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Abstract

Background: Physician burnout is a common problem, with onset frequently occurring during undergraduate education. Early
intervention strategiesthat train medical studentsin psychological flexibility skillscould support well-being and mitigate burnout
risks associated with unmodifiable career stressors. There is a need for randomized controlled trials to assess effectiveness. As
psychological flexibility varies contextually and among individuals, tailoring interventions may improve outcomes. Smartphone
apps can facilitate individualization and accessibility, and the evaluation of this approach is an identified research priority.

Objective: Thisstudy aimed to eval uate the effectiveness of a stand-alone app—delivered A cceptance and Commitment Training
intervention for improving medical students’ self-reported burnout, well-being, psychological flexibility, and psychological
distress outcomes. We aimed to explore whether an individualized app would demonstrate benefits over a nonindividualized
version.

Methods: Thisparallel randomized controlled trial was conducted with asample of medical studentsfrom 2 Australian universities
(N=143). Participants were randomly allocated to 1 of 3 intervention arms (individualized, nonindividualized, and waitlist) using
al:1:1dlocation ratio. Individualized and nonindividualized participants were blinded to group all ocation. The 5-week intervention
included an introductory modul e (stage 1) and on-demand accessto short skill training activities (stage 2), which students accessed
at their own pace. Stage 2 was either nonindividualized or individualized to meet students’ identified psychological flexibility
training needs.

Results: The mean differences in change from baseline between the intervention groups and the waitlist group were not
statistically significant for burnout outcomes: exhaustion (primary; individualized: -0.52, 95% ClI -3.70 to 2.65, P=.75;
nonindividualized: 1.60, 95% ClI -1.84 to 5.03, P=.37), cynicism (individualized: -1.26, 95% Cl| -4.46 to 1.94, P=.44;
nonindividualized: 1.00, 95% Cl —2.45 to 4.46, P=.57), and academic efficacy (individualized: 0.94, 95% CI -0.90t0 2.79, P=.32;
nonindividualized: 2.02, 95% CI 0.02-4.03, P=.05). Following the intervention, theindividualized group demonstrated improved
psychological flexibility (0.50, 95% CI 0.12-0.89; P=.01), reduced inflexibility (0.48, 95% CI -0.92 to —0.04; P=.04), and reduced
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stress (—6.89, 95% CI -12.01 to 5.99; P=.01), and the nonindividualized group demonstrated improved well-being (6.46, 95%
Cl 0.49-12.42; P=.04) and stress (-6.36, 95% Cl —11.90 to —0.83; P=.03) compared with waitlist participants. Between-group
differences for the individualized and nonindividualized arms were not statistically significant. High attrition (75/143, 52.4%)
was observed.

Conclusions: Thistrial provides early support for the potential benefits of Acceptance and Commitment Training for medical
student well-being and psychological outcomes and demonstrates that psychological flexibility and inflexibility can be trained
using asmartphone app. Although postintervention burnout outcomeswere not statistically significant, improvementsin secondary
outcomes could indicate early risk mitigation. Replication studies with larger samples and longer-term follow-up are required,
and future research should focus on improving implementation frameworksto increase engagement and optimize individualization

methods.
Trial Registration:
International Registered Report Identifier (IRRID):

(IMIR Ment Health 2023;10:e42566) doi: 10.2196/42566
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Introduction

Burnout and the Medical Profession

Themedical professionisfacing aburnout crisis[1]. Prevalence
estimates among physicians range between 37% [2] and 80%
[3], and the enduring challenges associated with the COVID-19
pandemic have exacerbated this existing problem [4,5]. Burnout
is a psychological outcome of exposure to work-related stress
characterized by varying degrees of exhaustion (feelings of
overload and depleted emotiona energy), cynicism (detachment,
withdrawal behaviors, and diminished idealism), and inefficacy
(the perception that one's own work performance lacks quality
and value) [6,7]. Although previoudly believed to emerge during
thelater stages of amedical career [8], ahigh global prevalence
among medical students (44.2% [9]) is indicative of earlier
onset. Increasingly, burnout is arising in response to pervasive
imbal ances between medical education stressorsand astudent’s
coping resources, and this can persist throughout an individual’s
professional life [10,11]. Individuals affected by burnout are at
risk of arange of associated outcomes that extend beyond the
work context, including poor physical [6,12] and psychological
health (including diminished well-being [13], depression [14,15],
anxiety [16], and suicide[14,17]). Furthermore, burnout impedes
medical service delivery and productivity through its adverse
impact on work engagement (eg, reduced participation) [18]
and performance (eg, increased medical errors and diminished
quality of patient care [2,15]).

Developing effective strategies to address the problem of
physician burnout and its associated outcomeswas an identified
research priority before the pandemic [1,19], with a particular
emphasis on early intervention strategies that could facilitate
prevention [1,20-22]. However, progress toward this agenda
was disrupted by the emergence of COVID-19, which required
the medical profession to rapidly prioritize and respond to the
ensuing public health crisis, often under conditions of
uncertainty and insufficient resources [4]. The persistent stress
of the pandemic has contributed to an increase in rates of
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physician burnout [23] and declining mental health among
medical students, to the extent that many report reconsidering
their decision to pursueamedical career [24]. Thereare growing
concerns that the potential endurance of these adverse mental
health impacts beyond the pandemic could further diminish the
resilience of the medical workforce and health care systems,
adding to the urgency of identifying and deploying effective
interventions [4].

Adaptive Psychological Skill Training for Medical
Students

Organizational interventions that modify external stressors
within thework or study environment (eg, inadequate resources,
excessive workloads, and time pressures) have demonstrated
benefits [25-27] and are essential to burnout prevention
strategies [28]. However, the pandemic has highlighted that the
modifiability of some of these factors may be limited during
extended periods of crisis when health care resources are
stretched beyond capacity. Medical students in a recent study
reported that pandemic-related stressors contributed to elevated
burnout and diminished mental health, some of which wereless
modifiable under the circumstances (eg, web-based learning
fatigue, restricted opportunities for clinical experience, and
mandatory isolation) than others (eg, quality of web-based
learning) [24,29]. Furthermore, physiciansand medical students
encounter unmodifiable demands inherent to their training and
work, resulting in unavoidable contact with certain risk factors
during the normal course of their careers [8] (eg, academic
pressures, exposure to death and dying [11,30], and role
responsibility [15]).

Psychological and behavioral responsesto demandsand stressors
play arole in burnout development among medical students,
whose risk of burnout is amost doubled when maladaptive
coping patterns are adopted [30-33]. There is recent evidence
suggesting that, in addition to its augmentation of external
stressors, the pandemic has adversely affected medical students
psychological resources for coping with these challenges [24].
Maladaptive coping patterns are unlikely to spontaneously
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improve over time without intervention [34], which may
contribute to theincreasing risk of burnout that medical students
face as they progress through training and into their careers
[8,30,35]. Individual-level interventions have the potentia to
buffer against burnout and other psychological ill health
outcomes by training modifiable cognitive, emotional, and
behavioral skills that can facilitate adaptive responses to
unmodifiable contextual stressors[8,34,36,37]. Thereisgrowing
support for the implementation of such interventions during
undergraduate medical training, which isrecognized asacritical
stage of learning and career preparation [21,38,39]. Physicians
experiencing burnout have proposed that learning self-care
should be prioritized equally with clinical skills during medical
education [40]. By assisting students in developing adaptive
coping repertoires, individual-level interventions can
pre-emptively prepare them to respond to the inevitable stressors
of medical education and future practice in ways that support
their psychological health and well-being [21,38,39]. Thisearly
intervention strategy could offer longer-term benefitsfor burnout
prevention within the medical profession [8,30,31,37,38].

