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Abstract

Background Concerns about mental and cognitive health are common among university students. Engaging in
regular physical exercise has been shown to enhance both mental health and cognitive performance, yet most
students are not participating in the level of exercise required to obtain these benefits. The Behaviour Change Wheel
(BCW) provides a framework for developing behavioural interventions that are informed by theory, evidence, and
stakeholder perspectives. The current study aimed to apply the BCW to develop the PEAK Mood, Mind, and Marks
program (i.e., PEAK), a behaviour change intervention designed to increase university students'exercise engagement
for the benefit of their mental and cognitive health.

Methods PEAK was developed across three stages of the BCW: (1) understand the target behaviour, (2) identify
intervention options, and (3) identify intervention content and delivery mode. Development was informed by
triangulated data from a systematic literature review, co-design consultations with key stakeholders, and knowledge
of relevant experts. Consultations with stakeholders involved focus groups with 25 university students and individual
interviews with 10 university leaders and staff to identify barriers and facilitators to students’ exercise engagement
and the adoption and implementation of PEAK by universities. Template analysis was used to code transcripts to

the capability, opportunity, and motivation (COM-B) model of behaviour. The BCW was applied to identify the most
appropriate intervention types and behaviour change techniques (BCTs).

Results Thirty-one barriers and facilitators were identified and mapped to seven intervention types (Education;
Modelling; Persuasion; Environmental Restructuring; Incentivisation; Training; and Enablement) and 26 BCTs, which
were delivered across digital channels and in-person. The final intervention consisted of multiple components
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intervention, Behaviour change wheel, COM-B

targeting students’ capability (e.g., increasing knowledge about the mental and cognitive health benefits of exercise),
opportunity (e.g., providing a flexible range of accessible exercise options and social support), and motivation (e.g.,
increasing the perceived importance of exercise) to exercise.

Conclusions University students and staff describe a need and appetite for more empowering, scalable solutions to
support students’mental and cognitive health. Exercise-based approaches that are informed by behaviour change
frameworks, evidence, and stakeholder perspectives, such as PEAK, have the potential to address this need. Current
findings will inform a pilot of PEAK to evaluate its efficacy and implementation.

Keywords University students, Co-design, Physical exercise, Mental health, Cognitive health, Behavioural

Background

The mental and cognitive health of university students
is of growing concern for the global tertiary education
sector. A multinational study of approximately 14,000
university students estimated that 35% met the crite-
ria for at least one anxiety, mood, or substance disorder
[1]. Poor mental health is often associated with cogni-
tive difficulties in areas such as memory, attention and
processing speed [2, 3]. Cognitive concerns are common
even among students who do not meet the criteria for a
mental illness. For instance, an Australian survey of 901
university students found that more than 60% were con-
cerned about their cognition, including their ability to
recall memories and concentrate, irrespective of their
mental health status [4]. Given that mental and cognitive
health are important determinants of academic success,
degree completion and future career prospects [5-7],
there is a pressing need for effective strategies to address
these issues.

Promoting university students’ engagement in physi-
cal exercise has the potential to enhance their mental
health and cognitive performance. There is robust evi-
dence that regular exercise can reduce the severity of
anxiety and depression [8] and, when performed at mod-
erate to high intensities, can have comparable therapeu-
tic effects to psychotherapy and pharmacotherapy [9].
Even three exercise sessions per week has been associ-
ated with significant reductions in days of poor mental
health [10]. Importantly, the same exercise prescriptions
that benefit mental health also benefit cognition. Regu-
lar exercise can increase cognitive performance across
numerous domains including executive functions [11],
attention [12] and memory [13]. The mental and cogni-
tive health benefits of exercise are partly attributed to
exercise-induced neuroplasticity, including alterations in
neurotrophin availability and brain volume, connectivity,
and functioning, especially in regions such as the hippo-
campus that are involved in learning, memory, and emo-
tional processing [14—16]. The benefits of exercise are
well-established; however, most university students are
not currently engaging in the frequency or intensity of
exercise that best supports optimal mental and cognitive

health. Globally, only 13-32% of university students exer-
cise three or more times a week [17]. Low rates of exer-
cise among students are largely attributed to the unique
challenges that often accompany the transition to univer-
sity life, such as new academic pressures, social adjust-
ments, and financial responsibilities [18], which disrupt
established routines and pose additional barriers to the
initiation or maintenance of regular exercise [19].

Although initiating or maintaining health behaviours
is challenging, many of the key principles for devel-
oping successful behaviour change programs are well
established. The UK Medical Research Council (MRC)
guidelines for developing complex interventions [20] and
National Institute for Health and Care Excellence (NICE)
[21-23] advocates an evidence-based approach that
incorporates stakeholder perspectives at all stages of the
intervention development process. Involving key stake-
holders (in the context of this research, university stu-
dents, leadership, and staff) in intervention development
is important to maximise the feasibility, adoption, and
scalability potential of an intervention within the univer-
sity setting [24]. Effective behaviour change interventions
are most often created when stakeholder perspectives are
incorporated with proven evidence-based frameworks
from behavioural science [25, 26].

