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Introduction: Over the last decade, research into the impact of
school-based high-intensity interval training (HIIT) on young people’s health has
markedly increased. Despite this, most authors have focused on the outcomes of their
intervention, rather than the process of how the study was conducted. The aim of
our study, therefore, was to conduct a mixed methods process evaluation of Project
FFAB (Fun Fast Activity Blasts), a school-based HIIT intervention for adolescents.
The objectives were to explore study recruitment, reach, intervention dose, fidelity,
participants’ experiences, context, and future implementation.
Methods: Recruitment was assessed by comparing the number of students who
received study information, to those who provided consent. Reach was described as
the number of participants who completed the intervention. Dose was reported via
the number of HIIT sessions delivered, total exercise time commitment, HIIT exercise
time, and session attendance. Post-intervention focus groups were conducted with
intervention participants (n = 33; aged 14.1 ± 0.3 years; mean ± standard deviation).
These discussions explored aspects of intervention fidelity (extent that the intervention
was delivered as intended); participants’ experiences of the HIIT sessions; context
(exploration of the nuances of school-based HIIT); and ideas for future implementation.
Results: Recruitment, reach, and dose data indicate that Project FFAB was
largely delivered as planned. Focus group data identified a mismatch between
perceived vs. prescribed work: rest ratio for the multi-activity HIIT drills. Generally,
the HIIT drills were well-received; participants often reported they were fun
to complete, and the use of heart rate monitors was helpful for interpreting
exercise intensity. Some participants stated that greater variety in the HIIT
drills would be preferable. The timing and structure of the HIIT sessions that
took place outside of physical education lessons received mixed responses.
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Conclusion: Collectively, our study supports the use of school-based HIIT and provides
valuable insights into how such interventions can be implemented. Project FFAB could
be modified to account for individuals’ preferences on when the exercise sessions took
place. In addition, a wider range of activities could be included, and the prescribed work:
rest ratio of the HIIT drills could be better communicated.
Keywords: high-intensity, adolescents, school-based, exercise, qualitative

INTRODUCTION

identifying that >10 additional studies have been published since
then (Weston et al., 2020). Typically, HIIT is characterised by
short, intermittent bursts of very vigorous activity, alternated
with periods of rest or low intensity active recovery (Gibala et al.,
2012). From a physiological perspective, there is accumulating
review-level evidence that HIIT may represent a potent method
of improving aspects of cardio-metabolic health and fitness in
young people (Logan et al., 2014; Bond et al., 2017; Eddolls
et al., 2017; Thivel et al., 2019; Costigan et al., 2015a). However,
little is known on exactly how HIIT is implemented as a
health intervention outside of the controlled environment of the
laboratory. In addition, young people’s experiences of taking part
in HIIT remains unclear (Biddle and Batterham, 2015; Jung et al.,
2015; Leahy et al., 2020; Weston et al., 2020). To date, only three
detailed qualitative evaluations of real-world HIIT programmes
exist, but these involved adult participants as part of a workplace
intervention (Kinnafick et al., 2018; Metcalfe et al., 2020; Burn
et al., 2021). Five school-based HIIT studies included aspects
of process evaluation within their outcome trials (Buchan et al.,
2013; Leahy et al., 2019; Kennedy et al., 2020; Lubans et al., 2020;
Costigan et al., 2015b). However, these evaluations were either
conducted quantitatively, predominantly focusing on those
delivering the intervention (i.e., the schoolteachers) as opposed to
those receiving the intervention (i.e., the school pupils) (Costigan
et al., 2015b; Leahy et al., 2019; Kennedy et al., 2020; Lubans
et al., 2020), or provided inadequate detail about the qualitative
methods and analysis techniques utilised (Buchan et al., 2013).
These factors limit the in-depth exploration of participants’ trial
experiences to generate insights and recommendations to guide
future research, practise, and policy.
We previously published a quantitative fidelity analysis
(Taylor et al., 2015) and outcome evaluation of Project FFAB
(Fun Fast Activity Blasts); (Weston et al., 2016), a controlled
before-and-after study on the effect of a 10-week school-based
HIIT intervention on cardio-metabolic risk markers and physical
activity levels in English adolescents. Outcomes assessed at
baseline and post-intervention were non-fasting blood lipids
and glucose, waist circumference, high sensitivity C-reactive
protein, resting blood pressure, daily moderate-to-vigorous
physical activity (MVPA), 20-m shuttle-run test performance,
and carotid artery intima-media thickness. Post-intervention,
we observed favourable changes in blood triglycerides and
waist circumference in intervention participants compared to
controls. While the outcome evaluation is important from
a cardio-metabolic health perspective, crucial aspects of the
understanding of intervention functioning have not yet been
reported. Therefore, the aim of our current study was to conduct

Schools have long been regarded as an ideal public health
intervention setting (Kriemler et al., 2011; Dobbins et al., 2013),
yet remain busy and unpredictable places (Franks et al., 2007;
St Leger et al., 2007) that create challenging conditions for
physical activity implementation (van Sluijs and Kriemler, 2016;
Bond et al., 2017). Evidence of the effectiveness of schoolbased physical activity interventions for improving activity levels
and/or enhancing health outcomes through exposure is mixed
(Kriemler et al., 2011; Dobbins et al., 2013; Love et al., 2019).
Recently, a meta-analysis of cluster randomised controlled trials
provided strong evidence that school-based interventions do
not positively impact on young peoples’ daily accelerometerassessed moderate-to-vigorous physical activity (Love et al.,
2019). Therein, however, it was also highlighted that better efforts
in the assessment and maximisation of implementation fidelity
across such interventions were needed.
Process evaluations are used to monitor and report
intervention implementation and help to understand the
relationship between intervention content and outcomes
(Saunders et al., 2005). A thorough process evaluation can go
beyond simply answering whether an intervention “works”
from an outcome perspective; by exploring why and how it was
successful (or not), for who it could work and how participants
react to it (Bauman and Nutbeam, 2013) when implemented
in the “real world” setting (Jago et al., 2015; Love et al., 2019).
Common features examined in a process evaluation include: (1)
recruitment and retention; (2) the number of people who came
into contact with the intervention (i.e., reach); (3) quantity of
the intervention delivered (i.e., dose) (Moore et al., 2015); (4)
how well the intervention was implemented as intended across
all participants (i.e., intervention fidelity) (Dumas et al., 2001;
Horner et al., 2006); (5) participants’ satisfaction, perceptions
and usage of the intervention (i.e., participants’ experiences)
(Moncher and Prinz, 1991; Bellg et al., 2004) and; (6) exploration
of how the context affects the implementation of the intervention
(Baranowski and Jago, 2005; Bauman and Nutbeam, 2013).
Despite the wealth of information process evaluations can offer,
surprisingly few appear to be conducted alongside school-based
physical activity interventions (Naylor et al., 2015; Love et al.,
2019).
Over the last decade, scientific interest in the use of highintensity interval training (HIIT) as a form of school-based
physical activity has markedly increased. Fifteen intervention
studies were identified in a 2017 review (Bond et al., 2017), with
a 2020 expert statement on the use of HIIT in young people
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(Weston et al., 2016) and provided written informed parental
consent and participant assent.

a mixed methods process evaluation of Project FFAB, with the
objectives of exploring recruitment, reach, dose, intervention
fidelity, participants’ experiences, context, and ideas for future
implementation. The findings will add to existing evidence on
the implementation of the Project FFAB and, more broadly, to
the delivery of school-based HIIT interventions.

Project FFAB Intervention
The Project FFAB intervention took place thrice weekly. Two
HIIT sessions took place during timetabled PE lessons. The third
was conducted after school and during the school lunch break at
school 1 and 2, respectively. Following a warm-up, participants
performed four repetitions of 45 s of maximal effort exercise
(boxing, dance, soccer, and basketball drills) each interspersed
with 90-s recovery. All sessions were devised and led by the first
author (KLW). The exception was dance activities, which were
jointly devised by the first author (KLW) and an experienced
dance teacher and led by the latter.
At the start of the PE-based HIIT sessions, participants were
fitted with a heart rate monitor (Polar RS400, Polar Electro,
Finland). Due to higher numbers at school 2, participants only
wore monitors for one PE-based session per week, whereas those
at school 1 wore monitors during every PE-based session. To
minimise participant burden, heart rate data were not collected at
the after school and lunchtime sessions. During HIIT repetitions,
participants were verbally motivated to provide “all-out efforts”
and if they were wearing a heart rate monitor, to try and
reach ≥90% of their individual maximal heart rate on each 45s repetition (reflecting the high-intensity exercise criterion of
previous work (Little et al., 2011). For a full description of the
heart rate data collection, reduction, and analysis procedures,
please see Taylor et al. (2015) and Weston et al. (2016).
Examples of the HIIT drills performed are shown in Table 1.
The intervention activities chosen were based on data collected
in pre-intervention focus groups with adolescent pupils, which
revealed they wanted an intervention which incorporated a
variety of activities, with the mode changed frequently (Taylor,
2014). Accordingly, the activities at both schools rotated on a
weekly basis.
At school 1, 17 pupils (9 boys) volunteered to take part in the
study. Here, participants attended HIIT sessions as two groups
(group 1; n = 9 [6 boys] and group 2; n = 8 [3 boys]), based
on when their PE lessons were timetabled. The session activity
mode was chosen collectively by the group. If the decision was
not unanimous the small group numbers per session allowed
two activities to run concurrently. At school 2, 24 boys provided
consent and attended sessions as one group. Here, participants
chose between boxing and soccer. Due to the larger group size
(n = 24), it was only feasible to run one activity per session.
Across the 10-week intervention the number of repetitions
performed during each session increased from four to seven.
Participants were encouraged to attend as many sessions as
possible; those who completed ≥70% were awarded a t-shirt, with
individuals attending ≥90% also entered into a prize draw to win
a pair of training shoes.

