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Abstract
Acute psychological responses to physical activity may help explain long-term ad-
herence to it. Thus, we compared acute psychological responses to different exercise
protocols with identical durations. Eighteen moderately active young adults [Mage = 23,
SD = 3 years; MVO2max (maximum oxygen consumption) = 42.8, SD =
4.3 mL�kg�1�min�1; MBMI (body mass index) = 24, SD = 2 kg�m�2] completed three
low-volume exercise sessions in a crossover research design: (a) sprint interval training
(SIT), (b) burpee interval training (BIT) requiring 10 × 5 second efforts with 35 seconds
of passive recovery, and (c) a single bout of vigorous intensity continuous training
(VICT) requiring 6 minutes and 5 seconds of running at ∼85% of peak heart rate
(HRpeak). We assessed participants’ ratings of perceived exertion (RPE), affective
valence, enjoyment, intention, preference, and self-reported recovery and wellness
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before, during, and after each session. BIT was associated with significantly greater
enjoyment, preference, and exercise intention (at 5 × week) than VICT (p ≤ .05). SIT
elicited greater RPE (M = 5.38, SD = 2.00) than both BIT (M = 2.88, SD = 1.23) and VICT
(M = 3.55, SD = 1.38) (p ≤ .05), and we observed a higher increase in RPE over time with
SIT versus BIT (p = .019). For affective valence, SIT (M = 0.55, SD = 2.12) elicited a
more aversive response than both BIT (M = 2.55, SD = 1.09) and VICT (M = 1.94, SD =
1.51) (p ≤ .05), and there was a higher increase in this aversive response to SIT over
time (p < .05). Forty-eight-hour postexercise session muscle soreness was significantly
lower with VICT than with BIT (p = .03). Overall, BIT was associated with more
positive psychological responses than SIT and VICT.

Keywords
sprint interval training, high intensity functional training, continuous training,
psychological responses

Introduction

Physical inactivity is a principal contributing factor to non-communicable diseases
worldwide, as it has been associated with enhanced risks of type 2 diabetes, coronary
heart disease, and some cancers (Lee et al., 2012). Thus, empirical research, to better
motivate people toward physical activity (PA), may help develop evidence-based
interventions that mitigate a sedentary lifestyle (Bauman et al., 2012). Prior research
has shown that psychological variables are important correlates of adult PA (Trost et al.,
2002). In fact, perceived self-efficacy and enjoyment from exercise are strong pre-
dictors of further PA participation (Trost et al., 2002; Bauman et al., 2012), and af-
fective responses such as pleasure/displeasure are related to PA adherence (Rhodes &
Kates, 2015). Overall, research on ways to optimize psychological responses to PA
experiences can positively impact health promotion initiatives and public health
outcomes (Bauman et al., 2012).

While 150–300 minutes/week of moderate intensity continuous training (MICT) has
been consistently recommended to increase cardiorespiratory fitness and overall health
status (Bull et al., 2020), most adults worldwide have reported insufficient available
time for PA to be the primary barrier to increased PA (Trost et al., 2002), leading to both
majority non-compliance with PA guidelines (Bull et al., 2020) and calls for more time-
efficient exercise regimens. In the last two decades, interval training has gained
popularity as an exercise alternative, as it improves cardiometabolic health with a lower
exercise volume than MICT (Weston et al., 2014; Gibala & Little, 2020). Interval
training can be implemented using repeated submaximal efforts [high intensity interval
training (HIIT) at 80–100% of maximal heart rate (HR)] or “all-out” efforts [sprint
interval training (SIT) at a workload greater than maximum oxygen consumption
(VO2max)] (Weston et al., 2014).
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A traditional SIT regimen of 4–6 × 30-second sprints requires substantial anaerobic
metabolism (Yamagishi & Babraj, 2017) that can lead to hyperventilation and nausea,
making this regimen impractical for non-athletic adults. Moreover, studies have shown
that exercisers’ affective valence significantly declined during traditional SIT, even
falling to values perceived as “bad” (Townsend et al., 2017). SIT also promotes higher
stress and tension than MICT in sedentary adults (Saanijoki et al., 2015). Nevertheless,
shorter versus longer duration SIT regimens have elicited significantly greater exerciser
enjoyment (Astorino, Clausen et al., 2020) and greater intentions to engage in future
exercise (Townsend et al., 2017; Haines et al., 2020). Insufficiently active participants
have preferred shorter (6-second) sprints to other interval training regimens of longer
interval duration (Marques et al., 2020). A recent study observed that 5-second bouts
were associated with lower neuromuscular fatigue, compared to 20-second bouts
(Benı́tez-Flores et al., 2018), and affective valence was not different in these 5-second
bouts than with vigorous intensity continuous training (VICT) (Benı́tez-Flores et al.,
2021). Overall, shorter bouts of SIT lead to less aversive exerciser experiences and may
be more easily tolerated over the long term by the average adult.

