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ABSTRACT

This study examined the possibility of using movement velocity and the perceived
exertion as indicators of relative load in the bench press exercise. Three hundred eight
young, healthy, resistance trained athletes (242 male and 66 female) performed a
progressive strength test up to the one-repetition maximum for the individual
determination of the full load-velocity and load-exertion relationships. Longitudinal
regression models were used to predict the relative load from the average velocity and
the OMNI-RES 0-10 scale, considering sets as the time-related variable. Load
associated with the average velocity and the OMNI-RES 0-10 scale value expressed
after performing a set of 1-3 repetitions were used to construct two adjusted predictive
equations: Relative load = 107.75 — 62.97 x average velocity; and Relative load = 29.03
+ 7.26 x OMNI-RES 0-10 scale value. The two models were capable of estimating the
relative load with an accuracy of 84% and 93% respectively. These findings confirm
the ability of the two calculated regression models, using load-velocity and load-
exertion from the OMNI-RES 0-10 scale, to accurately predict strength performance in

bench press.

Key words: Strength assessment, resistance training, isoinertial estimation, perceived

exertion.
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INTRODUCTION

The determination of an individual’s maximal strength has been a key factor in
prescribing and regulating resistance training programs (8). The most commonly
applied methods for the evaluation of muscular strength are the one maximal repetition
(1RM) and the multiple repetitions test (20). The latest uses prediction models for 1RM
derived from regression equations based on maximum number of repetitions performed
in a set to failure with a submaximal load (18). The 1RM test, despite being one of the
most widely used and frequently mentioned tests in the literature, has been associated
with some weaknesses; e.g. it requires considerable time in the preparation for the
testing session but also some prior knowledge of the performance technique when
reaching a maximal effort (20, 29), Moreover the administration is time consuming and
impracticable to use in large groups of athletes, making this method very difficult to
apply on a regular basis during the training process (19). On the other hand, multiple
repetition tests have been described as safer (4) and therefore much more applicable to
certain populations such as young, older or with pre-existing medical conditions (25).
Although multiple repetition tests are performed with submaximal loads, in the end
they would also represent a maximal effort that may lead to high muscular, bone, and
ligament stress, triggering important metabolic alterations (5). The aforementioned
limitations of repetition maximum tests have lead coaches and researchers to seek
alternative methods to objectively monitor performance progression during resistance
training. The recently increasing use of devices such as accelerometers, rotatory or

linear position transducers capable of calculating velocity during resistance exercises,
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allows estimating the 1RM and the relative training loads from the relationship between

the movement velocity and the relative load (%1RM) (11, 15).

Gonzalez-Badillo and Sanchez-Medina (11) reported very close relationships
(R?=0.98) between both, mean accelerative velocity (calculated from the accelerative
portion of the concentric phase, during which the acceleration of the barbell was > -
9.81 m-s?), and mean velocity with the %1RM used during a Smith machine bench
press in 120 resistance trained young men. Similarly, Jidovtseff et al. (15) analyzed
data from 112 recreationally active participants (90 males, 22 females) to establish a
similarly high correlation (r=0.95) of the load-velocity relationship to accurately predict
bench press 1RM. These studies rely on the strong association between the movement
velocity and the training load, to monitor changes in the ability to apply force in
resistance exercises. However, the aforementioned approach requires the use of
additional devices (accelerometers or velocity transducers) that are not always available
or require specific training conditions (almost purely vertical displacement of the used
resistance) which are not suitable for all resistance-training exercises. Due to the
impracticability of using these methods during each training session, researchers have
sought easier methods to monitor resistance training. In recent years, perceived exertion
scales have been successfully used to regulate resistance exercise intensities (10),
monitor the progression of fatigue during workouts (16), estimate changes in the
movement velocity or power within a singular set (23), and select the initial training

load (17). Robertson et al. developed prediction models, which use OMNI-Resistance
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Exercise Scales (OMNI-RES) derived from adults (27) or children (26) format to
estimate 1RM for upper and lower body exercise. The scales have both verbal and mode
specific pictorial descriptors distributed along a comparatively narrow numerical
response range, 0—10. More recently, Bautista et al. (2) proposed a regression model to
predict the mean bar velocity from the RPE OMNI RES 0-10 scale for the bench press.
To the best of our knowledge, no study has analyzed and compared the accuracy of the
two mentioned regression models, mean velocity-%1RM and RPE-%1RM, to estimate
the relative load used during bench press exercise. Thus, the purpose of this study was
to analyze and compare two regression models to predict %1RM, using the linear
average velocity (AV) or the perceived exertion (RPE) to estimate the relative load in
the concentric bench press (BP) in resistance-trained (female and male) athletes.