METHODS
Ethics Approval and Study Reporting
Ethics approval for all aspects of Project FFAB was obtained
from the Teesside University Research Governance and Ethics
Committee (study reference 008/11) and the protocol for the
outcome trial (Weston et al., 2016) registered on clinicaltrials.gov
(trial number NCT02626767). The reporting of qualitative
aspects of the present study adheres to the consolidated criteria
for reporting qualitative research (COREQ) (Tong et al., 2007).
Full details of procedures and results from our previously
published work are freely available elsewhere (Taylor et al.,
2015; Weston et al., 2016). To contextualise the data collected
for the process evaluation, a summary of Project FFAB is
provided below.

Project FFAB Overview
Recruitment Procedures
Eight secondary schools in North East England were invited to
take part in Project FFAB, based on their geographical proximity
to Teesside University, socioeconomic status (assessed through
the Index of Multiple Deprivation IMD) (Noble et al., 2008)
school specialism and physical education (PE) provision. Schools
were initially contacted by emailing the school head teacher
and/or head of the PE department. Four agreed; declining schools
cited a lack of time and flexibility in their timetable and/or
disinterest. All schools were co-educational and provided two
1-h PE lessons per week. To mitigate potential contamination
effects between the intervention and control groups (Henaghan
et al., 2008), randomisation at the individual level within the
schools did not occur. As such, two schools were assigned to
the 10-week HIIT intervention (referred to herein as school 1
and 2) and two to the control (school 3 and 4), based on their
socioeconomic status and school specialism. According to the
IMD ranking, schools 1 and 3 were situated in areas with lower
levels of deprivation than schools 2 and 4. At both school 1 and 3,
the specialism was sport, whereas at school 2 and 4 the specialism
was science and business and enterprise, respectively.
Recruitment took place during PE lessons for Year 9 pupils
(aged 13–14 years). Here, potential participants were not made
aware of what Project FFAB entailed at other schools, as a
means of minimising the risk of bias through contamination
issues such as compensatory rivalry or resentful demoralisation
(Cook and Campbell, 1979). The target sample size was set at
100 pupils (∼25 participants per school), which would inform
a future definitive trial by examining whether the intervention
could be delivered as intended, with regards to compliance and
retention (Craig et al., 2008; Weston et al., 2016). Pupils could
participate if they met the health-screening eligibility criteria
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Protocol

TABLE 1 | Example HIIT drills.
Activity

Drills

Boxing

Fast jabs on the focus pads
Ten jabs on the focus pads, followed by five star jumps
Ten jabs on the focus pads, followed by running to the end of the
sports hall and back.
Ten side steps dodging the focus pads, followed by running to the
end of the sports hall and back
Five combination punches (hook and jab) on the focus pads,
followed by running to the end of the sport hall and back

Basketball

Receiving a returning a chest pass, followed by running to a cone
and back
Running round in a square and receiving and returning a bounce
pass on once corner of the square
Bouncing a ball five times then running to the end of the hall and
back
Receiving a shoulder pass, followed by running to a cone and back

Dance

Jumping up and down whilst waving pom poms above the head
Star jumps whilst waving pom poms.
Stationary high-knees runs
Fast side kicks
High leg kicks whilst clapping pom poms underneath the lifted leg

Soccer

Kicking a football into a goal then running to end of the sports hall
and back.
Ten toe touches, followed by running to a cone and back.
Performing fast feet movements through cones then running to end
of the sport hall and back
Jumping up to head a football five times then running to the end of
the sports hall and back
Running around the sports hall following a square or diagonal course

Five focus groups took place across the two schools. At school
1, two focus groups consisting of eight (three girls) and six (three
girls) participants were conducted. Three focus groups took place
at school 2. The first was attended by seven boys and the second
and third by six boys each. As the HIIT sessions were groupbased, we adopted a semi-structured focus group design to reflect
this dynamic and to facilitate discussion amongst the participants
(Horner, 2000).
The focus group script (Supplementary File 1) was primarily
devised by the first author (KLW); then shared with two authors
(AI, AMB) for feedback. Discussion topics were structured
around the following process evaluation elements: intervention
fidelity (the extent to which the intervention was delivered
as intended); participants’ experiences of the intervention
(participants’ thoughts on the content, structure, delivery, and
timing of the HIIT sessions, and facilitators and barriers to
programme adherence and attendance); context (exploration of
the nuances of school-based HIIT; and future implementation
(whether similar HIIT programmes could, should or should not
be delivered in the future) (Glasgow et al., 1999).
Focus group sessions were led by the second author (AI)
who was a female postgraduate researcher with both positive
and negative experiences of participating in HIIT, 3 years of
qualitative research methods experience and who had received
post-graduate level training in qualitative research methods. She
had not been present at the HIIT sessions, but the participants
were familiar with her from baseline data collection. The
focus groups took place in classrooms during participants’ PE
lessons, with the researcher sitting amongst the participants.
All sessions were recorded using a digital recorder (Edirol
R-09HR; Roland).

consent and participant’s assent for participation. This figure
is reported in raw units and as a percentage. Study reach
is described as the number of intervention participants who
completed the 10-week intervention programme. For study dose,
the number of HIIT repetitions delivered across the 30 sessions
scheduled at each school was recorded, along with any deviations
in the session scheduling. The total exercise time commitment
(inclusive of warm-up and cool-down activities) and the amount
of time dedicated to HIIT activities is described in minutes and
seconds. Session attendance was recorded via a register at each
session and reported as a percentage of the total sessions available
(n = 30).

Data Analysis
The focus group recordings were transcribed verbatim and
anonymised by the first author (KLW) and checked for
completeness and accuracy by the third author (LA). There
were 75 pages of raw transcription data (Arial font size 12,
single line spacing). In line with previous guidance on thematic
analysis (Braun and Clarke, 2006), the following steps were
conducted. All transcripts were read and re-read to enable
familiarisation with the data. Transcripts were then re-read line
by line and marked with initial codes that described the content.
To maximise consistency and completeness, these steps were
completed by three of the authors (KLW, AI, LA). Following
discussions on the initial coding process, the second author
(AI) deductively developed themes within the data and drafted
initial data themes. All authors then reviewed and refined
the themes using an iterative process, until agreement on the
themes was reached and the final themes named. Finally, the
themes were presented in a coherent and logical way alongside
quotes deemed to best illustrate each theme (Braun and Clarke,
2006). Given recent critiques of the concept of data saturation
(Braun and Clarke, 2019; Low, 2019), we did not seek to assess
data saturation.

Qualitative Data Collection: Post-intervention Focus
Groups
Participants and Recruitment
Within 3 days of the final HIIT session, all participants
who completed the 10-week programme and/or the postintervention outcome measures data collection (n = 40)
were invited to take part in a focus group to discuss their
experiences of the intervention. In total, 33 students (aged
14.1 ± 0.3 years) provided parental consent and participant
assent. Reasons for non-participation were forgetting to return
parental consent forms (n = 5) and electing not to take part
(n = 2).
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RESULTS

the rest interval was equal to, or less than the length of the
HIIT repetition.

Quantitative Data
Recruitment and Reach

“You got 45 seconds to do it, and then 45 seconds rest before
you move onto the next one.”

During recruitment, PE teachers at school 1 elected to exclude
pupils in the highest ability PE classes due to examination
commitments. Consequently, the study was introduced to 80
male and female pupils, of which 17 (9 boys; 21% recruitment
rate) volunteered. At school 2, the study was introduced to 30
male students, 24 of whom provided consent (80% recruitment
rate). At the control schools, Project FFAB was introduced
to 45 and 30 pupils, respectively, of which 37 (22 boys;
82% recruitment rate) and 23 (8 boys; 77% recruitment rate)
consented. The total sample size at baseline was 101 (62 boys;
mean age ± standard deviation [SD] 14.0 ± 0.3 years) (55%
overall recruitment rate), of which 41 (aged 14.1 ± 0.3 years;
33 boys) attended intervention schools. For further detailed
descriptive data on the study population, please see Weston et al.
(2016).
Of the 41 participants who began the 10-week intervention,
38 completed. Two boys sustained injuries unrelated to the study
after weeks 5 and 7, and therefore did not complete the remaining
HIIT sessions but were available for post-intervention testing and
attended the focus groups. No injuries related to the intervention
were reported. One girl dropped out after week 6 citing a lack of
interest and had no further involvement with Project FFAB.