The Behaviour Change Wheel (BCW) is globally rec-
ognised as one of the most well validated, theoretically
derived, frameworks for developing and describing
behaviour change interventions [27]. The BCW has been
widely used by clinicians, governments, industry and
non-governmental associations around the world to cre-
ate large scale change across healthcare, environmental
sustainability, and workplace settings [28—30]. The BCW
is built on a synthesis of 19 behaviour change frameworks
schematically organised into three layers (see Fig. 1)
which form the basis of a systematic process for interven-
tion development across three stages: (1) understanding
the target behaviour, (2) identifying intervention options,
and (3) identifying intervention content and delivery
mode [31]. The theoretical framework used to under-
stand the behaviour is the COM-B model, which posits
that no behaviour will occur without sufficient capability,
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. Sources of behaviour
- Intervention functions

Policy categories

Fig. 1 The three layers of the behaviour change wheel. reproduced from [31]

opportunity, and motivation. Within the COM-B model,
capability can be psychological (e.g., knowledge to engage
in the necessary processes) or physical (e.g., physical
skills); opportunity can be social (e.g., interpersonal influ-
ences) or physical (e.g., environmental resources); and
motivation can be automatic (e.g., emotional reactions,
habits) or reflective (e.g., intentions, beliefs). This model
highlights that where any of these are lacking, they can be
strategically targeted to increase the likelihood of a per-
son changing their behaviour.

The second stage of intervention development involves
selecting from nine intervention types that were mapped
onto the COM-B model through expert consensus (see
Additional file 1 for definitions and examples of each
intervention type). Through this process, behavioural
scientists reached an agreement on which intervention
types were most likely to change behaviour by targeting
capability, opportunity and/or motivation as required.
The intervention types are also linked to seven general
policy options that can be used to support the delivery of
the intervention types when relevant and/or available to
intervention designers.

The final stage of the intervention development process
includes identifying which behaviour change techniques
(BCTs) can be used to support the delivery of interven-
tion types and appropriate modes of delivery. BCTs are
defined as the observable and replicable ‘active ingredi-
ents’ of behaviour change interventions that influence
behaviour as described in a BCT taxonomy (BCTTv1)
[32]. The taxonomy was developed through a Delphi pro-
cess to provide an extensive, consensually agreed, and
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standardised categorisation of 93 BCTs used in behaviour
change interventions.

The BCW provides a rigorous theoretically derived
framework to guide the development of a behavioural
intervention aiming to support university students’
engagement in exercise to improve their mental and
cognitive health. As the BCW process has not yet been
applied to design an intervention of this kind, the cur-
rent study aimed to apply the BCW to develop the PEAK
Mood, Mind, and Marks program (i.e., PEAK)!, a behav-
iour change intervention designed to increase university
students’ exercise for the benefit of their mental and cog-
nitive health.

Methods

This study utilised a qualitative study design, guided
by the BCW process and person-based approach to
intervention development [27, 33]. The BCW process
outlines eight steps across the three stages of the inter-
vention development process, each of which was fol-
lowed to develop PEAK (see Fig. 2). An iterative feedback
loop approach was taken, wherein findings from each
step fed into the next step of the development process
and were also fed back to refine previous steps. Results
for steps one through three have been described in the
methods below to provide contextual information for the

! The program title developed through consultations with students to create
an engaging and appealing name that reflected their understanding of ‘men-
tal health, cognitive health, and brain health’ The longer title was abbrevi-
ated to “PEAK” to simplify communication and emphasise the program’s
goal of helping students to reach their “peak” performance.
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Stage 1: Understand the target behaviour

Step 1. Define the problem in behavioural terms

University students’ physical inactivity

Step 2 and 3. Select and specify the target behaviour

University students’ engaging in exercise three times per week

Step 4. Identify what needs to change

COM-B informed consultations with key stakeholder groups:

1) university students, and 2) university leadership staff

Stage 2: Identify intervention options

Step 5 and 6: Identify intervention types and policy options

Identified seven intervention types most likely to enable behaviour change.

Stage 3: Identify intervention content and delivery mode

Step 7 and 8: Identify behaviour change techniques (BCTSs) and mode of delivery

Identified 26 BCTs delivered across digital and in person channels.

Fig. 2 The eight steps of the behaviour change wheel applied to develop the PEAK mood, mind, and marks program

qualitative research methods described in step four. This
study was approved by the Monash University Human
Research Ethics Committee (Reference Number 27730).

Stage 1: understand the target behaviour

Step 1: define the problem in behavioural terms

The first step was to identify the problem behaviour that
the intervention needed to address (e.g., physical inactiv-
ity). This included specifying: (1) who was performing
the behaviour, and (2) what the behaviour involved. Most
students are currently not engaging in the frequency or
intensity of exercise that best supports peak mental and
cognitive health. Interventions that support students to
engage in regular exercise will therefore be beneficial.

Step 2 and step 3: select and specify the target behaviour
The target behaviour was for students to build up to
engaging in three or more exercise sessions per week.

This frequency was informed by evidence that suggests
exercising three times per week may generate the larg-
est improvements in mental health [10]. A session was
defined as purposeful and effortful exercise that lasted
for 10-minutes or longer. This definition is in keeping
with the International Physical Activity Questionnaire,
an internationally recognised, widely used, and validated
measure of physical activity [34]. The behaviour was
specified with regards to who needed to perform the
target behaviour, what they needed to do differently to
achieve the desired change, when, where, how often they
needed to do it and with whom (Table 1).

Step 4: identify what needs to change

Triangulating data from multiple sources is recom-
mended to obtain a deep understanding of what needs to
change for the target behaviour to occur. Data was trian-
gulated from three sources:
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Table 1 Specification of the target behaviour
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Table 2 Participant characteristics

Target behaviour Engage in exercise that lasts
for 10-minutes or longer three
or more times per week
Undergraduate university stu-
dents at Monash University
Engage in exercise that lasts
for 10-minutes or longer three
or more times per week

Any day throughout a 12-week
university teaching semester
Any environment conducive
for exercise (e.g., at home, on-
campus, at the gym, etc.)
Three or more times per week

Who needs to perform the behaviour?

