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ABSTRACT

Using the data from Making a HIIT, this paper aimed to: 1) investigate the different heart rate (HR)
quantification methods reported in school-based high-intensity interval training (HIIT) studies; and 2)
assess the criterion validity of session rating of perceived exertion (RPE). During an 8-week HIIT interven-
tion, 213 students (13.1 (0.6) years; 46% female) completed 10-minute HIIT workouts during physical
education lessons. In total, 1057 HR and RPE measurements were collected across 68 HIIT workouts. For
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aim 1, the average and peak HR across all participants and workouts were 79% (8%) and 92% (6%) of
HRmax respectively. The average RPE was 6 (2) points on a 10-point scale. An average of 51% of students
in a class had an average HR = 80% for each workout. The between-person variation for peak and average
HR were 19% and 30%, respectively. Both average and peak HR decreased by 0.5% each week (p < 0.001).
To assess aim 2, a within-participant correlation was calculated for the internal training load produced
using HR and RPE data. The correlation was 0.39 (p < 0.001), which suggests utility of using RPE when HR

is not a viable option.

Introduction

High-intensity interval training (HIIT) is gaining interest from
researchers as a method for physical activity delivery and health
promotion in the school setting (Duncombe et al,, 2022). The
popularity of HIIT for use with children and adolescents could be
attributed to various factors, including research associating time
spent in higher intensity physical activity with lower cardiometa-
bolic risk in children and adolescents aged 4 - 18 years (Tarp
et al.,, 2018), and the similarity to children’s intermittent patterns
of physical activity (Sanders et al., 2014). However, there are
limited data on the implementation of school-based HIIT inter-
ventions (Duncombe et al., 2022; Eather et al., 2023), which is
integral to understanding the link between interventions and
relevant outcomes (Naylor et al.,, 2015).

Successful implementation of physical activity interventions
includes many determinants (Naylor et al., 2015). Some determi-
nants are reported more often within school-based physical activ-
ity studies, such as the dosage delivered and received by students
(Naylor et al., 2015). Meanwhile, fidelity, which is the extent to
which an intervention has been implemented as intended, is one
of the least examined determinants in school-based physical activ-
ity interventions (Naylor et al., 2015). Fidelity tends to encompass
the frequency, duration, and intensity of exercise within exercise
interventions and is crucial to the internal validity of a study
(Horner et al., 2006; Naylor et al.,, 2015). Reporting intensity is
especially important for HIIT interventions, as embedded within
the prescription of HIIT, is the assumption that participants will be

working within a specific intensity range (e.g., above 85% of max-
imum heart rate (HR)), which is necessary to experience benefits
(Dencker et al., 2006; Tarp et al., 2018). However, a recent systema-
tic review and meta-analysis on school-based HIIT interventions
noted that the achieved intensity was only reported in 48% of the
42 studies (Duncombe et al., 2022). Due to the limited reporting of
intensity data, the interpretation of the health benefits and the
implications for practice cannot currently be ascertained. This
paper aims to advocate for the reporting of intensity within school-
based HIIT through the discussion of two methods for monitoring
intensity and a variety of approaches for reporting these data.

HR is a valid and reliable method for monitoring intensity
(Achten & Jeukendrup, 2003), and it is the most frequently
used method in school-based research (Duncombe et al.,
2022). However, there is no standardised procedure for
reporting HR data to reflect the intensity of HIIT
(Duncombe et al.,, 2022), making it difficult to compare
between studies or develop a better understanding of the
link between implementation and outcomes (Naylor et al.,
2015). Comparisons among the various methods of report-
ing HR data used within the literature are warranted to
further understand the implications of using different meth-
ods and enable more transparent reporting of the intensity
of HIIT interventions. Another consideration when reporting
intensity is how best to quantify more contemporary forms
of HIIT, such as game-based HIIT, where some students
might be resting while others work, which makes HR
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capture during only work intervals challenging for the num-
ber of participants involved. Additionally, the most fre-
quently reported metrics in school-based HIIT studies at
present, regardless of the HIIT protocol, are an average or
peak HR for all students and sessions (Duncombe et al.,
2022), which are not adequate for determining if the inter-
vention was implemented as intended on an individual
level. Two previous studies have examined fidelity in school-
based HIIT in more detail (Kennedy et al., 2020; Taylor et al.,
2015). Taylor et al. (2015) examined variation within and
between-participants and combined attendance to quantify
the exposure variable (intervention). However, fidelity data
were only collected from a small subsample of 17 partici-
pants, which could overestimate the fidelity of the interven-
tion if the subsample were more actively engaged in the
programme. Kennedy et al. (2020) discussed fidelity as part
of a larger process evaluation but did not aim to scrutinise
the implications of the various HR quantification methods
that they used.