(Female participant, school 1, focus group 2)
“The rest seemed shorter than the running. . . .I think she was
trying to fool us. To make us work harder.”

(Male participant, school 2, focus group 4)
“I think there could have been like, a bit more timing between
activities. You know like to catch your breath. After every
activity like (there should be). . . About a minute, minute and
a half. . . A minute or something to catch our breaths.”

Male participant, school 2, group 5
Some participants thought the time in between intervals
and the number of rest periods was too little for them
to recover.
“Like when people like were standing and out of breath
because she was pushing us too fast, like she was still telling
us to go on but we were still like, really out of breath so it was
very hard.”

Dose

(Male participant, school 2, focus group 5)

Across the intervention, 159 HIIT repetitions were delivered
across 30 sessions at each intervention school. Two sessions at
school 2 had to be cancelled due to school events replacing
PE lessons; however, these were rescheduled as additional lunch
time sessions, thus still allowing all 30 planned sessions to take
place. The total exercise time commitment was 419 min and 15 s,
inclusive of warm-up and cool-down activities. The amount of
time dedicated to high intensity activities therefore was 119 min
15 s (∼12 min per week). Mean (SD) attendance (expressed as a
percentage of total sessions) was 77%. For a detailed analysis of
heart rate data collected during the intervention, please see Taylor
et al. (2015) and Weston et al. (2016) Reasons for individual
deviations from the exercise dose can be found in the qualitative
data sections.

“It was good like, but we never had that many breaks so you
couldn’t get your breath back.”

(Male participant, school 2, focus group 3).
(B) HIIT Sessions: Awareness of Exercise Intensity
Across the focus groups, participants said they were
asked to try hard during the HIIT repetitions. The role
of the heart rate monitors was often discussed as a
means of gauging how hard they were working, and
participants frequently reported that a high value on their
heart rate monitor indicated they were working at the
desired intensity.

Qualitative Focus Group Data

“Because your heart rate (monitor), it tells you what your
heart rate was and like, if it was high then you (had) tried
really hard and if it was low, you weren’t really working.”

We combined qualitative data from 33 participants across
five focus groups and identified themes which related to the
process evaluation components of: (1) intervention fidelity;
(2) participants’ experiences; (3) context; and (4) future
implementation. Within the illustrative quotes, participants refer
to soccer as “football” and all mentions of “she” refers to
the HIIT session instructor and first author (KLW), unless
otherwise stated.

(Male participant, school 2, focus group 3).

Intervention Fidelity

(Male participant, school 2, focus group 5)

“Yeah, and we were wearing heart monitors, like if you’d got
to 190 (beats per minute [bpm]) or even over 200 (bpm) you
were doing quite well.”

(A) HIIT Sessions: Awareness of Work: Rest Ratio
When discussing what the HIIT sessions entailed,
participants spoke about the length of the repetitions and
the subsequent rest period. Generally, participants thought
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At school 2, participants reported that fewer people
attended the lunchtime sessions.

I’d, worked out what I could do. I realised that (at) about 180
to 190 (bpm), I was trying, but I could try harder. . . Once I
got to 200 (bpm). . . that was like, I was trying really hard.”

(At) “the lunchtime one, barely anyone showed up and some
people only showed up if they felt like it or they were bored.”

(Male participant, school 1, focus group 1)
(C) HIIT
Sessions:
Deviations
From
Intended
Exercise Intensity
When discussing HIIT session intensity, participants
often compared the PE-based sessions to the after school
or lunch time ones. Some participants thought the intensity
across all was relatively uniform. Others thought more effort
was put into the PE-based sessions.

(Male participant, school 2, focus group 5)
“I preferred them at lunchtime because there’s less people there
so there was less people messing about, so you do it quicker”.

(Male participant, school 2, focus group 3).

Participants’ Experiences

“The ones after school were a bit easier because eh, ‘cause you
didn’t have your heart monitor thing on, you sort of didn’t
realise when you were doing well and when you weren’t, so
it was a bit easier. . . like you could do it easier than trying
flat out.”

(A) Physical Responses to Performing HIIT
Participants often reported feelings of tiredness after
performing the HIIT repetitions and spoke about the bodily
cues which indicated this.
“Your body like sort of tells you (how you are doing) seeing
as like, you’re out of breath”

(Male participant, school 1, focus group 1)
“The Friday lunchtime one always seemed easier than the
ones that we did in P.E. Like not as many people like took
the Friday session serious, like when they were in P.E. they
took it really serious but like when it wasn’t P.E they were just
messing around and that”.

(Male participant, school 1, focus group 3)
“It depends which one you did, like the boxing one, it would
like make your arms ache a bit but it would be alright, not
that bad but like with the footballing you’d be more out of
breath. . . .The boxing one was like more on your muscles and
stuff and football is like more stamina and stuff ”

(Male participant, school 2, focus group 4)
Some participants at school 2 reported that they put in
less effort toward the end of the intervention as they got used
to the activities.

(Male participant, school 2, focus group 4)
(B) Psychological/Affective Responses to Performing HIIT
Some participants spoke about the psychological feelings
and emotions they experienced during the sessions.

“We got used to what we were doing. . . Yeah because, when
people were getting used to it, they just didn’t try because it
was just the same. Yeah, they were used to it every week and
they thought if like we tried last week, why should we try again
this week?”

“Like, at the end of it I felt quite good ‘cause like, I’d done the
exercise, I didn’t think aw I’m shattered, and I thought like,
I’m tired but it’s good.”

(Male participant, school 2, focus group 4)
(Male participant, school 1, focus group 1)

(D) HIIT Sessions: Reasons for Deviations From Individuals’
Exercise Dose
Generally, the PE-based sessions were well-attended
across both schools, with participants only missing sessions
if they were unwell or on holiday. The timing of the afterschool session at school 1 sometimes left participants unable
to attend due to other commitments.

“It gives you a buzz.”

(Male participant, school 2, focus group 3)
“Made me feel happy. . . . Like sort of a rush.”

(Male participant, school 2, focus group 3).

“I didn’t go to any of the after (school sessions), on Thursday
after school because at first I’d got like family things and then
I had to go to my guitar lesson on Thursday night.”

(C) HIIT Modes
When recalling what was done during the HIIT sessions,
participants discussed their personal likes and dislikes.
Across the groups, no one activity emerged as the
most popular.

(Male participant, school 1, focus group 1)
“I missed a few (after school) sessions with auditions and
rehearsals and stuff which I couldn’t miss.”

(I liked best) “The running, just like the square run thing, then
basketball, then football, then eh the dance. . . . I didn’t like the
dancing ‘cause it was a bit girly.”

(Male participant, school 1, focus group 1).
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(Male participant, school 1, focus group 1)

“Like (we could have included) different sports like rugby and
cricket. Because we all tended to like football or boxing so it
was all a bit too repetitive.”

“I liked it all, but I’ve gotta say dancing ‘cause I really like
dancing. . . Then cheerleading ‘cause I’d always wanted to do
it and it was something I never got round to doing until I did
it here. And then the boxercise ‘cause it was really fun. I was
like, really lazy, but once we started challenging the others I
got really competitive. And then last the running cause I’m
not really a running person.”

(Male participant, school 2, focus group 4)
“They (the HIIT sessions) were good but....Because everyone
else was talking so, she had it all planned out, she had it
all written but she couldn’t do anything because we were
all talking, during the later sessions. At the beginning we
didn’t, most of us were talking towards the end. . . . because
we got bored.”

(Female participant, school 1, focus group 1).
Often, participants explained that their reason
for liking an activity was because it was fun and/or
something different.

(Male participant, school 2, focus group 3)
(D) HIIT Session Timing
At school 1, some participants preferred the timing of
the non-PE based session, as it enabled them to work in a
different way than during the PE-based sessions.

(I liked) “none of them, they’re all too much exercise
(laughs). . . No probably the dance, cause, it was just fun”

(Male participant, school 1, focus group 2)
“Yeah, ‘cause (at the after school sessions) you only get like
20 minutes to do it, so it’s like you push yourself.”

“I just liked it. It was different from what you normally do in
football, in a PE lesson. . . We did that toe touching thing that
I’ve actually never done before and I actually started to get
better at it.”

(Male participant, school 1, focus group 2)
At school 2, participants generally viewed the timing of
the non-PE based session negatively, with many perceiving
the sessions took up too much of the school lunch break.

(Male participant, school 1, focus group 2)
“The boxing one because it’s like you laugh and stuff whilst
you’re doing it, do you know what I mean? Not messing about
but you can have a laugh while you’re doing it.”

“I think for some people it was the idea of losing their
dinnertime because like everyone messed around in the
(lunch time) session so you got less time to do it and then. . .
then you lost a lot of your lunch.”

