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Abstract

This study investigated perceived exertion (RPE) differences
among soccer players at two competitive levels - Tier 2 (trained)
and Tier 3 (highly trained) - during small-sided games (SSGs) and
high-intensity interval training (HIIT), while controlling for inter-
nal physiological load using percentage of heart rate reserve
(%HRreserve). Seventy-seven male university players from the
China University Football Association participated (Tier 2: n =
37; Tier 3: n = 40). Each player underwent a fitness assessment
to determine HRmax and HRrest, followed by four randomized
training sessions: 5v5 SSGs, 1v1 SSGs, long HIIT, and short
HIIT. Heart rate was continuously monitored, and players re-
ported RPE using the Borg CR10 scale immediately post-session.
A linear mixed-effects model was used, with competitive level
and training format as fixed effects, and %HRreserve included as
a statistical covariate. The analysis revealed a significant interac-
tion between training format and competitive level (F(3, 224.761)
= 3.20, p = .024), indicating that the influence of training format
on RPE varied by competitive level. A significant main effect of
training format was also found (F(3, 234.484) = 11.24, p <.001).
Specifically, Tier 3 players reported higher RPE during short
HIIT than Tier 2 players (p = .002). Both groups reported lower
RPE during 5v5 SSGs compared to 1v1 SSGs and HIIT formats
(all p<.003). These findings show that training format influences
RPE in a format- and tier-specific manner, even when accounting
for internal physiological load. For coaches and sports scientists,
larger-sided SSGs may be useful to reduce perceived exertion
while maintaining cardiovascular demand. Future research should
include elite players and assess psychological and physiological
mediators to better understand the complex drivers of perceived
effort.

Key words: Football, effort, sided games, interval training, load
monitoring.

Introduction

Modern soccer is a high-intensity, intermittent sport that
demands quick decision-making, explosive power, endur-
ance, and tactical execution. Match analyses indicate that
players operate at 80 - 90% of their maximal heart rate
(HRmax) and engage in various activities, including short
sprints, physical duels, directional changes, jumping, walk-
ing, and standing (Buchheit and Laursen, 2013; Paul et al.,
2009; Stelen et al., 2005). Elite male players often cover 9
- 14 km during a match (Njororai, 2012), highlighting the

significant physical demands of the sport. To meet these
challenges, effective training strategies are essential. Soc-
cer, widely played at the university level, involves athletes
across various skill levels, with training drills designed to
simulate the demands of a match. Small- and large-sided
competitive drills are particularly effective in imposing
high workloads across positions (Kupperman et al., 2021).
Aerobic training plays a critical role in soccer performance
by improving the distance covered, high-intensity play, and
ball touches (Njororai, 2012). Additionally, body compo-
sition is a key factor, with fat mass directly influencing
speed and overall physical performance (Ceballos-Gurrola
et al., 2020).

Perceived exertion (RPE) is a key concept in sports
science, providing a subjective measure of exercise inten-
sity that integrates both physiological and psychological
factors (Buckley and Eston, 2022). Developed by Gunnar
Borg, RPE has become a versatile tool for assessing and
regulating exercise intensity, widely used across different
populations and sports, including soccer (Eston, 2012;
Lopes et al., 2022). In soccer, RPE plays an essential role
in monitoring training intensity, helping coaches optimize
performance and minimize the risk of overtraining (Impel-
lizzeri et al., 2005). Given the intermittent nature of the
sport, which involves bursts of high-intensity activity such
as sprints and directional changes, RPE provides valuable
insights into how players perceive and manage the de-
mands of the game (Stelen et al., 2005). Studies have
shown a strong correlation between RPE and physiological
markers such as heart rate, making it a reliable method for
analyzing training load in soccer players (Buchheit, 2014;
1zzo and Giovannelli, 2018). In elite soccer players, RPE
has been found to strongly correlate with heart rate, with a
high within-participant correlation (r = 0.75) across differ-
ent playing positions, further validating its use in assessing
training intensity (Kelly et al., 2016). By understanding the
relationship between RPE, training format, and player
characteristics, coaches can better tailor training programs
to enhance performance and maintain players' well-being
(Halson, 2014).

The control of physiological load during training is
essential for optimizing performance and preventing over-
training. One of the most effective methods for monitoring
internal load is the use of heart rate reserve (Y%oHRreserve),
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which represents the difference between an athlete’s max-
imal heart rate (HRmax) and resting heart rate (HRrest)
(Pind and Maestu, 2018). This approach provides a more
accurate reflection of exercise intensity relative to an indi-
vidual's cardiovascular capacity than heart rate alone
(Buchheit, 2014).In soccer, monitoring %HRreserve al-
lows coaches to assess cardiovascular load and adjust train-
ing intensity to optimize performance while minimizing in-
jury risks (Impellizzeri et al., 2005). For instance, external-
to-internal load ratios, such as PlayerLoad to %HRreserve,
showed moderate-to-large correlations with fitness param-
eters and demonstrated acceptable reproducibil-
ity(Schimpchen et al., 2023). These findings underscore
the reliability of %HRreserve as a tool for assessing exer-
cise intensity, as it allows coaches and researchers to more
precisely gauge the individual cardiovascular load and ad-
just training accordingly.

Small-sided games (SSGs) and high-intensity inter-
val training (HIIT) are both effective methods for improv-
ing soccer performance, each offering distinct advantages.
SSGs are more enjoyable and motivating for young play-
ers, fostering better mood balance and greater perceived
enjoyment compared to HIIT (Ouertatani et al., 2022;
Selmi et al., 2020)They are particularly effective for en-
hancing technical skills, agility, and maintaining player en-
gagement. On the other hand, HIIT excels in speed-based
conditioning and endurance, making it more suited for de-
veloping high-intensity performance (Arslan et al., 2020).
Both methods lead to similar improvements in aerobic ca-
pacity and high-intensity intermittent performance, with
comparable physiological responses in heart rate, blood
lactate, and rating of perceived exertion (RPE) (Ouertatani
et al., 2022; Selmi et al., 2020). However, neither approach
alone significantly improves repeated sprint ability, sug-
gesting that combining SSGs and HIIT may be necessary
for a more comprehensive training strategy. Measuring
RPE is essential in both methods to assess intensity and en-
sure proper training loads for optimal performance out-
comes (Clemente et al., 2021a; Selmi et al., 2020).