Additionally, possible gender differences in the prediction model will also be analyzed.

METHODS

Experimental Approach to the Problem

Following a familiarization period of 12 to 15 sessions, participants performed an
isoinertial progressive bench press strength test with increasing loads up to the 1RM
for the individual determination of the full load-velocity and load-RPE relationships
(22). Longitudinal regression models were constructed to predict the relative load in
terms of %1RM from AV and RPE based on the best-fit regression line and considering

sets as the time-related variable.
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Subjects

Three hundred eight young, healthy, resistance trained athletes, 242 male (Mean + SD:
age =22.4+7.7y, height = 1.749+0.074 m, body mass = 73.3+10.4 kg, body mass index
(BMI) = 23.9+2.2 kgm2) and 66 female (Mean + SD: age = 19.1+5.5 y, height =
11.602+0.054 m, body mass = 57.5+5.7 kg, BMI = 22.4+2.0 kg/m?), with a minimum
of 1 and a maximum of 5 years of resistance training experience performing bench press
volunteered to take part in this study. All participants reported not having taken any
banned substances as declared by the International Olympic Committee 2014 anti-
doping rules (14). No physical limitations or musculoskeletal injuries that could affect
strength performance were reported. The study met the ethical standards published by
Harris and Atkinson (12) and was approved by the Institutional Review Board for
Human Studies. After being informed of the purpose and experimental procedures,
participants and/or parents or tutors signed a written informed consent form prior to

participation.

Procedures

All 308 participants underwent a minimum of 12 familiarization sessions performed
over a month (3 times per week) to use the OMNI-RES 0-10 scale proposed by
Robertson et al. (27). The OMNI Scale for resistance exercises has both verbal and
mode-specific pictorial descriptors distributed along a comparatively narrow response
range of 0-10. These characteristics make the OMNI scale a useful methodology to

control the intensity of resistance training (21).
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During the familiarization period, the participants followed their normal resistance
training workouts that comprised 2-4 sets of 6-12 repetitions of 6-8 exercises of
different muscle groups (upper, middle, and lower body) including the bench press.
During these sessions, standard instructions, and RPE OMNI-RES 0-10 anchored
procedures were explained to the participant in order to properly reflect the rating of
perceived effort for the overall body (27) after performing the first and the last

repetition in each set of every exercise (17, 23).

Progressive Test

All participants performed an isoinertial progressive strength test (PRT) with increasing
loads up to the 1RM for the individual determination of the full load-velocity and load-
RPE relationships in the BP exercise.

The flat BP exercise was performed using Olympic bars and discs according to the
technique described by Baechle et al. (1). Briefly, participants were instructed to start
the exercise lying down on a bench with their elbows fully extended and to lower the
bar towards the chest using a controlled velocity. After a minimum pause (less than 1
s.), participants performed the concentric phase in an explosive fashion, at maximum
velocity. The PRT was programmed in a way that allowed every participant to reach
the 1RM in 8+2 sets of 2-3 repetitions. Each set was completed with the greatest
possible force and had inter-set rest periods of 2-5 minutes, depending on the magnitude
of the resistance to be overcome.

To determine the initial load of PRT, the first set was performed with approximately
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30% of the estimated 1RM as agreed between participants and coaches after completing
the familiarization period. Hence, the first and second sets were performed with low
resistance (~30 and ~45% of the estimated 1RM), the third and fourth sets with light to
moderate resistance (~50-65% of the estimated 1RM), the fifth and sixth sets with
medium-high resistance (~70-80% of estimated 1RM), and the seventh and eighth sets
with maximum or near maximum load (~85-100% of the estimated 1RM). The
repetition that produced the greatest average velocity (AV) at each set was selected for
analysis. When the participant approached the estimated 1RM value, the rest periods

between sets were prolonged to 5 minutes (19).

One Repetition Maximum Determination
If participants were able to perform more than 1 repetition on the last set of the PRT,
they rested for 3-5 minutes before attempting another 1RM trial (9). All participants

were able to achieve their 1IRM within 1 or 3 trials.