(Male participant, school 2, focus group 4)
Across the focus groups, some of the running activities
incorporated into the soccer and basketball drills were not
viewed favourably.

(Male participant, school 2, focus group 4)
“Yeah, because no one wanted to do it (lunchtime
sessions). . . .Because lunchtime is for socialising.”

“I don’t really like big, when you have to do the big run around
right at the end, that makes you absolutely knackered. Like
when you run round the square.”

(Male participant, school 2, focus group 3)
(E) Instructor Delivery
Across the groups, the instructors’ engagement and
interactions with the participants was viewed positively,
with participants often noting the verbal encouragement
they received helped them during the HIIT sessions.

(Male participant, school 2, focus group 2)
“I don’t like the one. . . when you have to do the cross
(across the sports hall) in between the run. It was like,
really confusing”.

“I felt yeah, that she pushed us and did good. . . . That made
me want to go faster to impress her more.”

(Male participant, school 1, focus group 2)
At school 2, participants reported that in the later weeks
of the intervention, repetition of the HIIT activities led to
boredom and a lack of enjoyment.

(Male participant, school 2, focus group 3)
“She was good, like constantly encouraging you to keep
going. . . She’d join in if she needed to.”

“I wouldn’t change it except for like the last couple of weeks
because it was kind of just like it got so repetitive we just kind
of guessed what was coming. . . .we could have done the lessons
by ourselves, we wouldn’t have needed anyone there so it kind
of took the enjoyment out of it”.

(Male participant, school 1, focus group 1)
“The dance instructor, she was proper encouraging everybody.
She was like come on, get up, get up, come on!”

(Female participant, school 1, focus group 2).

(Male participant, school 2, focus group 4)
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(F) Perceptions of personal change
Often, participants spoke about how they performed over
the course of the intervention.

“You’re like, more confident.”

(Male participant, school 2, focus group 3)
(G) Incentives
The role of physical incentives was rarely discussed at
school 1. At school 2, participants frequently discussed
the incentives they would receive following the completion
of the programme. Here, the inclusion of incentives was
viewed positively and cited as a reason to attend sessions.
Some participants also suggested that they would not
do a similar programme in the future if incentives were
not offered.

“As the weeks went on you improved on certain things. . . Like
when you started off you’d just be like oh right this is what
we’re doing sort of thing, and then after the weeks, you sort
of like, learnt how to do them better and you could do them
more easily. The day after (cheerleading), I mean, I know me
and (another participant) were cause we’re in the same form,
but our legs were absolutely killing. But weeks, like weeks later
when we done it, it didn’t hurt as much, so fitness definitely
improved for me.”

(Male participant, school 1, focus group 2)

“Towards the end, she said some of you are doing quite
well, you’ve passed 90% (attendance)... And (at) over 90%
attendance you get put in for a draw for some trainers.. . . We
wanted the trainers.”

“We knew what we were going to do and we were ready for
it. . . And I think it helped you.” (Male participant, school 2,
focus group 4)

(Male participant, school 2, focus group 5)
Across the groups, participants spoke about how they
perceived they had changed following the intervention.
Some reported feeling the same as they did before the
intervention. Participants often discussed how they thought
aspects of their physical fitness had improved.

“If you get 70% (attendance) you get like a branded T-shirt
and shorts or something”

(Male participant, school 2, focus group 3)

“I feel stronger and faster than I was at the start of this thing”.

“Do we get rewards or do we not get rewards? (if it was
continued) Because if there’s no prizes there’s no point sticking
in with it if there’s no prizes.”

(Male participant, school 2, focus group 5)

(Male participant, school 2, focus group 3).

“When I did the school fun run thing, like last time (before
the intervention) I came quite far behind but this time I just
kept running and I had more stamina.”

Context
(A) Role of PE for Delivering HIIT
Using the PE lesson as a vehicle for delivering HIIT was
discussed in a variety of ways across the groups. At school 1,
the HIIT intervention was compared to normal PE lessons.

(Male participant, school 1, focus group 1)
“It’s like energetic or whatever, like takes a lot of energy away
but like you feel better about it at the end, like once you’ve
done it you realise it was like, it helped your fitness.”

“Yeah. . . you definitely get to do something in this (Project
FFAB). . . In PE you don’t necessarily do anything, you can just
be like standing around doing nothing but in this, like you
have to like get up and do something. It’s actually, you know,
doing something”.

(Male participant, school 2, focus group 5).
“You can have like, fun, but get fit at the same time.”

(Male participant, school 1, focus group 2)

(Female participant, school 1, focus group 2)
Some participants spoke about psychological changes
they experienced following the programme.

“You only like stand around in PE and just get like one go of
like batting the ball and then you. . . . And then you sit down.
‘Cause everybody else is like dead lazy.”

“It gave me a lot more thought of what activities I can actually
try out and what I like. . . . Yeah and what I can do, and that I
can actually try if I really want to”

(Female participant, school 1, focus group 2)
At school 2, participants discussed that by taking part in
Project FFAB, it had impacted on parts of their normal PE
curriculum. Generally, this was viewed negatively.

(Female participant, school 1, focus group 1)
(Feel) “Happy because you got something out of it. Learning
new like ways to exercise”.

“We missed most of our athletics because of this.”

(Male participant, school 2, focus group 3).

(Female participant, school 1, focus group 2)
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(Female participant, school 1, focus group 1).

(I’m)“Glad (the project is finished). Because now we don’t
have to do anymore of this, even though it was good but
like, it does honestly get tiring after like so many weeks, and
we get prizes. And plus we can get on with our regular stuff
because around about now we’d be doing tennis and softball,
wouldn’t we?”

(C) Future Recruitment and Retention Strategies
Lastly, participants discussed how future interventions
could be delivered to encourage recruitment and retention.
Frequently, participants suggested increasing the rest
interval of the HIIT repetitions.

(Male participant, school 2, focus group 3).

“To make it more appealing for like lazy people - slow it down
a bit, (which would) give you like longer time for rests and
longer time to do the activities instead of like going round at
like 700 miles per hour in like 45 seconds running, get like
90 seconds”

Future Implementation
(A) Use of PE Time for HIIT Delivery
At school 2, whether future HIIT sessions could
be delivered as part of normal PE lessons received
mixed responses.

(Male participant, school 2, focus group 3)

(Would) “Like (it in) PE lesson time. Yeah, because you’re
already like ready for lessons so you might as well do
it. . . Yeah, not in like our personal time.”

“Get a bit of a longer break, ‘cause like you’ve only just calmed
down and you have to do like another exercise straight away.”

(Female participant, school 1, focus group 2)
Participants also suggested more focus should be placed
on the HIIT activities, and less on the outcome measures.

(Male participant, school 2, focus group 4)
“I prefer it in the PE class because like when you go and you’re
working with your friends.”

“Do like advertise more on the like, the activities rather than
like the tests and stuff that you do”

(Male participant, school 2, focus group 3)

(Female participant, school 1, focus group 1)

(Not as part of PE lesson) “Then you can choose whether you
want to do it or not.”

DISCUSSION

(Male participant, school 1, focus group 2)

Despite increasing research interest in the use of school-based
HIIT as a means of improving health and well-being outcomes in
young people (Weston et al., 2020), the process of implementing
such interventions, and young people’s experiences of HIIT
programmes, are underreported. Accordingly, the aim of our
study was to conduct a process evaluation of Project FFAB,
a multi-activity school-based HIIT intervention for English
adolescents. By utilising a mixed methods study design, we
were able to combine traditional process evaluation approaches,
including quantitative assessments of recruitment, reach, and
intervention dose, with in-depth qualitative accounts from the
intervention participants on intervention fidelity, their HIIT
experiences, context, and future implementation.
Across Project FFAB, the target sample size was 100
participants. Collectively, this number was achieved across the
four intervention and control sites, where 101 participants were
recruited at baseline and only one intervention participant
dropped out during the study. At school 1 however, only 17 of
80 invited pupils volunteered to take part in Project FFAB (21%
recruitment rate compared to the four-school average of 55%).
This can possibly be explained by the PE teacher’s decision to
exclude students from the highest ability PE class in school 1
from volunteering, as it has been suggested that HIIT may appeal
most to those who are already active (Biddle and Batterham,
2015). By excluding pupils who may reflect this demographic,
overall recruitment may be lower. From a logistics perspective,
the recruitment rate may also have been negatively impacted by
the way the study was introduced at school 1. At school 2 and

(B) Use of Non-PE time for HIIT delivery
Across the groups, participants discussed different
options relating to whether HIIT could be delivered outside
of PE lessons and/or outside of the school setting. Several
options were suggested but no single one emerged as the
most popular or practical.
“I do tonnes of clubs so after schools ones weren’t very good
‘cause I’d like miss them sometimes, and on a weekend I’m
really busy so I think the best time would be at lunchtimes
‘cause everybody’s at school anyway and all you usually do is
like, eat your lunch.

