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ABSTRACT
Purpose. The study analysed the responses from different training load monitoring tools in the elite U-20 soccer catego-
ry and checked the level of association between these responses.
Methods. The participants were 10 elite male soccer players (age, 18.61 ± 0.95 years; height, 176.81 ± 5.03 cm; body mass, 
70.32 ± 8.41 kg). The progressive test to exhaustion assessed maximum oxygen consumption and maximum heart rate. The 
athletes were monitored over 15 training sessions with a heart-rate-based method (Edwards) and mechanical load indicators 
obtained from GPS devices (15 Hz).
Results. Individual training load was calculated with the Foster’s session rating of perceived exertion (session-RPE) pro-
cedure. A significant correlation was found between session-RPE and Edwards (0.564, p < 0.05). There were no significant 
correlations between session-RPE and average speed (–0.161), average heart rate of the training session (–0.187), distance over 
20 km/h (0.006), or number of accelerations performed in different zones (–0.194, –0.178, –0.171, –0.236). The Edwards method 
showed significant correlations with the total distance (0.642, p < 0.01), average heart rate (0.333, p < 0.01), and distances 
covered at 0–20 km/h (0.634, p < 0.01; 0.568, p < 0.01; 0.424, p < 0.01; 0.289, p < 0.01; 0.201, p < 0.015). There were no 
significant correlations between Edwards and average speed (0.158), distance over 20 km/h (0.014), number of accelerations 
performed in different zones (–0.194, –0.178, –0.171, –0.236), or number of normalized accelerations (–0.118, –0.038, 
–0.058, –0.035).
Conclusions. The Edwards method and session-RPE are limited load monitoring tools to indicate the reality of training 
situations (high-intensity action with recovery intervals).
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SCIENCE IN SOCCER  
AND FUTSAL

Introduction

To achieve a high level of athletic performance, it is 
necessary to subject the individual to stringent train-
ing situations, through a cyclic process of training-fa-
tigue-adaptation [1]. In order to maximize the physi-
cal capabilities, training should be carefully planned, 
monitored, and adjusted. The systematization of train-
ing goes through an efficient distribution of the training 
load with adequate recovery [2, 3]. When this process 
is successful, there are positive adaptations to training, 

with consequent improvement in performance [4–6]. 
However, if the balance of training load and recovery is 
not achieved owing to application of excessive loads or 
to poor recovery, the athlete can adapt negatively, with 
the occurrence of overreaching and overtraining [5, 7].

Soccer is a sport in which success depends on phys-
ical, psychological, technical, and tactical factors [8]. 
In this discipline, the application of a specific training 
program can result in individual different responses 
among players [9]. A challenge for coaches is to deter-
mine the moment that the training may become in-
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adequate for each athlete and perform the necessary 
adjustments, which are the respective objectives of 
monitoring [5] and load regulation [10, 11].

Heart rate (HR) is mainly used to determine exer-
cise intensity [12–14]. It is a common practice for 
some top professional soccer teams to systematically 
monitor training load with HR methods [15]. For ex-
ample, the summated-heart-rate-zones method, pro-
posed by Edwards [16], might facilitate the quantifi-
cation of interval training because it divides the training 
session into periods spent in each of 5 HR zones 
(50–60%, 60–70%, 70–80%, 80–90%, and 90–100% of 
maximal HR [HRmax]). The training duration in each 
zone is multiplied by different factors, which weight the 
higher intensity zones more than those of lower inten-
sities. Thereafter the adjusted scores are summated.

Apart from a few top level soccer teams, the routine 
use of the HR-based method is not always feasible; 
problems include the required technical expertise, the 
time-consuming process of collecting HR data of all 
team players in each training session, and the cost of 
numerous HR telemetric systems. An alternative strat-
egy to monitor training load was proposed by Foster 
et al. [17] and Foster [18]. Derived from the rating of 
perceived exertion (RPE) multiplied by session dura-
tion, this method is a simple, non-invasive technique 
for monitoring training load [19]. Previous research 
in measuring training load has shown that session-
RPE is highly correlated with HR-based assessment 
of training load during intermittent team sports such 
as soccer [15, 20, 21]. It is important to note that the data 
found for this correlation refer to the adult category.