While HR is a valid objective measure of exercise intensity
during HIIT, there are some practical limitations to using HR
monitors regularly in the school environment, including cost,
the time required to put on the device, student comfort while
wearing the devices, and data loss (Lagally, 2013; Pasadyn et al.,
2019). An alternative measure of intensity that can be utilised in
schools is self-reported rating of perceived exertion (RPE). RPE
can be completed with ease in health and physical education
(HPE) class as it is low cost, requires minimal class time, and is
simple to use in group settings (Lagally, 2013).

Both HR and RPE can be used to determine the internal
training load of a workout, which accounts for the duration
and intensity (Impellizzeri et al., 2019). To quantify training
load, RPE is often converted into a session RPE (sRPE) to reflect
the entire exercise period, rather than at a specific moment
during exercise. A review that examined the criterion validity of
sRPE showcased a wide range of correlations (0.17 to 0.97)
between sRPE and internal training load calculated with HR
for intermittent sports (Haddad et al., 2017). However, the
studies included in this review had sample sizes smaller than
20 participants, were completed with athletic populations,
included adults, and were not undertaken in the school setting
(Haddad et al., 2017). Due to these differences, the findings
from the review cannot be extrapolated to a generalisable
population of students. Currently, there is no evidence on the
relationship between sRPE and HR for quantifying internal
training load within HIIT workouts in the school setting. It is
necessary to investigate the validity of sRPE during school-
based HIIT workouts to understand the utility of this measure,
especially when objective measures of exercise intensity, such
as HR, are not feasible due to cost and time constraints due to
curricular demands or in larger scale up studies.

Critiques of HIIT have recently questioned the operational
definitions used to classify intensity within HIIT studies, noting
that they are inconsistent and occasionally lead to the misclas-
sification of the exercise intensity (Ekkekakis et al., 2023). At
present, these critiques are valid and are a genuine concern for
those advocating for the benefits of HIIT. It is necessary that
studies monitor and report the intensity achieved within their
studies and do so in a manner that enables variation to be
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understood. Therefore, the aims of this paper were: 1) to inves-
tigate the variation within and between students showcased
through different intensity quantification methods that exist for
HR in the current literature using the Making a HIIT study as an
example; and 2) to assess the criterion validity of sRPE for
quantifying the internal training load compared to HR within
Making a HIIT.

Methods

This paper uses HR and RPE data from the Making a HIIT study,
which involved co-designing HIIT workouts with students and
teachers and using the workouts in a school-based interven-
tion. The Making a HIIT study has been described in detail in
a protocol paper (Trial Registration: ACTRN,
ACTRN12622000534785) (Duncombe et al., 2022). This paper
uses data from the group of classes who participated in the HIIT
workouts and focuses only on the HPE lessons where both HR
and RPE data were collected.

Participants

The Making a HIIT study was completed in three secondary
schools (one co-educational school, one boys’ school, and one
girls’ school) around Greater Brisbane, Australia. It was com-
pleted with grade 7 and 8 students and teachers as part of the
HPE curriculum. Within each school, there were three groups: 1)
the co-design group, which included classes that were involved
in the creation of the HIIT workouts and used the HIIT workouts
in HPE for a term; 2) the HIIT only group, which included classes
that used the HIIT workouts in HPE (but were not involved in
the co-design of the HIIT workouts); and 3) the control group,
which included classes that continued with normal HPE lessons.
In total, 10 classes completed the HIIT workouts in HPE across
participating schools (i.e., groups one and two), and the stu-
dents from these classes form the sample for this study. The
control group were not used in this analysis as they did not
perform HIIT. Making a HIIT was approved by The University of
Queensland’s human research ethics committee (Project: 2020/
HE002444) and relevant governing bodies and gatekeepers.
Parents and teachers provided written informed consent for
participation in the study, and students provided written
informed assent.