The increasing demand for high performance in
soccer has highlighted the need for effective and individu-
alized training strategies. Understanding how different
training formats and intensity levels impact players' physi-
ological and perceptual responses is essential for optimiz-
ing performance while reducing the risk of overtraining
and injury. While previous studies have provided valuable
insights into soccer training, many have not strictly con-
trolled for internal load when assessing the effects of vari-
ous training formats on perceived exertion (RPE) (Conte et
al., 2023; Follador et al., 2018; Gantois et al., 2023;
Muiioz-Chavez et al., 2015). As a result, observed differ-
ences in RPE across training formats may stem from vari-
ations in physiological load or external factors (e.g., tem-
perature, intervals), rather than the training format itself
(Yoder et al., 2025). To address this gap, the present study
uses %HRreserve as a valid measure of internal load,
which is significantly correlated with RPE (Romero-Ca-
ballero and Angel Campos-Vazquez, 2020).By controlling
for internal load, this study ensures that any RPE differ-
ences reflect the true effects of training format rather than
uncontrolled physiological variations. Moreover, while

previous research has compared RPE differences between
competition and training in professional soccer players, it
did not account for consistent training conditions across
competitive levels (Jose Gomez-Diaz et al., 2013). The
current study improves upon these methodologies by hav-
ing Tier 2 and Tier 3 athletes (McKay et al., 2022a) train
under the same conditions, providing a more accurate and
controlled comparison of RPE across competitive levels.
By implementing stricter internal load control and examin-
ing competitive-level differences, this study offers a more
precise understanding of how training formats affect RPE.
These findings are critical for helping coaches optimize
training intensity and load management strategies for play-
ers at different competitive levels, ensuring both perfor-
mance gains and athlete well-being.

This study aims to evaluate differences in RPE
scores among soccer players at the Tier 2 and Tier 3 com-
petitive levels across various SSG and HIIT formats while
controlling for %HRreserve. We hypothesize that training
format will significantly influence RPE, with Tier 3 players
reporting higher RPE scores for certain formats (e.g., short
HIIT), potentially due to the increased intensity of these
exercises relative to their conditioning. However, Tier 3
players may report lower RPE in other formats, potentially
reflecting greater physiological adaptation and higher fit-
ness levels.

Methods

Study design

This study employed a repeated-measures design to exam-
ine the effects of different training formats (5v5 SSGs, 1vl
SSGs, long HIIT, and short HIIT) and competitive levels
(Tier 2 and Tier 3) on RPE in young adult male soccer play-
ers. Using convenience sampling, participants were re-
cruited from four teams in the China University Football
Association (CUFA) with two Tier 2 teams and two Tier 3
teams.

The experiment was conducted over two weeks,
with each team completing one fitness assessment and four
training sessions. The fitness assessment was performed
before training interventions. To ensure consistency in the
experimental conditions, all assessments and training ses-
sions were conducted on an outdoor artificial grass pitch
between 16:00 - 18:00 and under similar weather condi-
tions.

To minimize bias from different training formats,
participants within each team were randomly assigned into
two subgroups (Group A & Group B, n = 10 per group)
using a randomization tool (Research Randomizer,
www.randomizer.org), a web-based application designed
to generate random sequences for group allocation in ex-
perimental research. Each subgroup followed a different
training order, and teams from the same competitive level
also received a different training order, ensuring that train-
ing sequences varied not only within teams but also be-
tween the two levels of competition. During training ses-
sions, players’ HRs were continuously monitored to record
internal loads. After each session, players reported the rat-
ing of RPE. Figure 1 illustrates the repeated-measures de-
sign of the present study.
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Figure 1. Representation of the study design.

This study was conducted in accordance with the principles
of the Declaration of Helsinki. Ethical approval was
granted by the Medical Ethics Committee of Xiamen (Ap-
proval Number: XDYX202406K34). All participants pro-
vided written informed consent before the experiment. Par-
ticipation was entirely voluntary, and players could with-
draw at any time without penalty.

Participants

The required sample size was computed a priori using
G*Power (version 3.1.9.7) for a repeated-measures
ANOVA with within-between interaction. Based on pa-
rameters including a medium effect size (f = .25), a = .05,
power (1 - B) = .80, and & = .75 nonsphericity correction,
the analysis indicated a minimum of 44 participants. An-
ticipating potential attrition, we enrolled 80 individuals in-
itially. After excluding 3 participants who missed experi-
mental sessions, the final analyzable sample comprised 77
subjects. Demographic characteristics are detailed in Table
1.

Table 1. Characteristics of participants.

Characteristic Competitive level
Tier 3 (N =40) Tier 2 (N =37)

Age (years) 20.90+1.72 2035+ 1.34
Height (cm) 180.78 £ 5.50 178.49 +4.85
Weight (kg) 73.15+6.49 70.19 = 6.29
BMI (kg/m?) 2236+ 1.34 22.04 +1.89
HRrest (bpm) 53.83 £5.51 58.65+£3.16
HRmax (bpm) 188.98 + 6.69 187.68 +£5.27
Virr (km/h) 20.03 +1.68 19.22 +1.04

BMI = Body Mass Index; HRrest = Resting Heart Rate; HRmax = Maxi-
mum Heart Rate; Vigr = 30-15 Intermittent Fitness Test Speed.

Convenience sampling was used to recruit teams
that met the inclusion criteria of (i) actively competing in
the Chinese University Football Association (CUFA) and
(i1) having at least 20 available players per team. Two
teams were recruited from the CUFA Provincial League
(Division 4), which represents a regional-level competi-
tion. These players train regularly at least three times per
week. Two additional teams were recruited from CUFA
Super Champions League (Division 1) and CUFA League

One (Division 2), both of which are national-level compe-
titions. These players participate in structured and period-
ized training, approaching the maximum training volume
for soccer. Based on the six-level athlete classification
framework (Tier 0~5) (McKay et al., 2022b), players in
CUFA Division 4 were classified as Tier 2 (trained/devel-
opmental), while players in CUFA Division 1 and 2 were
classified as Tier 3 (highly trained/national level). These
two tiers were selected to allow comparison between ath-
letes with distinct competitive experience and training ex-
posure, while avoiding extreme performance discrepancies
that might exist between novice or elite-level groups.

The inclusion criteria included: (i) players partici-
pating in the same training session belonged to the same
team; (ii) no injury or illness reported within one month
before and during the study; (iii) no physical or cognitive
disorders reported; (iv) no use of performance-enhancing
drugs or medications; (v) no alcohol consumption within
one month before the study. The exclusion criteria in-
cluded: (i) lack of regular attendance in training sessions;
(i1) players who developed illness or injury during the
study period.