Intervention Model: Psychological Flexibility

Despite the considerable increase in the number of studies
investigating such interventions in recent years, systematic
reviews have highlighted the need for more rigorous studies
identifying which adaptive psychological skill setscan betrained
to produce optimal improvements in burnout and well-being
outcomes among medical students [21,28]. Psychological
flexibility is a set of adaptive cognitive and behavioral skills
that is a promising intervention target [36,41-43]. The
psychological flexibility model encompasses 6 modifiable
flexibility (and corresponding inflexibility) processes:
present-moment awareness (nonawareness of present moment),
experiential acceptance (experiential avoidance), cognitive
defusion (cognitive fusion), self-as-context (self-as-content),
contact with values (lack of contact with values), and committed
action toward values (inaction) [44,45]. When faced with
challenging situations or uncomfortable internal experiences,
individuals who are high in psychological flexibility tend to
respond in waysthat are effectivein the moment and supportive
of their broader well-being [46,47], including bringing
conscious awareness and openness to the conditions of their
present-moment experiences and purposefully committing to
effective actions that align with personally held values [44].
Conversely, psychological inflexibility manifests as behavioral
rigidity in response to interna (eg, thoughts, emotions, and
physical sensations) experiences, which can have an adverse
impact on an individual’s capacity to adapt and function in
psychologically healthy ways [44]. An individual can learn to
improve their psychological flexibility skills using a range of
intervention approaches, including Acceptance and Commitment
Training (ACT) [48,49]. Rather than focusing on directly
modifying psychologica symptoms, ACT ams to increase
psychological flexibility and decrease psychological inflexibility
processes in the service of expanding adaptive, values-based
behavioral repertoires[44]. This can alter the way in which an
individual responds to stressful experiences, producing
secondary benefits across a wide range of psychological and
organizational variables [49-51].
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Within the broader literature, psychological flexibility is
associated with well-being [52,53] and has been shown to
protect against burnout and adverse mental health outcomesin
stressful situations[42,47,52] (including depression and anxiety
[51]). Interventions that train individuals to develop and
strengthen their psychological flexibility skills are effectivein
reducing work-related stress and burnout severity [36,41,54-57]
and improving well-being [36,41,43]. Mediation studies
demonstrate that ACT interventions exert their beneficial
impacts on burnout and well-being by improving anindividual’s
psychological flexibility [36], suggesting that this skill setisa
mechanism of changefor these outcomes. In alongitudina ACT
intervention study, improvements in psychological flexibility
mediated reductions in exhaustion [42], and this prevented the
later development of cynicism [42]. Thisisan important finding
with respect to the potential burnout prevention benefits of
psychological flexibility training among medical students, for
whom exhaustion isthe most prevalent factor and is considered
afoundational manifestation of burnout [2,9].

Thereisearly evidence suggesting that psychological flexibility
skills may function as important persona resources in the
medical profession [31]. Low psychological flexibility is
associated with burnout risk among medical students, physicians
[58], and resident physicians[59]. Medical studentswho report
low psychological flexibility aso demonstrate diminished
satisfaction with life and greater persona distress when seeing
others in harm, which may increase burnout risk during their
careers[31]. Furthermore, burnout risk ishigher among medical
students who engage in experiential avoidance [11,32] or
non—values-based actions[60]. Conversaly, higher psychological
flexibility was recently found to predict lower burnout among
medical students and physicians during the pandemic [58].
There is minimal research examining the benefits of
psychological flexibility skill training interventions for medical
students. A recent study found that distressed medical students
who completed ACT training as a requirement of their
undergraduate medical curriculum demonstrated improved
burnout outcomes, but this study did not include a control group
[61]. A smal semiexperimenta study demonstrated
improvements in well-being and psychological distress among
female medical students in Iran following completion of an
ACT intervention [62]. Further rigorous efficacy studies are
needed to evaluate whether training medical students in
psychological flexibility skills improves burnout and
psychological well-being outcomes.

App-Based I ntervention Delivery

Accessibility

A recent systematic review of individual resource-building
interventions for medical students highlighted the need for
research eval uating the effectiveness of nontraditional delivery
methods such as smartphone apps [21]. As medical students
use smartphones frequently [63], stand-alone app—delivered
interventions have the potential for cost-effective scalability
[39,64] and can offset known accessibility barriersby providing
anonymous and private access to medical students concerned

about mental health stigma [11,32,64]. Stand-alone apps offer
accessibility intimeswhen face-to-face ddlivery isnot an option,
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such asduring pandemic-related lockdowns [65], and can deliver
brief training components at convenient times for those with
busy schedules[64,66]. Psychological skill generalization may
also be enhanced because of the accessibility of training
opportunities in everyday life situations [67]. However,
feasibility trials of app-based psychological interventions for
medical students also indicate that maintaining engagement in
this accessible medium can be challenging [63,68].

Individualization

App technol ogies have been identified asimportant to advance
key research priorities within the psychological flexibility
literature because of their potential to facilitate methodol ogies
that accommodate individual heterogeneity and enhance
intervention precision [69]. Although the benefits of ACT have
been assessed in >1000 randomized controlled trials (RCTS)
[50Q], traditional approaches evaluating the effectiveness of
generic interventions by comparing aggregated group data are
limiting as they overlook important information regarding
individual differencesin training needs and outcomes [69-71].
Generalized deployment of interventions found to be effective
at the group level is likely to result in some individuals not
receiving the type or amount of training they need and others
receiving more than necessary [57,70]. With respect to
psychological flexibility processes, research suggests that
individuals might require training in different skills at different
times and in different situations [45]. Although high
psychological flexibility is often associated with low
psychological inflexibility (and vice versa), several distinct and
more complex profiles have recently been observed [46],
indicating that flexibility and inflexibility processes do not
necessarily exist at opposite ends of a spectrum but may vary
temporally and contextually within individuals[45,46,72]. Thus,
thereisagrowing focus on individualized approaches in which
intervention decisions are driven by an individual participant’s
identified needs and skill deficits in varying moments and
contexts [69,70]. Apps have the potential to facilitate both the
real-time ecol ogical momentary assessment (EMA) [69] of these
needs in a participant’s everyday life and the targeted delivery
of just-in-time adaptive intervention componentsthat align with
these needs [73]. Importantly, as an individualized approach
adjustsfor heterogeneity at theintervention level, an RCT study
design can be used to assess its treatment utility over a
nonindividualized approach [70].

As ACT is atheory-driven intervention with practical training
componentsthat have clear functional linksto the corresponding
core process within the psychological flexibility model
[44,48,74], it is well suited to individualized delivery via an
app [75]. Levin et a [75] demonstrated asimple EMA strategy
for identifying a participant’s present-moment psychological
flexibility training needs, involving a brief subjective assessment
of which process an individual felt they were experiencing the
most difficulty with each time they accessed an app-delivered
ACT intervention. This information was used to individualize
the training by delivering a practical ACT skill activity that
aligned with the identified psychological flexibility process at
that moment. Using a3-arm RCT, the researchers demonstrated
that, compared with a nonindividualized ACT app and a
nontreatment group, university students who engaged with the
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individualized app demonstrated statistically significantly greater
improvements in psychological distress and well-being.
Empirical evaluation of individualized ACT interventionsisin
its early stages, and more research is needed to examine
effectiveness and advance the devel opment of individualization
methodologies [69,75,76]. To date, no studies have examined
the potential burnout and well-being benefits of training medical
studentsin psychological flexibility skills using individualized
or nonindividualized ACT apps.

Study Aims

The aim of this RCT was to evauate the effectiveness of an
app-delivered ACT intervention for medical students with
respect to burnout (exhaustion [primary outcome], cynicism,
and academic efficacy), well-being, and psychol ogical flexibility
and inflexibility outcomes. We hypothesized that medical
students who engaged with either an individualized or
nonindividualized version of the ACT app would demonstrate
greater postintervention improvements in outcomes than those
inawaitlist group and that intervention effects would be greater
for the individualized group than for the nonindividualized
group. We aimed to examine whether any observed
postintervention improvementsin burnout or well-being would
be mediated by improvements in psychological flexibility and
inflexibility. Furthermore, we aimed to explore whether
engaging in either version of the ACT app would improve other
relevant secondary psychological outcomes (stress, depression,
and anxiety).

Methods

Ethics Approval

Ethics approval for this study was granted by the University of
Newcastle Human Research Ethics Committee on January 21,
2021 (approval 1D: H-2020-0311), and ratified by the University
of New England Human Research Ethics Committee on
February 11, 2021.

Trial Design

Thisstudy wasa3-arm, paralel RCT of a2-stage psychological
flexibility skill training app for medical student burnout and
well-being. Randomization was performed within the app using
a 1:1:1 alocation ratio and a simple randomization procedure
where each student had a 1 in 3 chance of allocation to each
intervention arm (individualized intervention, nonindividualized
intervention, and waiting list). The inclusion of the
nonindividualized group was an important element of this
research design as it provided a generic ACT intervention
control condition against which to eval uate the potential relative
benefits (or “treatment utility” [70]) of the individuaized
approach adopted [75]. The functional limitations of the app
meant that it was not possible to stratify randomization by
participant baseline characteristics. Allocation was blinded for
partici pants assigned to the individualized and nonindividualized
intervention groups. Blinding was not possible for the waitlist
group.
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Recruitment and Study Setting

Recruitment was conducted for 6 weeks during August 2021
and September 2021 (refer to Figure 1 for the participant flow
diagram). This unintentionally coincided with a mandated
lockdown because of a regional COVID-19 outbreak. The
sampling frame was students enrolled in first, second, fourth,
and fifth years of the Joint Medical Program (JMP) at the

Ditton et al

University of Newcastle or the University of New England,
Australia (N=778). During the first and second years of the
JMP, students predominantly engage in in-class academic
learning, whereas the fourth and fifth years involve a stronger
focus on applied clinical training. Students enrolled in the third
year of the IMP were not invited to participate in this study as
they had previously taken part in afeasibility trial of the app.