Another key consideration for bridging the gap between laboratory and real-world
experiences in exercise motivation research is for investigators to implement protocols
that are sustainable outside of a laboratory environment (Gray et al., 2016). In this
regard, high intensity functional training (HIFT) is feasible, as it can be performed at
home and in the community without equipment, making it more accessible than lab-
based protocols (Gray et al., 2016). HIFT involves multi-joint movements that combine
strength and resistance exercise (Feito et al., 2018). Prior results in adults of various
fitness levels showed that long-term HIFT significantly improved VO2max and reduced
fat mass (McRae et al., 2012; Feito et al., 2018). In addition, this regimen has promoted
significant increases in neuromuscular function, in contrast to rowing HIIT or walking
MICT (Buckley et al., 2015; Wilke et al., 2019).

Gist et al. (2014) showed that a HIFT protocol that included burpees induced similar
increases in HR and a lower rating of perceived exertion (RPE) than SIT. In active
individuals, Heinrich et al. (2020) reported that HIFT led to similar affective valence
compared with MICT and HIIT. Other investigators found greater motivation, en-
joyment and intention after chronic HIFT versus MICT in young adults (Heinrich et al.,
2014; Wilke et al., 2019). However, to the best of our knowledge, there are no data
comparing exercisers’ acute perceptual responses to HIFT and SIT using shorter
(i.e., ≤10-second) “all-out” efforts with VICTof the same session duration. Prior studies
frequently used MICT as the comparison regimen, which did not provide a thorough
understanding of the psychological effects of extremely low-volume SIT protocols.

As women have lower VO2max and maximal anaerobic capacity than men (Ansdell
et al., 2020), and lower blood lactate concentration has been reported in response to
HIIT and SIT (Astorino & Sheard, 2019), perceptual changes to SIT may differ by
gender. Evidence to date is not clear in this regard (Astorino & Sheard, 2019; Marques
et al., 2020; Olney et al., 2018). Women have been found to be typically less active than
men, and they have tended to accumulate a lower amount of vigorous PA than men
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(Guthold et al., 2018). Research that compares the perceptual responses of women and
men to identical vigorous exercise paradigms would be important to improving
women’s PA patterns.

With this background, our aim in this study was to compare women and men’s acute
psychological responses to three different field-based exercise protocols with identical
total durations. We hypothesized that low-volume HIFT and SIT would promote
significantly greater enjoyment, preference, and future exercise intention than
would VICT.

Method

Study Design

We adopted a randomized crossover research design consisting of an initial session to
measure various physical and morphological variables followed by three time-matched
training sessions [SIT, VICT, and burpee interval training (BIT)]. Our design was
intended to integrate into daily life both the exercise routine and simple psycho-
metrically supported questionnaires on which participants might self-report their
psychological responses to exercise. All procedures took place on a public 400-m
outdoor public track. Exercise sessions were separated by 48–72 hours and took place
from 8:00 a.m. to 1:00 p.m. with similar environmental conditions: (a) temperature of
15–22°C temperature; (b) humidity at 64–76%; and (c) wind velocity of 5–15 km�h�1.
We monitored participants’ dietary intake over a 24-h period prior to the first training
session (using participants’ recall of theirs), and participants were requested to replicate
the same food intake before all training sessions. We obtained self-report data for our
variables of interest (perceptual and psychological responses) during and after each
session (Figure 1). The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Higher Institute of
Physical Education, University of the Republic, Uruguay (2/2020 and date of final
approval 4 November 2020). Prior to participant involvement in the study, we fully
explained potential risks and benefits and procured informed consent from all
participants.

Participants

Twenty-two volunteers contacted the primary investigator after a publicity campaign
between October and December of 2020 in our Institute of Physical Education.
Eighteen (nine women and nine men) healthy, young, and moderately active adults
completed this study. Their demographic characteristics are presented in Table 1. The
inclusion criteria for participation were (a) aged 18–35 years old; (b) free of any
musculoskeletal injury or onset of cardiometabolic disease; (c) not consuming any
nutritional supplement or tobacco products; and (d) exhibiting a
VO2max ≤55 mL�kg�1�min�1. Participants were instructed to abstain from exercise
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during the experimental procedures (i.e., for 10 days), abstain from consuming alcohol
for 48 h prior to exercise sessions, and to avoid consumption of stimulants (e.g., mate
and coffee) in the mornings before exercising. Additionally, participants were asked not
to change their usual lifestyle habits (e.g., work, sleep, and food) throughout the study.