OMNI-RES 0-10 scale instructions

Participants were instructed to report the RPE value indicating a number of the OMNI-
RES 0-10 scale at the end of each set of the PRT. Participants were asked to use any
number on the scale to rate their overall muscular effort, and the investigators used the
same question, ‘“how hard do you feel your muscles are working,’” each time. A rating
of 0 was associated with no effort (rest), and a rating of 10 was considered to be

maximal effort and associated with the most stressful exercise ever performed (17). An
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experienced and certified strength and conditioning coach supervised all testing, and
recorded the RPE value at the end of all sets of the PRT. The OMNI-RES scale was in
full view of participants at all times during the procedures.

Participants were asked to abstain from any unaccustomed or hard sets, including
repetitions to failure, during the week before the test. Additionally, they committed to
not perform any resistance training related exercise during the 72 hours preceding the

PRT assessment session.

Equipment

An optical rotary encoder (Tesys 400, Globus Corporation, Codgne, Italy) with a
minimum lower position register of 1 mm was used for measuring the position and
calculating the velocity, force, and power applied during each repetition of the BP
exercise. The cable of the encoder was connected to the bar in such a way that the
exercise could be performed freely. The encoder’s method of functioning enabled the
cable to move in either vertical direction of the movement, sending the position of the
bar every millisecond (1,000 Hz) to an interface that was connected to a computer.
Proprietary software for the encoder (Ergo System, version 8.5) was used to calculate
the AV in ms? during the concentric phase. The reliability of the PRT was
demonstrated in a series of previous pilot studies [intraclass correlation coefficients
(ICC) >0.92]. For the present investigation, thirty participants were randomly selected
to assess the repeatability of the measures provided by the PRT. The ICCs for the 1RM,

AV, and RPE values were 0.99; 0.89 and 0.96 respectively.
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Statistical Analysis

The AV attained with a given range of % 1RM loads used in each set of the PRT was
summarized as mean and 95% confidence intervals for each RPE value expressed
immediately after performing a 1 to 3 repetitions set. Longitudinal regression models
were used to predict the %1RM from AV and RPE, considering sets as the time-related
variable. Three models were estimated for each predictor: pooled ordinary least squares
(OLS) regression model, fixed-effects model, and random-effects model. Sex was
added as a predictor for OLS and random-effects models but not for fixed effects
models, as it is a time-invariant characteristic. A power analysis for the difference in
slopes between male and female was performed. Hausman’s specification test and the
Breusch-Pagan Lagrange multiplier test were used to compare the consistency and
efficiency of the models. Significance level was set at 0.05. Data analyses were

performed with Stata 13.1 (StataCorp, College Station, TX).

RESULTS

Median number of sets performed by each participant until 1RM was reached was 8
(Interquartile range [IQR]=7-8) for male, and 6 (IQR=5-7) for female. In total, 2222
assessments were performed. Maximum 1RM values for the BP exercise for males and
females were 84.5+24.2 kg and 40.3+8.3 kg respectively. The mean average velocity
attained with the 1RM load for the total sample was 0.165+0.07 m's™*, with very similar

values observed for males (0.162+0.07 ms™?) and females (0.175+0.08 m's™). The RPE
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value expressed by the participants after performing the last set (1IRM) of the PRT was

10.

Relationship between relative load, RPE value, and average velocity
As shown in Table 1, relative load was below 30% when RPE was rated as 0, and 1RM
corresponded to 10 RPE. Both males and females showed a similar relationship
between RPE and relative load. An inverse relationship was shown between RPE and
AV, as shown in Table 2, starting at ~1.25 ms™* for the 0 RPE value and declining
gradually to ~0.24 m's* for the 10 RPE value.

Tables 1 and 2
Table 3 shows fit of all regression models estimated to predict relative load from AV
or RPE.

Table 3

The power analysis for the differences in regression slopes between male/female
assuming a minimum difference of 0.015, a significance level of 0.05, n1=222, n,=66,
SD:1=3.39, SD»=3.27, and SDresiquai=0.06, showed a 99.97% power for gender
specificity of the models.
R-squared values were high and significant for the three models (Pooled OLS, fixed
effects, and random effects) using AV to predict %1RM (R?=0.84). The F-test for
individual errors (ui) was significant (p<0.001) and so was Breusch-Pagan test
(p<0.001) for OLS vs. random effects. As shown in Table 3, Pooled OLS model showed