Figure 1. Participant flow diagram. I1: individualized intervention; NI: nonindividualized intervention; WL : waiting list.

Study information disseminated to sampling frame via university digital
communication channels (including email and web-based classes; N=778)

Y
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Students were invited to participate in a trial to assess the
efficacy of a psychological flexibility skill training app for
well-being and burnout prevention. An invitation email was
sent to students’ university accountsfrom aJM P administrative
account approximately every 2 weeks during the recruitment
period, and a member of the research team aso delivered a
verbal invitation at the end of web-based classes. Studentswere
provided with aURL and QR code that gave them accessto the
enrollment website (located on a secure web-based survey and
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database platform, REDCap [ Research Electronic Data Capture;
Vanderbilt University] [77,78], hosted a Hunter Medical
Research Institute) during the recruitment period.

Students who accessed the enrollment website were assessed
for eligibility and were eligiblefor inclusion if they had regular
accessto areliableinternet connection and an electronic device
compatible with app use (smartphone or tablet). There were no
ineligibility criteria. Participation was voluntary, confidential,
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and independent of students’ academic programs. Studentswere
required to read a participant information statement before
deciding whether to enroll in the study. This included
information about the purpose of the study, time required to
complete outcome measures (approximately 10 minutesat each
time point), intervention and study flow, privacy and data
storage, and withdrawal processes. Students who elected to
participate registered their consent through an e-consent process.
Following completion of a brief self-report demographic
assessment  (baseline participant characteristics), enrolled
students were provided with links to download the app viathe
Play Store (Android) and App Store (Apple). The app was
password-protected to ensure that only study participants had
access to the outcome measures (closed surveys) and
intervention.

Data Privacy

To ensure the privacy and anonymity of participant data, 2
password-protected databases were used to store personal and
demographic information (in an identifiable *“Participant
Information Database”) separately from the outcome data (stored
in an anonymous “Study Database’). Outcome data were
deidentified, with participant ID used as a linkage key. Only
the lead author had access to the participant information
database. Members of the research team did not have accessto
identifying participant information. To protect privacy while
using the app, studentsinput their unique participant ID astheir
username when registering and accessing their account.

Procedures

Overview

The study period for each participant commenced when they
downloaded the app and registered their account. All further
assessment, intervention, and data collection procedures were
conducted within the app, which students accessed
independently during the study period. The intervention and
assessment components were resumable, allowing students to
engage with the app at their own pace. Participants first
completed baseline psychological outcome measures followed
by abrief (10 minutes) onboarding session, which outlined how
to use the app and introduced psychologica flexibility as an
adaptive behavioral skill set that could help students do what
is important to them while effectively navigating life's
challenges. Students were then randomized into 1 of the 3
intervention arms, after which the app was programmed to
deliver the intervention pathway associated with their group
alocation. The individualized and nonindividualized groups
were given access to the psychological flexibility training
intervention via the app for 5 weeks. For students assigned to
thewaiting list, accessto app content was disabled for 5 weeks.
After the study period, al 3 groups were asked to complete the
postintervention outcome measures. Upon completion, waitlist
participants were given access to the individualized version of
the app, and intervention group participants were given
continued access to their allocated version. All students who
completed the postintervention outcome measures were given
an Aus $30 (US $20.70) digital gift voucher to acknowledge
the time commitment involved in participation.
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The 5-week intervention duration was set in consultation with
the participating medical schools. This provided students with
the opportunity to participate in the study during the semester
while reducing participation burden by ensuring that thetiming
of outcome measures did not correspond with critical assessment
periods. This duration was considered appropriate as Levin et
al [75] observed intervention effects for a similar 4-week
program, and feasibility trialing of the current app demonstrated
that medical students engaged most frequently during the early
weeks of access [68].

I ntervention

Overview

The intervention was an ACT-based psychological flexibility
[44] training program delivered via a smartphone app (“BiSi:
Build it. Sustain it.") created for this study. A more detailed
protocol for this study is available elsewhere [79]. BiSi was
developed by clinica psychologists (ED and BK) with extensive
experience in the psychological flexibility model and involved
the adaptation of existing ACT concepts and training activities
to suit the app-based context and target participant group. The
intervention was delivered in 2 stages.

Stage 1. Learn the Concepts (I ntroductory Module)

Stage 1 involved the delivery of an introductory module (“Learn
the Concepts’), which was identical for the individualized and
nonindividualized groups. The purpose of the module was to
familiarize students with the psychological flexibility model
and its potential benefits and provide a conceptual framework
for understanding the stage 2 experiential skill training activities.
Students could compl ete the modul e over multiple sittings (total
completion time of approximately 60 minutes depending on
individual pace). The module comprised 7 sections (<10 min
each) presented in a fixed order. Students were required to
complete each section before progressing to the next. Section
1 provided psychoeducation about burnout (focusing on
destigmatizing burnout-related experiences and how to recognize
the signs) and well-being (including the importance of choosing
actions that involve the consideration of personal well-being).
Sections 2 to 7 provided education about each psychological
flexibility and inflexibility process and outlined how
psychological flexibility skills could beimplemented to support
well-being and protect against burnout. Although the module
was primarily conceptual, experiential components encouraged
self-reflection and provided opportunitiesto practice each skill
set (eg, personal valuesidentification, mindfulness, experiential
acceptance, thought defusion, perspective shifting, and
values-based goal setting). Written and audio versions of the
psychoeducational content were provided, along with
accompanying images. Some skill activities were presented in
either written or audio format depending on which trandlated
best to the app-based delivery mode. Completion of the stage
1 introductory module unlocked students’ accessto the stage 2
on-demand skill-training dashboard.

Stage 2: Learn the Behaviors (On-Demand Skill Training)

Stage 2 provided access to a library of short (3 to 8 minutes)
experiential psychological flexibility skill activitiesthat students
could practice at any time (on demand). Each of the 6
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psychological flexibility processes had its own dashboard where
all ACT training activities for that skill set were displayed on
alist (20 activities per process, 120 in total). Although most
activities were presented in audio format with accompanying
images, some included written components and items that
required the user to input a response.

During stage 2, students from both intervention groups were
presented with a main dashboard (home screen) each time they
opened the app. To access the psychological flexibility skill
activities, students selected “ Practice a Skill” on the home screen
and were presented with asingle-item EMA screening question
(“Which of the following are you having the most difficulty
with today?’) to identify which psychological flexibility skill
set might be most relevant to their training needs on that
occasion (adapted from Levin et a [75]). Students selected 1
of 6 response options, each of which corresponded to one of
the 6 psychological flexibility processes: “ Struggling with your
feelings’ (acceptance), “Unable to do what matters to you”
(committed action), “ Stuck in your thoughts® (defusion), “ Stuck
in autopilot or struggling to stay in the present moment”
(present-moment awareness), “Disconnected from a sense of
meaning or purpose” (values), and “ Stuck in stories about who
you are or who you should be” (self-as-context).

The EMA screening question was used to tailor theintervention
to the training needs of students in the individualized group.
Upon completion of the screening question, participantsin the
individualized group were presented with the dashboard
corresponding to the psychological flexibility skill set they had
identified as having the most difficulty with on that occasion
(eg, if a student reported feeling disconnected from a sense of
meaning or purpose, the app displayed the values dashboard).
This allowed students in the individualized group to practice a
skill targeted to the area of identified need each time they
accessed the app. For the nonindividualized group, students
responses to the screening question had no impact on the skill
set in which they received training. After responding to the
screening question, students in the nonindividualized group
were presented with 1 of the 6 psychologica flexibility
dashboards at random (simpl e randomi zation; each process had
an equal chance of selection). Studentswereinformed that there
were 2 intervention groups and that the only difference wasthe
way inwhich skill activities were selected for them by the app.

Once students were given access to a psychological flexibility
dashboard, they could practice any activity from that skill set,
either by choosing from thelist or by allowing the app to select
for them. The latter involved a simple randomization process
where each activity had an equal chance of selection (1 in 20).
Upon completion of an activity, students had the option to
complete another within the same psychological flexibility skill
set. If they selected “yes,” these steps were repeated until the
participant elected to discontinue.