Intervention

Prior to the intervention, classes in group one co-designed
HIIT workouts with researchers and teachers in an iterative
process across several HPE lessons. In this process, the class
created criteria for the workouts based on identified barriers
and facilitators to exercise. The class also established the
parameters for the workouts, including the target HR, and
maximum and minimum interval lengths. Then, groups of
three to five students each designed a 10-minute HIIT work-
out. Students trialled the workouts and received peer feed-
back and HR data to modify their workouts in line with the
criteria and parameters established in the previous lessons.
Due to this co-design process, HIIT workouts varied in terms
of theme (e.g., sport-specific, classroom-based workouts),



1680 e S. L. DUNCOMBE ET AL.

percentage of time in work (average = 65%, range: 53-75%),
and work and rest intervals (range 10-60 seconds), although
running-based intervals were the most common. The work-
outs also included exercises and intervals that involved cer-
tain students working while others rested, making HR
capture of only work intervals unfeasible. Several example
workouts are provided in Supplement 1.

For the intervention, students in groups one and two used
the co-designed HIIT workouts in an 8-week intervention.
Teachers received the workouts in a laminated booklet prior
to the term and reviewed them with a researcher. Workouts
were delivered by teachers across practical and theory HPE
lessons. However, both HR and RPE data were only collected
during the practical lessons, due to logistics and time require-
ments associated with wearing the HR monitors. The HIIT work-
outs were used as a warmup prior to the rest of the HPE lesson.
A researcher was present for all practical HIIT workouts to
administer HR monitors. Students were verbally encouraged
to provide maximal effort during the “work” periods by both
the teacher and researcher throughout the workout. Students
were instructed to aim for a HR equal or greater to 80% of their
maximum HR (HR,a,) while working.

Intensity measures collected

Heart rate

Students wore HR monitors (Polar H10, Polar Electro, Finland)
that were fitted by researchers at the start of the intervention to
ensure appropriate strap size and placement. Data were
recorded using Polar GoFit software (https://polargofit.com/).
Participants’ HR,,x was determined using a 20-metre shuttle
run test conducted in a HPE lesson one week prior to the inter-
vention (The Cooper Institute: FitnessGram PACER test., 1982).
For students who were absent during this lesson (n = 38), did not
complete the test (n = 14), or for whom HR was not collected (1
class, n =23), HRax Was calculated using the formula 208 - (0.7)
*age (Mahon et al., 2010). For each HIIT workout, the following
HR data were extracted from Polar GoFit for each student: peak
HR, peak as a percentage of HR,,.x, average HR, average as
a percentage of HRay and time spent with a HR between 1)
50 and 59%; 2) 60 and 69%; 3) 70% and 79%; 4) 80% and 89%;
and 5) 90% and 100% of HR,,,.,. The percentage of time spent in
each of the above HR zones was calculated by dividing the time
spent in each zone by the total length of the workout.

Session rating of perceived exertion

Students reported their sRPE using the Children’s OMNI
Scale of Perceived Exertion immediately after the comple-
tion of each HIIT workout (Robertson et al., 2000). The OMNI
RPE has been validated against HR during ramp and con-
tinuous exercise, as well as resistance exercise (Robertson
et al., 2000, 2003, 2006). Students were asked to circle one
number between 0 and 10 on the pictorial scale that corre-
sponded to their effort during the entire HIIT workout using
the prompt “During this HIIT workout, | felt...”. Researchers
explained to the students that a 10 would equate to an
effort that was as hard as they could possibly work and
where they felt “very, very tired”, while a zero was equiva-
lent to “not tired at all”.