Anthropometric measurement

Players were measured while barefoot and wearing a t-shirt
and shorts. Standing height (cm) was assessed using a
SECA 213 stadiometer (Seca GmbH & Co. KG, Hamburg,
Germany), and body weight (kg) was measured using a
Tanita BC-558 digital scale (Tanita Corporation, Tokyo,
Japan). After the anthropometric measurements, players
rested in a supine position for 10 minutes, and the lowest
recorded HR during this period was considered as the
HRrest (Dellal et al., 2008, 2010; Young and Leicht, 2011).

Fitness assessment

To ensure accurate results, players were instructed to re-
frain from strenuous exercise for 48 hours before testing.
All tests were conducted outdoors on artificial grass be-
tween 16:00 and 18:00, under an average temperature of
22.0 + 2.45°C and relative humidity of 54.0 + 19.06%.
Prior to testing, players completed the FIFA 11+ standard-
ized warm-up (Level 3), followed by a 3-minute passive
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recovery period to ensure readiness. The test protocol used
was the 30 - 15 Intermittent Fitness Test (30 - 15rr). Stud-
ies have demonstrated high test-retest reliability for end-
running speed, maximal heart rate, and VO,max (Paravlic
et al., 2022), in basketball players (Jeli¢i¢ et al., 2020), and
in soccer players (Covié et al., 2016). The test has demon-
strated strong criterion validity through significant correla-
tions with laboratory-based measures and its sensitivity to
meaningful performance changes, with improvements of
0.5 - 1.0 km/h considered significant (Covié et al., 2016;
Jelic¢i¢ et al., 2020).

Players performed 30-second shuttle runs between
40-meter lines at progressively increasing speeds, with 15-
second recovery periods in between. The test continued un-
til a player failed to maintain the required pace for three
consecutive attempts. The velocity at the final completed
stage was recorded as Virr (Buchheit et al., 2010). Re-
search has shown that, compared to continuous aerobic
tests, intermittent aerobic tests provide a better estimation
of HRmax in activities similar to soccer (Buchheit, 2008;
Krustrup et al., 2003). This is because they share the same
intermittent nature as football matches. Therefore, the
highest HR measured by the player during this test was rec-
orded as the HRmax. This test was conducted solely for
HRmax measurement and HIIT program individualization
and was not included in the study’s analysis, as it fell be-
yond the research scope.

Training Intervention

The training protocol consisted of two SSGs formats (5v5
and 1vl) and two HIIT formats (long and short). The de-
tailed design of each format is summarized in Table 2.
Prior to each training session, players completed the FIFA
11+ standardized warm-up (Level 3), followed by a 3-mi-
nute passive recovery period. All training sessions were
conducted outdoors on artificial grass at a fixed time (16:00
- 18:00) under consistent weather conditions (23.19 +
3.06°C and 59.25 + 22.99% relative humidity). During
HIIT sessions, players ran at 80% (long HIIT) or 95%
(short HIIT) of their Vier. The use of Virr was intended to
equalize EI across players with different fitness levels. In
SSGs sessions, each player was allocated a 175 m? playing
area, a dimension designed to optimize player involve-
ment, decision-making opportunities, and movement inten-
sity, as used in previous research on SSGs (Riboli et al.,
2020). Goalkeepers were excluded from the study due to
their distinct training demands. Players were instructed to

exert maximum effort and maintain ball possession for as
long as possible. To ensure continuous play, two coaches
positioned around the pitch provided new balls whenever
necessary.

To promote consistent effort and tactical engage-
ment across SSG conditions, standardized verbal encour-
agement was provided by coaches throughout all sessions.
Additionally, players were familiarized with the SSG for-
mats during preliminary training to minimize variability in
tactical understanding and behavior. Match-ups were bal-
anced in terms of playing ability within each team to reduce
variability caused by opposition quality. Each SSG was
preceded by a clear briefing outlining the objectives (e.g.,
maintain possession, apply pressure), which were kept con-
sistent across sessions.

Percentage of HR reserve

HR data was continuously monitored using an optical HR
monitor (INSAIT KS System, GenGee, China), which rec-
orded HR throughout the entire training session, excluding
the warm-up. %HRreserve was calculated using the fol-
lowing formula. (Karvonen et al., 1957):

HRmean — HRrest

—_— X
HRmax — HRrest 100

%HRreserve =
The use of %HRreserve was important to provide a
personalized and sensitive measure of cardiovascular load
relative to each athlete’s individual heart rate capacity.
This allows for more accurate quantification of training in-
tensity compared to using absolute heart rate values alone
(Wolpern et al., 2015), enabling precise monitoring and ad-
justment of training loads tailored to each player's fitness
level and physiological response.

Rating of perceived exertion

RPE was recorded immediately after each training session
using the original Borg printed scale (Borg, 1998), a vali-
dated tool for reliably estimating perceived effort intensity
in athletic populations. To minimize peer influence, play-
ers rated their exertion individually without discussing
their scores. RPE have been shown to be valid and reliable
for monitoring training load in soccer players (Atan et al.,
2021; Little and Williams, 2007). Moreover, the numeri-
cally blinded RPE scale has shown concurrent and con-
struct validity compared to traditional methods, reducing
verbal anchor clustering and integer bias (Lovell et al.,
2020).

Table 2. Design and conditions of SSGs and HIIT training formats.

5v5 SSGs 1vl SSGs Long HIIT Short HIIT

Work duration 4 x 4 min 8 x 1 min 4 X 4 min 8 x 1 min

. . 2 min (5 min between 4"-5% . 2 min (5 min between 4-5%
Passive recovery 3 min between sets ) 3 min between sets i)
Session duration 25 min 25 min 25 min 25 min
Intensity Maximal effort Maximal effort 80% Virr 95% Virr
Pitch size 50m x 35 m 25m x 14 m
Total area 1750 m? 350 m?
Area per player 175 m? 175 m?
Goals 7-a-side goals 5-a-side goals N/A N/A
Goalkeepers Yes (excluded from analysis) Yes (excluded from analysis)

Task conditions No offside rule No offside rule

SSGs = Small-Sided Games; HIIT = High-Intensity Interval Training.
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The use of RPE in the present study is important to
provide a simple, cost-effective, and individualized
complements physiological measures and allows for better
monitoring and adjustment of training intensity tailored to
each athlete’s experience, thereby enhancing the effective-
ness of training interventions.

