participants can decline all phenotyping during the 
trial registration process, meaning the app will not record 
any such data during the trial.

Study procedure
We are planning to conduct up to 12 mini-trials. Recruit-
ment into each mini-trial will open 1 week prior to the 
planned start date. Applicants to the study will read the 
electronic online information sheet and consent form 
and provide consent electronically during completion of 
the screening questionnaires on the Qualtrics survey plat-
form. All eligible participants will be invited to install the 
study app via text message.

On installing the study app and registering via Time-
based One-Time Password, participants will be prompted 
to complete baseline questionnaires and start daily 
EMA. All subsequent study procedures will be directed 
via the app. Ten days later, participants will be invited to 
complete the preintervention questionnaire battery and 
on completion, will be automatically allocated to one of 
the three interventions or the active control condition. 
App-generated prompts will guide participants on how to 
commence and subsequently undertake the interventions.

The intervention period will last 2 weeks. Outcomes will 
be measured immediately postintervention and again at 
an 8-week follow-up. After completion of the postinter-
vention measures at 4 weeks, estimates of the intervention 
effect will be used to update the multiarm bandit algo-
rithm in time to perform allocation for the following 
mini-trial. After the postintervention assessments, all 
study interventions will become available for participants 
to use for a maximum period of 8 weeks after the trial 
finishes.

The trial will continue until a significant difference 
can be ascertained between the AI algorithm-estimated 
effect sizes of the most effective, and the second most 
effective interventions (after appropriate adjustment 
for repeated comparisons) within each severity cohort 
(mild, moderate, severe distress). If it is not possible to 
separate our intervention effects in this time, the trial will 
conclude when twelve mini-trials have been conducted. 
The rationale for determining the significant difference 
between the most effective intervention compared with 
the rest is clear. The rationale for establishing which is 
the second-best intervention is based on our view that this 
additional information about effectiveness will be helpful 
clinically and theoretically. First, it offers a second line 
of treatment if a person is unable to undertake the first 

(eg, unable to undertake physical activity) and it provides 
the opportunity to examine contextual factors that might 
impact on the two treatments differentially. In typical 
non-adaptive trials, a series of planned or post hoc anal-
yses are frequently used to compare mean differences 
between different intervention types and compared with 
the control group. Because we seek to detect a significant 
difference between the best intervention and the others, 
and the second best intervention and those remaining, the 
number of mini-trials initiated will be determined by the 
performance of the AI algorithm in learning the differ-
ences in intervention effect between each intervention.

Randomisation/blinding
Computerised allocation will be performed automatically 
for participants who complete the baseline question-
naires. In the first mini-trial, an allocation ratio of 1:1:1:1 
(mindfulness, physical activity, sleep hygiene, EMA 
control) will be used. Subsequent allocation ratios will be 
determined by the multiarm bandit algorithm. There will 
be no minimum per-arm allocation implying that poorly 
performing arms can be dropped. Participants’ group 
allocation will be revealed to them within the app after 
they complete the preintervention questionnaire battery 
(after the EMA period).

Participants and operational staff involved in day-to-day 
participant management will be unblinded because the 
nature of the interventions mean that they cannot easily 
be concealed. All other investigators and trial staff will be 
blinded. Allocation concealment will be guaranteed by 
preventing access by blinded study staff to the computer 
system holding randomisation information; and breaking 
randomisation codes only once primary data analysis is 
complete (or at the request of the data safety monitoring 
board). Intervention allocation codes will be generated 
and retained automatically by the computer system 
performing allocations.

Multiarm bandit algorithm
For the Vibe Up trial, the specified optimisation problem 
is to identify, with the smallest number of mini-trials/
participants, the best performing intervention arm. This 
means that we can reject the null hypothesis that there 
is no difference between the best performing interven-
tion and the other three groups in the preintervention to 
postintervention change scores on the DASS-21 Total. If 
this is successful within 12 mini-trials, the problem will be 
reformulated to try to establish the next best-performing 
intervention within the remaining trials. Assessment of 
whether optimisation goals have been satisfied will be 
made offline as part of interim analyses conducted after 
mini-trials 4, 8 and 12 (outlined in detail below).

The bandit algorithm used in the trial will have the 
following technical properties. Intervention effects will 
be modelled using Gaussian Process regression with zero 
mean function and squared exponential kernel, with 
baseline normalised DASS-21 score as the sole indepen-
dent variable (capturing ‘context’) and within-individual 
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pre-post DASS-21 change score as the dependent vari-
able, treating both as continuous and real valued. Change 
scores will be used here—but not for the main trial anal-
yses—for consistency across models by ensuring that 
a value of 0 implies no effect (this ‘contextual bandit’ 
regression approach will mean that severity-contingent 
effects can also be estimated and compared for the inter-
ventions). After mini-trial one, which will use a fixed allo-
cation probability of 0.25 per arm, an upper confidence 
bound (UCB) acquisition function will be used to deter-
ministically allocate participants to the modelled best-
performing intervention given their baseline DASS-21 
severity level. UCB uses a statistically rigorous scheme to 
balance two goals, exploitation (to maximise allocation 
of apparently ‘good’ intervention arms) and exploration 
(to collect data about all arms to improve our knowledge 
about their goodness).