Data management

Aim one: Quantification of intensity with heart rate

To examine HR variability within and between students, we
used various intensity quantification methods that have
previously been used in school-based HIIT studies. These
included: 1) the mean average HR (absolute and percentage of
HRnax) for all students and workouts combined (Arariza, 2018;
Baquet et al., 2002; Buchan et al., 2011; Camacho-Cardenosa
et al, 2016; Costigan et al., 2016; Cvetkovi¢ et al., 2018;
Kennedy et al., 2020; Ketelhut et al., 2020; Lambrick et al., 2016;
Larsen et al,, 2017; Logan et al., 2016; Martin et al., 2015; McNarry
et al., 2020; van Biljon et al., 2018; Williams et al., 2000); 2) the
mean peak HR (absolute and percentage of HR,,,) for all stu-
dents and workouts combined (Arariza, 2018; Boddy et al., 2010;
Camacho-Cardenosa et al., 2016; Kennedy et al., 2020; Ketelhut
et al., 2020; Lambrick et al., 2016; Martin-Smith et al., 2019;
McNarry et al., 2020); 3) the percentage of time students spent
in various deciles (above 70%, 80%, and 90% of HR,,,,) (Larsen
et al, 2017; McNarry et al,, 2020); 4) the mean percentage of
students in a class with an average HR above 80% and 90% of
HRmax (Kennedy et al., 2020); 5) the percentage of students in
a class who spent equivalent or more time above 80% and 90%
of HRmay than the intended time in work for each workout; and 6)
the variability within and between students (Taylor et al., 2015).
We did not calculate the mean average HR for only time in work,
which has been previously used in the literature (Baquet et al.,
2002; Boddy et al., 2010; Camacho-Cardenosa et al., 2016; Logan
et al,, 2016; Martin-Smith et al.,, 2019; Williams et al., 2000), due to
the contemporary HIIT workouts used that included partner
exercises (one student exercises while one rests) and intervals
of varying lengths, which limited the feasibility of this approach.

Aim two: Session-RPE criterion validity

To assess the criterion validity of sRPE, we calculated a training
impulse (TRIMP) for HR using the Edwards method (Edwards,
1993). This method combines the volume of exercise with total
intensity based on five intensity thresholds. The time spent (in
seconds) in each HR zone as a percentage of HRax Was multi-
plied by a factor (50-59% = 1; 60-69% =2, 70-79% =3, 80-
89% =4, 90-100% = 5) and these were summated to generate
a total internal training load (in arbitrary units). To calculate
sRPE (in arbitrary units), we multiplied each student’s subjective
RPE by the total duration (seconds) of the workout equivalent
to the duration of the recorded HR.

Data analysis

Data analysis was conducted in R (Version 3.6.2; The R Foundation
for Statistical Computing, Vienna, Austria). Alpha was set at 0.05.

Aim one: Quantification of intensity with heart rate

Normality was checked using a Shapiro-Wilk test. Means and
standard deviations were reported for normally distributed vari-
ables and medians and inter-quartile ranges were reported for
not normally distributed quantification methods. The variability
within and between students was examined using linear mixed
models for the outcome variables of peak and average HR as
percentages of HR,ax. Sex and intervention week were included
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as fixed effects. Each student was nested within a school. The
assumptions of the model were satisfied, including linearity,
homogeneity of variance, and normal distribution of the
residuals.

Aim two: Session-RPE criterion validity

To assess the validity of using RPE, the within-participant
correlation (r) between TRIMP and sRPE was calculated
while accounting for repeated measures (Bland & Altman,
1995). This was completed using the RShiny application for
repeated measures correlations (Marusich & Bakdash, 2021).
The magnitude of the correlations was interpreted as fol-
lows: 0.1 to 0.3 =negligible; 0.3 to 0.5=Ilow; 0.5 to 0.7 =
moderate; 0.7 to 0.9=high; > 0.9=very high (Mukaka,
2012).

Results

A total of 68 HIIT workouts included HR and RPE data, with 24
unique HIT workouts completed. Class attendance varied
between lessons and the average attendance for each class is
reported in Table 1. Occasionally, HR data were not recorded for
a participant during a workout due to students arriving late (n
=11); leaving the HIIT workout early (n=3); removing the
monitor (n=5); leaving the Bluetooth range (n=3); or

Table 1. Classes involved in the high-intensity interval training (HIIT) intervention.
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equipment malfunctions (n = 39). In total, 1057 measurements
were collected from 213 students across the 68 HIIT workouts.

Aim one: Quantification of intensity with heart rate

The results showcasing variability between students from the
various methods of quantifying intensity data in our study are
presented in Table 2. Between student and across time varia-
tion is displayed in Figure 1.