What do they need to do differently to
achieve the desired change?

When do they need to do it?
Where do they need to do it?
How often do they need to do it?

With whom do they need to do it?
Note Adapted from [27]

Alone or with others

(a) Systematic review. The research team conducted
a systematic review of peer-reviewed research
on university students’ barriers and facilitators to
exercise [35]. This synthesis was couched within the
COM-B model.

(b)Key stakeholder perspectives. An empirical
study using a qualitative co-design approach
was conducted with university students, senior
leadership, and staff at Monash University to explore
barriers and facilitators to students’ engagement in
exercise and identify program messaging, content,
and delivery methods that would support the
acceptability, feasibility, adoption, and scalability of
PEAK.

(c) Expert knowledge. The expertise of the intervention
design team contributed to understanding the target
behaviour and design of program content. The team
consisted of experts in behavioural science and
implementation science (CB, BS, KR, BP, and LA),
psychologists (CB, BS, and KR), a senior exercise
physiologist (SH), a co-author of The Behaviour
Change Wheel: A Guide to Designing Interventions
(LA), and two undergraduate university student
ambassadors (see acknowledgements).

Triangulated data was mapped to the COM-B categories
to identify what barriers and facilitators in relation to stu-
dents’ capability, opportunity and/or motivation needed
to be targeted to maximise the likelihood of behaviour
change. The BCW refers to this process as the behav-
ioural diagnosis.

Key stakeholder perspectives: participants

University students

Twenty-five undergraduate university students (M
age=21.28, SD=2.32 years; 17 women, eight men) from
Monash University participated in this study. The study

Demographic (%) Frequency (%)
Gender

Woman 17(68)
Man 8(32)
Typical exercise engagement per week

0 8(32)
1-2 sessions 3(12)
3+sessions 14(56)
Enrolment status

Domestic 16(64)
International 9(36)
Faculty enrolment

Arts 3(12)
Business and Economics 4(16)
Education 3(12)
Engineering 2(8)
Information Technology 2(8)
Law 1(4)
Medicine, Nursing and Health Sciences 6(24)
Science 4(16)
University Senior Leadership and Staff

Gender

Woman 4(40)
Man 6(60)
Leadership and Staff Roles

Chief-suite 1(10)
School leadership team 1(10)
International student engagement team 1(10)
Exercise facilities 2(20)
Student mental health support facilities 1(10)
Student residential services 2(20)
Student association president 1(10)
Unit co-ordinators 1(10)

was advertised via flyers on-campus and social media
posts. Stratified random sampling was used to recruit
students based on their typical weekly exercise engage-
ment, and whether they were domestic or international
students (Table 2), ensuring the sample was representa-
tive of the university population and offered a diversity
of perspectives. All students provided informed consent
and were reimbursed a $50AUD gift voucher.

University senior leadership and staff

Ten senior leaders and staff at Monash University (four
women, six men) participated in this study. Stratified
purposeful sampling was employed to ensure a range
of perspectives were captured across different levels of
seniority. Staff varied across disciplines and included
representatives from the university chief-suite, school
leadership and international student engagement team
members, university exercise facilities, student men-
tal health support facilities, student residential services,
student association groups, and unit co-ordinators
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(Table 2). These staff members were purposefully invited
to participate because their support of the program and
institutional knowledge is important for the widespread
adoption and scale of the PEAK program. Invitations to
participate were disseminated via email. All staff pro-
vided informed consent to participate in the study.

Key stakeholder perspectives: data collection

University students

Four focus groups were conducted with undergradu-
ate students, lasting for ~2.5 h duration and ranging in
size from four to seven participants. Groups were held
in-person at the university campus, co-facilitated by two
authors (CB and RS or KR or BP), and audio-recorded in
full. At the beginning of each focus group, students were
shown a video “Exercising smart: how being active can
help you perform better in your studies” (view the video
online at https://vimeo.com/ymcavictoria/download/53
5721809/3ed49f4683), which aimed to communicate the
mental, cognitive, and brain health benefits of exercise.
This video was created by young adults to address issues
that affect young adults as part of the Virtual Y co-design
series [36], a joint initiative between the YMCA and
VicHealth. The video was shown to facilitate discussions
about students’ existing knowledge (or lack thereof) of
how exercise impacts mental, cognitive and brain health,
and whether learning this information influenced their
motivation to exercise.

The interview schedule was guided by the COM-B
model and aimed to facilitate discussion on: (1) the per-
ceived need for mental and cognitive health support,
(2) appetite for an exercise-based program to provide
this support, (3) barriers and facilitators to exercise, 3)
acceptable, accessible delivery channels, and (4) strategies
to increase the adoption and acceptability of PEAK (see
Additional file 2 for the focus group interview schedule).

Students’ demographic data regarding age, gender,
exercise history, enrolment faculty and status was col-
lected online using the Qualtrics platform [37] before
they participated in the study.

Senior leadership and staff

Individual semi-structured interviews were conducted
with staff, lasting for ~ 1 h duration. Interviews were con-
ducted online via Zoom platform [38], individually facili-
tated by authors (CB or RS or KR), and audio-recorded in
full for subsequent anonymised transcription.