Sample size
The trial will recruit at least 120 participants in each of up 
to 12 mini-trials. To allow for attrition between screening 
and mini-trial commencement, recruitment for each 
mini-trial will continue until at least 120 individuals have 
been screened eligible. Assuming that up to one-third of 
participants do not respond to the subsequent invitation 
to install the study app and complete baseline question-
naires, this will yield at least 80 participants starting the 
mini-trial (ie, 20 per arm, assuming the mini-trial 1 alloca-
tion ratio of 1:1:1:1). Attrition after baseline of up to 20% 
is allowed, resulting in expected completion of postinter-
vention assessments of 64 (ie, approximately n=16 per 
arm).

Since adaptive trials are usually more sample-efficient 
than fixed trials, we used fixed trials to calculate the total 
sample size, which is expected to serve as an upper bound 
for our adaptive trial. The calculation of the total sample 
size (aggregated over mini-trials) was based on a priori 
effect size for each intervention (obtained from the liter-
ature), the type-1 error rate of 0.05, and a power of 0.8 
under conditions of multiple hypothesis testing.

Statistical analysis and data management
Analysis of primary outcome
For analysis, participants will be categorised into one of 
three clinically relevant severity groups according to their 
baseline DASS-21 total score (following the procedure 
outlined in the DASS manual): normal/mild symptoms, 
moderate symptoms, severe/extremely severe symp-
toms.69 This approach will allow exploration of whether 
the most effective intervention(s) differ according to 
severity.

Mixed model repeated measures analysis of variance70 
will be used to compare the four groups. Analysis of the 
primary endpoint will be based on a modified intention-
to-treat analysis strategy, under the assumption that 
missing data are missing at random: participants must 
have downloaded the app and completed both the base-
line DASS-21 and preintervention DASS-21 assessments to 

be included in the intention-to-treat sample. An uncon-
strained variance–covariance matrix will model within-
individual dependencies. Satterwhaite’s method71 will 
be used to adjust df. For each group, planned contrasts 
will compare the difference in self-reported psycholog-
ical distress from preintervention to postintervention (or 
control period) as measured by the DASS-21 total score 
in each mini-trial. Any required transformation of scores 
to meet distribution assumptions of analysis will be under-
taken with results from transformed data forming the 
basis of judgements of statistical significance. Choice of 
transformation will be made on review of the data from 
the first mini-trial and be used in all severity groups and 
all subsequent mini-trials. A significance level of 0.05 will 
apply to tests conducted in the mini-trials.

Interim analyses
We will conduct interim analyses three times during the 
trial period, after mini-trials 4, 8 and 12, using the full 
available data in the intention-to-treat sample. These anal-
yses will determine whether a particular intervention is 
more effective in reducing distress from preintervention 
to postintervention, relative to the other groups, within 
each clinical severity group (ie, mild, moderate, severe). 
Once an intervention has been found to be the most 
effective within a severity group, it will be removed from 
the list of interventions available for recommendation by 
the optimisation algorithm for the remaining mini-trials. 
This allows the optimiser to focus its allocations for the 
rest of the mini-trials to the remaining interventions (or 
control group).

For example, if the interim analysis reveals that for 
participants with severe distress, the physical activity 
intervention is more effective than the other three groups 
(mindfulness, sleep, EMA), it will be removed from the 
list of possible interventions that participants with severe 
distress can be allocated to in the remaining mini-trials. 
This will enable the optimiser to determine the next best 
intervention for people with severe distress between the 
three remaining groups.

The intention of this approach is that at a future 
interim analysis, comparisons can be made to find the 
second most effective treatment within the severity group. 
The process is repeated until the second-best interven-
tion is identified, and the third most effective and so on. 
Although attempts will be made to rank the effectiveness 
of the four groups from most to least effective within each 
severity cohort, there is no guarantee that the full ranking 
will be complete by the end of the 12 mini-trials.