(Male participant, school 1, focus group 1)
“Em, it depends, it depends what days it’s on, like Saturdays
and Sundays no, ‘cause like that’s the time we chill and like just
hang out with our mates. Mondays and Wednesdays people
have stuff on, I’d probably do it Friday afternoon because
that’s when school’s finished, like you’ve got nothing else to do,
all you do is just sit around doing nothing and watch telly..
Like it has to be very close as well like, say it could be in. . .
just in different places and different people could run it.”

(Male participant, school 2, focus group 5).
“On the weekends ‘cause more people are free and more people
will be bored on a Sunday ‘cause more people will be bored,
and the more people will turn up”.
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heart rate values indicative of high-intensity work. This was
despite never being explicitly told what 90% of their individual
maximal heart rate corresponded to. These findings highlight
the importance of personalised feedback (Turk et al., 2013;
Arambepola et al., 2021) during HIIT, and the wider potential
of wearable technology in engaging people in physical activity
and exercise (Ridgers et al., 2016). Nonetheless, while the use
of wearable technology in the PE setting is being explored
(Marttinen et al., 2019), it is imperative to acknowledge the
cost associated with such devices. Indeed, while an individual
heart rate monitor would provide an objective means of assessing
HIIT exercise intensity, it is highly questionable whether research
and/or school budgets could accommodate this requirement for
a scaled-up, multi-site intervention. This highlights the tradeoff that is often apparent in applied research, between gold
standard measurement and pragmatic alternatives. While other
school-based HIIT studies have utilised tools such as Session
Rating of Perceived Exertion as a way of prescribing exercise
intensity (Bond et al., 2017), our findings suggest this may be
inadequate for communicating and monitoring exercise intensity
in young people who may be unaccustomed to performing highintensity activity. Nonetheless, our participants did mention
several bodily cues they thought were indicative of highintensity work, including feeling out of breath and local muscular
fatigue. If cost and time negated the use of objective heart rate
monitoring, a potential alternative is the use of differential ratings
of perceived exertion scales, which allows discrimination between
central (i.e., breathlessness) and peripheral (i.e., arms and legs)
exertion (McLaren et al., 2016).
In our previously published quantitative fidelity analysis of
Project FFAB, we suggest that the fidelity of our intervention
was moderate at best (Taylor et al., 2015). This conclusion was
largely based on the analysis of intervention heart rate data
which revealed variability in the intensity of the HIIT sessions
between and within participants. Data from the focus groups
provides a deeper understanding on why these variations may
have occurred. For example, across both intervention schools
the non-PE based sessions were viewed as easier and less wellstructured than the PE-based ones. This perception could have
been partly due to the lack of heart rate monitoring at the
non-PE sessions, which may have left participants less able
to gauge the intensity they were working at. As a third of
the total intervention consisted of non-PE based sessions (i.e.,
10/30), this perceived lack of consistency could have negatively
impacted study outcomes where changes are driven by exercise
intensity. One such example is 20 m shuttle run test performance,
which did not substantially improve post-intervention (Weston
et al., 2016). This finding is at odds with that reported in
other school-based HIIT trials (Bond et al., 2017; Eddolls et al.,
2017), yet may now be partly explained by observations that
HIIT was performed at a lower intensity at the after school
and lunchtime sessions. One potential way of addressing this
is to schedule all HIIT sessions during PE curriculum time,
since these sessions were generally viewed more positively in
terms of structure and intensity. This approach could, however,
take away from other valuable aspects of the PE lesson from
a pedagogical perspective, and may not be well-received by

both control schools, the study was introduced to separate classes
of a maximum of 45 pupils (range 30–45), which allowed for
individual questions to be answered in real time. At school 1
however, the study was introduced to the whole Year 9 group
(80 pupils) at once, which did not allow for the same level of
interaction between potential participants and the researcher.
With regards to the intervention dose, descriptive data
presented here and elsewhere (Weston et al., 2016) indicate
that Project FFAB was delivered as intended, in terms of
the number of HIIT sessions provided (n = 30). However,
while overall session attendance was high (77%), the focus
groups revealed factors that influenced individual participants’
HIIT dose across the intervention. At school 1, after-school
sessions were sometimes missed due to clashes with other extracurricular commitments. At school 2, participants observed
that fewer people attended the lunchtime sessions than the
sessions delivered during PE. This could be attributed to an
overall sense that the purpose of the school lunch-break is to
spend time with friends and eat lunch, rather than perform
structured exercise.
In the context of the fidelity of the intervention, the focus
groups highlighted a discrepancy between what participants
perceived the HIIT work: rest ratio to be, and what it actually
was. As detailed in the methods, each HIIT repetition consisted
of 45-s of activity, followed by 90-s recovery (i.e., work: rest
ratio of 1:2). Participants however, reported that the rest interval
was equal to or less than the length of the HIIT interval.
This was generally viewed negatively and brought up when
potential changes to future programmes were discussed. This
misconception is concerning as it could lead to participants
becoming less engaged or motivated to participate in the
sessions, which could impact on study retention, fidelity,
and future physical activity behaviours. One practical way of
addressing this confusion is to provide a visible or audible
timer for participants to access during the HIIT sessions, which
would allow the length of the work and rest intervals to be
clearly communicated. Alternatively, future studies could explore
manipulating the work: rest ratio of the HIIT sessions (e.g.,
altering the work: rest ratio and/or relative intensity of the
individual repetitions), as a means of maximising participants’
enjoyment and engagement. Indeed, there is evidence to suggest
that varying exercise intensity, duration, and work: rest ratios
within a HIIT session can impact affect, perceptions of effort,
and enjoyment (Martinez et al., 2015; Malik et al., 2019). It
is therefore possible that a more personalised/individualised
approach is needed to titrate the appropriate dose of HIIT with
respect to work: rest ratio, as a means of preserving physiological
benefit while minimising negative affective responses. While
this interesting avenue of work has begun to be explored
in adolescents from an acute perspective in the laboratory
setting (Malik et al., 2019), it has not yet been applied in the
school environment.
When describing the intensity of the HIIT repetitions,
participants frequently mentioned the use of heart rate monitors
as a means of gauging how hard they were working. Generally,
the participants viewed the heart rate monitors as a helpful
way of gaining feedback and displayed a good awareness of
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future research. While preliminary data from three school-based
HIIT interventions in older adolescents suggests that schoolbased HIIT may improve some aspects of mental health (e.g.,
increases in executive function and reductions in psychological
difficulties) (Costigan et al., 2016; Leahy et al., 2019; Lubans
et al., 2020); these data can only be considered as pilot due to
small and homogeneous samples. Further, while some initial data
suggest that adolescents may enjoy acute bouts of HIIT, these data
have been collected in a laboratory setting (Malik et al., 2018),
which does not mirror the often group-based environment of
school-based HIIT protocols.
When reflecting on their overall experience of Project FFAB,
some participants felt aspects of their physical fitness improved
post-intervention. This finding is interesting, given that no
substantial mean changes were observed in the intervention
group for 20 m shuttle run test performance compared to the
controls (Weston et al., 2016). While this may reflect individual
variability in participants’ response to the intervention, it is
also possible that other components of physical fitness, such
as muscular power and sprint ability, improved but went
undetected since a broader physical fitness testing battery was not
implemented. In light of this, we recommend that future HIIT
trials look beyond the intervention effects on cardiorespiratory
function alone and include measures of muscular fitness and
sprint ability in their physical fitness testing battery (Buchan et al.,
2011, 2013).
At school 2, participants often spoke about the role played
by the incentive of winning prizes at the end of Project FFAB
on their continued participation in the HIIT sessions. Largely,
the incentives were viewed positively, with some participants
reporting they would not have engaged with the project
otherwise. As the role of incentives was rarely mentioned at
school 1, this could highlight a difference in participants’ intrinsic
and extrinsic motivation for remaining involved in Project FFAB
(Deci and Ryan, 2000). While the concept of providing incentives
for positive health behaviours is widely debated in the literature
(Mitchell et al., 2020), from a cost and scalability perspective,
it is highly unlikely that continually providing rewards for
engagement in HIIT activities would be sustainable in the longterm. This issue raises interesting questions on whether it is
possible to alter an individual’s motivation to perform HIIT
from extrinsic to intrinsic factors. Though beyond the scope
of the current study, this question highlights a complex and
much needed area for future research on long term engagement
with HIIT behaviours. Given that school 2 was located in a
geographical area with higher levels of deprivation than school 1,
it is possible that the contrasting importance of incentives may be
partly explained by socioeconomic differences. Indeed, research
suggests that those from a higher socioeconomic status area (i.e.,
school 1 participants) are more enthusiastic and aware of the
benefits of leading healthy lifestyle (Hanson and Chen, 2007)
which may be reflected in our study.
From our findings on participants’ experiences, study context,
and future implementation, it is clear no one-size-fits-all
strategy exists for school-based HIIT, and implementation
can be further complicated by constraints within the school
day and calendar. As expected, participants’ enjoyment and