Procedures

Baseline Session. Initially, we recorded the following anthropometric measurements:
height (cm), body mass (kg), body fat (%) and body skeletal muscle mass (%), utilizing
a digital body composition bioimpedance sensor HBF-514C, OMRON (Kyoto, Japan).
Subsequently, we used the shuttle run test (SRT) to estimate cardiorespiratory fitness.
This test has been found to be a valid means of estimating VO2max (Léger & Gadoury,
1989). It consists of running as long as possible between two lines separated by 20 m.
The pace was set by a sound signal, initially at 8.5 km�h�1 and increasing by 0.5 km�h�1

Figure 1. Overview of the Study Design. PACES = Physical Activity Enjoyment Scale; FS =
feeling scale; HI = Hooper Index; CR10 = CR10 rating of perceived exertion; SIT = sprint
interval training; BIT = burpee interval training; VICT = vigorous intensity continuous training.
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every minute. When participants failed to cover the 20-m distance within two con-
secutive sound signal repetitions, the test was concluded. The VO2max was then es-
timated, using the formula proposed by Léger and Gadoury (1989): [VO2max (6 ×
maximal aerobic speed) � 27.4]. Peak heart rate (HRpeak) was assessed using chest
straps through a telemetric system Firstbeat Technologies Ltd. (Jyväskylä, Finland). All
participants were verbally encouraged to exercise to exhaustion. Ten-minutes after this
test, participants were familiarized with the questionnaires and with the three regimens:
SIT (1–2 sprints of 5 s “all-out”), BIT (1–2 repetitions of 5 s “all-out”), and 1–2 minutes
of VICT at 85% HRpeak.

Experimental Sessions. Exercise sessions began with a 3-minute warm-up of running at a
self-selected pace. Total duration of each session was 9 minutes 5 seconds; total
exercise time for each modality was 6 minutes 5 seconds. Sprint interval training and
BITconsisted of 10 × 5-second “all-out” efforts interspersed with 35 seconds of passive
recovery, while VICT required 6 minutes 5 seconds, of sustained running at ∼85%
HRpeak. Furthermore, SIT and BIT were equated in relation to the type of stimulus
(multi-joint) and work/recovery ratio. During SIT, participants were instructed to run as
fast as they could, and after a brief recovery, participants were asked to run in the
opposite direction. During BIT, participants performed modified burpees following an
“all-out” style as previously implemented by Gist et al. (2014). The structure of both
regimens was controlled by a mobile application that provided audible alerts for each
phase of work and recovery. VICTwas prescribed at a workload equal to 85% HRpeak.
In order to comply with this, HR was monitored in real-time, and feedback was
provided so that the participants maintained the target intensity. This internal load was
chosen for VICT in order to equalize it with SIT since recent prior research has shown
that the HR is sustained at 85% of the HRpeak during 5-second “all-out” bouts (Benı́tez-
Flores et al., 2021). Internal load of the sessions was determined using HR data

Table 1. Participants’ Physical Characteristics.

Variables Men Women

Age (y) 25.2 ± 4.2* 20.9 ± 1.6
Gender (men/women) 9 9
Body mass (kg) 73.9 ± 6.7* 57.4 ± 4.1
Height (cm) 170.6 ± 3.2* 159.7 ± 4.6
BMI (kg�m�2) 25.4 ± 2.1* 22.6 ± 1.7
Body fat (%) 22.4 ± 3.8* 33.9 ± 5.2
Muscle mass (%) 39.0 ± 2.1* 27.4 ± 2.1
Visceral fat (%) 7.8 ± 1.9* 3.7 ± 0.7
VO2max(ml�kg�1�min�1) 47.3 ± 4.6* 38.3 ± 4.1
HRpeak(b�min-1) 196.4 ± 4.5 194.0 ± 7.0

Data are mean±SD. BMI: body mass index; HRpeak: peak heart rate; VO2max: maximum oxygen consumption.
* Difference of men versus women.
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collected with Firstbeat Sports software version 4.7.3.1, Firstbeat Technologies Ltd.
(Jyväskylä, Finland). During all regimens, participants were verbally encouraged to
continue exercising at the desired intensity until the end of the session.

Psychological Variables

Rating of Perceived Exertion. We assessed participants’ ratings of perceived exertion
(RPE) (Borg, 1998) using the CR10 scale which was designed to estimate the intensity
of exercise and is strongly correlated with HR (Foster et al., 2001). This instrument has
shown validity and good reliability in several physical exercises for men and women
(Haddad et al., 2017). This scale is graduated numerically from 0 to 10, with 0–2 ratings
deemed easy effort, 3–6 ratings moderate to hard effort, and 7–10 ratings hard to
maximum effort (Foster et al., 2001). The CR10 was administered pre-exercise, half-
way through the exercise session duration (50% session), and immediately
postexercise.

Affective Valence. We used the Feeling Scale (FS) to quantify the participants’ general
affective valence and assess emotional aspects of the exercise experience, focusing on
the pleasure–displeasure dichotomy (Hardy & Rejeski, 1989). This scale was validated
with physically active individuals (Alves et al., 2019). The FS contains values from
+5 to �5 (+5 equal “very good” and �5 represents “very bad”). Each participant
completed this instrument pre-exercise, half-way through their session (50% session),
and immediately postexercise.

Enjoyment. Participant enjoyment was examined using a valid and reliable Spanish
short version of the Physical Activity Enjoyment Scale (PACES) (Fernández Garcı́a
et al., 2008). The instrument is an adaptation of the original PACES scale that showed
good reliability and validity (Kendzierski & DeCarlo, 1991). This scale presents six
items with descriptive phrases in relation to the sentence “Tell us how you feel about the
physical activity you have done,” in a format of bipolar affirmations (e.g., “I am bored”
or” I am interested”). Participants rated the degree to which they agreed with the
statement, with the minimum value 1 and the maximum value 7. We obtained a total
score for responses to the scale, by summing scores on all its items (of note, items 1, 3,
4, and 6 were inversely scored). This scale was administered 20 minutes postexercise
for each session.