The mixed model for peak HR had a significant effect for week
(p <0.001), with an average decrease of 0.5% (95% Cl: —0.6% to
—0.4%) per week. The within-person variation was 19% points of
HRnax. The variation between subjects was 19% points, which
explained 51% of the total variance in peak HR (Intra-class coeffi-
cient (ICC)=0.51). The mixed model for average HR also had
a significant effect for week (p < 0.001), with a decrease of 0.6%
(95% Cl: —0.6% to —0.4%) per week. The within-person variation
was 31% points of HRax. The variation between subjects was
30% points, which explained 49% of the variance in average HR
(ICC=0.49). There was no significant effect for sex in any model
for HR outcomes.

Aim two: Session-RPE criterion validity

The mean sRPE across all students and sessions was 6 (2).
The within-person correlation between sRPE and TRIMP was

Number of HIIT Number of HIIT Workouts

School Class Year Age” N (female)* workouts with HR data Completed by Students™
School One Class A 8 13.3+0.3 25 (11) 8 8 (7to8)
Class B 8 13.2+04 12 (6) 8 7(6to07)
School Two Class C 7 126 +0.3 24 (0) [ 4 (3to5)
Class D 7 125+0.3 23 (0) 7 5(5t07)
Class E 8 13.6+0.4 24 (0) 7 53to7)
Class F 8 13.7+0.3 24 (0) 11 9 (5 to 10)
School Three Class G 8 13.4+0.3 21 (21) 6 5(4to5)
Class H 8 13.3+0.3 23 (23) 5 3(3to5)
Class | 7 124+0.3 19 (19) 4 3(3to4)
Class J 7 125+0.3 18 (18) 6 5(3to5)

“Mean and standard deviation for normally distributed variables.

*N =the number of students with valid heart rate data included from each class.
*Median and Interquartile range for not normally distributed variables.

HIIT = high-intensity interval training; HR = heart rate.

Table 2. Intensity of high-intensity interval training (HIIT) workouts using various heart rate quantifications and session rating of perceived exertion.

Quantification of Intensity

Full Sample (n=213)

Males (n=115)

Females (n =98)

Average HR*

Average HR as a percentage of HR maximum*

Peak HR*

Peak HR as a percentage of HR maximum*

Percentage of time between 70-79% of HR maximum®™

Percentage of time between 80-89% of HR maximum™

Percentage of time between 90-100% of HR maximum®

Percentage of students with an average HR > 80%"

Percentage of students with an average HR > 90%"

Percentage of students where (Time with HR > 80%) > (Time in work)
Percentage of students where (Time with HR > 90%) > (Time in work)"
Average rating of perceived exertion*™*

v

161 bpm (16 bpm)
79% (8%)

188 bpm (13 bpm)
92% (6%)

26% (IQR: 14% — 37%)
38% (IQR: 22% — 52%)
6% (IQR: 0% — 23%)
51% (IQR: 31% — 67%)
5% (IQR: 0% — 8%)
38% (IQR: 20% — 58%)
0% (IQR: 0% — 6%)
6(2)

162 bpm (5 bpm)
79% (7%)

188 bpm (12 bpm)
92% (5%)

26% (IQR: 16% — 37%)
38% (IQR: 23% — 52%)
5% (IQR: 0% — 21%)
50% (IQR: 30% — 67%)
0% (IQR: 0% — 7%)
36% (IQR: 18% — 55%)
0% (IQR: 0% — 5%)
6(2)

159 bpm (19 bpm)
79 (9%)
186 bpm (16 bpm)
93% (7%)

25% (IQR: 11% — 37%)
36% (IQR: 20% — 54%)
7% (IQR: 0% — 26%)
55% (IQR: 40% — 70%)
0% (IQR: 0% — 13%)
47% (IQR: 23% — 60%)
0% (IQR: 0% — 7%)
6(2)

HR = Heart rate; bpm = beats per minute.

*Mean and standard deviation across all students and sessions.
TMedian and IQR across all students and sessions.

“Median and interquartile range (IQR) within a class.