The individual quantification of the training load 
can contribute to a more accurate assessment of how 
the athlete is responding to the prescribed training 
and assist in further changes in the training program 
[2]. However, training that involves high intensity ac-
tivities is hard to control, especially in acyclic activities 
like in team sports [4]. According to Casamichana and 
Castellano [22], it is necessary to consider a number 
of training load indicators to obtain additional infor-
mation that would enable coaches to more accurately 
assess the burden imposed on players. Freitas et al. [6] 
suggest that physiological, psychometric, mechanical, 
and biochemical parameters must be used together 
and correlated with one another.

Some studies have examined the relationship be-
tween the results from different monitoring tools used 
in training sessions of the adult soccer category [22–25]. 
Significant correlations between some parameters have 
been verified; with others, however, not. To understand 
the relationship between the monitoring parameters 

is important to determine those that will be used to 
carry out the monitoring of the training load and im-
prove the interpretation of the results. Wrigley et al. 
[26] indicate that increases in the training load inten-
sity are related to age. The prescription and analysis 
of training for young soccer players should consider 
the specific demands in each age group [27]. In gen-
eral, understanding the physical demands for each 
age group can provide information about the players’ 
development profile and their levels. The training loads 
and the responses to these tend to be different, since 
they must take into account the influence of growth 
and maturational level [28]. Individuals of different 
age groups may have different responses. Thus, the re-
lationship between the monitoring parameters may 
also be different.

No study has addressed the relationship between 
training load monitoring tools in the U-20. The ten-
dency is that, in practice, coaches believe that the re-
lationships are the same as those found in the adult 
category. Therefore, the choice of monitoring param-
eters and interpretation of the information they pro-
vide tend to reflect what is known about adult players. 
So, checking the level of association between the train-
ing load monitoring tools in the U-20 is justified for 
the choice and interpretation of the parameters applied 
depending on the specific profile of the category. In this 
context, the aim of the study was to analyse the re-
sponses obtained from different training load monitor-
ing tools in the elite U-20 soccer category and check the 
level of association between these responses. We hypoth-
esized that there was a very large correlation between 
the Edwards method and session-RPE. But there is no 
very large significant association between Edwards 
and session-RPE with all the variables that represent 
the high intensity activity performed by the players in 
training situations.

Material and methods

Participants

The participants were 10 Brazilian elite male soc-
cer players (age, 18.61 ± 0.95 years; height, 176.81 ± 
5.03 cm; body mass, 70.32 ± 8.41 kg) regularly in-
volved in national competitions recognized by the Bra-
zilian Soccer Confederation. The athletes did not pres-
ent any occurrence of injuries (competitive season 
2015). Enrolled were only athletes who, after medical 
evaluation, were eligible to participate in the routine of 
training and matches.
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Measures

The athletes performed a progressive test to exhaus-
tion that assessed maximum oxygen consumption 
(VO2max) and individual HRmax [29]. The mechanical 
load indicators were obtained from portable GPS devices 
(GPSports SPI Pro X).

These devices are currently among the most com-
monly used and commercially available GPS units for 
professional team sports. According to the manufactur-
er, the GPS device has a sampling frequency of 15 Hz 
and includes a 100-Hz triaxial accelerometer. The 
manufacturer supplemented the GPS frequency to 
provide a sampling rate of 15 Hz [30].

Each player wore a special vest which enabled the 
device to be fitted to the upper part of his back. The 
use of the special GPS vest and the HR monitor were 
not intervening factors in the performance of athletes 
during training since the club applied this equipment 
in training sessions and official matches. The GPS de-
vices were activated 15 minutes before the beginning 
of each training session, in accordance with the man-
ufacturer’s instructions. After recording, the data were 
transferred to a computer and analysed with the soft-
ware package provided by the manufacturer (Software 
Team AMS).