Statistical Analysis

In this study, two-tailed statistical tests were conducted
with a significance threshold set at 0.05. All statistical anal-
yses were conducted using R (Version 4.3.1; R Core Team,
2023) and RStudio (Version 2023.06.1+524; RStudio
Team, 2023). A linear mixed-effects model (LMM) was
fitted to examine the effects of competitive level (between-
subject factor) and training format (within-subject factor)
on RPE. Fixed effects included competitive level, training
format, and their interaction (competitive level X training
format), while %HRreserve was included as a time-varying
covariate (i.e., session-specific values per participant) to
control for its influence on perceived exertion. To account
for inter-individual variability, random intercepts for par-
ticipants were included as random effects in the model. Ef-
fect sizes (partial eta squared, %) were calculated for fixed
effects to estimate the magnitude of observed differences.
Results were reported as least squares means (LS means),
95% confidence intervals (Cls), coefficient estimates (f3),
standard errors (SE), t-values, F-values, p-values, and mul-
tiple comparisons were adjusted using the Bonferroni
method.

Results

A two-way mixed ANCOVA using a LMM was conducted
to examine the effects of training format (5v5 SSGs, 1vl
SSGs, long HIIT, short HIIT) and competitive level (Tier
3 vs. Tier 2) on RPE, while controlling for %HRreserve.
The interaction effect between training format and compet-
itive level was significant (F (3, 224.761) = 3.20, p = .024,
np? = 0.041), indicating a medium-to-large effect size, and
showing that RPE varied across different training formats.
There was a significant main effect of training format on
RPE (F (3, 234.484) = 11.24, p < .001, np2 = 0.131), indi-
cating that RPE varied across different training formats.

method to assess players’ internal responses to training
load. By capturing subjective perceptions of effort, RPE
The main effect of competitive level was not statistically
significant (F (1, 82.651) = 2.85, p =.095), suggesting no
overall difference in RPE between Tier 2 and Tier 3 play-
ers. These results were obtained after adjusting for the co-
variate, ensuring that the reported effects reflect differ-
ences in subjective exercise intensity independent of objec-
tive exercise intensity.

The covariate had a significant effect on RPE (F (1,
293.220)=9.57, p =.002, > = 0.081), which corresponds
to a medium effect size, indicating that %HRreserve sig-
nificantly influenced RPE. Figure 2 presents the descrip-
tive statistics for %HRreserve across different training for-
mats. The values were as follows: 5v5 SSGs - 67.44 +
7.02% (Tier 3), 74.92 + 5.31% (Tier 2); 1v1 SSGs - 62.26
+ 8.76% (Tier 3), 68.86 = 7.51% (Tier 2); Long HIIT -
73.01 = 6.66% (Tier 3), 77.13 £ 6.77% (Tier 2); and Short
HIIT — 62.04 + 7.40% (Tier 3), 65.83 + 5.80% (Tier 2).

Figure 3 illustrates the significance of the difference
in simple main effects. The descriptive statistics were as
follows: 5v5 SSGs - 4.65 + 1.29 (Tier 3; 95% CI: 4.22 to
5.08),5.03 +1.07 (Tier 2; 95% CI: 4.67 to 5.39); 1v1 SSGs
- 6.05 + 1.30 (Tier 3; 95% CI: 5.61 to 6.49), 6.03 + 1.05
(Tier 2; 95% CI: 5.67 to 6.39); Long HIIT - 6.23 + 1.28
(Tier 3; 95% CI: 5.79 to 6.67), 5.86 £ 1.09 (Tier 2; 95%
CI: 5.50 to 6.22); and Short HIIT - 5.80 £ 1.25 (Tier 3; 95%
CIL:5.3610 6.24),4.43 £ 1.13 (Tier 2;95% CI: 4.09 to 4.77).

For 5v5 SSGs, no significant difference was ob-
served between Tier 3 and Tier 2 players ( = 0.005, 95%
CI[-0.92, 0.93], p =.992). The effect size for this compar-
ison was small (Cohen’s d = 0.30). For 1v1l SSGs, no sig-
nificant difference was found between groups ( = 0.360,
95% CI [-0.55, 1.27], p = .466). The effect size was negli-
gible (Cohen’s d = 0.02). For long HIIT, no significant dif-
ference was found (f = 0.571, 95% CI [-0.38, 1.52], p =
.242). The effect size was small (Cohen’s d = 0.30). For
short HIIT, Tier 3 players reported significantly higher
RPE than Tier 2 players (f = 1.562, SE = 0.485, 95% CI
[0.605, 2.518], t = 3.218, p = .002), indicating that Tier 3
players perceived short HIIT as more intense. This differ-
ence corresponded to a large effect size (Cohen’s d = 1.09).
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Figure 2. Descriptive statistics (means and standard deviations) for the %oHRreserve. SSGs = Small-
Sided Games; HIIT = High-Intensity Interval Training; %HRreserve = Percentage of Heart Rate Reserve.
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RPE Score
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Figure 3. Simple main effects between and within groups on RPE score (LS means). *Denotes significance at p <
0.05; **Denotes significance at p < 0.01; ***Denotes significance at p < 0.001. SSGs = Small-Sided Games; HIIT = High-Intensity
Interval Training; RPE = Rate of Perceived Exertion; LS means = least squares means.

For 5v5 SSGs, no significant difference was ob-
served between Tier 3 and Tier 2 players (B = 0.005, 95%
CI[-0.92, 0.93], p =.992). The effect size for this compar-
ison was small (Cohen’s d = 0.30). For 1v1 SSGs, no sig-
nificant difference was found between groups (p = 0.360,
95% CI [-0.55, 1.27], p = .466). The effect size was negli-
gible (Cohen’s d = 0.02). For long HIIT, no significant dif-
ference was found (f = 0.571, 95% CI [-0.38, 1.52], p =
.242). The effect size was small (Cohen’s d = 0.30). For
short HIIT, Tier 3 players reported significantly higher
RPE than Tier 2 players (B = 1.562, SE = 0.485, 95% CI
[0.605, 2.518], t = 3.218, p = .002), indicating that Tier 3
players perceived short HIIT as more intense. This differ-
ence corresponded to a large effect size (Cohen’s d = 1.09).