Exercise Intentions. We used the Intention Scale (Jung et al., 2014) to examine the
participants’ intentions to engage in the training regimens in the future at rates of three
times or five times a week (intention 3 × week or intention 5 × week) over the next
month. Specifically, participants were asked “Please rate the extent to which you agree
with the following statements”: (a) “I intend to engage in the type of exercise I
performed today at least 3 times per week during the next month”; (b) “I intend to
engage in the type of exercise I performed today at least 5 times per week during the
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next month.” The scores were registered using a Likert-type 7-point scale, ranging from
1 (very unlikely) to 7 (very probable). This scale was administered 20 minutes
postexercise for each session.

Preference. The Preference Scale was used to quantify participant’s inclination for each
protocol (Jung et al., 2014). First, they were asked, “If it were entirely up to you, which
type of exercise would you choose to do?” Three responses were available based on the
three exercise conditions of SIT, BIT, and VICT. Using a three-item measure, par-
ticipants also ranked their fondness of the different protocols performed, with the
instruction: “Please rank your fondness for each type of workout you performed.” The
scores were registered using a Likert-type 7-point scale, ranging from 1 (very much
dislike), 4 (neutral), 7 (extremely like). This scale was administered 20 minutes
postexercise for each condition.

Recovery and Wellness. The Hooper Index (HI) is a valid field technique used to assess
athletes’ recovery and wellness (Hooper et al., 1995). The HI is based on ratings
regarding fatigue, stress level, muscle soreness, and sleep quality and scored on a 7-
point Likert scale from 1 to 7, where 1 corresponds to very, very low (very, very good in
the case of sleep) and 7 corresponds to very, very high (very, very bad in the case of
sleep). The lower the index, the better the wellness status. This scale was administered
48 hours postexercise in all conditions.

Data Analysis

We estimated a required sample size with the following assumptive parameters, using
G*Power version 3.1.9.7 (Faul et al., 2009) (Düsseldorf University, Düsseldorf,
Germany): (a) F test for one group and three measurements; (b) effect size of 0.35; (c)
alpha-value of 0.05; (d) statistical power of 0.80; and (e) correlations between measures
of 0.5. The calculated estimated required sample size was 15, which is lower than our
actual sample size of 18.

We used the Shapiro–Wilk test to assess normality of data distributions for all
variables. Data are reported as Ms and SDs and 95% confidence intervals (CI). We
conducted baseline comparisons of men and women on selected variables using un-
paired two-tailed t tests. Generalized estimating equation (GEE) and Bonferroni post
hoc testing were used to identify differences among conditions and time for all var-
iables. The choice of the GEEmethod is justified since such a model allows the analysis
of continuous outcomes, such as those used in the present study, even when the
variables do not have a normal distribution and/or sphericity (Liu et al., 2009;
Guimarães & Hirakata, 2012). In addition, when adopting the GEE, if there is a loss of
information from an individual in the sample, it is possible to include missing data
(“missing data”) by regression model, a method that can help to avoid some type of bias
selection (Liu et al., 2009), but this was not necessary in the present study. Furthermore,
this model was used to compare delta or changed scores (pre- vs. postexercise) between
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conditions. Effect sizes were identified by η2 with the following criteria: 0.02–
0.13 small; 0.14–0.26: medium; and >0.26: large (Cohen, 1988). Pairwise effect sizes
were identified by Cohen’s d for paired data with the following explanatory criteria: 0–
0.19 trivial, 0.2–0.59 small, 0.6–1.19 moderate, 1.2–1.99 large, 2.0–3.99 very large,
and >4.0 nearly perfect (Cohen, 1988). All analyses were performed with the Statistical
Package for the Social Sciences (SPSS, version 23.0; IBM Corp., Armonk, NY, USA).
In all cases, we set the alpha level for statistical significance at p < .05. All graphics
were made with GraphPad Prism version 6.01 (San Diego, CA, USA).

Results

Two women participants dropped out of the study for personal reasons after the first day
of data collection. Additionally, one man and one woman dropped out of the study due
to injuries (external ankle sprain and rectus femoris tear) experienced during the SIT
protocol. One participant had a feeling of discomfort and intention to vomit throughout
the SIT session but managed to complete it, leaving 18 participants who completed the
study and whose data were entered into analyses.

Differences in Internal Load

The participants’ %HRpeak was significantly different (p < .001; η2 = 0.68) across the
exercise conditions (SITM = 87.8, SD = 4.3; BITM = 77.1, SD = 7.0; VICTM = 85.3,
SD = 4.6), and, more specifically, it was lower in BIT than in both SIT and VICT (p <
.001), but there was no significant difference in %HRpeak between SIT and VICT
(p > .05).