The version of BiSi implemented in this study incorporated
medical student feedback from a small feasibility trial of the
app [68] with the aim of enhancing intervention relevance and
engagement. Thisincluded clear explanations of what to expect
during each stage of the intervention, providing progress
indicatorsfor al app components, providing earlier opportunities
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for personally relevant experiential learning and self-reflection
(during stage 1), and delivering content in both written and
audio formats where practical (during stage 1). We aso
introduced positive reinforcement components that were
delivered after students completed certain activitiesor acertain
number of activities (eg, achievement badges and experience
points). Students were asked to complete aminimum of 4 stage
2 skill activities but were also encouraged to optimize skill
learning by practicing more regularly. Students were sent
remindersto use the app at 6 PM each day. This frequency and
time were based on feedback from the feasibility trial. Although
reminderswereintended to be delivered using push notifications
as per medical students’ reported preferences, this function did
not operate as intended during the study, and reminders were
sent by email instead.

Outcome M easures

Psychological Outcome Measures

Overview

Self-report psychological outcome measureswere administered
at 2 time points; baseline (collected before randomization) and
postintervention measurement (collected 5 weeks after
randomization). The outcome measures were presented in the
order of the following sections. Participants were required to
provide aresponse to each item before progressing to the next.
Owing to the limitations of the app, participants could not alter
their responses once submitted.

Burnout

Exhaustion was selected as the primary outcome for this study
as it is the most prevalent factor among medical students [9]
and physicians [2] and early improvements in exhaustion
following an ACT intervention may prevent the future
development of other burnout factors (cynicism) [42]. Cynicism
and academic efficacy were assessed as secondary burnout
outcomes. The Maslach Burnout Inventory [80] isavalid [81],
gold-standard [82] measure of the 3-factor burnout model. Of
theversionsavailable, the General Survey for Students (MBI-GS
[S]) [80,81] was the most appropriate for the medical student
cohort. The 16-item self-report questionnaire assessesthe degree
to which students are experiencing each factor using a 7-point
Likert scaleranging from O (“never”) to 6 (“every day”). Higher
total scoresfor exhaustion and cynicism and lower total scores
for academic efficacy are indicative of higher frequencies of
burnout-related experiences. The reliability of the MBI-GS (S)
has been demonstrated among medical students[66,83]. In this
study, internal consistency was excellent for exhaustion
(Cronbach a=.90) and good for cynicism (Cronbach a=.83)
and academic efficacy (Cronbach a=.83). Iltemswere presented
in consecutive order, with 1 item displayed per app screen (18
screens, including introductory text).

Well-being

WEell-being was measured as a secondary outcome using the
Mental Health Continuum-Short Form [84], which assesses
self-reported hedonic (ie, feeling good) and eudaimonic (ie,
functioning well) aspects of well-being [85]. Participants rate

the frequency of 14 well-being experiences during the previous
month using a 6-point Likert scale ranging from O (“never”) to
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5 (“every day”). Total well-being is estimated by summing all
scaleitems. Higher scoresreflect higher overall well-being. The
scale has demonstrated validity [84,85], reliability [85,86], and
sensitivity to change in web-based intervention studies [87].
Internal consistency was excellent in our sample (Cronbach
0=.92). Items were presented in consecutive order, with 1 item
displayed per app screen (15 screens, including introductory
text).

Psychological Flexibility and I nflexibility
TheMultidimensiona Psychological Flexibility Inventory—Short
Form [45] was administered to evaluate whether theintervention
improved medical students psychological flexibility and
reduced their psychological inflexibility (secondary outcomes).
This 24-item self-report questionnaire assesses the frequency
of psychological flexibility and psychologica inflexibility
experiences during the previous 2 weeks using a 6-point Likert
scale ranging from 1 (“never true”) to 6 (“always true’). The
scale provides separate average global composite scores for
psychologica flexibility and inflexibility as recent research
suggests that they are related but “conceptualy distinct”
processesthat may have disparate relationshipswith well-being
and psychological distress outcomesand may respond differently
tointerventions [45,46,72]. The scale has demonstrated validity
[72,88] and reliability [88,89] and isresponsive to changes over
time [45]. This study demonstrated good internal consistency
for psychological flexibility (Cronbach a=.87) and inflexibility
(Cronbach a=.87). Items were presented in consecutive order,
with 1 item displayed per app screen (24 screens).

Psychological Distress (Depression, Anxiety, and Stress)
The Depression, Anxiety, and Stress scale-21 [90] is a valid
and reliable [90,91] 21-item self-report questionnaire assessed
using a 4-point Likert scale. The measure provides subscale
scores that estimate the severity of depression, anxiety, and
stress symptoms [90]. We included this measure to explore
whether the ACT intervention improved these secondary
outcomes and evaluate whether these psychological distress
factors affected engagement in the intervention, as has been
observed in previous digital intervention studies [92]. Internal
consistency was excellent for depression (Cronbach a=.90) and
good for anxiety (Cronbach a=.81) and stress (Cronbach 0=.87)
in this study. Items were presented in consecutive order, with
7 items displayed per app screen (3 screens).

I ntervention Engagement Outcomes

Behavioral engagement data and subjective intervention
feedback were collected from participants throughout the study.
Study Attrition

Attrition was defined asformal withdrawal or lossto follow-up
a any stage during the study without completing the
postintervention outcome measures.

Intervention Adherence

Adherence to the individuadlized and nonindividualized
intervention arms was defined as the completion of all stage 1
components and engagement in at least 4 skill activities during
stage 2. This level of adherence provided students with the
opportunity to learn about and practice each of the psychological
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flexibility processes (stage 1) and practicethe skillsafew times
in their everyday lives (stage 2).

I ntervention Feedback

Students were invited to submit feedback on their experience
of using the app via aform presented halfway through stage 1.
The feedback form was al so accessible viathe main dashboard.
During stage 2, participants rated whether they liked each skill
activity they practiced using a single-item binary measure
(thumbs up [like] or thumbs down [dislike] icon) [93].
Participants were invited to report concerns or harms
experienced during the study using contact links provided within
the app and viaemail communication (eg, daily reminders).

Data Analysis

Power Analysis

R (statistical computing package; R Foundation for Statistical
Computing) was used to calculate the standard power for a
2-tailed independent-samplet test for between-group differences
not accounting for repeated measures. This was considered a
conservative choice as reliable within-person correlation
information needed for power based on amixed model was not
avallable. This analysis indicated that a sample of 117
participants would provide sufficient power (80%) to detect a
clinically meaningful effect size (SD 0.65) between either
intervention arm and the control arm in the primary outcome
(exhaustion), measured using the MBI-GS (S), with a type-|
error rate of 5%. We aimed to recruit up to 153 participants to
provide a 30% margin for attrition.

Participant Psychological Characteristics at Baseline

Average participant psychological characteristics at baseline
were compared with reference samples (including other medical
student or general population samplesfrom previoudy published
studies) using single-samplet tests.

I ntervention Effects

Thisstudy adopted an intention-to-treat analysis, which included
data collected from all participants randomized into a study
group. Each participant’s datawere analyzed based on the study
group to which they were randomized irrespective of their
degree of intervention engagement or whether they met the
adherence criteria. This approach maintains randomization
benefits and minimizes biaswhen assessing intervention efficacy
[94].

Differences between the intervention arms were assessed using
linear mixed regression models for primary (exhaustion) and
secondary  (cynicism, academic efficacy, well-being,
psychological flexibility and inflexibility, depression, anxiety,
and stress) outcomes. A separate model was estimated for each
outcome variable. The modelsincluded fixed categorical effects
for time (baseline as the referent), intervention group, the
interaction between intervention and time, and self-reported
baseline participant characteristics that were imbalanced after
randomization (ie, gender and whether students were studying
medicine as their first career [“first career”]). The model
included arandom participant-specific intercept to account for
the repeated measures for each participant. The adjusted
difference between the intervention groupsin mean change from
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baseline to postintervention measurement is presented, as well
asthewithin-group change from baseline, 95% Cl's, and 2-tailed
P values. Model assumptions were assessed by inspecting
residual plots. For outcomesthat violated modeling assumptions
(ie, demonstrated nonnormality of residuals or nonconstant
variance), a robust linear mixed-effects model was estimated,
with the same fixed and random effects as the previous models.

To control for elevated type-l errors arising from having 2
primary contrasts of interest (each intervention vs control), we
followed a hierarchical testing procedure for the primary
outcome (exhaustion) where the less intensive intervention
(nonindividualized) would only be declared to be significantly
different from the control (at a5% significancethreshold) if the
more intensive intervention (individualized) was statistically
significantly different from the control at a 5% significance
level. All other analyses were exploratory. We note that the
study was not powered to directly compare the individualized
and nonindividualized intervention arms.

Mediation Analyses

We planned to conduct mediation analyses to assess whether
changes in process outcomes (psychological flexibility and
inflexibility) between baseline and postintervention
measurement mediated changes in psychological outcomes.
However, the observed intervention effects did not support the
implementation of these analyses for reasons outlined in the
Results section.