For Tier 3 players, RPE was significantly lower in
5v5 SSGs compared to 1v1 SSGs (B =-1.665, SE =0.373,
t=-4.462, p <.001) and long HIIT (B =-1.665, 95% CI [-
242, -0.91], SE = 0.373, t = -4.462, p < .001) and long
HIIT (B =-1.290, 95% CI [-2.05, -0.53], SE=0.375, t = -
3.444,p =.001). Similarly, 5v5 SSGs also elicited a signif-
icantly lower RPE than short HIIT (B = -1.426, 95% CI [-
2.18, -0.67], SE = 0.374, t = -3.813, p < .001). However,
no significant differences in RPE were observed between
1v1 SSGs and long HIIT (B = 0.374, 95% CI [-0.74, 1.49],
p =.533), 1vl SSGs and short HIIT ( = 0.238, 95% CI [-
0.87, 1.34], p = .614), or long HIIT and short HIIT ( = -
0.136, 95% CI [-1.24, 0.97], p = .738).

For Tier 2 players, 5v5 SSGs resulted in signifi-
cantly lower RPE compared to 1v1 SSGs (f =-1.310, 95%
CI [-2.28, -0.34], SE = 0.391, t = -3.352, p = .003). How-
ever, no significant differences were found between 5v5
SSGs and long HIIT (B = -0.725, 95% CI [-1.68, 0.23], SE
=0.379,t=-1.911, p =.086) or 5v5 SSGs and short HIIT
(B =0.130, 95% CI [-0.80, 1.06], p = .749). Additionally,
1v1 SSGs induced significantly lower RPE than short HIIT
(B=1.440, 95% C1[0.51,2.37], SE=0.381,t=3.781,p =
.001), but no significant differences were found between
1v1 SSGs and long HIIT (B = 0.585, 95% CI [-0.28, 1.45],
p =.176) or long HIIT and short HIIT (B = 0.855, 95% CI
[-0.08, 1.79], p = .086).

Discussion

The present study investigated differences in RPE across
various SSG and HIIT formats between Tier 2 and Tier 3
soccer players, while controlling for %HRreserve. Alt-
hough no significant main effect of competitive level on
RPE was observed, a significant interaction between train-
ing format and competitive level emerged, indicating that
meaningful differences in perceived exertion emerged un-
der specific training conditions - most notably, during short
HIIT -, suggesting that Tier 3 players perceived this format
as more demanding than their Tier 2 counterparts. This
suggests that higher-level players do not uniformly report
lower RPE across all formats, and that perceptual re-
sponses may be context dependent.

Across all participants, training format had a signif-
icant main effect on RPE, with 5v5 SSGs generally elicit-
ing the lowest exertion and 1vl SSGs and HIIT formats
yielding higher RPE values. These findings align with pre-
vious literature showing that RPE is influenced more by
exercise modality than by fitness level alone (Clemente et
al., 2021b).Our results contribute to this body of work by
demonstrating that training structure (not just intensity)
plays a critical role in perceived exertion among competi-
tive athletes.

Our results align with studies which found that RPE
was not significantly influenced by age-related fitness dif-
ferences during SSGs Clemente et al. (Clemente et al.,
2021b).However, they diverge from studies suggesting that
professional athletes typically report lower RPE than ama-
teurs under similar training conditions (Dellal et al., 2011).
One possible explanation for this discrepancy is the rela-
tively small physiological gap between Tier 2 and Tier 3
university-level players, who are both likely to follow
structured, high-intensity training regimens. Although we
controlled for %HRreserve, we acknowledge that direct
measures of aerobic capacity (e.g., VO:max), anaerobic
thresholds, or neuromuscular fatigue were not collected.
Future studies should include these metrics to confirm
whether our observed similarities in RPE reflect
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underlying physiological equivalence or are influenced by
other variables. We also recognize that RPE is shaped by
psychological and cognitive factors, such as motivation, at-
tentional focus, and affective states (Hall et al., 2005;
Stults-Kolehmainen et al., 2016). However, our study did
not include psychometric assessments to quantify these
factors. Including tools like the Profile of Mood States
(POMS) or the Intrinsic Motivation Inventory (IMI) in fu-
ture research would help disentangle the psychological
contribution to perceived exertion.

The covariate effect of %HRreserve on RPE high-
lights its utility as a control variable in perceptual studies.
This finding aligns with a previous study (Coutts et al.,
2009) that observed RPE during SSGs was significantly
mediated by the combination of peak heart rate and blood
lactate concentrations, thereby depending on objective
physiological responses. Consistent with prior research
(Coutts et al., 2010), our findings suggest that RPE is
closely linked to internal physiological markers. However,
unlike studies reporting similar %HR responses across for-
mats (Selmi et al., 2020), our data indicate meaningful var-
iability in %HRreserve, reinforcing the notion that training
modality significantly alters cardiovascular demand even
under matched intensities.

Our findings further support the idea that larger-
sided SSGs may be perceived as less demanding, not nec-
essarily because of lower physiological load — but due to
intermittent effort patterns and more distributed responsi-
bilities among players (Gantois et al., 2023; Hammami et
al., 2018; Zouhal et al., 2020). Conversely, HIIT formats
and small-sided games like 1v1 impose higher levels of
sustained anaerobic and psychological stress (Buchheit and
Laursen, 2013; Diaz-Garcia et al., 2023). These variations
in format may influence players' perception of effort more
than objective intensity measures alone.

Despite its strengths, our study has several limita-
tions. The sample was restricted to Tier 2 and Tier 3 soccer
players, which may have limited the range of physiological
and perceptual differences observed. As such, the findings
may not generalize to elite or professional populations. In-
cluding higher-level athletes in future research would offer
a more comprehensive understanding of how competitive
level influences RPE across the performance spectrum.
Furthermore, while %HRreserve was used as a proxy for
internal load, it does not capture the full physiological pic-
ture. Other markers such as blood lactate, oxygen con-
sumption, heart rate variability, and neuromuscular fatigue
were not measured and could provide deeper insight into
the mechanisms driving perceptual responses. Addition-
ally, although we discuss the potential role of psychologi-
cal factors such as motivation, perceived competence, and
affective states, these were not directly assessed. Future
studies should incorporate psychometric tools to better
contextualize RPE across training modalities. Despite
these limitations, the findings offer practical value: since
5v5 SSGs elicited lower perceived exertion than 1v1 SSGs
and HIIT formats, larger-sided games may be a strategic
way to maintain cardiovascular stimulus while reducing
perceived load. Coaches are encouraged to use RPE in
conjunction with objective indicators like %HRreserve
to more accurately monitor training intensity and manage

athlete workload.