Differences in Rating of Perceived Exertion and Affective Valence

For both the RPE and FS scales, data showed significant main effects of condition (p <
.001) and time (p < .001), but there was no gender effect (CR10 p = .69; FS p = .85).
There was a significant condition × time interaction for both variables (p < .001; see
Table 2). Post hoc testing showed that CR10 significantly increased from pretest to mid-
session to posttest in SIT, BIT, and VICT (all p<0.001 and all d’s >1.03; except in BIT
from mid to post-session: p = .015; d = .54). FS significantly declined from pretest to
mid-session to posttest during SIT (p < .001); but, in response to BIT, the only reduction
occurred from mid-session to post-session (p = .024). For VICT, the decreases were
noted from pre- and mid-session to post-session (p < .05). The η2 (overall) and Cohen’s
d (pairs) values in response to each condition for CR10 and FS are shown in Table 2.

For comparisons of RPE change scores over time (i.e., ΔCR10), significant dif-
ferences were detected (p = .025; η2 = 0.13) such that ΔCR10 was higher in SIT (M =
3.8, SD = 2.5) versus BIT (M = 2.2, SD = 1.4; p = .019; d = 0.78). In the case of change
scores for FS, significant differences were noted (p = .02; η2 = 0.21); and, in post hoc
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analyses, ΔFS during SIT (M = �3.1, SD = 2.4) was greater than both BIT (M = �0.8,
SD = 1.6; p < .001; d = 1.13) and VICT (M = �1.2, SD = 1.6; p = .037; d = 0.93).

Difference in Enjoyment, Intentions, and Preference

Figure 2 shows the differences in PACES, training intentions at rates of 3 × week, and
5 × week, and training preference in response to the three exercise conditions. Results
showed higher PACES (p = .014; d = 0.92) and preference (p = .041; d = 1.0) in
response to BIT than VICT. Also, an intention 5 × week was higher in response to BIT
than to both SIT (p = .036; d = 0.66) and VICT (p = .031; d = 0.68). There was a gender
effect for an intention 5 × week for VICT, as women expressed lower values than men
(p = .041; d = 0.85).

Differences in Recovery and Wellness

There was no significant difference (p > .05) between exercise conditions for HI sleep
quality (MSIT = 2.8, SD = 1.0; MBIT = 2.7, SD = 0.8; MVICT = 2.7, SD = 1.3), fatigue
(MSIT = 2.3, SD = 0.9; MBIT = 2.5, SD = 0.9; MVICT = 2.3, SD = 0.9) or stress level
(MSIT = 2.5, SD = 1.2; MBIT = 2.4, SD = 0.9; MVICT = 2.5, SD = 1.2). However, HI
muscle soreness values were lower (p = .03; d = 0.51) in VICT (M = 2.1, SD = 0.7) than
BIT (M = 2.7, SD = 1.3) without differences with SIT (M = 2.3, SD = 0.9). Data showed
a significant main effect of gender for HI fatigue in response to SIT, as women (M = 2.6,
SD = 0.7) expressed higher values (p = .034; d = 0.31) than men (M = 2.0, SD = 0.9);
and for HI sleep quality in VICT, during which women (M = 3.2, SD = 1.2) expressed
higher values (p = .016; d = 1.07) than men (M = 2.3, SD = 1.1).

Discussion

This study compared active young adult men’s and women’s psychological responses
to three time-matched field-based high intensity protocols. Prior data showed that
longer bouts of lab-based SIT elicited near-maximal values of RPE and aversive af-
fective valence (Townsend et al., 2017; Astorino, Clausen et al., 2020), while shorter
SIT bouts yielded a less aversive response (Haines et al., 2020). Our data indicated that
running-based SIT elicited a more negative perceptual response than both BIT and
VICT. However, our findings partially supported our initial hypothesis that BIT
(relative to VICT) would lead to a significantly higher PACES, preference, and in-
tention (at a 5 × week frequency).

Although previous research has shown that SIT significantly increased VO2max,
autonomic balance and glycemic control in active and inactive adults (de Sousa et al.,
2018; Gibala & Little, 2020), a session of traditional SIT has been perceived as too
stressful for untrained populations (Saanijoki et al., 2015) and has typically been
reported as an aversive experience (Townsend et al., 2017). Therefore, shorter sprints
with a lower volume of training might attenuate fatigue (Benı́tez-Flores et al., 2018) and
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induce a better emotional state (Townsend et al., 2017; Haines et al., 2020). Com-
plementarily, current findings emphasized that different exercises with brief efforts
(e.g., cycling, running, paddling, etc.) are capable of improving VO2max, aerobic, and
anaerobic performances in physically active adults (Boullosa et al., 2022). Further-
more, this mode of SIT might improve adherence to PA since lack of time is a perceived
barrier to engaging in regular PA (Trost et al., 2002). Our results showed significantly
higher RPE and more negative reports on the FS for SIT in comparison to both BIT and
VICTat mid-session and at postexercise. We also found a higher total change in each of
these outcomes throughout the session (Table 2). At 50% of the SIT session, RPE
significantly increased, from a mean of 1.55 to 3.83 (d = 1.44), and FS declined, from a