X Using the omnibus children’s rating of perceived exertion scale, which ranges from 0-10 points.
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Figure 1. A) the average heart rate (percentage of heart rate maximum) across
the intervention for students in a single class. B) the average heart rate (percen-
tage of heart rate maximum) for each week of the intervention. It decreased on
average 0.6% each week (p < 0.001). C) the peak heart rate (percentage of heart
rate maximum) for each week of the intervention. It decreased on average 0.5%
each week (p < 0.001).

r=0.39 (95% Cl: 0.33-0.45), p <0.001, indicating a low cor-
relation (Figure 2). When stratified by sex, the correlation
was r=0.49 (95% Cl: 0.40-0.57, p <0.001) for girls and r=
0.31 (95% Cl: 0.22-0.39, p<0.001) for boys. The mixed

model for sRPE had a significant temporal effect (p<
0,001), with an average decrease of 2.5 arbitrary units
(95% Cl: —=3.0 to —2.0) per week.

Discussion

Making a HIIT is, to our knowledge, the first study to exam-
ine the reporting of different HR quantification methods in
school-based HIIT. The results demonstrate that the differ-
ent approaches for quantifying HR can showcase different
levels of variability in the data, including within students,
between students, and over time. As the intensity of HIIT is
monitored on an individual basis, it is important that this
variation is acknowledged and considered when evaluating
the intervention and its effect on outcome variables.
Recently, HIIT interventions have faced criticism (Ekkekakis
& Biddle, 2023; Ekkekakis et al., 2023, 2023). One reason for
this is that authors report that participants are completing
HIIT when, in fact, they are exercising at a threshold that
could also be considered moderate (Ekkekakis et al., 2023).
Critiques argue that this falsely supports the claims that HIIT
is enjoyable and beneficial for outcomes (Ekkekakis et al.,
2023). Therefore, it is necessary that future studies are
transparent in their reporting of intensity data and their
definition of HIIT as depending on the threshold and quan-
tification methods used, the fidelity of the intervention may
be under- or overstated. Using Making a HIIT as an example,
the average percentage of students in a class with an
average HR above 80% of HRax Was 51%, indicating that
half the students may not have achieved high intensity as it
was defined, which is not evident when only an average or
peak HR for all students and sessions is provided. Before we
can appropriately assess the health benefits or enjoyment of
these interventions through a per-protocol approach, it is
imperative that we know what we are assessing and how
much of the intervention was completed as per the stated
protocol.

Making a HIIT is also the first study to examine the
association between sRPE and HR during school-based HIIT
to understand its validity in this setting and with this type
of exercise. The low within-subject correlation of 0.39 will
be important to consider moving forward if HR or other
objective measurements of intensity are not feasible.

Aim one: Quantification of intensity and variation within
and between students

The most frequently used approaches for quantifying HR in the
school-based HIIT literature are mean average HR and peak HR
for the entire HIIT workout (Duncombe et al., 2022), either in
beats per minute or as a percentage of HRax, Which standar-
dises the measurement based on age and sex. The average and
peak HR of 161 (17) bpm and 188 (13) bpm, respectively,
reported in Making a HIIT are within the ranges (143 to 179
and 168 to 207 bpm, respectively) reported in previous school-
based HIIT studies (Supplement 2) (Kennedy et al., 2020; Martin
et al,, 2015). Variation between studies could be partly due to the
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Figure 2. The within-person correlation between training impulse calculated with Edwards method using heart rate and session rating of perceived exertion.

inclusion of different workout components in the quantification
of previous school-based literature as showcased in Supplement
2. For example, one study included warmup and cooldown in
their quantification, while others included the full workout (rest
and work intervals) or did not specify what was included. Several
previous studies have specified that they only included work
intervals for their calculations. As this doesn’t include rest, the
reported HR data tend to be higher, and make it easier for
readers to determine if the intended intensity was being
achieved. However, compared with capturing the full workout,
this approach also has limitations stemming from the HR lag at
exercise onset, which could limit its ability to capture a portion of
HR data that is above a threshold if rest is not included (Taylor
et al., 2015), with short work bouts further limiting the capture of
intensity with this approach. Additionally, this type of HR capture
is not feasible in workouts where students are not working and
resting at the same time as was sometimes the case in Making
a HIIT. Overall, reporting the average or peak HR of a workout is
a useful first step to quantifying intensity and making compar-
isons to previous literature. However, transparency on the
included workout components (work; rest; warmup; cooldown)
is necessary for these comparisons to be made. Additionally, this
quantification method would be enhanced by including other
approaches that provide further information on the variation
within and between students.