The interview schedule was guided by the COM-B
model and aimed to facilitate discussion on: (1) the need
for PEAK, (2) anticipated barriers and facilitators to the
implementation, adoption and scale of PEAK, and (3) the
capacity for staff to provide resource support for PEAK
(see Additional file 3 for the semi-structured interview
schedule).
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Key stakeholder perspectives: data analysis

Focus group and interview audio recordings were anon-
ymously transcribed verbatim. Transcripts were anal-
ysed using template analysis [39] —a thematic analytic
method—which permits a combination of both a priori
themes relevant to the research question (e.g., barriers
and facilitators to the implementation of PEAK) along-
side inductive coding to develop additional emergent
themes. A priori themes were guided by the six catego-
ries of the COM-B model. While template analysis was
conducted with a psychological lens, the eclectic research
expertise of the authors provided an opportunity for
input from a wider range of perspectives and disci-
plines (e.g., behavioural science, neuropsychology, clini-
cal psychology, implementation science and evaluative
synthesis).

Preliminary coding was conducted independently by
two authors (CB and BP or RP) using a priori themes to
identify which COM-B categories were relevant to design
and/or implement PEAK. Codes were clustered into
meaningful groups in which hierarchical and lateral rela-
tionships between themes were defined. The authors met
to discuss the coding of the two transcripts (designed to
increase calibration between authors) and establish an
initial template for coding the remaining transcripts. The
initial template was further refined through systematic
coding of the remaining transcripts conducted by two
authors (CB and BP or RP). The final template was re-
applied to the full dataset by two authors (CB and BP or
RP).

Stage 2: identify intervention options

Step 5 and 6: identify intervention types and policy options
The intervention types most likely to affect behaviour
change were selected based on the COM-B behavioural
diagnosis conducted in Step 4. The relevant interven-
tion types were assessed using the APEASE criteria: (1)
Affordability, (2) Practicability, (3) Effectiveness and cost-
effectiveness, (4) Acceptability, (5) Side-effects/safety,
and (6) Equity (see Additional file 4 for definitions of
each criterion). The APEASE criteria was developed as
part of the BCW process to enable intervention design-
ers to select feasible intervention types before trialling an
intervention. In the context of developing an intervention
to increase students’ engagement in exercise, interven-
tion types were selected on the basis they satisfied the
following criteria:

1. Affordability and Practicability: The intervention
type could affordably and practicably be delivered to
and accessed by university students within the time,
budget, and resources available.

2. Effectiveness and cost-effectiveness: The intervention
type had the potential to effectively increase
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students’ engagement in exercise within a real-world
context and could be delivered at minimal cost.

3. Acceptability: University students and staff deemed
the intervention type acceptable and appropriate.

4. Side-effects/safety: There were no adverse side-
effects associated with the intervention type.

5. Equity: The intervention type had the potential to
reduce health and wellbeing disparities between
various student groups, such as domestic and
international students, and women and men.

As policy levers were not deemed to be relevant at this
stage of development, identifying policy options as stipu-
lated in step 6 of the BCW process was not undertaken.

Stage 3: identify intervention content and delivery mode
Step 7 and 8: identify behaviour change techniques and
mode of delivery

The BCW process describes links between intervention
types and individual BCTs. From the list of 93 BCTs iden-
tified in the BCTTv1, the most appropriate techniques
were selected for the program to facilitate the desired
behaviour change. The content and mode of delivery
for each BCT was further operationalised to create the
overall PEAK program. These decisions were informed
by iterative discussions between the intervention design
team, including regular consultations with student
ambassadors, and application of the APEASE criteria. A
12-week pilot was then planned to run coincident with a
full university teaching semester.

Results

Stage 1: understanding the problem

Steps one through to three have been described in the
methods above. This research has generated new findings
from steps four through to eight, which are described
below.

Step 4: identify what needs to change
There is a need for programs to support students’ mental
and cognitive health

The consultations revealed a clear need and appetite
for new approaches to better support university students’
mental and cognitive health.

Students stated they were struggling with their mental
health. Feeling stressed, isolated, burnt out, depressed,
anxious and sleep deprived were pervasive and nor-
malised aspects of university life:

“..we know that pretty much every student is suf-
fering, it's what becomes normalised, and what’s
become normalised is not sleeping for multiple days
to finish off your assignments” Focus group four,
female student.

Page 7 of 20

“We just need more support. It doesn’t matter what
time it is, COVID, not COVID. Students always need
support, because we don’t get it enough. Even though
we have families and friends, uni life is a hard life.
It’s hard to manage your life, studying, maybe work-
ing, exercising, socialising. It's really hard to man-
age all of it for anyone, especially at this young age”
Focus group two, female student.

International students reported that the absence of famil-
ial support and challenges associated with adjusting to
a new culture exacerbated their feelings of depression,
isolation, and helplessness. These mental health difficul-
ties further diminished their motivation for exercise and
impaired their ability to focus:

“I had depression, because I was living alone and I
haven’t seen my family in almost two years. As an
international student, you - you're feeling all that
stuff. You don’t want to exercise. You can’t focus on
studies.” Focus group two, female student.

Staff were also concerned about the growing prevalence
and impact of mental health issues among students,
including depression, anxiety, and stress. They empha-
sised the academic ramifications of these challenges, not-
ing a marked increase in students’ requests for special
consideration and extensions for assignments and exams
throughout the year.