Comparisons of multiple treatments at multiple time 
points can lead to inflation of type 1 error (false positive) 
rates, which need to be corrected for. To control for type 
1 errors that arise from sequential hypothesis testing, an 
alpha spending function will be applied to distribute the 
type 1 error across the three interim analyses. Various 
spending functions exist such as Pocock, O’Brien-
Fleming, Demets and Lan.72 In our study, we will conduct 
the first hypothesis test at about 33% of the way during 

 on N
ovem

ber 7, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-066249 on 28 A
pril 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/


14 Huckvale K, et al. BMJ Open 2023;13:e066249. doi:10.1136/bmjopen-2022-066249

Open access�

the experiment period (after mini-trial 4), the second at 
about 66% of the way (after mini-trial 8) and the third 
after the final mini-trial (100% of the way through). 
The information fraction for the alpha spending func-
tion is the fraction of participant data so far, compared 
with the expected total number of participants over the 
experimental period. Appropriate adjustments to the 
critical alpha spending p value will be made to ensure 
the cumulative type 1 error is maintained at 0.05. In 
addition, to control the increased type 1 errors due to 
multiple hypothesis tests, we will apply the Benjamini-
Hochberg correction in the critical p values.73 This means 
that the alpha spending p value is adjusted for each of 
the multiple tests. For example, in the first interim test, 
there will be four treatments to compare for each cohort. 
This totals six comparisons (done via t-tests). As such, the 
alpha spending p value for this test is adjusted according 
to the Benjamini-Hochberg method.

At each interim analysis, a multiple hypothesis test is 
conducted (separately for each severity group) to deter-
mine whether, for the currently active interventions, any 
of them is significantly better at improving the DASS 
score than the other groups.

For a treatment to be removed from the list of available 
treatments for the severity group (and be deemed the 
most effective treatment option), it must emerge as signifi-
cantly better (one-sided Welch’s t-test with Satterthwaite-
adjusted df) in pairwise comparisons between it and 
every other active intervention or control group, within 
the cohort. Significance is specified as returning a p value 
less than the critical alpha spending p value (with the 
Benjamini-Hochberg p value adjustment).

Additional analyses
Mixed effect logistic or Poisson regression models will be 
used to assess if baseline psychological distress and suicidal 
thoughts/behaviour are associated with engagement with 
EMA. The effect of time-varying responses to feelings, 
momentary affect and changes in self-reported psycholog-
ical distress and suicidal thoughts and behaviour will also 
be explored using mixed effects regression models. The 
relationship between momentary affect, psychological 
distress, exercise and sleep quality at a given time interval 
will be assessed using mixed effect regression models. 
Descriptive analyses will be used to examine compliance 
and reactivity of the EMA.

Machine learning will be used to analyse digital pheno-
typing data to: (1) explore whether any novel behavioural 
factors predict the study primary endpoint and (2) inves-
tigate within-individual behavioural signals that predict 
individual changes in self-reported distress or affect 
measured using EMA.

Raw data collected from sensors will first be prepro-
cessed and then feature extraction techniques will be 
applied. Parts of these data are high dimensional, such 
as acceleration and angular acceleration, and therefore, 
signal processing techniques will be used to extract low-
level features. The data will then be investigated both 

separately and in conjunction with survey responses and 
EMA results to identify and select an optimal set of vari-
ables for machine learning algorithms. This will allow 
us to develop predictive models of participants’ mental 
health state(s) across various stages of the study.

In terms of economic evaluation of potential benefits 
of running AI-adaptive trials, the expected value of this 
methodology is the potential reduction in the probability 
of making a wrong funding decision (ie, the interven-
tion is not the most cost-effective intervention) multi-
plied by the average consequence of being ‘wrong’ (ie, 
how resources may be better allocated). This benefit is 
compared with the cost of the trial itself. If the expected 
benefit exceeds the expected cost, then there is a net gain 
to using the AI-adaptive trial.

A VoI analysis will be used to estimate if the bandit-based 
adaptive trial represents better value than conducting a 
traditional RCT.74 This will be conducted ex ante to assess 
whether conducting the AI-adaptive trial would be more 
valuable compared with an RCT before it is conducted, 
and ex post to assess whether the AI-adaptive trial was 
more valuable in terms of reducing the need for further 
research compared with an RCT.

The primary challenge with this economic evalua-
tion is that a traditional RCT is not being run alongside 
the AI-adaptive trial, so the uncertainty reduction in 
the intervention rankings and differences in trial costs 
cannot be directly compared. For the ex ante VoI, the 
mean and uncertainty (SEs) surrounding the estimates of 
QALYs and costs experienced with each intervention and 
trial design will be estimated using reported intervention 
effectiveness in the published literature, combined with 
estimates of the sample size required to conduct an RCT 
to show significant differences in the treatment effects 
between interventions. For the AI-adaptive trial ex post 
analysis, the mean and uncertainty surrounding the esti-
mates of the mean QALYs and costs experienced with each 
intervention will be based on the results of the AI-adap-
tive trial. For the RCT ex post analysis, the expected mean 
and uncertainty surrounding the estimates of the mean 
QALYs and costs that would have been experienced using 
a traditional RCT will be estimated using data collected in 
the first mini-trial.