also higher variance. Therefore, OLS model was less consistent and efficient than fixed
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and random effects models for AV. Random effects model did not show a significant
coefficient for sex, and additionally Hausman’s test did not support significant
differences between random and fixed effects models. Consequently, consistency and
efficiency tests for AV models suggested the adoption of the fixed effects model. This
model was able to explain 84% of overall variation in the relative load (%1RM), 24%
of between-participants variation and 92% of over-time (sets) variation. Therefore, the
most appropriate equation (1) to estimate the relative load from AV was determined as:
(1) Relative load (% 1RM) = 107.75 — 62.97 (AV)
Similarly, RPE-based models predicted 93% of overall variation in relative load. F-test
of individual errors was significant (p<0.001), Breush-Pagan LM test was significant
(p<0.001), and SEE was higher for OLS model, supporting that OLS model was less
appropriate. Fixed effects model explained 35% of between-participants variation, and
96% of over-time (sets) variation. Additionally, the random effects model increased the
explanation of between-participants variation up to 37% (Table 3). However,
Hausman’s test determined no significant difference between fixed and random models.
Consequently, the following equation (2) is suggested to estimate the relative load from
the RPE expressed at the end of each particular set from the fixed effects model:
(2) Relative load (% 1RM) = 29.03 + 7.26 (RPE)

DISCUSSION

The main findings of this study were that both mean velocity attained with a given
absolute load and the RPE values expressed immediately after performing 1-3

repetitions would be used as very good predictors of the relative load (%1RM).
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The accuracy of the proposed methods in estimating the relative load in bench press
was 84% and 93% for the AV and RPE models respectively. Including gender as a
predictor did not significantly improve the models. Therefore, its inclusion would not
be necessary to increase the accuracy of predictive models using AV or RPE.

Previous investigations (11, 15) have also analyzed the relationship between relative
load and velocity in bench press. Gonzalez-Badillo and Sanchez-Medina (11) found a
close polynomial relationship between the relative load (%1RM) and mean velocity
(R?=0.979; p<0.05) measured over the entire concentric phase, or mean accelerative
velocity (R?=0.98; p<0.05). Gonzalez-Badillo and Sanchez-Medina (11) included more
than one assessment per each load-velocity measurement per participant. This approach
may have overestimated the data fit due to the presence of auto-correlation. When more
than one observation is used from the same participant to calculate the load-velocity
relationship, the observations can no longer be independent and the resulting R? will be
inflated (3, 24). Thus, with the aim of preventing calculation bias, data from the present
study were analyzed assuming different assessments per participant (~8 on average) as
related measures. A longitudinal analysis of the assessments was considered the most
accurate model.

Jidovtseff et al. reported a very high correlation (r~0.95) between the estimated
theoretical load at zero velocity (maximal isometric strength) and the 1RM in bench
press (15). The estimation was extrapolated from a regression equation calculated from
a minimum of three average velocities and the corresponding %1RM loads. Although

this is a very practical and easy approach to estimate the 1RM value, the model
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presented by Jidovtseff et al. (15) requires a minimum of 3 incremental loads whilst our
model would be able to predict the relative load from only 1 set of up to three repetitions
using a constant submaximal load, performed at a maximum velocity.

Although both proposed models (AV and RPE) presented in this current investigation
seem to be very accurate with acceptable errors of estimations (7.22% and 5.07% for
the AV and RPE model respectively (Table 3), the RPE method is slightly more
accurate than the AV model. Several factors could have caused this result. Different
from the studies mentioned above (11, 15) in which the BP exercise was performed
using a Smith Machine, which ensures a smooth, controlled, purely vertical
displacement of the bar along a fixed pathway. In contrast our investigation used free
weights. Performing resistance exercises with free weight increases the horizontal
displacement of the bar and consequently increases the potential error of a transducer
device in estimating the vertical velocity. Although, this factor would represent a
limitation of our study, the ability of the velocity transducers to provide valid measures
of kinetics during free weight resistance exercises in well-trained athletes has been
previously demonstrated (6) and supported in several other investigations (13, 23).