Providing the percentage of time spent in different HR
zones (e.g., 70-79%, 80-89%, 90-100%) presents readers with
a clearer picture of students’ overall effort across the workout

and is a valuable approach to showcase variability throughout
a workout. On average, students in Making a HIIT spent more
time in the 80% — 89% zone than they did in the 70% — 79% or
90% — 100% zones (Table 2). Only two previous studies have
looked at percentage of time spent in HR zones during school-
based HIIT (Larsen et al., 2017; McNarry et al., 2020). Larsen et al.
(2017) reported the percentage of time that students (aged 8 to
10 years) spent in the 70% — 79% and 90% — 100% HR zones, for
two different HIIT protocols (interval running, small-sided
games), with similar findings to Making a HIIT. McNarry et al.
(2020) reported a higher percentage of time spent above 90%
for their HIIT intervention, which included circuits and games-
based activities. This could be due to the specific activities
performed, the trained professionals leading the workouts, or
the participants, which included a group of students with
asthma, who could have an altered HR response. Although
this approach implies that there are specific cut-offs that are
of significance, it does utilise a greater percentage of collected
data and can showcase variability throughout a workout.
The aforementioned HR quantification methods group stu-
dents and workouts to provide an overall average. However,
they do not capture the substantial variation that exists
between individual students. Examining the number of stu-
dents that achieved a certain average can enhance under-
standing of the variation across individuals. In this study, 51%
of students in a class achieved an average HR greater or equal
to 80% of HR,.x for a workout. This provides very different
information to readers than the mean session average where
the fidelity of the intervention appeared higher. The only other
study that used this approach to report HR in school-based HIIT
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found that only 17% of participants achieved a HR average of
85% across the intervention (Kennedy et al., 2020). Approaches
to reporting HR that examine data of individual participants
enable readers to further understand how many students
received the intervention as intended, beyond understand-
ing fidelity at a group level. These approaches for reporting
intensity are essential to consider when we investigate health
outcomes that might stem from school-based interventions.

Further, using mixed models to understand variability both
between and within individuals has only previously been com-
pleted in one other school-based HIIT study using peak HR
(Taylor et al., 2015). The authors of the Fun Fast Activity Blast
study reported a within-student variation of 15.1% points,
which is similar to the results of this study (18.5% points) and
indicates substantial variation within individual students
throughout the intervention. The between student variation
in this study was larger (18.9 to 7.8 points), which could stem
from the larger and more generalisable sample included within
the present study (Taylor et al., 2015). In addition to peak HR,
average HR was examined as an outcome in mixed models in
this paper, and a greater amount of variation was noted com-
pared to peak HR. This is unsurprising as both rest and work
time are counted in the second model, which increases within-
participant variation. The increased monitoring time is also able
to capture greater variability between participants.

Aim two: Session-RPE criterion validity

The 0.39 within-subject correlation coefficient between sRPE
and TRIMP in Making a HIIT is within the range of coefficients
(0.17 to 0.97) compiled in a review that assessed the validity of
sRPE (Haddad et al., 2017). It is on the lower end of the range;
however, most of the studies included in the review tended to
use standard exercise protocols with adults or motivated ath-
letic populations. For the 11 studies with participants <18 years,
coefficients ranged from 0.17 in a group of 12 male soccer
players to 0.88 in 13 male water polo players (Haddad et al.,
2017). sRPE decreased throughout the Making a HIIT interven-
tion, following a similar temporal trend for intensity to peak
and average HR. The variance in sRPE that was accounted for by
clustering students (ICC=0.47) was also comparable to peak
HR (ICC=0.51) and average HR (ICC=0.49). This, combined
with the ease of completing sRPE and the low associated cost
(Lagally, 2013), suggests that it could be a valuable method for
monitoring intensity in large school-based programmes.
However, further research on the validity of sSRPE for monitoring
HIIT in this population is necessary, especially if HIIT is being
used in the classroom. Further work focused on prescribing HIIT
using sRPE is also required.