Figure 2. Comparison of Enjoyment, Intentions, and Preference Between Conditions. PACES =
Physical Activity Enjoyment Scale; SIT = sprint interval training; BIT = burpee interval training;
VICT = vigorous intensity continuous training; A) PACES: p = .001; η2 = 0.14; B) intention 3 ×
week: p = .019; η2 = 0.07; C) intention 5 × week: p = .005; η2 = 0.10; and D) preference: p = .006;
η2 = 0.18. * p ≤ .05.
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mean of 3.61 to 1.83 (d = 1.72), indicating that only five 5-second “all-out” sprints
requiring only 25 seconds of total work induced an adverse response. Additionally,
95% CI do not coincide for postexercise CR10 between SIT versus both BITand VICT.
Also of note, two participants dropped out of this study due to injuries during SIT, and
one self-reported feeling an urge to vomit following SIT. This suggests that running-
based sprints of extremely low-volume still elicited substantial changes in the par-
ticipants psychological responses compared to time-matched BIT or VICT. One ex-
planation for this result is that participants’%HRpeak was higher during SIT than during
BIT, and time spent near HRpeak above the ventilatory threshold can modify RPE and
FS (Kilpatrick et al., 2007; Ekkekakis et al., 2011). However, as the %HRpeak was not
significantly different between SIT and VICT, further research is necessary to fully
interpret these findings.

According to dual mode theory, the increased contribution of anaerobic metabolism
characteristic of progressive exercise elicits a reduction in affective valence related with
the exercise (Ekkekakis et al., 2011; Niven et al., 2020). In this regard, a smaller decline
in negative affect during MICT was associated with a greater commitment to this
modality at 4-week follow-up (Stork et al., 2018). Data from Gist et al. (2014) showed
significantly higher RPE in response to Wingate-based SIT (17, very hard) versus BIT
(14, hard). We found similar RPE findings with lower CR10 scores with BIT than SIT.
This information may be related to a lower blood lactate concentration during BIT (Gist
et al., 2014), that can be caused by a greater muscle mass involved during repeated
burpees that can attenuate blood lactate accumulation and peripheral fatigue. Lastly, our
regimens revealed less substantial changes in RPE (≤5, Hard) and FS (≥1, Fairly good)
(Table 2) than had been evident in other studies implementing higher-volume interval
training regimens (Astorino, Clausen et al., 2020; Benı́tez-Flores et al., 2018; Follador
et al., 2018; Gist et al., 2014; Haines et al., 2020; Marques et al., 2020; Olney et al.,
2018; Saanijoki et al., 2015; Townsend et al., 2017; 2021). Consequently, SIT protocols
similar to our regimens should be considered if clinicians seek to implement “all-out”
bouts that do not induce a severely aversive perceptual response.

Our data show that participants’ exercise intention reports on PACES (d = 0.92) and
their preference ratings (d = 1.0) were significantly higher after BIT than VICT
(Figure 2). Previous observational-studies found that enjoyment was a strong predictor
of PA participation (Trost et al., 2002; Bauman et al., 2012). Moreover, data from a
recent meta-analysis denoted a significantly greater enjoyment in adults from HIIT
compared with MICT (Niven et al., 2020). However, research comparing enjoyment
between acute bouts of interval training and load-matched VICT has been minimal.
Similar to our data, Jung et al. (2014) reported that 10 bouts of HIIT completed at
∼100% peak power output was more enjoyable and preferable than VICT (20 minutes
at 80% peak power output) in healthy adults. We decided to implement HIFT due to
previous evidence that suggested greater levels of motivation from HIFT versus MICT
in untrained individuals (Wilke et al., 2019). Our results showing higher HIFT en-
joyment in response to BIT corroborates data from Heinrich et al. (2014) who found
that HIFT elicited significantly higher enjoyment compared to combined resistance and
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strength training in active young adults. Similar findings were previously reported by
McRae et al. (2012). Potential explanations for this result include opponent process
theory, indicating that pleasant affective states are easier to achieve after an adverse
physical stimulus, as a kind of reward mechanism (Solomon, 1980). In addition, the
intermittent nature of interval training promotes a “rebound effect,” which generates a
better balance of post-session pleasure after each interval (Niven et al., 2020). Also, we
detected a moderate effect size preference for BIT versus VICT which is likely due to
monotony and lack of challenges during the VICT (Jung et al., 2014). Finally, similar to
prior studies, we did not find gender differences in PACES or preference (Astorino &
Sheard, 2019; Marques et al., 2020) for any of the three high intensity sessions,
suggesting that gender may not influence perceptions to extremely low-volume
protocols.