Study Attrition, I ntervention Adherence, and
Engagement

Baseline participant demographic and psychological
characteristics were compared between (1) those who were lost

https://mental .jmir.org/2023/1/e42566

Ditton et al

to follow-up at any point during the study versus those who
were not and (2) those who met intervention adherence criteria
versus those who did not using chi-square tests for categorical
variables (or the Fisher exact test where cell size was <5) and
independent-sample Student t tests for continuous variables
(Welch t tests used where the assumption of equal variance was
violated). The average rates of engagement during stage 2 were
compared between the individualized and nonindividualized
groups using independent-samplet tests.

Results

Participant Demographics

A total of 143 medical students were enrolled in this study.
Table 1 shows demographic characteristics of the total enrolled
sample and each intervention group. The enrolled participants
were aged between 18 and 51 years (mean 24.0, SD 5.48 years),
and more than haf (88/143, 61.5%) were female. Most
participants were nonindigenous (133/143, 93%) and domestic
students (135/143, 94.4%) and were training in medicine as
their first career (108/143, 75.5%). The average time spent in
the workforce was 5.74 (SD 5.71) years. A substantial
proportion of the enrolled students (122/143, 85.3%) reported
having previously experienced burnout, and 21% (30/143) were
engaging in psychological treatment at the time of the study.
Students rated the quality of their health, diet, and self-care
using a Likert scale ranging from 1 (“very poor”) to 5
(“excellent”). Mean ratings for quality of health (mean 3.72,
SD 0.89) and diet (mean 3.61, SD 0.73) fell between “average’
(3) and “good” (4), whereas mean ratings for self-care (mean
3.19, SD 0.82) were closer to an “average” rating.
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Table 1. Participant demographic characteristics at baseline (by study group allocation and total; N=143).

112 (n=37) NI® (n=36%)

wL9 (n=35) Not allocated (n=35)  Total enrolled

Age (years), mean (SD; range)
Gender, n (%)

23.7 (5.60; 18-46)

Female 26 (70.3) 17 (47.2)

Male 11 (29.7) 18 (50)

Nonbinary 0(0) 0(0)
Enroliment, n (%)

Domestic 35 (94.6) 34(94.4)

I nternational 2(5.4) 1(2.8)
Year of study, n (%)

1 9(24.3) 6(16.7)

2 15 (40.5) 14(38.9)

4 7(18.9) 7(19.4)

5 6 (16.2) 8(22.2)
Indigenous, n (%) 2(5.4) 4(11.1)
First career, n (%) 26 (70.3) 25 (69.4)
Years in the workforce, mean (SD) 5.19 (6.0) 6.54 (5.95)
Previous burnout, n (%) 34 (91.9) 31(86.1)
Current therapy, n (%) 6(16.2) 7 (19.9)
Health rating, mean (SD) 3.62(0.92) 4.00 (0.80)
Diet rating, mean (SD) 3.43(0.87) 3.97 (0.57)
Self-care rating, mean (SD) 3.22(0.82) 3.29 (0.66)

25.4 (5.78; 19-42)

22.1(3.01; 18-31) 24.7 (6.55; 19-51) 24.0 (5.48; 18-51)

23 (65.7) 22 (62.9) 88 (61.5)
9(25.7) 13(37.1) 51(35.7)
3(8.6) 0(0) 3(2.1)

32 (91.4) 34(97.1) 135 (94.4)
3(8.6) 1(2.9) 7(4.9)

11 (31.4) 18 (51.4) 44 (30.8)
7(20) 7(20) 43 (30.1)
8(22.9) 4 (11.4) 26 (18.2)
9(25.7) 6(17.1) 29(20.3)
0(0) 4 (11.4) 10(7)

32 (91.4) 25 (71.4) 108 (75.5)
3.91(3.12) 7.34(6.69) 5.74 (5.71)
27 (77.1) 30 (85.7) 122 (85.3)
11 (31.4) 6(17.1) 30 (21)
3.40 (0.98) 3.83(0.86) 3.72(0.89)
3.43(0.71) 3.54(0.82) 3.61(0.73)
3.17 (0.71) 3.06 (0.84) 3.19(0.82)

3 1: individualized intervention.

BNI: nonindividualized intervention.

®Demographic data missing for 1 participant in this group.
AL waiting list.

Participant Psychological Characteristics at Baseline

Outcome scores were calculated for al participants who
completed the measures at baseline and only those who were
randomized to an intervention arm. Removal of the participants
lost to follow-up before random allocation did not greatly alter
the mean scores for any psychological outcome. Therefore, we
compared the average psychological characteristics of only the
participants who proceeded to randomization and were included
inthe efficacy analyses (108/143, 75.5%) with reference samples
(other medical students or the general population) from
previously published studies (Multimedia Appendix 1
[66,88,90,95]).

On average, medical students presented a mixed profile of
burnout scores, demonstrating exhaustion levels (mean 16.29,
SD 7.20) comparable with those of asample of medical students
not experiencing burnout (mean 14.96, SD 5.71; ty50=1.69;
P=.09), academic efficacy scores (mean 24.69, SD 6.47)
comparable with those of medical students who perceived
themselves to be high in burnout (mean 24.81, SD 5.35;
t,16=0.15; P=.88), and cynicism scores (mean 10.87, SD 6.92)
significantly lower than those of the burnout sample (mean
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14.44, SD 5.59; t,16=4.19; P<.001) but higher than those of the
nonburnout sample (mean 7.59, SD 5.16; ty5=4.46; P<.001)
[66]. Total well-being scores (mean 43.03, SD 13.31) were
significantly lower than those of a large multi-institutional
sample of medical studentsinthe United States (mean 47.0, SD
12.67; ty795=3.12; P=.002) [95]. Psychological inflexibility
scores (mean 3.21, SD 0.91) were significantly higher than those
of ageneral population sample (mean 2.73, SD 0.90; ty7¢5=5.43;
P<.001) [88]. Average depression (mean 14.89, SD 10.25),
anxiety (mean 8.50, SD 8.09), and stress(mean 11.87, SD 10.34)
scores for the medical student sample in this study were
significantly higher than the general population averages
(depression: mean 6.34, SD 6.97, t35,,=12.27, and P<.001;
anxiety: mean 4.7, SD 4.91, t3;,=7.67, and P<.001; stress:
mean 10.11, SD 7.91, t3020:2.24, and P= 03) [90]

Intervention Effects

Overview

Table 2 shows the results for the burnout; well-being;
psychological flexibility and inflexibility; and depression,
anxiety, and stress outcomes.
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Table 2. Data summaries of outcomes at each time point (baseline and postintervention measurement) for each treatment arm (mean and SD), mixed
model—based estimates of within-group change (95% Cl), and estimated between- and within-group change (95% CI and P value).

Outcome, subcategory,and  Baseline (n=108), Postintervention measurement (n=68), Baseline—postintervention measurement esti- P value
intervention group mean (SD) mean (SD) mated change (95% CI)

Burnout

Exhaustion (primary)

WL2 17.91 (7.02) 17.05 (6.81) -1.61 (~3.96 to 0.745) N/AD

e 16.65 (7.22) 14.48 (6.85) -2.13 (-4.27 to 0.008) N/A
nid 14.33 (7.09) 14.79 (5.60) -0.01 (-2.51 to 2.49) N/A
I1-wL N/A N/A -0.52 (-3.70 to 2.65) .75
NI-WL N/A N/A 1.60 (-1.84 t0 5.03) .37
I1-NI N/A N/A -212(-5.41t01.17) 21

Cynicism
WL 11.5(7.35) 12.0 (7.62) -0.59 (-1.94 10 0.77) N/A
I 11.7 (7.01) 9.74 (5.70) -1.76 (-3.91 to 0.39) N/A
NI 9.36 (6.32) 9.95 (5.54) 0.50 (-2.01 to 3.02) N/A
I-WL N/A N/A -1.26 (-4.46to 1.94) 44
NI-WL N/A N/A 1.00 (-2.45t0 4.46) .57
I1-NI N/A N/A -2.26 (-5.57to0 1.05) .18

Academic efficacy
WL 23.2(6.29) 23.9 (6.27) 1.29 (0.51 to 2.08) N/A
I 25.9 (6.42) 275 (5.29) 1.25 (0.01 to 2.49) N/A
NI 24.9 (6.60) 26.4 (6.86) 2.33(0.86 10 3.80) N/A
I1-wL N/A N/A 0.94 (-0.90to 2.79) .32
NI-WL N/A N/A 2.02 (0.02 t0 4.03) .05
1-NI N/A N/A ~1.08 (-3.00 to 0.84) 27