RPE has not been used frequently in school-based HIIT
interventions, with only two other studies reporting RPE results.
One intervention that provided a range of workouts to students
aged 16 years had an RPE similar to Making a HIIT (6.3 on an 11-
point scale) but did not specify when these data were collected
(Lubans et al., 2021). However, the RPE reported in the other
sprint-based HIIT study (3.7 on a 10-point scale) (Camacho-
Cardenosa et al,, 2016) was far lower than the mean RPE in
Making a HIIT (6 on a 10-point scale), even though both studies
collected RPE immediately after the workout and had similarly

aged participants (11 years old compared to 13 years old in
Making a HIIT). This discrepancy warrants further exploration
into the variation of RPE in this context. Additionally, in Making
a HIIT, when stratified by sex, girls had a higher correlation
coefficient than boys, with non-overlapping 95% confidence
intervals. This could be partially attributed to the greater num-
ber of measurements (i.e., more practical lessons with HR) in the
boy’s only school compared with the girl’s only school. It is
most likely not due to students working at different intensities
during HIIT as the HR responses between sexes were similar.
While a previous validation study of the OMNI Pictorial Scale
reported no difference between boys and girls (Robertson et al.,
2006), there has been speculation that RPE could be effected by
sex in addition to fitness level, age, and expertise (Haddad et al.,
2017). However, further research is necessary to corroborate
these findings.

Strengths and limitations

This is the first paper to comprehensively examine various
approaches for quantifying intensity using HR within a school-
based HIT intervention and to examine the relationship
between sRPE and HR in this context. The data from Making
a HIIT were not powered to assess the concurrent validity of RPE
as the study was powered for the trial's primary outcome
(cardiorespiratory fitness). However, the sample size of this
study (n=213) is greater than other RPE validation studies in
youth using the OMNI Scale of Perceived Exertion (Robertson
et al,, 2000, 2006). The Making a HIIT study employed a wide
range of HIIT workouts as they were co-designed by the parti-
cipants, which is a unique feature. However, within the work-
outs, there were rarely intervals longer than 30 seconds.
Therefore, it will be necessary to examine the relationship
between sRPE and HR in future work with varying HIIT proto-
cols (e.g., intervals of various lengths and in HIIT games proto-
cols). A researcher was present for all practical HPE lessons,
which does not reflect “real-world” implementation; however,
they did not facilitate the HIIT workouts or any of the subse-
quent HPE lesson. Lastly, the sample in Making a HIIT only
included a specific age range and originated from a single
region; therefore, further investigation is warranted to confirm
our findings in different age groups and contexts where the
HPE curriculum and allotted time differ. However, this age
range was selected based on alignment with the Australian
HPE curriculum to complement the units being conducted at
each school and limit the burden to the teachers and curricu-
lum time. The data in the present paper was restricted to
practical lessons and it will be important for future work to
examine if these findings are similar in theory lessons within
the classroom.

Conclusions and recommendations

The findings from this study demonstrate that depending on
the definition of “high-intensity” and the analysis of data, fide-
lity could range from poor to favourable. Therefore, it is impor-
tant for studies to comprehensively investigate and report
exercise intensity in school-based HIIT research to showcase
the variability in HR data within and between students.



Additionally, the variation over time suggests that future stu-
dies need to include intensity measurements across the entire
programme along with reporting how programmes change
and adapt across the intervention to account for students
improving in fitness and becoming more familiar with the
exercises. It is essential that future studies report which parts
of the workout are captured by the HR data (e.g., only work
intervals or the entire session) and document variation to
enable readers to have a complete understanding of the extent
to which an intervention was implemented as intended. We
have showcased several options for documenting this variation
beyond a session average, including, reporting the time spent
in HR zones, the number of students who achieve a HR thresh-
old, and mixed effect models for assessing within and between
student variation. Further, our results suggest sRPE may be
useful when HR is not a viable option, as it followed a similar
temporal sequence to HR throughout the intervention.
However, additional studies are necessary to corroborate our
findings and to enhance our understanding of using RPE as
a monitoring tool for high-intensity exercise in this setting.
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