PE staff or pupils. In our participants, views on continuing
HIIT style activities in PE lessons beyond Project FFAB
were very mixed, which demonstrates the complexity of HIIT
programming for a diverse group within the constraints of the
school timetable.
With regards to participants’ experiences of the different
HIIT modes utilised, no single activity clearly emerged as the
least or most popular. Generally, participants spoke negatively
about drills they perceived to be too complicated or hard, such
as some of the running activities. Overall, these findings are
unsurprising as Project FFAB was designed to provide a variety in
HIIT modalities (e.g., boxing, dance and soccer) from the outset,
based on formative evaluation data collected in the development
stage of the intervention (Taylor, 2014). Midway through the
intervention, basketball drills were added to the HIIT options
at school 1, following observations that participants engaged
well with simple ball-based activities and spoke enthusiastically
about basketball.
Due to the smaller group sizes at school 1, it was possible
for at least two HIIT activities to run concurrently during a
single session. At school 2 however, only boxing and soccer
drills were performed, owing to disinterest in other activities
suggested by the first author, a lack of appropriate equipment
(e.g., basketballs), and the large group size (24 participants).
Here, participants were also sometimes prone to chatting and
misbehaving, especially in the later stages of the intervention as
noted in their focus groups. Such issues have been acknowledged
previously, with warnings that unruly and overly demanding
participants can disrupt group sessions, leading to a lack of
participation by others (Orwin, 2000). At school 2, participants
complained they had become bored with the repetitive nature
of the sessions by the end of Project FFAB, which highlights the
need to continually refresh activities across an intervention where
possible (Taylor et al., 2018; Innerd et al., 2019; Jong et al., 2020).
Further, it is acknowledged that participants at school 2 did not
receive the autonomy and same degree of variety that participants
at school 1 received, which may have negatively impacted on their
enjoyment and engagement with the later HIIT sessions.
Participants also shared why they liked or disliked certain
HIIT activities. Often, they stated they liked a specific activity
because it was fun. Since fun and enjoyment are often cited as
the most important factors for engaging young people in physical
activity and positive health behaviours (van Sluijs and Kriemler,
2016; Strömmer et al., 2021), this finding may illustrate the
potential of novel HIIT modes to engage young people in sport,
exercise, and physical activity. The finding also partly alleviates
concerns expressed in the literature (Biddle and Batterham,
2015) which suggest performing HIIT will evoke feelings of
displeasure (Ekkekakis, 2003) and could negatively impact on
future exercise behaviour (Rhodes and Kates, 2015). While we
did not collect acute or chronic objective measures of exercise
affect, enjoyment, or psychological well-being during Project
FFAB, data from our focus groups provide some evidence of
positive feelings after the individual HIIT repetitions and postintervention and elaborate on why this may have been the case.
Given the importance of young people’s mental health and wellbeing, exploring these responses in the long-term is a key area for
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and communication of the work: rest ratio could be strengthened.
While not assessed objectively, participants reported some
positive physical and psychological benefits beyond the scope
of the study, which should be explored in future work. Overall,
the study findings support the use of school-based HIIT as
a means of engaging young people in physical activity, and
provides valuable insights into how HIIT can be implemented in
community settings.

engagement varied depending on the HIIT activity, so it remains
crucial that future HIIT interventions for young people try to
closely replicate young peoples’ physical activity preferences and
patterns (Weston et al., 2020). The role of the HIIT deliverer
also appears to be important for ensuring a positive HIIT
experience in young people. In our study, participants viewed
the encouragement they received from the instructors as helpful,
which should be replicated in future work. Consideration to
intensity monitoring (e.g., heart rate monitor) also appears to
be key in engaging participants and maximising intervention
fidelity. From a programming perspective, Project FFAB could
be improved by regularly refreshing the HIIT activity options
throughout the intervention to minimise boredom, ensuring
the participants are aware of exactly how long the work: rest
ratio is, and exploring the option of non-PE based sessions in
consultation with the PE staff and prospective participants. The
notion of HIIT sessions only taking place during PE remains
contentious, unless a scalable model where HIIT is performed
in addition, as opposed to in replacement of PE activities can
be developed. Early success in this regard has been shown in
the “Burn2Learn” intervention for older adolescents in Australia,
where HIIT sessions are teacher- as opposed to researcher-led
(Costigan et al., 2015b; Kennedy et al., 2020; Lubans et al.,
2020).
In terms of outcome measures, future studies should continue
to explore the role of school-based HIIT in young people’s mental
health, and health outcomes beyond the traditional cardiometabolic measures assessed to date. When considering the
strengths of our current study, it is important to highlight that
our focus groups involved >80% of the participants who took
part in the intervention, which maximises the likelihood that the
data collected were representative of the intervention group as
a whole. We have also detailed in-depth adolescent experiences
of school-based HIIT for the first time. Where possible, future
process evaluations of school-based HIIT should incorporate
both teacher and pupil perspectives. The former was not the
focus of our study, however by involving teachers in future
evaluations questions on the scalability of projects could be better
answered. As we did not conduct focus groups in the control
schools, adolescent perceptions of being part of a school-based
programme in general remain unknown. This could also be
explored in future work.

DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT
The studies involving human participants were reviewed
and approved by Teesside University Research Governance
and Ethics Committee. Written informed consent to
participate in this study was provided by the participants’
legal guardian/next of kin and written assent was obtained from
the study participants.

AUTHOR CONTRIBUTIONS
KW, AI, and AB designed the study. KW, AI, and LA
completed data collection and performed the data analysis.
KW wrote the first draft of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

FUNDING
The work was undertaken as part of a Ph.D. studentship funded
by Fuse, the Centre for Translational Research in Public Health.
KW, AI, LA, SB, and AB are members of Fuse, the Centre
for Translational Research in Public Health (www.fuse.ac.uk).
Fuse is a UK Clinical Research Collaboration (UKCRC) Public
Health Research Centre of Excellence. Funding for Fuse from
the British Heart Foundation, Cancer Research UK, National
Institute of Health Research, Economic and Social Research
Council, Medical Research Council, Health and Social Care
Research and Development Office, Northern Ireland, National
Institute for Social Care and Health Research (Welsh Assembly
Government) and the Wellcome Trust, under the auspices of
the UKCRC, is gratefully acknowledged. The views expressed
in this paper do not necessarily represent those of the funders
or UKCRC. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.

CONCLUSIONS
Collectively, this mixed methods process evaluation of Project
FFAB offers rich insights into how a HIIT intervention can
be implemented within the school setting. By interviewing
participants involved in Project FFAB, we have given a voice
to young people in the research process, who have largely been
overlooked previously. Overall, the multi-activity HIIT drills
were well-received, implemented as planned, and participants
often reported they were fun to complete. The programme could
be modified to account for individuals’ preferences when nonPE based sessions took place, include a wider range of activities,

Frontiers in Sports and Active Living | www.frontiersin.org

ACKNOWLEDGMENTS
The authors would like to thank the study participants and
school teachers for their enthusiasm and engagement throughout

12

September 2021 | Volume 3 | Article 737900

Weston et al.

Process Evaluation of School-Based HIIT

SUPPLEMENTARY MATERIAL

the project. We would also like to thank the dance teachers
for their involvement and support in the dance-based HIIT
sessions. Finally, we would like to acknowledge Hope Taylor
Weston for her support in the final stages of the manuscript
preparation.

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fspor.
2021.737900/full#supplementary-material