Well-being

Total well-being
WL 39.5(13.3) 40.4(13.1) 3.83(1.49106.18) N/A
I 44.2 (13.7) 481 (11.3) 351 (-0.20t0 7.22) N/A
NI 452 (12.5) 52.1(8.8) 7.22 (2.87 10 11.57) N/A
I1-wL N/A N/A 2.74 (-2.77 to 8.26) .33
NI-WL N/A N/A 6.46 (0.49t0 12.42) .04
I1-NI N/A N/A -3.71 (-9.43 t0 2.00) 21

Psychological flexibility

Flexibility
WL 3.65 (0.73) 3.69 (0.79) 0.26 (0.09 10 0.42) N/A
I 3.74(0.87) 422 (0.83) 0.48 (0.2210 0.74) N/A
NI 3.78 (0.73) 4.10(0.72) 0.32(0.0210 0.62) N/A
I1-wL N/A N/A 0.50 (0.12 to 0.89) .01
NI-WL N/A N/A 0.35(-0.07 t0 0.76) A1
1-NI N/A N/A 0.16 (-0.24 t0 0.56) 44

Inflexibility
WL 3.32(0.91) 3.34(0.84) -0.28 (-0.47 to -0.10) N/A
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Outcome, subcategory, and  Baseline (n=108), Postintervention measurement (n=68), Baseline—postintervention measurement esti- P value

intervention group mean (SD) mean (SD) mated change (95% Cl)
I 3.27 (1.04) 2.77 (0.69) -0.53 (-0.82 t0 -0.23) N/A
NI 3.03(0.76) 2.83(0.75) -0.28 (-0.62 t0 0.07) N/A
1-WL N/A N/A -0.48 (-0.92 to -0.04) 04
NI-WL N/A N/A -0.23 (-0.70t0 0.24) .34
I1-NI N/A N/A -0.25(-0.70t0 0.21) .29
Psychological distress

Depression®
WL 11.8 (9.49) 11.7 (8.92) -0.54 (-3.28 10 2.19) N/A
I 12.8(12.1) 7.7 (7.25) -4.40 (-6.93 to —1.86) N/A
NI 11.1(9.4) 6.42 (5.56) -3.95 (-6.92 to -0.97) N/A
I1-wL N/A N/A -3.85(-7.58t0-0.12) .046
NI-WL N/A N/A -3.40 (-7.44t0 0.64) .10
1-NI N/A N/A -0.45 (-4.36 to 3.46) 82

Anxiety®
WL 8.63 (7.46) 7.13(6.29) -1.20 (-3.19t0 0.79) N/A
I 9.41(9.3) 6.44 (7.28) -3.10 (-4.94 to -1.26) N/A
NI 7.61(7.5) 4.00 (3.83) -3.45 (-5.62 to -1.29) N/A
I-wL N/A N/A -1.90(-4.61t00.81) 17
NI-WL N/A N/A -2.25(-5.19t0 0.69) 14
[1-NI N/A N/A 0.36 (-2.49 to 3.20) 81

Stress®
WL 13.9 (8.99) 15.8 (8.8) 2.24 (-1.51 t0 5.99) N/A
I 16.1 (11.30) 11.6 (8.16) -4.65 (-8.14 to -1.15) N/A
NI 14.5 (10.40) 10.0 (7.42) -4.12 (-8.17 to -0.06) N/A
I-WL N/A N/A -6.89 (-12.01 to 5.99) .01
NI-WL N/A N/A -6.36 (-11.90 to —0.83) .03
I1-NI N/A N/A -0.53 (-5.88104.82) .85

A3WL: waiting list.

BNI/A: not applicable.

%1: individualized intervention.

NI nonindividualized intervention.

®Robust linear mixed-effects models estimated because of violation of linear mixed regression modeling assumptions (ie, nonnormality of residuals or

nonconstant variance).

I ntervention (Individualized and Nonindividualized)
Versus Waitlist Group Comparisons

Burnout

There were no statistically significant differences between the
intervention arms and the waitlist control group for burnout
outcomes (exhaustion [ primary outcome]: —0.52, 95% CI —-3.70
to 2.65, and P=.75 for individualized and 1.60, 95% CI —-1.84
t05.03, and P=.34 for nonindividualized; cynicism: -1.26, 95%
Cl —-4.46 t0 1.94, and P=.44 for individuaized and 1.00, 95%
Cl —2.45 to 4.46, and P=.57 for nonindividualized; academic
efficacy: —-0.90, 95% Cl -0.90 to 2.79, and P=.32 for
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individualized and 2.02, 95% CI 0.02-4.03, and P=.05 for
nonindividualized).

Well-being

The estimated change in total well-being between baseline and
postintervention measurement was significantly greater for the
nonindividualized group (0.52) than for the waitlist group (0.27;
P=.04), indicating that medical studentsin the nonindividualized
group experienced improved well-being following intervention
engagement compared with students who received no
intervention.
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Psychological Flexibility and I nflexibility

The estimated increase in psychological flexibility between
baseline and postintervention measurement was 0.50 points
greater for the individualized group than for the waitlist group
(0.26), and this difference was significant (P=.01). Similarly,
the estimated decrease in psychological inflexibility between

Ditton et al

baseline and postintervention measurement was significantly
greater for theindividualized group (—0.53) than for the waitlist
group (—-0.28; P=.04). These findings indicate that medical
studentsin theindividualized group experienced improvements
in both psychological flexibility (Figure 2) and psychological
inflexibility following engagement in the intervention compared
with students who received no intervention.

Figure 2. Mean psychological flexibility scores by intervention group at baseline and postintervention measurement.
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The estimated change in depression between baseline and
postintervention measurement was significantly greater for the
individualized group (—4.40) than for the waitlist group (-0.54;
P=.046). This indicates that depressive symptoms reduced
significantly more for students who engaged in the
individualized version of the app than for those who received
no intervention.

Anxiety

There were no statistically significant differences between the
intervention arms and the control group for anxiety.
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Stress

There was a significant difference in the estimated change in
stress between baseline and postintervention measurement for
both theindividualized (P=.01; Figure 3) and nonindividualized
(P=.03) groups compared with the waitlist group
(individualized=-4.65; nonindividualized=-4.12; waiting
list=2.24), indicating that stress reduced significantly more for
participants in both intervention groups than for participantsin
the waitlist group.

JMIR Ment Health 2023 | vol. 10 | e42566 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH

Ditton et al

Figure 3. Mean stress scores by intervention group at baseline and postintervention measurement.
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There were no statistically significant differences between the
individualized and nonindividualized arms in any of the
psychological outcomes assessed.

Mediation Analyses

Although the study was statistically powered to conduct
psychological flexibility mediation analyses for the primary
outcome (exhaustion), given the failure to observe ameaningful
intervention effect for this outcome, formal mediation analyses
of exhaustion and the secondary psychological outcomeswould
have been too exploratory to have any confidencein theresults.

Study Attrition, Intervention Adherence, and
Engagement

A high rate of attrition (75/143, 52.4%) was observed during
this study (Multimedia Appendix 2). Almost half (35/75, 47%)
of thoselost to follow-up discontinued before commencing the
intervention and were not randomized to a study group. Only
1 participant formally withdrew, citing perceived personal
irrelevance of the baseline outcome measures as the reason.
Students|ost to follow-up did not differ significantly from those
who completed the study with respect to baseline demographic
or psychological characteristics (Multimedia Appendix 3).

Of the participants allocated to either the individualized or
nonindividualized group, 63% (46/73) completed stage 1, and
29% (21/73) met the predefined adherence criteria (ie,
completion of at least 4 stage 2 activities; Multimedia Appendix

https://mental .jmir.org/2023/1/e42566
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4). Intervention adherence rates did not differ by group
allocation (N=73, x?,=3.0; P=.08). The only baseline participant
characteristics associated with adherence rates were
age—students who adhered to the study were older on average
(mean 27.5, SD 7.9 years) than those who did not (mean 23.3,
SD 4.0 years, t;;=—2.31; P=.03)—and medicine as a first
career—significantly lower adherence rates among students
studying medicine as a first career (10/51, 20%) than among
those with previous career experience in another field (11/21,

520%; N=72, X*,=7.7; P=.005; Multimedia Appendix 5).

Participants completed atotal of 255 skill activitiesduring stage
2, with thosein theindividualized group completing an average
of 6 (SD 5.7) activitiesand those in the nonindividualized group
completing an average of 8 (SD 12.4) activities. Thisdifference
was not significant (t;s=—0.53; P=.60). Of note, 3 participants
accounted for 38.8% (99/255) of all skill activities completed
during stage 2. With these participants removed, the average
number of activities completed was 5 (SD 3.8) for the
individualized group and 3 (SD 2.1) for the nonindividualized
group. This between-group difference was not significant
(t33=1.69; P=.10).