Our results showed that the participants had an acceptable interest in participating in
the three regimens at a frequency of 3 × week. Nevertheless, intention to participate at a
frequency of 5 × week declined and was significantly higher in BIT than in both SIT
(d = 0.66) and VICT (d = 0.68) (Figure 2). Townsend et al. (2017) reported that very
short “all-out” efforts elicited higher exercise intention at 3 × week (∼5) versus 5 ×
week (∼3). Additionally, Stork et al. (2018) observed no difference in exercise
preference within their laboratory conditions or later in leisure time between SIT, HIIT,
and MICT among inactive adults. In contrast, Jung et al. (2014) found significantly
greater intentions to exercise at 3 × week or 5 × week after HIIT or MICT, compared to
VICT. Although the previous evidence is equivocal, we observed a greater intent to
complete future BIT. In addition, women expressed lower intentions to perform VICT
at a rate of 5 × week than men (d = 0.85) which may be considered when promoting PA
for women. Baseline VO2max was lower for women, and this discrepancy could
partially explain these results. Frazão et al. (2016) reported that a low level of physical
fitness induces a more unpleasant feeling when faced with an intense physical stimulus,
which may mitigate the intention to exercise in the future. On the other hand, future
studies should include an analysis of diverse training modes (Astorino, Oriente et al.,
2020) (i.e., cycling and rowing) compared to HIFT.

Our data show that HI was not significantly different across conditions for three of
our four indicators (i.e., sleep quality, fatigue, and stress level) at 48 hours post-session.
We only found differences in muscle soreness, indicating more soreness in BIT than in
VICT (small effect size d = 0.51). Thus, it can be deduced that when the volume of
exercise is standardized, the impact on the exerciser’s homeostasis and recovery is
similar. Moreover, women had a poorer recovery than men after SIT, which could be
related to their lower anaerobic capacity (Ansdell et al., 2020).

Limitations and Directions for Further Research

Several limitations should be noted when interpreting the findings of this study, in-
cluding sample size. A power analysis based on our sample size of 18 suggested
satisfactory power (i.e., 0.85) for an effect size of 0.35, but power may have been
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smaller and insufficient for actual effect sizes that were smaller than 0.35, meaning that
more participants may have been necessary to detect small effect sizes. Baseline
cardiorespiratory fitness was different between genders, and participants were mod-
erately trained young adults. Thus, our outcomes are not generalizable to older or
diseased populations. We only reported acute data, making it unclear whether the
participants’ perceptions about their experiences would change over time and this could
be associated with different later intent and preference. Therefore, we are unable to infer
causal relationships from these results, as this was a cross-sectional rather than lon-
gitudinal design. Also, for intention and preference variables, we used the instruments
applied by Jung et al. (2014) in seminal paper, although we did not find a specific
validation article. Because our study was carried out under field conditions, envi-
ronment or behaviors were less controlled than in laboratory conditions. On the other
hand, we find a great variability in the responses of the selected parameters since the
psychological response is conditioned by the training background. Lastly, we included
only one type of functional training exercise (i.e., burpees). Although this exercise is
very popular in HIFT routines, further work is needed to better understand exercisers’
perceptual responses to other regimens of functional training.

Conclusions

Our results from this study suggest that HIFT leads to more positive psychological
responses among active healthy young adults when compared to SIT and VICT and
when applied under real-world conditions. Our findings highlight the potential utility of
HIFT in comparison to traditionally prescribed high intensity regimens for enhancing
adherence to exercise in order to address sedentary lifestyles and improve general
population health. Functional training can be practiced at home without equipment, and
it elicits increased cardiometabolic and neuromuscular health. Future researchers
should utilize larger research samples and study long-term adherence to exercise with
different exercise modalities.
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Léger, L., & Gadoury, C. (1989). Validity of the 20 m shuttle run test with 1 min stages to predict
VO2max in adults. Canadian Journal of Sport Sciences, 14(1), 21–26. https://pubmed.ncbi.
nlm.nih.gov/2924218/

Liu, S., Dixon, J., Qiu, G., Tian, Y., & McCorkle, R. (2009). Using generalized estimating
equations to analyze longitudinal data in nursing research. Western Journal of Nursing
Research, 31(7), 948–964. https://doi.org/10.1177/0193945909336931

Marques, M., Alves, E., Henrique, N., & Franchini, E. (2020). Positive affective and enjoyment
responses to four high-intensity interval exercise protocols. Perceptual and Motor Skills,
127(4), 742–765. https://doi.org/10.1177/0031512520918748

McRae, G., Payne, A., Zelt, J. G., Scribbans, T. D., Jung, M. E., Little, J. P., & Gurd, B. J. (2012).
Extremely low volume, whole-body aerobic-resistance training improves aerobic fitness and
muscular endurance in females. Applied Physiology, Nutrition, and Metabolism, 37(6),
1124–1131. https://doi.org/10.1139/h2012-093

Niven, A., Laird, Y., Saunders, D. H., & Phillips, S. M. (2020). A systematic review and meta-
analysis of affective responses to acute high intensity interval exercise compared with
continuous moderate- and high-intensity exercise. Health Psychology Review, 15(4),
540–573. https://doi.org/10.1080/17437199.2020.1728564