Conclusion

This study investigated how different training formats
(SSGs and HIIT) affect RPE in Tier 2 and Tier 3 soccer
players while controlling for %HRreserve. Although com-
petitive level alone did not significantly influence per-
ceived exertion, an interaction effect showed that Tier 3
players reported higher RPE during short HIIT. Training
format had a pronounced impact on RPE, with larger-sided
SSGs eliciting lower perceived exertion than smaller-sided
games or HIIT. These findings highlight the multidimen-
sional nature of RPE, which integrates both physiological
and psychological inputs. From a practical standpoint,
coaches can manipulate training formats to adjust per-
ceived load: larger-sided games may reduce psychological
and physiological strain, while smaller-sided SSGs and
HIIT formats may increase it. Monitoring both RPE and
%HRreserve provides a more nuanced approach to training
load management, helping optimize performance and re-
covery.

Acknowledgements

The experiments comply with the current laws of the country in which
they were performed. The authors have no conflict of interest to declare.
The datasets generated during and/or analyzed during the current study
are not publicly available but are available from the corresponding author
who was an organizer of the study.

References

Arslan, E., Orer, G. and Clemente, F. (2020) Running-based high-
intensity interval training vs. small-sided game training
programs:  Effects on the physical performance,
psychophysiological responses and technical skills in young

soccer players. Biology of Sport 37(2), 165-173.
https://doi.org/10.5114/biolsport.2020.94237

Atan, S. A., Jafar, M. F., Azli, M. S., Jakiwa, J. and Kassim, M. (2021)
The reliability of rating perceived exertion and the relationship
with heart rate in young soccer players. Journal of Defence
Management, Social Science & Humanities 4(1).
https://doi.org/10.58247/jdmssh-2021-0401-04

Borg, G. (1998) Borg’s perceived exertion and pain scales. Human
Kinetics.

Buchheit, M. (2008) The 30-15 Intermittent Fitness Test: Accuracy for
individualizing interval training of young intermittent sport
players. The Journal of Strength and Conditioning Research
22(2), 365-374. https://doi.org/10.1519/JSC.0b013e3181635b2e

Buchheit, M. (2014) Monitoring training status with HR measures: Do all
roads lead to Rome? Frontiers in Physiology 5, Article 73.
https://doi.org/10.3389/fphys.2014.00073

Buchheit, M. and Laursen, P. B. (2013) High-intensity interval training,
solutions to the programming puzzle. Sports Medicine 43(5),
313-338. https://doi.org/10.1007/s40279-013-0029-x

Buchheit, M., Saint, P. and Club, G. F. (2010) The 30-15 Intermittent
Fitness Test: 10 year review. Myorobie Journal 1.
http://www.martin-buchheit.net

Buckley, J. P. and Eston, R. (2022) Ratings of perceived exertion. In Sport
and Exercise Physiology Testing Guidelines (pp. 111-120).
Routledge. https://doi.org/10.4324/9781003045267-21

Ceballos-Gurrola, O., Bernal-Reyes, F., Jardon-Rosas, M., Enriquez-
Reyna, M. C., Durazo-Quiroz, J. and Ramirez-Siqueiros, M. G.
(2020) Composicion corporal y rendimiento fisico de jugadores
de fatbol soccer universitario por posicion de juego (Body
composition and physical performance of college soccer by
player’s position). Retos 39, 52-57.
https://doi.org/10.47197/retos.v0i39.75075



610

Perceived exertion in soccer training

Clemente, F. M., Ramirez-Campillo, R., Afonso, J., Sarmento, H.,
Rosemann, T. and Knechtle, B. (2021a) A meta-analytical
comparison of the effects of small-sided games vs. running-
based high-intensity interval training on soccer players’
repeated-sprint ability. International Journal of Environmental
Research and Public Health 18(5), 2781.
https://doi.org/10.3390/ijerph18052781

Clemente, F. M., Ramirez-Campillo, R., Sarmento, H., Praca, G. M.,
Afonso, J., Silva, A. F., Rosemann, T. and Knechtle, B. (2021b)
Effects of small-sided game interventions on the technical
execution and tactical behaviors of young and youth team sports
players: A systematic review and meta-analysis. Frontiers in
Psychology 12, Article 667041.
https://doi.org/10.3389/fpsyg.2021.667041

Conte, D., Lukonaitiene, 1., Matulaitis, K., Snieckus, A., Kniubaite, A.,
Kreivyte, R. and Kamandulis, S. (2023) Recreational 3x3
basketball elicits higher heart rate, enjoyment, and physical
activity intensities but lower blood lactate and perceived exertion
compared to HIIT in active young adults. Biology of Sport 40(3),

889-898. https://doi.org/10.5114/biolsport.2023.122478

Coutts, A.J., Quinn, J., Hocking, J., Castagna, C. and Rampinini, E. (2010)
Match running performance in elite Australian Rules Football.

Journal of Science and Medicine in Sport 13(5), 543-548.
https://doi.org/10.1016/j.jsams.2009.09.004

A. J.,, Rampinini, E., Marcora, S. M., Castagna, C. and
Impellizzeri, F. M. (2009) Heart rate and blood lactate correlates
of perceived exertion during small-sided soccer games. Journal

of Science and Medicine in Sport 12(1), 79-84.
https://doi.org/10.1016/j.jsams.2007.08.005

Covié, N., Jeleskovi¢, E., Ali¢, H., Rado, 1., Kafedzié, E., Spori§, G.,
McMaster, D. T. and Milanovi¢, Z. (2016) Reliability, validity
and usefulness of 30-15 Intermittent Fitness Test in female
soccer players. Frontiers in Physiology 7, Article 510.
https://doi.org/10.3389/fphys.2016.00510

Dellal, A., Chamari, K., Pintus, A., Girard, O., Cotte, T. and Keller, D.
(2008) Heart rate responses during small-sided games and short
intermittent running training in elite soccer players: A
comparative study. The Journal of Strength & Conditioning
Research 22(5).
https://doi.org/10.1519/JSC.0b013e31817398c6