Intervention Har ms and Feedback

No harmswere reported during the study. Participants who used
the in-app feedback form (15/143, 10.5%) reported finding the
intervention content interesting and helpful in relation to their
psychological health and well-being. Some reported that, despite
finding the app helpful, time was a key barrier to engagement.
Other feedback included requests for additional usability
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functions, such as dark mode and written versions of activities
that were only presented in audio format. Students in the
intervention groupsliked 87.1% (222/255) of the skill activities
completed during stage 2 and disliked 12.9% (33/255).

Discussion

I ntervention Outcomes

This is the first RCT to evaluate individuaized and
nonindividualized versions of a smartphone app—delivered
psychological flexibility skill training (ACT) intervention for
medical students. Although we did not demonstrate immediate
postintervention improvements in burnout outcomes among
medical studentswho used the app, the observed improvements
in psychological flexibility, well-being, and stress outcomes
provide promising support for this intervention approach.

On the basis of the existing literature, we anticipated that
training medical studentsin psychological flexibility skillsusing
an app-delivered ACT intervention would lead to improvements
in burnout. Primary (exhaustion) and secondary (cynicism and
academic efficacy) burnout outcomes for the sample in this
study were not significantly affected by engagement in either
version of the ACT app at the end of the 5-week intervention
access period. We selected exhaustion as the primary burnout
outcome because of its high reported prevalence among medical
students [9] and the possible longer-term burnout prevention
benefits associated with this factor's early responsivity to
psychologica flexibility interventions [42]. However, baseline
exhaustion and cynicism scoresfor this sample were suggestive
of low levels of burnout compared with reference medical
student samples [66], which may have produced a floor effect
with respect to the potential for improving these outcomes.
Previous studies assessing the benefits of web-based ACT
interventionswerelesslikely to demonstrate intervention effects
when the samples under investigation demonstrated nonclinical
baselinelevels of the psychological outcome under investigation
[96].

Interestingly, medica studentsin this sample demonstrated high
baseline levels of stress compared with a general population
sample [90], and our exploratory secondary analyses showed
significant postintervention improvements in this outcome for
both the individualized and nonindividualized groups. As stress
is arisk factor for burnout among medical students [63], it is
possiblethat stress reduction might have been an early indicator
of ACT intervention efficacy and that medica students may
require longer to implement psychological flexibility skillsin
adaptive ways in their everyday lives before experiencing
benefits for the more chronic and distal state of burnout. This
issupported by theresults of arecent RCT with aheterogeneous
employee sample, which demonstrated that reduced stress was
an immediate response to an 8-week web-based ACT
intervention, whereas improvements in burnout became more
evident 1 year later [36]. Similarly, systematic review findings
indicate that mitigation of early stress experiences could be an
important first step for ACT interventions with respect to
improving burnout or preventing its development [97]. Future
investigation of this theory regarding the current ACT app will
require the prospective eval uation of stressasaprimary outcome

https://mental .jmir.org/2023/1/e42566

Ditton et al

and replication of these study findings, as well as longer-term
follow-up of burnout outcomes. This could provide greater
clarity regarding the potential importance of psychological
flexibility processes in facilitating adaptive responses to stress
in medical students and the possible impact on burnout
prevention.

As psychological flexibility is associated with well-being
[52,53], we expected that engaging in an ACT intervention
would improve this outcome among medical students. Medical
studentsin the nonindividualized group experienced significant
postintervention improvements in well-being compared with
the waitlist group. To our knowledge, this is the first RCT to
demonstrate the efficacy of an ACT intervention for medical
student well-being and thefirst to show that well-being benefits
can be achieved among medical students using an app-based
mode of delivery. These findings suggest that providing medical
students with access to ACT skill training interventions could
support personal thriving and positive psychological health,
whichisakey objective of medical educators[38]. Importantly,
previous research has shown that improvements in well-being
can off set adverse consequences of burnout (eg, unprofessional
behaviorsand suicidal ideation) [95,98]. Furthermore, although
traditional ACT interventions can require considerable time
commitment [99-101], the observed well-being outcomes
followed arelatively brief app-based intervention, which isan
important consideration for this (and any other) time-poor cohort
[64,66]. Future research is needed to replicate these secondary
findingsand explorewhether continued intervention engagement
isrequired to maintain well-being benefits in the long term.

It isunclear why only the nonindividualized group experienced
significant improvementsin well-being given that both versions
of the ACT app delivered similar training content and that the
individualized intervention was expected to produce stronger
outcomes. This discrepancy is not attributable to engagement
as there were no significant between-group differences in
intervention adherence. Although we were unable to evaluate
mediation effects for well-being outcomes among
nonindividualized participants, we note that psychological
flexibility and inflexibility did not improve significantly in this
group. Itispossiblethat unassessed mediating factors may have
contributed to the observed inconsistencies [102], and future
studies are required to evaluate this further to better understand
the processes underlying the well-being benefits of this
ACT-based app.

Following the intervention, medical students who engaged in
the individualized version of the app demonstrated increased
psychological flexibility and reduced psychological inflexibility.
This is the first study to show that medical students can be
trained to improve psychological flexibility and inflexibility
using an individualized ACT intervention delivered via an app.
Although there was no corresponding improvement in burnout
and well-being outcomes for this intervention group, there is
an extensive literature base demonstrating that this adaptive
skill setisbroadly beneficial to individua health and functioning
[50] (including anxiety, depression, physical health outcomes,
satisfaction with life, and work performance [47,72,103]). In
fact, psychological flexibility has recently been described as
“the cornerstone of psychological health and resiliency” [104].
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Demonstrating that this skill set can be trained using an
accessible digital delivery methodology and a low time
commitment could be an important step toward developing
interventionsthat can improve medical students’ psychological
health and functioning more broadly. Our exploratory findings
hinted at the potential wider benefits of improving medical
students' psychological flexibility, showing that depressive
symptoms among those in the individualized group also
improved following engagement in the intervention.
Longer-term studies are needed to eval uate whether improving
medical students’ psychological flexibility and inflexibility is
beneficia to distal burnout outcomes or whether these processes
might have greater relevance to other important psychological
outcomes (eg, well-being, stress, and depression).

Although medical students who engaged in either the
individualized or nonindividualized intervention demonstrated
improvementsin at least one psychological outcome compared
with those in the waitlist group, unlike Levin et a [75], we did
not observe statistically significant differences between the 2
intervention groupsfor any of the outcomes assessed. However,
in addition to being underpowered to detect these effects, it is
possible that methodological factors obfuscated our ability to
evaluate the true potential treatment utility of individualized
over nonindividualized psychological flexibility skill training.
Although our individualization method was similar to that of
Levin et al [75], students from both groups in this study were
required to complete the same introductory module before
progressing to their respective individualized or
nonindividualized skill training. Our intention-to-treat analysis
approach meant that students were evaluated based on the group
they were alocated to rather than the degree to which they
actually engaged in the intervention. Owing to the high level
of nonadherence, both groups contained participants who either
did not reach the point where the intervention methodologies
diverged or did not engage sufficiently in the skill training stage
for individualization to have a meaningful impact. Given this
considerable overlap between the intervention groups and the
likelihood that our study did not adequately differentiate
between individualized and nonindividualized conditions, these
nonsignificant findings should be interpreted cautiously. The
refinement of individualized ACT interventions is important
for progressing key goals within the psychological flexibility
literature, including improving precision and effectiveness for
al individuals who access training [69,70]. Furthermore,
ensuring the efficiency of psychological interventions is
particularly important for medical students because of theimpact
of time constraints on engagement [64,66]. Comparing
differencesin outcomes between an EMA-driven individualized
app and a nonindividualized condition offers a number of
advantages to future research, including the facilitation of
empirical evaluation of whether individualized ACT
interventions do strengthen outcomes, providing astudy design
framework that facilitates continued optimization of
individualization methods and furthering our understanding of
how specific intervention components drive changesin adaptive
psychological processes[69,70]. Future app-based ACT research
adopting this study design should ensure that individualized
and nonindividualized interventions are appropriately distinct
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and that sample sizes are large enough to detect potential
between-group differences.