Costs will include those associated with developing the 
AI-adaptive trial algorithm (for the AI-adaptive trial arm 
only), analysis, participant recruitment, app dissemina-
tion, app maintenance and hosting, students’ produc-
tivity, students’ mental healthcare services use and the 
time of participants using the app.

The expected value of perfect information (EVPI), 
expected value of sample information (EVSI) and 
expected net benefit of sampling (ENBS) would be esti-
mated using analytical methods.72 75 76 A willingness-to-pay 
threshold of US$50 000/QALY gained will be assumed.77 
We will estimate the population size that may benefit 
from the app based on the inclusion criteria. The VoI 
will be conducted on a time horizon according to the 
assumed life expectancy of the intervention based on 
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estimates of the duration of time until the app needs to 
be redeveloped.

If the EVPI is inferior to the potential cost of research, 
then there is no value in conducting new research, and 
the VoI analysis can stop. If the EVPI is superior to the 
research costs, then EVSI will be estimated and compared 
with the trial costs to compute the ENBS for the AI-adap-
tive trial and the hypothetical RCT. If the ENBS from a 
traditional RCT is estimated to be less than the ENBS for 
the AI-adaptive trial, the latter will have produced a net 
societal gain, supporting evidence for its use.78

Data management
All trial data will be collected electronically using online 
questionnaire software and the Vibe Up app, which will 
transfer collected data automatically to a cloud database. 
To avoid accruing data plan costs for participants, data 
will, by default, be transmitted to the research team only 
when each mobile device is connected to a Wi-Fi network. 
To ensure that no data are lost, the app will securely store 
collected data until it has been successfully transmitted 
to the server. After collection, all data will be transferred 
on a scheduled basis by the research team to a secure 
network drive for storage and backup. A combination of 
technical and procedural access controls, documented in 
a research data management plan, will be used to restrict 
access to data and specify the purposes for which it can 
be used. Participant identifiable details, such as contact 
information, will be held separately from other trial data. 
Identifiable information necessary for the administration 
of the study and/or participant safety follow-up, such as 
contact details and participant follow-up records, will be 
accessible only to named members of the research teams 
involved in participant administration/safety responses. 
Identifiable information will not be used for any study 
analysis. On completion of this project, all information 
will be retained for 15 years. Procedures for data archival 
and destruction will follow the then-current UNSW Sydney 
procedures and the Australian Code for the Responsible 
Conduct of Research.79

Ethics, oversight and dissemination
Ethical approval was sought and obtained from the UNSW 
Sydney Human Research Ethics Committee (HREC A, 
HC200466). The trial Sponsor is UNSW Sydney. The 
approved protocol adheres to the Guideline for Good Clin-
ical Practice.17 Please refer to online supplemental file 2 for 
the Participant Information Statement and Consent Form 
(PISCF). The trial is registered with the Australian New 
Zealand Clinical Trials Registry (ACTRN12621001223820). 
Any protocol amendments will be subject to approval by 
the ethics committee and will be recorded in the ANZCTR 
registry. Annual reports of study progress will be submitted to 
the HREC and Sponsor.

The study design and intervention materials were devel-
oped in conjunction with those with lived experience of 
anxiety and depression. The study oversight includes 
a stakeholder and advisory board, which comprises 

psychiatrists, clinicians, lived experience leaders, 
researchers, data scientists and service providers.

A participant safety response procedure was established 
to address potential psychological safety risks, including 
elevated suicidal ideation at initial screening or other 
unprompted disclosures (eg, to the study email account) 
of significant distress. Under the protocol, risk disclo-
sures will be managed by offering a phone call with a 
study clinician and a range of self-referral options, such 
as consulting a general practitioner and links to crisis 
support services. Oversight of any psychological safety 
events, any other adverse events and progress towards 
trial outcomes will be provided by an independent data 
safety monitoring board. The board will meet regu-
larly throughout the trial and is specifically required, if 
necessary, to make recommendations to the sponsor on 
whether to continue, modify or stop the trial.

Access to the full study protocol and associated written 
procedures is available on reasonable request. Details of 
the specific implementation of the bandit algorithm will be 
available on request once the study is complete. Access to 
participant-level data will be subject to the governance proce-
dures of a planned data repository, accessible to researchers 
and non-commercial users, which will contain the data 
arising from this study. Study source code, including that 
of the study app and trial administration platform, is not 
publicly available.

Study findings will be disseminated principally via peer-
reviewed publications in scientific journals and via academic 
conference presentations. Information materials and a 
dissemination programme will be developed to share learn-
ings around bandit-based response adaptive randomisation 
with potential clinical research users. Data used in academic 
outputs and training materials will be in aggregate form only. 
There are no funding-related restrictions on how study infor-
mation can or will be disseminated.
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