Dellal, A., Hill-Haas, S., Lago-Penas, C. and Chamari, K. (2011) Small-
sided games in soccer: Amateur vs. professional players’
physiological responses, physical, and technical activities. The
Journal of Strength & Conditioning Research 25(9), 2371-238]1.
https://doi.org/10.1519/JSC.0b013e3181fb4296

Dellal, A., Keller, D., Carling, C., Chaouachi, A., Wong, D. P. and
Chamari, K. (2010) Physiologic effects of directional changes in
intermittent exercise in soccer players. The Journal of Strength

and Conditioning Research 24(12), 3219-3226.
https://doi.org/10.1519/JSC.0b013e3181b94a63

Diaz-Garcia, J., Ponce-Bordén, J. C., Moreno-Gil, A., Rubio-Morales, A.,
Lopez-Gajardo, M. A. and Garcia-Calvo, T. (2023) Influence of
scoring systems on mental fatigue, physical demands, and
tactical behavior during soccer large-sided games. International
Journal of Environmental Research and Public Health 20(3),
2087. https://doi.org/10.3390/ijerph20032087

Eston, R. (2012) Use of ratings of perceived exertion in sports.
International Journal of Sports Physiology and Performance
7(2), 175-182. https://doi.org/10.1123/ijspp.7.2.175

Follador, L., Alves, R. C., Ferreira, S. dos S., Buzzachera, C. F., Andrade,
V. F. dos S., Garcia, E. D. S. de A., Osiecki, R., Barbosa, S. C.,
de Oliveira, L. M. and da Silva, S. G. (2018) Physiological,
perceptual, and affective responses to six high-intensity interval
training protocols. Perceptual and Motor Skills 125(2), 329-350.
https://doi.org/10.1177/0031512518754584

Gantois, P., Piqueras-Sanchiz, F., Cid, M. J. F. A., Pino-Ortega, J.,
Castillo, D. and Nakamura, F. Y. (2023) The effects of different
small-sided games configurations on heart rate, rating of
perceived exertion, and running demands in professional soccer
players. European Journal of Sport Science 23(7), 1214-1222.

https://doi.org/10.1080/17461391.2022.2092427
Hall, E. E., Ekkekakis, P. and Petruzzello, S. J. (2005) Is the relationship

Coutts,

of RPE to psychological factors intensity-dependent? Medicine

& Science in Sports & Exercise 37(8), 1365-1373.

https://doi.org/10.1249/01.mss.0000174897.25739.3¢

Halson, S. L. (2014) Monitoring training load to understand fatigue in
athletes. Sports Medicine 44(S2), 139-147.
https://doi.org/10.1007/s40279-014-0253-z

Hammami, A., Gabbett, T. J., Slimani, M. and Bouhlel, E. (2018) Does
small-sided games training improve physical fitness and team-
sport-specific skills? A systematic review and meta-analysis. The
Journal of Sports Medicine and Physical Fitness 58(10).
https://doi.org/10.23736/S0022-4707.17.07420-5

Impellizzeri, F. M., Rampinini, E. and Marcora, S. M. (2005)
Physiological assessment of aerobic training in soccer. Journal
of Sports Sciences 23(6), 583-592.
https://doi.org/10.1080/02640410400021278

Jeligi¢, M., Ivancev, V., Cular, D., Covi¢, N., Stojanovi¢, E., Scanlan, A.
T. and Milanovi¢, Z. (2020) The 30-15 Intermittent Fitness Test:
A reliable, valid, and useful tool to assess aerobic capacity in
female basketball players. Research Quarterly for Exercise and
Sport 91(1), 83-91.
https://doi.org/10.1080/02701367.2019.1648743

1zzo, R. and Giovannelli, M. (2018) Session RPE and speed high intensity
distance in meters (D_SHI mt): A valid method to analyze
training load in soccer players. Journal of Sports Science 6(3).
https://doi.org/10.17265/2332-7839/2018.03.004

Jose Gomez-Diaz, A., Pallares, J. G., Diaz, A. and Bradley, P. S. (2013)
Quantification of physical and psychological loads: Differences
in competitive levels and the effects on match results. Revista de

Psicologia del Deporte 22(2), 463-469.

Karvonen, M. J., Kentala, E. and Mustala, O. (1957) The effects of
training on heart rate: A longitudinal study. Annales Medicinae
Experimentalis Biologiae Fenniae 35(3), 307-315.
https://doi.org/10.1002/j.2164-4918.1957.tb01772.x

Kelly, D. M., Strudwick, A. J., Atkinson, G., Drust, B. and Gregson, W.
(2016) The within-participant correlation between perception of
effort and heart rate-based estimations of training load in elite

soccer players. Journal of Sports Sciences 34(14), 1328-1332.
https://doi.org/10.1080/02640414.2016.1142669

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J.,
Steensberg, A., Pedersen, P. K. and Bangsbo, J. (2003) The Yo-
Yo Intermittent Recovery Test: Physiological response,
reliability, and validity. Medicine & Science in Sports & Exercise
35(4), 697-705.
https://doi.org/10.1249/01.MSS.0000058441.94520.32

Kupperman, N., DeJong, A. F., Alston, P., Hertel, J. and Saliba, S. A.
(2021) Athlete workloads during collegiate women’s soccer
practice: Implications for return to play. Journal of Athletic

Training 56(3), 321-330. https://doi.org/10.4085/205-20

Little, T. and Williams, A. G. (2007) Measures of exercise intensity
during soccer training drills with professional soccer players. The
Journal of Strength and Conditioning Research 21(2), 367.
https://doi.org/10.1519/R-19445.1

Lopes, T. R., Pereira, H. M. and Silva, B. M. (2022) Perceived exertion:
Revisiting the history and updating the neurophysiology and the
practical applications. International Journal of Environmental
Research and Public Health 19(21), 14439.
https://doi.org/10.3390/ijerph192114439

Lovell, R., Halley, S., Siegler, J., Wignell, T., Coutts, A. J. and Massard,
T. (2020) Use of numerically blinded ratings of perceived
exertion in soccer: Assessing concurrent and construct validity.
International Journal of Sports Physiology and Performance
15(10), 1430-1436. https://doi.org/10.1123/ijspp.2019-0740

McKay, A. K. A., Stellingwerff, T., Smith, E. S., Martin, D. T., Mujika,
1., Goosey-Tolfrey, V. L., Sheppard, J. and Burke, L. M. (2022a)
Defining training and performance caliber: A participant
classification framework. International Journal of Sports
Physiology and Performance 17(2), 317-331.
https://doi.org/10.1123/ijspp.2021-0451

McKay, A. K. A., Stellingwerff, T., Smith, E. S., Martin, D. T., Mujika,
1., Goosey-Tolfrey, V. L., Sheppard, J. and Burke, L. M. (2022b)
Defining training and performance caliber: A participant



Xu et al.