In addition, our study also analyzed the predictive power of the perceived exercise
model using the RPE OMNI-RES 0-10 scale (27). Bautista et al. (2) reported a strong
correlation (r = -0.94) between RPE values and mean bar velocity during bench press.
This study supported the utility of the perceived exertion for predicting bar velocities

using RPE values derived from the OMNI-RES 0-10 scale.
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The use of perceived exertion for estimating the relative load (%1RM) in resistance
exercises has been previously analyzed. Lagally et al. (17) tested the application of RPE
derived from the OMNI-RES (0-10) metric to select the initial training load associated
with specific, muscle endurance, and maximal strength training outcomes. More
recently, Naclerio et al. (21) suggested that the initial RPE could be used to select the
%1RM load associated with the pre-determined resistance training outcomes: maximal
strength (RPE > 7 to ~9), hypertrophy or explosive strength with moderate load (RPE
> 3 to ~7), or muscle endurance or explosive strength with light load (RPE > 0 to ~3).
However, in order to reduce inter-individual differences in the interpretation of the
scale resulting from subjective perceptions of exercise intensities, and the anchored
procedures between the RPE values and the perceived effort, the application of the
OMNI-RES 0-10 scale has to be preceded by a well-supervised familiarization period.
It has been highlighted that in order to properly regulate resistance exercise intensity
using RPE scales, coaches need to differentiate overall RPE that reflects general fatigue
of the body, from the active muscle RPE that express the perception of effort focused
on specific body areas (10). Although both rating types have shown to be valid for
controlling resistance training, they would produce significantly different values (7).
Therefore, in our study we specifically analyzed one upper body exercise; we used the
overall RPE procedure because our participants were familiarized with this approach
during workouts involving several exercises. From this point of view, the overall RPE
procedures following standard and clear instructions would be more applicable to a

range of resistance exercise types (28).
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In the present study, participants were highly adapted and familiarized with the use of
RPE OMNI-RES (0-10) metric. All participants used the scale for controlling their
resistance-training workout for a minimum of 12 sessions. Consequently, it seems that,
at least for well-trained athletes who have undergone an appropriate familiarization, the
use of perceived exertion scales could represent an accurate, easy, practical, and
economic alternative for controlling strength fluctuation in daily workouts throughout
the training process.

Results of this study provide two useful predictive mixed sample (male and female)
models to estimate the %1RM from a multiple linear regression fitting. In these models
the load lifted and the corresponding AV or the estimated RPE values were able to
explain more than 80% of the predicted %1RM. The main advantage of both proposed
methodologies would be the simple prediction of LRM by only one set of 1-3 repetitions
performed with the maximal possible velocity and using a submaximal load.
Furthermore, a quick interpretation of performance can be obtained, and consequently,
a training program could then be easily modified according to the present day’s
performance level. Additionally, although the RPE method demands a period of
familiarization, it entails a useful and simple approach for evaluating strength in a large
population of athletes. From the practical point of view, according to the completed
model (Table 3), for each 0.1 m's? increase in barbell velocity achieved with a given
weight, the corresponding relative load (%1RM) will decrease by about 6.3 %. On the
other hand, for each decrease in the RPE value expressed after performing a set of 1-3

repetitions, the relative load corresponding to the used weight will decrease by 7.3%.
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Based on the data presented in Tables 1 and 2, in order to improve the accuracy of both
models, it could be advisable to avoid very light or maximal loads. Particularly, for the
AV model it would be recommended to estimate the %1RM from heavy to moderate
loads reaching between 0.91 (95% C10.82-1.01) and 0.56 (95% CI 0.54-0.58) mrsec™,
sets 3- 6 (Table 2). For the RPE model, a broader range of intermediate loads from 37.3
% 1RM (95% CI 36.4-38.3) t0 93.0 % 1RM (95% CI 92.3-93.8) eliciting values of RPE
between 1 and 9, sets 2- 9 (Table 2), would produce an accurate prediction. In
conclusion, results from the present study demonstrate a strong relationship between
the load and the two analyzed variables (AV and the RPE) measured during or at the
end of a 1-3 repetitions set over a wide range of intensities (from 30% to 100% 1RM)
of bench press exercise. However, further research will be necessary to assess the

validity and accuracy of the proposed prediction models.

PRACTICAL APPLICATION

The present results support the utility of the AV and/or RPE determined in a single 1 to
3 repetitions set with a submaximal load to predict the relative load used by male and
female athletes in bench press. From a practical point of view, both methods would
allow coaches to have a continuous control of the athletes’ strength evolutions during
the training process. Although the SEE shows a more accurate value for RPE equation
compared to AV equation, both models seem to be accurate enough and would provide
a quick and reliable estimation of the relative load used when performing bench press

with submaximal loads.
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TABLES

Table 1. Mean and 95% confidence interval of %1RM corresponding to each RPE level for male (n=242), female (n=66), and total sample
(308).