Although staff articulated a clear concern for student
wellbeing, students were sceptical about the univer-
sity’s genuine investment in their mental health. This
scepticism was fuelled by dissatisfaction with the exist-
ing options available to support their mental health at
the university, which included once-off wellbeing events
and initiatives, such as R U OK? Day, lecture slides that
routinely directed students to contact mental health
helplines or the medical centre on-campus, and student
counselling services. Students described most of these
efforts as tokenistic, “box-ticking” gestures designed to
fulfill administrative requirements and shift accountabil-
ity rather than offering genuine sustainable support:

“..there’s one thing I hate about the units... they start
off every week’s content by saying, just a reminder, if
you are having mental health issues, please contact
these helplines, they are there to help blah, blah,
blah... To me, it just sounds like, okay, we just got
pressure from our superiors to give you a lot of pres-
sure, and if you're struggling, this is someone else’s
problem? Focus group four, male student.
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Student counselling services were received positively by
a minority of students who found specific counsellors
helpful and responsive to their mental health challenges,
however, the majority were dissatisfied with the service.
Students found it difficult to access an appointment due
to long wait times and saw the service as reactive and
deficit-based, designed to treat mental health issues
after they have already manifested, rather than adopting
a proactive, strength-based approach to build resilience
against the onset of mental health challenges:

“..there’s not much like helping I guess like the aver-
age student... in terms of counselling services it's
hard to get to... it’s targeted towards like a lot of the
stress and in need of help like now. If you're kind of
before that stage, it’s really hard to get a counsel-
lor because there’s just so many students and there’s
only so many counsellors...getting any help before
that point it’s really difficult. I know that I've been
deterred from getting counselling because of all these
wait times..” Focus group three, female student.

International students were particularly disillusioned by
the lack of mental health support given their significant
financial contributions to the institution. They reported
the university treated them like “cash cows’, exploiting
their financial investment without providing adequate
help in return.

Students reported an absence of programs specifi-
cally designed to support their cognitive health; a gap
acknowledged by some staff members. Students and staff
concurred on the need for meaningful, proactive, and
strength-based programs designed to promote sustain-
able benefits for students mental, cognitive and brain
health or, in students’ own words, their “mood, mind
and marks” Students agreed the program messaging and
content needed to be positively framed, relevant to their
goals, and avoid the stigma surrounding “mental health”
terminology:

“Something to do with mental health sounds very
scary. Even if all the population has mental health
issues, I would still avoid these kind of programs...
Even if I'm the one who needs it for example, I'll still
be like, I'm not a psychopath or I'm not a crazy one...
instead of negatively sounding words, we should use
positively sounding words” Focus group two, female
Student.

“..instead of specifically saying mental health, it
would maybe be better to replace it with mood, or
a word that is related to mental health that maybe
has less stigma. There is a reality where people could
read that and subconsciously be turned away from
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it, or consciously, either way” Focus group four,
female student.

Barriers to and facilitators of university students’ exercise
Consultations with students revealed barriers to and
facilitators of exercise across five of the six categories
of the COM-B model: psychological capability, physical
opportunity, social opportunity, automatic motivation,
and reflective motivation (see Additional file 5 for exam-
ple quotes relevant to each theme). No themes emerged
in relation to students’ physical capability.

Psychological capability

With respect to psychological capability, three themes
emerged: knowledge, time management skills, and track-
ing and receiving feedback.

While students were aware of the broad health benefits
of exercise, the majority lacked specific knowledge about
the neurophysiological mechanisms that contribute to
exercise-induced improvements in mental, cognitive
and brain health. Furthermore, they were unaware of the
potential for exercise to improve their academic perfor-
mance, particularly during the exam period. There was
consensus among the students that learning this informa-
tion would motivate them to be more active.

Some students reported they lacked knowledge in
exercise domains such as: how to execute proper form
and technique while exercising, use exercise equipment,
and manage the physical consequences and risks asso-
ciated with exercise (i.e., muscle soreness, fatigue, and
injury). Students noted that it would be helpful to receive
instruction and advice from a credible source to address
these gaps in their knowledge.

Poor time management skills emerged as a promi-
nent barrier to exercise among students. Transitioning
into university was often associated with new academic
responsibilities and social opportunities that over-
whelmed their ability to allocate time for exercise along-
side other commitments. Students described an interest
in learning time management skills to help them initiate
and maintain a consistent exercise regime.

The majority of students described how tracking and
receiving feedback on their exercise progress via digital
tools, such as apps and fitness monitors, was motivating,
provided the tool was quick and easy to use. However,
they held mixed opinions regarding whether it was use-
ful to track and receive feedback on the impact of exer-
cise on their mental health and cognition. Some students
believed this type of information would incentivise them
to continue to exercise if they gained knowledge of the
positive changes in their mental health and cognition,
while others were concerned that it would be tedious
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to track these outcomes in addition to their exercise
progress.

Physical opportunity

Five themes were identified within physical opportunity:
a lack of time, the need for a variety of flexible exercise
options, prompts to exercise, financial costs associated
with exercise, and the utility of using the university’s digi-
tal education platform (i.e., Moodle) to deliver PEAK.

A major barrier to exercise was not having enough
time. However, when prompted, some students acknowl-
edged that perceived time constraints were often due to
prioritising other activities, such as studying, over exer-
cise, rather than lacking enough time in a day to exercise.