611

classification framework. International Journal of Sports

Physiology and Performance 17(2), 317-331.
https://doi.org/10.1123/ijspp.2021-0451

Muifioz-Chavez, B., Reigal, R. E. and Hernandez-Mendo, A. (2015)
Efectos del nimero de jugadores sobre la percepcion subjetiva
del esfuerzo, la frecuencia cardiaca y las conductas de juego en
rugby [Number of players’ effect on perceived exertion, heart
rate and tactical behavior in rugby]. RICYDE. Revista

Internacional de Ciencias del Deporte 11(42), 360-375.

https://doi.org/10.5232/ricyde2015.04205

Njororai, W. W. S. (2012) Physical demands of soccer: Lessons from
team USA and Ghana matches in the 2010 FIFA World Cup.
Journal of Physical Education and Sport, 407-412.

Ouertatani, Z., Selmi, O., Marsigliante, S., Aydi, B., Hammami, N. and
Muscella, A. (2022) Comparison of the physical, physiological,
and psychological responses of the high-intensity interval (HIIT)
and small-sided games (SSG) training programs in young elite
soccer players. International Journal of Environmental Research
and Public Health 19(21), 13807.
https://doi.org/10.3390/ijerph192113807

Paravlic, A. H., Simunic, B., Pisot, R., Rauter, S., Stuhec, S. and Vodicar,
J. (2022) The reliability, validity and usefulness of the 30-15
intermittent fitness test for cardiorespiratory fitness assessment
in military personnel. Scientific Reports 12(1), 16087.
https://doi.org/10.1038/s41598-022-20315-3

Paul, S. B., William, S., Blake, W., Peter, O., Paul, B. and Krustrup, P.
(2009) High-intensity running in English FA Premier League

soccer matches. Journal of Sports Sciences 27(2), 159-168.

https://doi.org/10.1080/02640410802512775

Pind, R. and Madestu, J. (2018) Monitoring training load: Necessity,
methods and applications. Acta Kinesiologiae Universitatis
Tartuensis 23, 7. https://doi.org/10.12697/akut.2017.23.01

Riboli, A., Coratella, G., Rampichini, S., C¢, E. and Esposito, F. (2020)
Area per player in small-sided games to replicate the external
load and estimated physiological match demands in elite soccer
players. PLOS ONE 15(9), €0229194.
https://doi.org/10.1371/journal.pone.0229194

Romero-Caballero, A. and Campos-Vazquez, M. A. (2020) Relationship
between internal load indicators in a 3-a-side small-sided game
in young soccer players. Retos - Nuevas Tendencias en

Educacién Fisica, Deporte y Recreacion 37, 152-159.
https://doi.org/10.47197/retos.v37i37.71130

Schimpchen, J., Freitas Correia, P. and Meyer, T. (2023) Validity and
reproducibility of match-derived ratios of selected external and
internal load parameters in soccer players: A simple way to

monitor physical fitness? Biology of Sport 40(4), 1039-1046.
https://doi.org/10.5114/biolsport.2023.124850

Selmi, O., Ouergui, L., Levitt, D. E., Nikolaidis, P. T., Knechtle, B. and
Bouassida, A. (2020) Small-sided games are more enjoyable
than high-intensity interval training of similar exercise intensity

in soccer. Open Access Journal of Sports Medicine 11, 77-84.

https://doi.org/10.2147/OAJSM.S244512
Stelen, T., Chamari, K., Castagna, C. and Wisleff, U. (2005) Physiology

of soccer. Sports Medicine 35(6), 501-536.

https://doi.org/10.2165/00007256-200535060-00004
Stults-Kolehmainen, M. A., Lu, T., Ciccolo, J. T., Bartholomew, J. B.,
Brotnow, L. and Sinha, R. (2016) Higher chronic psychological
stress is associated with blunted affective responses to strenuous
resistance exercise: RPE, pleasure, pain. Psychology of Sport and

Exercise 22, 27-36.
https://doi.org/10.1016/j.psychsport.2015.05.004

Wolpern, A. E., Burgos, D. J., Janot, J. M. and Dalleck, L. C. (2015) Is a
threshold-based model a superior method to the relative percent
concept for establishing individual exercise intensity? A
randomized controlled trial. BMC Sports Science, Medicine and
Rehabilitation 7(1), 16.
https://doi.org/10.1186/s13102-015-0011-z

Yoder, H. A., Mulholland, A. M., MacDonald, H. V. and Wingo, J. E.
(2025) Work rate adjustments needed to maintain heart rate and
RPE during high-intensity interval training in the heat. Frontiers
in Physiology 16, Article 150632.
https://doi.org/10.3389/fphys.2025.1506325

Young, F. L. S. and Leicht, A. S. (2011) Short-term stability of resting
heart rate variability: Influence of position and gender. Applied
Physiology, Nutrition, and Metabolism 36(2), 210-218.

https://doi.org/10.1139/h10-103

Zouhal, H., Hammami, A., Tijani, J. M., Jayavel, A., de Sousa, M.,
Krustrup, P., Sghaeir, Z., Granacher, U. and Ben Abderrahman,
A. (2020) Effects of small-sided soccer games on physical fitness,
physiological responses, and health indices in untrained
individuals and clinical populations: A systematic review. Sports

Medicine 50(5), 987-1007.
https://doi.org/10.1007/s40279-019-01256-w

Key points

e The study found significant differences in Rating of Per-
ceived Exertion (RPE) across training formats, with 5v5
small-sided games (SSGs) eliciting lower RPE compared to
1vl SSGs and HIIT protocols, even when controlling for
physiological load (%HRreserve).

e While no overall RPE difference existed between Tier 2 (de-
velopmental) and Tier 3 (national-level) players, a key in-
teraction revealed that Tier 3 players perceived short HIIT
as more strenuous than Tier 2 players, suggesting competi-
tive-level nuances in effort perception.

e %HRreserve significantly influenced RPE, confirming its
role as a valid internal load metric. However, RPE variations
persisted beyond physiological strain, highlighting the mul-
tifactorial nature of perceived exertion (e.g., psychological
and exercise modality).
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