Male Female Total sample
RPE n Mean 95% CI n Mean 95% CI n Mean 95% CI
0 233 271 (26.1-28.1) 34 28.0 (26.6-29.4) 267 27.2 (26.3-28.1)
1 170 374 (36.4-38.5) 34 36.8 (34.7-38.9) 204 37.3 (36.4-38.3)
2 160 449 (43.7-46.0) 33 452 (42.7-47.8) 193 449 (43.9-46.0)
3 162 524 (51.2-53.6) 32 51.1 (49.0-53.1) 194 522 (51.2-53.2)
4 142 59.1 (57.9-60.3) 33 60.6 (58.6-62.5) 175 59.4 (58.3-60.4)
5 122 65.6 (64.4-66.8) 31 66.7 (64.8-68.6) 153 65.8 (64.8-66.8)
6 150 729 (71.9-73.9) 32 743 (72.7-75.8) 182 731 (72.3-74.0)
7 170 805 (79.5-81.5) 49 818 (80.2-83.3) 219 80.8 (79.9-81.6)
8 138 86.3 (85.1-87.4) 25 88.2 (86.7-89.7) 163 86.6 (85.5-87.6)
9 147 925 (91.7-93.4) 33 953 (93.9-96.7) 180 93.0 (92.3-93.8)
10 238 99.6 (99.4-99.9) 54 100 (100 - 100) 292 99.7 (99.5-99.9)

RPE=rate of perceived exertion with OMNI RES 0-10 scale.
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Table 2. Mean and 95% confidence interval of AV (m-s?) corresponding to each RPE level for male (n=242), female (n=66), and total sample
(308).

Male Female Total sample
RPE n Mean 95% CI n Mean 95% CI n Mean 95% CI
0 233 1.25 (1.21-1.29) 34 1.24 (1.16 - 1.31) 267 1.25 (1.22 -1.29)
1 170 1.08 (1.04 -1.12) 34 1.11 (1.04 - 1.18) 204 1.08 (1.05-1.12)
2 160 0.97 (0.93-1.00) 33 0.89 (0.83-10.95) 193 0.95 (0.92 - 0.98)
3 162 0.91 (0.80-1.02) 32 0.91 (0.86 - 0.96) 194 0.91 (0.82-1.01)
4 142 0.75 (0.72-0.78) 33 0.76 (0.71-10.81) 175 0.75 (0.72-0.77)
5 122 0.66 (0.63-0.69) 31 0.67 (0.62-0.71) 153 0.66 (0.63 -0.68)
6 150 0.56 (0.54 - 0.58) 32 0.56 (0.52 - 0.59) 182 0.56 (0.54 - 0.58)
7 170 0.47 (0.42 -0.52) 49 0.46 (0.43-0.49) 219 0.47 (0.43-0.51)
8 138 0.36 (0.33-10.38) 25 0.35 (0.32-10.38) 163 0.35 (0.34-10.37)
9 146 0.28 (0.26 - 0.30) 33 0.23 (0.20-0.27) 179 0.27 (0.25-0.29)
10 235 0.23 (0.21-0.26) 54 0.25 (0.16 — 0.34) 289 0.24 (0.21-10.27)
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Table 3. Fit of regression models to predict relative load (%1RM) (n=308).

Constant AV RPE Sex Model
Bo p Bav p Bree P Bsex p p R? R%uw R%with SEE

AV

Pooled OLS 103.64 <0.001 -57.20 <0.001 1.13 0.043 <0.001 0.84 10.00

Fixed effects 107.75 <0.001 -62.97 <0.001 <0.001 0.84 0.24 0.92 7.22

Random effects  105.90 <0.001 -60.61 <0.001 1.06 0.130 <0.001 0.84 0.24 0.92 7.22
RPE

Pooled OLS 29.55 <0.001 7.12 <0.001 <0.001 0.93 6.41

Fixed effects 29.03 <0.001 7.26 <0.001 <0.001 0.93 0.35 0.96 5.07

Random effects  29.11  <0.001 7.22 <0.001 1.10 0.042 <0.001 0.93 0.37 0.96 5.07

AV=average velocity (m-s!); RPE=rate of perceived exertion with OMNI RES 0-10 scale; sex (female). P values are shown for each coefficient
and for the model adjustment. R?=overall adjustment of the model; R?nw=variation due to individual differences; R?win=variation due to over-
time differences, SEE=Standard Error of Estimate.