A key facilitator identified by students was the need
for choice; they valued the availability of a wide variety
of flexible exercise options. Students wanted exercise
options that could accommodate their location (i.e.,
indoors, outdoors, at home, on-campus, and at a gym),
variable weather conditions, and preferences regarding
exercise delivery (i.e., in-person and digital), type (i.e.,
aerobic and resistance training), and interpersonal for-
mat (i.e., with others and alone). There was a consensus
that introductory exercise options aimed at beginners
could reduce anxiety associated with being new to a
gym or other exercise environment and help them build
foundational exercise skills and confidence. Furthermore,
there was a preference for exercise modalities that did
not require specialised equipment. The collective sen-
timent was that students wanted PEAK to offer a range
of exercise options that could flexibly accommodate any
logistical constraints, exercise preference, and skill levels.

The concept of using prompts to facilitate exercise was
broadly welcomed. Students believed that timely prompts
to exercise could help them to remember to follow
through on their intention to exercise, particularly dur-
ing periods of high stress such as the examination period
when they are more likely to forego exercise.

The financial costs associated with engaging in exer-
cise emerged as both a barrier and a facilitator. The cost
of gym memberships and exercise programs was gener-
ally seen as a barrier to participation. Therefore, most
students expressed their preference for PEAK to be free.
However, some students felt that making a modest finan-
cial commitment could serve as a form of accountability,
pushing them to take full advantage of the services for
which they have paid.

Students had mixed feelings about using existing uni-
versity academic content platforms, such as Moodle, for
delivering PEAK. Some were sceptical that they would
actively engage with the program on Moodle because
they often ignore non-academic resources on such a
platform. However, other students thought that effec-
tive advertising and an engaging program design could
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counteract this issue and saw advantages in using Moodle
given it is frequently accessed for academic content.

Social opportunity

Four themes emerged within students’ social opportu-
nities: the impact of exercising with others, receiving
encouragement from others to exercise, the impact of
exercise role models, and the importance of a supportive
exercise community.

Exercising with others yielded multiple advantages for
students, enhancing not only their motivation to attend
workouts but also their level of physical exertion during
these sessions. Committing to exercise with someone also
created a sense of accountability. External encourage-
ment to exercise and reminders from friends or partners
who were not exercise companions also bolstered stu-
dents’ commitment to be active. Most students attested
that exercising with friends enhanced enjoyment. Exer-
cising with others to meet new people was particularly
relevant for students who found it challenging to make
friends at university. However, as one student pointed
out, preferences for social or solitary exercise could fluc-
tuate within a week, depending on one’s emotional state.
Therefore, while the benefits of social exercise are mani-
fold, the availability of choice between group and solitary
exercise options was deemed important.

Students indicated a strong desire for exercise role
models and champions to promote the adoption of
PEAK. Specifically, students expressed a preference for
the program to be promoted by people actively involved
in student life, rather than university staff who were less
relatable and accessible. Hearing transformational stories
related to the physical benefits of exercise—especially
from a person students could identify with—also served
as a powerful motivator. Witnessing or hearing about the
tangible benefits that others have gained from regular
exercise helped students visualise their own potential for
change.

Being part of a supportive and inclusive exercise com-
munity had a positive impact on students’ exercise expe-
rience. Several students mentioned instances where other
more advanced exercisers would proactively offer advice
and encouragement to those new to exercise. This sup-
port helped to foster a sense of community and inclusiv-
ity, making the gym environment less daunting for those
new to the gym, and motivating them to return for subse-
quent sessions.

Automatic motivation

Regarding automatic motivation, six themes were iden-
tified: feeling tired, poor mental health, feeling self-
conscious, enjoyment, having a routine, and receiving
incentives.
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A common barrier was feeling too tired to exercise.
Many students noted that while they may have time
to exercise at the end of the day, their energy was sig-
nificantly depleted, making the prospect of exercise less
appealing. The issue of “feeling too tired” was particularly
salient during stressful academic periods, where students
reported that maintaining a consistent exercise regimen
felt almost insurmountable.

Students reported that when their mental health felt
poor, such as feeling stressed, sad, or depressed, they
were less likely to exercise. Students recognised that the
relationship between their mental state and exercise was
bidirectional and noted a paradox; while poor mental
health often led to a lack of motivation to exercise, the
absence of exercise further exacerbated their stress and
negative emotional states. This recognition was typically
not enough to support action.

Feeling self-conscious, judged, or intimidated while
exercising in front of others was a barrier. Many students
felt insecure or embarrassed about the way they looked
while exercising, particularly if they believed they were
being observed by others. For example, some female stu-
dents indicated feeling uncomfortable or judged while
exercising with male friends who made unsolicited com-
ments about their bodies. The fear of making mistakes or
appearing inexperienced in the gym setting was another
source of intimidation associated with exercise.

Students expressed a strong desire for exercise to be
enjoyable. The concept of ‘fun’ was frequently mentioned,
with students recalling positive experiences engaging in
playful exercises such as dodgeball or listening to music
while exercising to enhance enjoyment. Some students
found less strenuous exercises, such as walking and
cycling, to be more pleasurable than higher-intensity
exercise options, whereas other students enjoyed the
sense of satisfaction often associated with engaging in
physically challenging, higher-intensity exercise options.

Students overwhelmingly reported that the establish-
ment of a consistent routine—encompassing not just
exercise but also sleep and diet—played a pivotal role in
sustaining their exercise regimen over time. The term
“momentum” was recurrently used, indicating that the
routine itself served as a self-reinforcing mechanism.
The students indicate that the predictability of a set rou-
tine reduced the cognitive load associated with planning
and decision-making, thereby lowering the psychologi-
cal barriers to exercise. Students found that once exer-
cise became integrated into their daily routine, it was
perceived less as an optional activity and more as a non-
negotiable commitment.