Adherence

Adherence to the app was an observed challenge in this
early-phase study. Only two-thirds of the intervention group
participants (46/73, 63%) completed the introductory module,
fewer than one-third (21/73, 29%) met the adherence criteria,
and overall study attrition was high. Low adherence has the
potential to undermine the feasibility and scalability of this
app-delivered intervention approach, and understanding the
contributing factors is essentia for effective development and
implementation [63]. Unlike previousdigital intervention studies
[92], the baseline psychological characteristics of the medical
student samplein this study did not significantly affect attrition
or adherenceto the ACT app. Older students and those who had
previously worked in a career other than medicine were more
likely to adhere, and it is possible that these students perceived
the intervention to be more relevant or necessary because of
previous life or work experiences. “Like’ data from stage 2
suggest that medical students who remained engaged in this
study were satisfied with the content of the ACT intervention,
which may have motivated continued parti cipation among these
students. Asimmediate feedback for stage 1 activities was not
collected, it isunclear whether early discontinuation might have
been affected by satisfaction with theinitial intervention content.
However, the few students who used the available feedback
forms during stage 1 reported favorable experiences regarding
content but cited lack of time and usability factors as
engagement and adherence barriers.

Although previous research suggests that medical student
engagement in digital interventions may be improved by the
incorporation of face-to-face training components [63], the
stand-alone app—based mode of delivery was adopted because
of uncertainty associated with COVID-19 restrictions at the
time of development. Given the likelihood of ongoing
accessibility barriers for psychological interventions among
medical students [32] and the potential reach of this approach,
future research should incorporate a formal evaluation of the
user experiences contributing to engagement and disengagement
[63] to develop stronger and more engaging implementation
frameworks for stand-alone apps.

Strengthsand Limitations

This study had severa strengths, including its randomized
controlled design; assessment of a theory-driven intervention
specifically developed for medical students; incorporation of
medical student end-user feedback before implementation;
evaluation among students from more than one university; and
its app-based delivery, which facilitated access and
implementation during a COVID-19 lockdown. Although we
were underpowered to detect differences between the
individualized and nonindividualized groups, the use of
technologies that can adapt interventions to individual needs
and the adoption of research methodologies that assess the
treatment utility of these interventions are important to the
psychological flexibility literature and should be explored further
[69].
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A strength of this study was the separate evaluation of
psychological flexibility and inflexibility [45], which are often
measured as opposite ends of a single-factor construct [105].
Although many individuals who are high in psychological
flexibility demonstrate correspondingly low inflexibility, some
individuals may show high levels of both simultaneously,
whereas others show mixed patterns across all core processes
[46]. Given that psychological flexibility and inflexibility appear
to be conceptually distinct processes that may have disparate
relationships with well-being and psychological distress
outcomes and may respond differently to interventions
[45,46,72], evaluating them separately provides a stronger
understanding of intervention methodologies that can address
this heterogeneity [70,71]. This demonstration of
postintervention improvementsin both psychological flexibility
and inflexibility following engagement in the individualized
ACT app provides promising support for this approach with
respect to the simultaneous strengthening of adaptive behavioral
repertoires and undermining of mal adaptive repertoires among
medical students.

Although we made the best efforts to calculate and recruit a
sufficient sample size, the absence of any previouswithin-person
correlation data, together with the high attrition rate, represents
a limitation of this study, meaning that we may have been
underpowered to detect changesin the primary burnout outcome
(exhaustion). Furthermore, although the observed intervention
effectsfor secondary outcomes are promising, the small sample
size and number of between-group comparisons mean that there
isarisk of type-l1 and type-11 errors. Further research is needed
to determine whether the findings of this early-phase study can
be replicated in larger samples of medical students.

Intervention outcomes should also be interpreted with caution
because of the potential for overestimation of effect sizeswhen
awaitlist comparison group isused in behavior change research
[106]. Thewaitlist group was anecessary ethical component of
this study as stakeholders from the participating university
medical schools wanted to ensure that all interested students
were offered access to the intervention app as a well-being
resource so that no students would be disadvantaged by
allocation to the control condition. However, previous research
suggests that waitlist participants expectations of receiving
support at a later time could hinder the self-driven behavior
change that they might otherwise have made during the same
period [106]. We note that students allocated to the waiting list
in this study tended not to engage with the app once they were
granted access. Future replication studies might adopt an active
control condition inwhich participants are encouraged to check
in to the app regularly during the study period (eg, to complete
the psychological flexibility EMA screening question without
exposureto the intervention content) [75,107]. This could reduce
the likelihood of disrupting any natural improvements that
control group participants might make during the study period
aswell as facilitating subsequent access to the intervention by
promoting continued engagement from the point of students
initial interest.

Although our intervention effect analyses adjusted for participant
demographic characteristics that were identified asimbalanced
after randomization (gender and studying medicine as a first
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career), there were also dlight imbalances in other factors
(current therapy and year of study) that may have affected
outcomes. Depending on the therapeutic approach, participation
in psychological treatment while using the app could potentially
support or contradict the goals of the ACT intervention.
Similarly, the app might affect psychological outcomes
differently during the earlier academic stages of medical
education compared with the applied clinical stages. Although
stratification or matched-pair sampling could have mitigated
group imbalances, the functional limitations of the current app
did not facilitate these approaches. Ideally, improvements in
the technology could support this methodology in the future.
However, using the current randomization method, future
research with larger samples should resolve such imbalances
and provide a clearer picture of the impact of the intervention
on outcomes in heterogeneous medical student samples.
Alternatively, eligibility criteria could be modified to select
more homogeneous samples based on participant demographic
characteristicsthat areidentified as having the potential to affect
outcomes.

The generalizability of these findings may be limited given the
predominantly nonindigenous Australian sample with a slight
skew toward female participants. However, research suggests
that female medical students may be at greater risk of burnout
[34,66], and thus, intervention studies may be particularly
relevant to femal e participants.

Implications and Future Directions

The aim of this RCT was to evauate the effectiveness of
individualized and nonindividualized versions of an
app-delivered ACT intervention with the broader goa of
contributing data that could inform future early intervention
strategiesfor reducing burnout and improving well-being among
medical students. Although we did not observe significant
postintervention benefitsfor primary (exhaustion) or secondary
(cynicism and academic efficacy) burnout outcomes, analyses
of other relevant secondary outcomes provided promising
preliminary support for the ACT intervention approach for
medical students. We demonstrated that an ACT intervention
may improve factors associated with future burnout
development, including stress and well-being, as well as other
important psychological health outcomes (ie, depression). These
findings support previous literature highlighting the potential
benefits of training medical studentsin psychological flexibility
skills [31,61,62] and the value of further investigation of this
approach. Replication and longitudinal studies are needed to
further clarify the role that psychological flexibility and
inflexibility interventions (eg, ACT) may play in improving
well-being and mitigating the adverse impacts of stress within
themedical profession, including burnout. Although wedid not
observe differencesin efficacy between the individualized and
nonindividualized versions of the app, the individualized
intervention was beneficial for a greater number of outcomes.
Further research addressing the methodological limitations
observed in this study could progress key psychological
flexibility literature goals related to individual heterogeneity
and intervention precision.
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Our findings further contribute to the nascent field of
app-delivered psychological interventionsfor medical students
[21] by demonstrating that a smartphone app could be used to
improve important psychological health and well-being
outcomes. This is also the first study to demonstrate that
delivering an ACT intervention using an app could improve
medical students' psychological flexibility and inflexibility,
whichisanimportant finding given the broad rel evance of these
processesto psychological health and effective functioning [50].
App-delivered approaches provide medical students with an
intervention that they can accessin brief segmentsat atime and
place that suits them, using a technology medium with which
they are comfortable [63] and that allows them to maintain
privacy [11,32,64]. They also offer stakeholders a cost-effective
scalable intervention option that could reach alarge number of
students[39,64] while maintai ning relevance to individual needs
[75]. Although further research is needed to improve
engagement and establish optimal individualization methods,
thisearly implementation study provides promising support for
the potential benefits of an ACT-based app in strengthening
medical students' adaptive psychological skills and improving
psychological health and well-being outcomes.

Ditton et al

Successful burnout prevention and well-being interventions
likely require a combination of organizational and individual
resource-building strategies [1]. Although the current app was
delivered within an organizational context and supported by the
universities in which it was implemented, intentional efforts
were made to distance the intervention from the students
university programs to ensure that they did not feel compelled
to participate. However, increased organizational efforts to
support participation in a psychological skill development app
may have an important impact on normalizing and prioritizing
commitment to personal well-being during the early and
formative stages of a medical career [26,108]. Given the
preliminary support for the benefits of this ACT intervention,
future implementation studies might examine whether
embedding the app into broader university-based burnout and
well-being initiatives strengthens adherence and outcomes. We
note that, despite the engagement challenges observed in this
study, the students who participated experienced benefits across
arange of key psychological health outcomes. Thus, although
not necessarily a solution for al medical students, a
psychological flexibility (ACT) skill training app could form
part of a suite of well-being options provided by educational
institutions.
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