REFERENCES

Medical Research Council guidance. BMJ 337:a1655. doi: 10.1136/bmj.
a1655
Deci, E. L., and Ryan, R. M. (2000). The “what” and “why” of goal pursuits:
Human needs and the self-determination of behavior. Psychol. Inq. 11, 227–268.
doi: 10.1207/S15327965PLI1104_01
Dobbins, M., Husson, H., DeCorby, K., and LaRocca, R. L. (2013). Schoolbased physical activity programs for promoting physical activity and fitness
in children and adolescents aged 6 to 18. Cochrane Database Syst. Rev.
2013:Cd007651. doi: 10.1002/14651858.CD007651.pub2
Dumas, J. E., Lynch, A. M., Laughlin, J. E., Phillips Smith, E., and Prinz, R. J. (2001).
Promoting intervention fidelity. Conceptual issues, methods, and preliminary
results from the early alliance prevention trial. Am. J. Prev. Med. 20, 38–47.
doi: 10.1016/S0749-3797(00)00272-5
Eddolls, W. T. B., McNarry, M. A., Stratton, G., Winn, C. O. N., and
Mackintosh, K. A. (2017). High-intensity interval training interventions in
children and adolescents: a systematic review. Sports Med. 47, 2363–2374.
doi: 10.1007/s40279-017-0753-8
Ekkekakis, P. (2003). Pleasure and displeasure from the body: perspectives from
exercise. Cogn. Emot. 17, 213–239. doi: 10.1080/02699930302292
Franks, A., Kelder, S. H., Dino, G. A., Horn, K. A., Gortmaker, S. L., Wiecha, J.
L., et al. (2007). School-based programs: lessons learned from CATCH, Planet
Health, and Not-On-Tobacco. Prev. Chronic Dis. 4:A33.
Gibala, M. J., Little, J. P., Macdonald, M. J., and Hawley, J. A. (2012). Physiological
adaptations to low-volume, high-intensity interval training in health and
disease. J. Physiol. 590, 1077–1084. doi: 10.1113/jphysiol.2011.224725
Glasgow, R. E., Vogt, T. M., and Boles, S. M. (1999). Evaluating the public health
impact of health promotion interventions: the RE-AIM framework. Am. J.
Public Health 89, 1322–1327. doi: 10.2105/AJPH.89.9.1322
Hanson, M. D., and Chen, E. (2007). Socioeconomic status and health behaviors
in adolescence: a review of the literature. J. Behav. Med. 30, 263–285.
doi: 10.1007/s10865-007-9098-3
Henaghan, J., McWhannell, N., Foweather, L., Cable, N. T., Batterham, A. M.,
Statton, G., et al. (2008). The effect of structured exercise classes and a lifestyle
intervention on cardiovascular risk factors in primary schoolchildren: An
exploratory trial (the A-CLASS project). Pediatr. Exercise Sci. 20,169–180.
doi: 10.1123/pes.20.2.169
Horner, S., Rew, L., and Torres, R. (2006). Enhancing intervention fidelity:
a means of strengthening study impact. J. Spec. Pediatr. Nurs. 11, 80–89.
doi: 10.1111/j.1744-6155.2006.00050.x
Horner,
S.
D.
(2000).
Using
focus
group
methods
with
middle
school
children.
Res
Nurs
Health.
23.
510–517.
doi: 10.1002/1098-240X(200012)23:6andlt;510::AID-NUR9andgt;3.0.CO;2-L
Innerd, A. L., Azevedo, L. B., and Batterham, A. M. (2019). The effect of
a curriculum-based physical activity intervention on accelerometerassessed physical activity in schoolchildren: a non-randomised mixed
methods controlled before-and-after study. PLoS ONE. 14:e0225997.
doi: 10.1371/journal.pone.0225997
Jago, R., Sebire, S. J., Davies, B., Wood, L., Banfield, K., Edwards, M. J., et al.
(2015). Increasing children’s physical activity through a teaching-assistant led
extracurricular intervention: process evaluation of the action 3:30 randomised
feasibility trial. BMC Public Health. 15:156. doi: 10.1186/s12889-015-1501-3
Jong, S. T., Croxson, C. H. D., Guell, C., Lawlor, E. R., Foubister, C., Brown,
H. E., et al. (2020). Adolescents’ perspectives on a school-based physical
activity intervention: a mixed method study. J. Sport Health Sci. 9, 28–40.
doi: 10.1016/j.jshs.2019.06.007
Jung, M. E., Little, J. P., and Batterham, A. M. (2015). Commentary: why sprint
interval training is inappropriate for a largely sedentary population. Front.
Psychol. 6:1999. doi: 10.3389/fpsyg.2015.01999

Arambepola, C., Perera, M., Gillison, F., Peacock, O., and Thompson,
D. (2021). The understanding, acceptability, and relevance of
personalised multidimensional physical activity feedback among
urban adults: evidence from a qualitative feasibility study in
Sri Lanka. BMC Public Health. 21:715. doi: 10.1186/s12889-02110774-0
Baranowski, T., and Jago, R. (2005). Understanding the mechanisms of change
in children’s physical activity programs. Exerc. Sport Sci. Rev. 33, 163–168.
doi: 10.1097/00003677-200510000-00003
Bauman, A., and Nutbeam, D. (2013). Evaluation in a Nutshell: A Practical Guide
to the Evaluation of Health Promotion Programs. Sydney: McGraw-hill.
Bellg, A. J., Borrelli, B., Resnick, B., Hecht, J., Minicucci, D. S., Ory, M., et al. (2004).
Enhancing treatment fidelity in health behavior change studies: best practices
and recommendations from the NIH Behavior Change Consortium. Health
Psychol. 23, 443–451. doi: 10.1037/0278-6133.23.5.443
Biddle, S. J., and Batterham, A. M. (2015). High-intensity interval exercise training
for public health: a big HIT or shall we HIT it on the head? Int. J. Behav. Nutr.
Phys. Act. 12:95. doi: 10.1186/s12966-015-0254-9
Bond, B., Weston, K. L., Williams, C. A., and Barker, A. R. (2017).
Perspectives on high-intensity interval exercise for health promotion
in children and adolescents. Open Access J. Sports Med. 8, 243–265.
doi: 10.2147/OAJSM.S127395
Braun, V., and Clarke, V. (2006). Using thematic analysis in psychology. Qual. Res.
Psychol. 3, 77–101. doi: 10.1191/1478088706qp063oa
Braun, V., and Clarke, V. (2019). To saturate or not to saturate?
Questioning data saturation as a useful concept for thematic analysis
and sample-size rationales. Qual. Res. Sport Exerc. Health. 13, 201–16.
doi: 10.1080/2159676X.2019.1704846
Buchan, D. S., Ollis, S., Thomas, N. E., Buchanan, N., Cooper, S. M., Malina, R. M.,
et al. (2011). Physical activity interventions: effects of duration and intensity.
Scand. J. Med. Sci. Sports 21, e341–e350. doi: 10.1111/j.1600-0838.2011.01303.x
Buchan, D. S., Ollis, S., Young, J. D., Cooper, S. M., Shield, J. P., and Baker,
J. S. (2013). High intensity interval running enhances measures of physical
fitness but not metabolic measures of cardiovascular disease risk in healthy
adolescents. BMC Public Health. 13:498. doi: 10.1186/1471-2458-13-498
Burn, N., Weston, M., Atkinson, G., Graham, M., and Weston, K. (2021). Brief
Exercise at Work (BE@ Work): a mixed-methods pilot trial of a workplace highintensity interval training intervention. Front. Sports. Act. Living. 3:699608.
doi: 10.3389/fspor.2021.699608
Cook, T. D., and Campbell, D. T. (1979). Quasi-experimentation: Design and
Analysis Issues for Field Settings. Boston: Houghton Mifflin.
Costigan, S. A., Eather, N., Plotnikoff, R. C., Hillman, C. H., and Lubans,
D. R. (2016). High-Intensity interval training for cognitive and
mental health in adolescents. Med. Sci. Sports Exerc. 48, 1985–1993.
doi: 10.1249/MSS.0000000000000993
Costigan, S. A., Eather, N., Plotnikoff, R. C., Taaffe, D. R., and Lubans, D. R.
(2015a). High-intensity interval training for improving health-related fitness
in adolescents: a systematic review and meta-analysis. Br. J. Sports Med. 49,
1253–1261. doi: 10.1136/bjsports-2014-094490
Costigan, S. A., Eather, N., Plotnikoff, R. C., Taaffe, D. R., Pollock, E., Kennedy,
S. G., et al. (2015b). Preliminary efficacy and feasibility of embedding
high intensity interval training into the school day: a pilot randomized
controlled trial. Prev. Med. Rep. 2, 973–979. doi: 10.1016/j.pmedr.2015.11.
001
Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, I., and Petticrew,
M. (2008). Developing and evaluating complex interventions: the new

Frontiers in Sports and Active Living | www.frontiersin.org

13

September 2021 | Volume 3 | Article 737900

Weston et al.