The idea of receiving rewards to incentivise their par-
ticipation in PEAK resonated strongly with students.
Various forms of incentives were suggested by students,
including: coffee and food vouchers; money; course
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credit; and, free or discounted access to specialised
exercise classes. Students suggested a tiered system of
rewards, where meeting specific exercise goals each week
or month would lead to a reward.

Reflective motivation

Three core themes were identified within reflective moti-
vation: priorities, exercise goals, and beliefs about the
impact of exercise.

Students consistently deprioritised exercise in favour
of their academic responsibilities. Despite the acknowl-
edgement that exercise could potentially boost students’
academic productivity, many students shared the opinion
that the time and energy spent exercising would detract
from the time that could be spent studying.

The ability to set and achieve specific exercise goals
emerged as a facilitator of sustained exercise. Students
emphasised that goals needed to be self-selected, spe-
cific, achievable, and personalised to their preferences,
exercise skills and fitness level. For those who were new
to exercise, starting small and gradually increasing the
intensity or duration of exercise made initiating and
maintaining a regular exercise routine feel less daunting.

Most students believed that engaging in exercise had a
notable positive impact on their mental health and well-
being. Exercise was considered an effective means of
managing stress, offering a psychological ‘buffer’ against
the pressures of university life. Some students noted
that even shorter sessions of exercise resulted in percep-
tible mood elevation. Exercise was also seen as a vehicle
for positively impacting self-esteem and sense of self-
achievement. Notably, the mental health benefits of exer-
cise were observed across a variety of exercise modalities,
including walking, running, dancing, team sports and
strength and resistance training. However, one student
believed that shorter sessions of less intense exercise was
more effective in enhancing her mood, as opposed to
vigorous, high-intensity workouts, which made her feel
unhappy and uncomfortable.

Students reflected on the impact exercise had on their
cognition, physical health and appearance. Regarding
the cognitive impact, most believed it was easier to con-
centrate on single tasks and reduce task-switching and
mental drift following exercise. However, some found
it difficult to think critically and problem-solve directly
after engaging in vigorous exercise. The physical impact
of exercise also elicited mixed responses. Some students
believed exercise increased their energy, while others felt
that it expended energy they needed to reserve for aca-
demic tasks. Other physical health and aesthetic benefits
of exercise, such as improved fitness, weight loss and
muscle toning, were additional motivators for maintain-
ing an active lifestyle.
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Barriers to and facilitators of the sustained implementation
and scale of PEAK

Staff anticipated barriers to and facilitators of the sus-
tained implementation and scale of PEAK across three of
the six categories of the COM-B model: physical oppor-
tunity, social opportunity, and reflective motivation (see
Additional file 6 for example quotes relevant to each
theme). No themes emerged in relation to psychological
capability, physical capability, or automatic motivation.

Physical opportunity

Staff emphasised the need for PEAK to be affordable for
the university and well-resourced. Multiple staff mem-
bers pointed to financial and operational constraints that
could impede the program’s scalability. Any significant
extra workload for staff to run the program was noted as
a limiting factor. However, several staff identified possible
solutions to mitigate these challenges. They suggested
that leveraging digital delivery platforms and integrating
PEAK with pre-existing university services, such as on-
campus exercise facilities and counselling services, could
both reduce operational costs and enhance support for
the program.

Social opportunity

Staff emphasised that the successful adoption and sus-
tainability of PEAK would require a multi-level approach,
involving both top-down organisational support and
bottom-up student leadership support. Endorsement
from senior leadership would lend credibility to the pro-
gram and was deemed necessary for sustainable resource
allocation, program integration, and acceptance within
the university. The need for bottom-up support from
students to champion PEAK was equally important for
gaining students’ trust in the program. Staff felt that mes-
sages about PEAK would be better received and accepted
if they came from peers, such as student ambassadors,
rather than from faculty or administration. Partnerships
with local and national external bodies and organisations
invested in student wellbeing (e.g., Universities Australia,
the National Association of Australian University Col-
leges and Beyond Blue) could provide an avenue for scal-
ing the program by offering additional resources and a
broader platform for program implementation.

Reflective motivation

There was consensus that the program would most likely
be successful (i.e., adopted and supported) if its goals
aligned with the strategic focus of the university. Cur-
rent university priorities that could be leveraged were
supporting students’” mental health (especially in the
aftermath of the COVID-19 pandemic), maximising aca-
demic performance, and sense of belonging to the uni-
versity, elevating the university’s reputation for academic
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excellence, attracting international students to enrol in
the university, and reduce institutional financial costs
associated with students accessing counselling services
or dropping out of university due to poor mental health.
Therefore, measuring the impact of the program on these
variables was deemed important for garnering long-term
support from university leadership and senior staff.

Data triangulation

Based on the triangulated results of the qualitative
research, systematic review, and expert knowledge,
thirty-one key barriers and facilitators to university stu-
dents’ exercise were targeted in the intervention design
(Table 3). Barriers and facilitators spanned six COM-B
categories: psychological capability (n=7), physical capa-
bility (n=1), physical opportunity (n=7), social oppor-
tunity (n=4), reflective motivation (n=5) and automatic
motivation (7=7).