Olney, N., Wertz, T., LaPorta, Z., Mora, A., Serbas, J., & Astorino, T. A. (2018). Comparison of
acute physiological and psychological responses between moderate-intensity continuous
exercise and three regimes of high-intensity interval training. Journal of Strength and
Conditioning Research, 32(8), 2130–2138. https://doi.org/10.1519/JSC.0000000000002154

Rhodes, R. E., & Kates, A. (2015). Can the affective response to exercise predict future motives
and physical activity behavior? A systematic review of published evidence. Annals of
Behavioral Medicine, 49(5), 715–731. https://doi.org/10.1007/s12160-015-9704-5

Mayr Ojeda et al. 785

https://doi.org/10.1249/00005768-199501000-00019
https://doi.org/10.1371/journal.pone.0114541
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.1249/mss.0b013e31806ad73c
https://doi.org/10.1249/mss.0b013e31806ad73c
https://doi.org/10.1016/S0140-6736(12)61031-9
https://pubmed.ncbi.nlm.nih.gov/2924218/
https://pubmed.ncbi.nlm.nih.gov/2924218/
https://doi.org/10.1177/0193945909336931
https://doi.org/10.1177/0031512520918748
https://doi.org/10.1139/h2012-093
https://doi.org/10.1080/17437199.2020.1728564
https://doi.org/10.1519/JSC.0000000000002154
https://doi.org/10.1007/s12160-015-9704-5


Saanijoki, T., Nummenmaa, L., Eskelinen, J. J., Savolainen, A. M., Vahlberg, T., Kalliokoski,
K. K., & Hannukainen, J. C. (2015). Affective responses to repeated sessions of high-
intensity interval training.Medicine and Science in Sports and Exercise, 47(12), 2604–2611.
https://doi.org/10.1249/MSS.0000000000000721

Solomon, R. L. (1980). The opponent-process theory of acquired motivation: the costs of
pleasure and the benefits of pain. The American Psychologist, 35(8), 691–712. https://doi.
org/10.1037//0003-066x.35.8.691

Stork, M. J., Gibala, M. J., &Martin Ginis, K. A. (2018). Psychological and behavioral responses
to interval and continuous exercise. Medicine and Science in Sports and Exercise, 50(10),
2110–2121. https://doi.org/10.1249/MSS.0000000000001671

Townsend, L. K., Islam, H., Dunn, E., Eys, M., Robertson-Wilson, J., & Hazell, T. J. (2017).
Modified sprint interval training protocols. Part II. Psychological responses. Applied
Physiology, Nutrition, and Metabolism, 42(4), 347–353. https://doi.org/10.1139/apnm-
2016-0479

Trost, S. G., Owen, N., Bauman, A. E., Sallis, J. F., & Brown, W. (2002). Correlates of adults’
participation in physical activity: Review and update. Medicine and Science in Sports and
Exercise, 34(12), 1996–2001. https://doi.org/10.1097/00005768-200212000-00020

Weston, K. S., Wisløff, U., & Coombes, J. S. (2014). High-intensity interval training in patients
with lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis.
British Journal of Sports Medicine, 48(16), 1227–1234. https://doi.org/10.1136/bjsports-
2013-092576

Wilke, J., Kaiser, S., Niederer, D., Kalo, K., Engeroff, T., Morath, C., Vogt, L., & Banzer, W.
(2019). Effects of high-intensity functional circuit training on motor function and sport
motivation in healthy, inactive adults. Scandinavian Journal of Medicine & Science in
Sports, 29(1), 144–153. https://doi.org/10.1111/sms.13313

Yamagishi, T., & Babraj, J. (2017). Effects of reduced-volume of sprint interval training and the
time course of physiological and performance adaptations. Scandinavian Journal of
Medicine & Science in Sports, 27(12), 1662–1672. https://doi.org/10.1111/sms.12831

786 Perceptual and Motor Skills 129(3)

https://doi.org/10.1249/MSS.0000000000000721
https://doi.org/10.1037//0003-066x.35.8.691
https://doi.org/10.1037//0003-066x.35.8.691
https://doi.org/10.1249/MSS.0000000000001671
https://doi.org/10.1139/apnm-2016-0479
https://doi.org/10.1139/apnm-2016-0479
https://doi.org/10.1097/00005768-200212000-00020
https://doi.org/10.1136/bjsports-2013-092576
https://doi.org/10.1136/bjsports-2013-092576
https://doi.org/10.1111/sms.13313
https://doi.org/10.1111/sms.12831

	Burpee Interval Training Is Associated With a More Favorable Affective Valence and Psychological Response Than Traditional  ...
	Introduction
	Method
	Study Design
	Participants
	Procedures
	Baseline Session
	Experimental Sessions

	Psychological Variables
	Rating of Perceived Exertion
	Affective Valence
	Enjoyment
	Exercise Intentions
	Preference
	Recovery and Wellness

	Data Analysis

	Results
	Differences in Internal Load
	Differences in Rating of Perceived Exertion and Affective Valence
	Difference in Enjoyment, Intentions, and Preference
	Differences in Recovery and Wellness

	Discussion
	Limitations and Directions for Further Research

	Conclusions
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	Data Availability Statement
	ORCID iD
	References