Process Evaluation of School-Based HIIT

Mitchell, M. S., Orstad, S. L., Biswas, A., Oh, P. I., Jay, M., Pakosh,
M. T., et al. (2020). Financial incentives for physical activity in adults:
systematic review and meta-analysis. Br. J. Sports Med. 54, 1259–1268.
doi: 10.1136/bjsports-2019-100633
Moncher, F. J., and Prinz, R. J. (1991). Treatment fidelity in outcome studies. Clin.
Psychol. Rev. 11, 247–266. doi: 10.1016/0272-7358(91)90103-2
Moore, G. F., Audrey, S., Barker, M., Bond, L., Bonell, C., Hardeman, W., et al.
(2015). Process evaluation of complex interventions: medical research council
guidance. BMJ. 350:h1258. doi: 10.1136/bmj.h1258
Naylor, P. J., Nettlefold, L., Race, D., Hoy, C., Ashe, M. C., Wharf Higgins, J.,
et al. (2015). Implementation of school based physical activity interventions:
a systematic review. Prev. Med. 72, 95–115. doi: 10.1016/j.ypmed.2014.12.034
Noble, M., McLennan, D., Wilkinson, K., Whitworth, A., Barnes, H., and Dibben,
C. (2008). The English Indices of Deprivation 2007. London: Communities and
Local Government.
Orwin, R. G. (2000). Assessing program fidelity in substance abuse health
services research. Addiction 95, S309–327. doi: 10.1080/096521400200
04250
Rhodes, R. E., and Kates, A. (2015). Can the affective response to exercise predict
future motives and physical activity behavior? a systematic review of published
evidence. Ann. Behav. Med. 49, 715–731. doi: 10.1007/s12160-015-9704-5
Ridgers, N. D., McNarry, M. A., and Mackintosh, K. A. (2016). Feasibility and
effectiveness of using wearable activity trackers in youth: a systematic review.
JMIR Mhealth Uhealth. 4:e129. doi: 10.2196/mhealth.6540
Saunders, R. P., Evans, M. H., and Joshi, P., (2005). Developing a
process-evaluation plan for assessing health promotion program
implementation: a how-to guide. Health Promot. Pract. 6, 134–147.
doi: 10.1177/1524839904273387
St Leger, L. S., Kolbe, L., Lee, A., and McCall DS Young, I. M. (2007).
“School health promotion,” in Global Perspectives on Health Promotion,
eds D. V. McQueen, C. M. Jones (New York, NY: Springer), 107–124.
doi: 10.1007/978-0-387-70974-1_8
Strömmer, S., Shaw, S., Jenner, S., Vogel, C., Lawrence, W., Woods-Townsend,
K., et al. (2021). How do we harness adolescent values in designing health
behaviour change interventions? A qualitative study. Br. J. Health Psychol.
4:1–18. doi: 10.1111/bjhp.12526
Taylor, K. L. (2014). Project FFAB (Fun Fast Activity Blasts). Effect of a novel
school-based high-intensity interval training intervention on cardiometabolic
risk markers and physical activity levels in adolescents. [dissertation thesis].
[Middlesbrough (UK)]. Teesside University.
Taylor, K. L., Weston, M., and Batterham, A. M. (2015). Evaluating intervention
fidelity: an example from a high-intensity interval training study. PLoS ONE.
10:e0125166. doi: 10.1371/journal.pone.0125166
Taylor, S. L., Noonan, R. J., Knowles, Z. R., McGrane, B., Curry, W. B., and
Fairclough, S. J. (2018). Acceptability and feasibility of single-component
primary school physical activity interventions to inform the AS:Sk project.
Children 5:171. doi: 10.3390/children5120171
Thivel, D., Masurier, J., Baquet, G., Timmons, B. W., Pereira, B., Berthoin, S., et al.
(2019). High-intensity interval training in overweight and obese children and
adolescents: systematic review and meta-analysis. J. Sports Med. Phys. Fitness.
59, 310–324. doi: 10.23736/S0022-4707.18.08075-1
Tong, A., Sainsbury, P., and Craig, J. (2007). Consolidated criteria for reporting
qualitative research (COREQ): a 32-item checklist for interviews and
focus groups. Int. J. Qual. Health Care 19, 349–357. doi: 10.1093/intqhc/
mzm042
Turk, M. W., Elci, O. U., Wang, J., Sereika, S. M., Ewing, L. J., Acharya, S. D., et al.
(2013). Self-monitoring as a mediator of weight loss in the SMART randomized
clinical trial. Int. J. Behav. Med. 20, 556–561. doi: 10.1007/s12529-0129259-9
van Sluijs, E. M., and Kriemler, S. (2016). Reflections on physical activity
intervention research in young people - dos, don’ts, and critical
thoughts. Int. J. Behav. Nutr. Phys. Act. 13:25. doi: 10.1186/s12966-0160348-z

Kennedy, S. G., Leahy, A. A., Smith, J. J., Eather, N., Hillman, C. H., Morgan, P.
J., et al. (2020). Process evaluation of a school-based high-intensity interval
training program for older adolescents: the Burn 2 Learn cluster randomised
controlled trial. Children 7:299. doi: 10.3390/children7120299
Kinnafick, F. E., Thøgersen-Ntoumani, C., Shepherd, S. O., Wilson, O. J.,
Wagenmakers, A. J. M., and Shaw, C. S. (2018). In it together: a qualitative
evaluation of participant experiences of a 10-week, group-based, workplace
HIIT Program for insufficiently active adults. J. Sport Exerc. Psychol. 40, 10–19.
doi: 10.1123/jsep.2017-0306
Kriemler, S., Meyer, U., Martin, E., van Sluijs, E. M., Andersen, L. B., and Martin, B.
W. (2011). Effect of school-based interventions on physical activity and fitness
in children and adolescents: a review of reviews and systematic update. Br. J.
Sports Med. 45, 923–930. doi: 10.1136/bjsports-2011-090186
Leahy, A. A., Eather, N., Smith, J. J., Hillman, C. H., Morgan, P. J., Plotnikoff, R.
C., et al. (2019). Feasibility and preliminary efficacy of a teacher-facilitated highintensity interval training intervention for older adolescents. Pediatr. Exerc. Sci.
31, 107–117. doi: 10.1123/pes.2018-0039
Leahy, A. A., Mavilidi, M. F., Smith, J. J., Hillman, C. H., Eather, N.,
Barker, D., et al. (2020). Review of high-intensity interval training for
cognitive and mental health in youth. Med. Sci. Sports Exerc. 52, 2224–2234.
doi: 10.1249/MSS.0000000000002359
Little, J. P., Gillen, J. B., Percival, M. E., Safdar, A., Tarnopolsky, M.
A., Punthakee, Z., et al. (2011). Low-volume high-intensity interval
training reduces hyperglycemia and increases muscle mitochondrial capacity
in patients with type 2 diabetes. J. Appl. Physiol. 111, 1554–1560.
doi: 10.1152/japplphysiol.00921.2011
Logan, G. R., Harris, N., Duncan, S., and Schofield, G. (2014). A review
of adolescent high-intensity interval training. Sports Med. 44, 1071–1085.
doi: 10.1007/s40279-014-0187-5
Love, R., Adams, J., and van Sluijs, E. M. F. (2019). Are school-based physical
activity interventions effective and equitable? A meta-analysis of cluster
randomized controlled trials with accelerometer-assessed activity. Obes. Rev.
20, 859–870. doi: 10.1111/obr.12823
Low, J. (2019). A pragmatic definition of the concept of theoretical
saturation. Sociol. Focus 52, 131–139. doi: 10.1080/00380237.2018.
1544514
Lubans, D. R., Smith, J. J., Eather, N., Leahy, A. A., Morgan, P. J.,
Lonsdale, C., et al. (2020). Time-efficient intervention to improve older
adolescents’ cardiorespiratory fitness: findings from the ’Burn 2 Learn’
cluster randomised controlled trial. Br. J. Sports Med. 55, 751–758.
doi: 10.1136/bjsports-2020-103277
Malik, A. A., Williams, C. A., Weston, K. L., and Barker, A. R. (2018). Perceptual
responses to high- and moderate-intensity interval exercise in adolescents.
Med. Sci. Sports Exerc. 50, 1021–1030. doi: 10.1249/MSS.00000000000
01508
Malik, A. A., Williams, C. A., Weston, K. L., and Barker, A. R. (2019).
Perceptual and cardiorespiratory responses to high-intensity interval exercise
in adolescents: does work intensity matter? J. Sports Sci. Med. 18, 1–12.
Martinez, N., Kilpatrick, M. W., Salomon, K., Jung, M. E., and Little, J. P.
(2015). Affective and enjoyment responses to high-intensity interval training
in overweight-to-obese and insufficiently active adults. J. Sport Exerc. Psychol.
37, 138–149. doi: 10.1123/jsep.2014-0212
Marttinen, R., Landi, D., Fredrick, R. N., and Silverman, S. (2019). Wearable digital
technology in PE: advantages, barriers, and teachers’ ideologies. J. Teach. Phys.
Educ. 39, 227–235. doi: 10.1123/jtpe.2018-0240
McLaren, S. J., Graham, M., Spears, I. R., and Weston, M. (2016). The sensitivity
of differential ratings of perceived exertion as measures of internal load. Int. J.
Sports Physiol. Perform. 11, 404–406. doi: 10.1123/ijspp.2015-0223
Metcalfe, R. S., Atef, H., Mackintosh, K., McNarry, M., Ryde, G., Hill, D. M.,
et al. (2020). Time-efficient and computer-guided sprint interval exercise
training for improving health in the workplace: a randomised mixed-methods
feasibility study in office-based employees. BMC Public Health. 20:313.
doi: 10.1186/s12889-020-8444-z

Frontiers in Sports and Active Living | www.frontiersin.org

14

September 2021 | Volume 3 | Article 737900

Weston et al.

Process Evaluation of School-Based HIIT

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Weston, K., Barker, A. R., Bond, B., Costigan, S., Ingul, C., and Williams, C. (2020).
The BASES expert statement on the role of high-intensity interval exercise for
health and fitness promotion in young people. Sport Exerc. Sci. 64, 8–9.
Weston, K. L., Azevedo, L. B., Bock, S., Weston, M., George, K. P., and
Batterham, A. M. (2016). Effect of novel, school-based high-intensity
interval training (HIT) on cardiometabolic health in adolescents: project
FFAB (Fun fast activity blasts) - an exploratory controlled beforeand-after trial. PLoS ONE 11:e0159116. doi: 10.1371/journal.pone.0159
116

Copyright © 2021 Weston, Innerd, Azevedo, Bock and Batterham. This is an openaccess article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Frontiers in Sports and Active Living | www.frontiersin.org

15

September 2021 | Volume 3 | Article 737900