Stage 2: identify intervention options

Step 5 and 6: identify intervention types and policy options
Seven intervention types (Table 3) were selected for the
program based on the APEASE criteria: education, mod-
elling, persuasion, environmental restructuring, incentiv-
isation, training and enablement (see Additional file 1 for
definitions of intervention types). The intervention types
‘coercion’ and ‘restriction’ were excluded because they
did not satisfy the APEASE criteria. Specifically, coer-
cion was not deemed acceptable or appropriate by uni-
versity students and staff (acceptability) and bore the risk
of unintended consequences, such as student disengage-
ment from the program and adverse impacts on their
wellbeing (side-effects/safety). Restriction did not satisfy
the criteria because it was not practical to reduce the
opportunity for students to engage in competing behav-
iours (practicability).

Stage 3: identify intervention content and delivery mode
Step 7 and 8: identify behaviour change techniques and
mode of delivery

Twenty-six BCTs were selected to enact the relevant
intervention types (Table 3, see Additional file 7 for defi-
nitions of each BCT). The content and mode of delivery
for each BCT was operationalised into eight core pro-
gram components:

1) A “Kick Off session” for program onboarding,

2) A new menu of free exercise options each week
curated by an exercise physiologist (SH) and exercise
goal,

3) Twelve weekly educational and motivational videos
(view videos online at https://youtube.com/playlist?l
ist=PLHKkW53lhmzRRKdAL8M5TyBoZiIAm-WrwY
&si=akmmOQjyXtQbV5So),


https://youtube.com/playlist?list=PLHKkW53lhmzRRKdL8M5TyBoZiIAm-WrwY&si=akmm0QjyXtQbV5So
https://youtube.com/playlist?list=PLHKkW53lhmzRRKdL8M5TyBoZiIAm-WrwY&si=akmm0QjyXtQbV5So
https://youtube.com/playlist?list=PLHKkW53lhmzRRKdL8M5TyBoZiIAm-WrwY&si=akmm0QjyXtQbV5So
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provides an opportunity to set young adults up for a life-
time of healthy exercise habits, establishing a foundation
for mentally healthy and productive communities and
workforces.

University staff expressed a strong interest in endors-
ing programs that align with institutional goals, such as
supporting student wellbeing and academic performance,
advancing the university’s reputation for academic excel-
lence, increasing student enrolment, and strengthening
students’ sense of belonging to the university. A program
that can successfully support students’ mental and cogni-
tive health aligns well with these institutional goals. Such
a program has the potential to enhance the student expe-
rience and improve their academic performance, thereby
promoting the university’s academic reputation on a
competitive global stage. A strong reputation can lead to
higher world university rankings and increased visibility
in the academic community, which can attract academi-
cally talented students, domestically and internationally,
to enrol in the university. This holds significance given
the recent decline in international student enrolment
in universities across several countries [44—46], which
has consequential adverse economic ramifications [47].
Therefore, strategies to reverse this trend are increasingly
important for universities.

Of equal importance is a program that can strengthen
students’ sense of belonging to the university. A strong
sense of belonging can increase students’ academic moti-
vation, enjoyment of their studies, and engagement with
the university [48, 49], all of which heavily influence insti-
tutional performance indicators such as academic suc-
cess and student retention rates [50-52]. The need for
interventions that address students’ sense of belonging
is particularly relevant following the COVID-19 pan-
demic, which restricted students’ opportunities for peer
interaction and engagement with the university commu-
nity. Interventions that aim to foster students’ sense of
belonging to the university should focus on enhancing
peer-to-peer interaction [53]. PEAK was designed with
this specific goal in mind, offering students opportuni-
ties to connect with each other and build a community of
like-minded peers via their participation in exercise and
shared experience of the program.

Strengths and limitations

This study provides a thorough example of how to apply
the BCW to integrate theory, evidence, stakeholder per-
spectives, and expert knowledge into the development
of a health behaviour change intervention. Describing
this process in detail enables other intervention design-
ers to pilot the intervention with fidelity to test its pos-
sible impact across various other university settings. The
methodology aligns with the MRC guidelines and the
NICE recommendations, thereby ensuring adherence to
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best practice principles for intervention development.
Another strength lies in the purposeful recruitment of
students and staff in the stakeholder engagement process.
This recruitment strategy enabled a diversity of perspec-
tives to be captured and addressed in the intervention
design. However, there are limitations to consider. Using
the BCW process can be time-intensive, which may pose
challenges for the rapid development and implementa-
tion of interventions. Moreover, the absence of students
with physical mobility limitations in the sample could
partially account for the lack of identified barriers or
facilitators related to physical capability in the qualita-
tive data. Lastly, a bout of exercise was defined as 10 min
or more of exercise. This definition was chosen to enable
students to track and log their participation in exercise
and encourage them to engage in intentional exercise
beyond incidental physical activity associated with daily
activities. However, given shorter bouts of physical activ-
ity is also associated with health benefits [54], future
iterations and evaluations of PEAK could incorporate
passive sensing technology to capture all levels of physi-
cal activity.

Conclusion

Behaviour change interventions have the potential to
embed regular exercise into the lifestyles of university
students to improve their mental and cognitive health.
The current study describes how PEAK was developed,
and the evidence and stakeholder perspectives used to
inform its creation. Using this systematic approach was
demonstrated to be effective at translating BCTs into the
core components of PEAK, and optimising its feasibility,
adoption, and scalability potential. This work offers a rep-
licable roadmap for others seeking to develop behaviour
change interventions and will inform an empirical study
assessing the efficacy and implementation of PEAK.
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