The daily individual training load was calculated 
with the Foster’s session-RPE procedure [31]. The 
method involved multiplying the training duration in 
minutes by the mean training intensity. The session-
RPE scale (Table 1) is the Borg category-ratio RPE 
scale (CR-10) modified by Foster et al. [31]; it trans-
lates the athlete’s perception of effort into a numerical 
score between 0 and 10. The test is designed to ask 
the athlete to respond to a simple question: ‘How was 
your workout?’ with the goal of getting an uncompli-

cated answer that reflects the athlete’s global impres-
sion of the workout.

All athletes had been familiarized with the scale 
before the start of the study (3 weeks prior to study 
period) and followed standardized instructions for RPE.

Procedures

A correlational descriptive design was used for the 
load monitoring tools: session-RPE, the HR-based meth-
od (Edwards), and mechanical load indicators obtained 
from portable GPS devices. The time spent in the HR 
zones was summated; the accumulated time in each 
zone (minutes) was multiplied by a factor relative (50–
60% HRmax: 1; 60–70% HRmax: 2; 70–80% HRmax: 3; 
80–90% HRmax: 4; 90–100% HRmax: 5). The session-RPE 
was obtained by multiplying the duration of each train-
ing session (in minutes) by the intensity assigned to 
that session on the RPE scale. Mechanical variables 
acquired through the GPS devices were: total duration 
of the training session, total distance, average and maxi-
mum speed, distance covered in different speed zones 
(0–6 km/h, 6–10 km/h, 10–13 km/h, 13–16 km/h, 
16–20 km/h, > 20 km/h), maximum acceleration and 
different zones of accelerations (1.0–1.5 m/s2, 1.5–
2.0 m/s2, 2.0–2.5 m/s2, > 2.5 m/s2), number of accel-
erations in different zones per minute (1.0–1.5 m/s2, 
1.5–2.0 m/s2, 2.0–2.5 m/s2, > 2.5 m/s2).

The total of 15 training sessions were monitored 
between March and April in the 2015 competitive sea-
son. The monitored training sessions occurred in the 
morning (between 9:00 am and 11:00 am, on Monday 
to Friday), with an interval of 24 hours between them, 
and were all performed on the same fields with natural 
grass. The mean temperature was 28.3°C ± 3.03°C 
and the mean relative humidity was 59.36% ± 9.69%, 
as recorded by a thermometer (Big Digit Hygro-Ther-
mometer, Extech Instruments).

All the training sessions started with a warm-up 
(15–30 minutes), containing preparatory activities such 
as stretching, low intensity running and small-sided 
games. After this period, technical tactical activities 
were carried out. During the rest periods, players were 
allowed to drink liquids ad libitum. It is noteworthy 
that the players were advised to keep their normal diet. 
During the study period, the athletes performed 2–3 
strength training sessions per week. These sessions 
took place in the gym under the supervision of the club.

The mean duration of the sessions monitored was 
93.0 ± 17.23 minutes. During these sessions, the ath-
letes covered an average distance of 6049.4 meters, at 
a maximum average speed of 28.4 km/h and an average 

Table 1. CR-10 scale modified by Foster et al. [31]

Rating Descriptor

0 Rest

1 Very easy

2 Easy

3 Moderate

4 Somewhat hard

5 Hard

6

7 Very hard

8

9

10 Maximal
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speed of 4.0 km/h, with HRmax of 187.4 bpm (100.64% 
of the HRmax achieved in the test laboratory) and an 
average HR during training of 138.2 bpm (74.22% of 
the HRmax achieved in the test laboratory).

In order ensure the ecological validity of the data 
collected, the researchers did not make any interfer-
ence in the training sessions, which were planned and 
executed by the club staff. Data analysis included all 
activities performed during the training sessions, to-
gether with the recovery periods [23].

Statistical analysis

Descriptive statistics were calculated for all variables 
and reported as means and standard deviations. The 
normality of the data was verified by the Kolmogorov-
Smirnov test. The homogeneity of variances was exam-
ined with the Levene’s test. The association between 
variables was determined with the use of the Pearson 
correlation coefficients, intra-individual. The magnitude 
of correlation coefficients was considered as trivial 
(r < 0.1), small (0.1  r < 0.3) moderate (0.3  r < 0.5), 
large (0.5  r < 0.7), very large (0.7  r < 0.9), almost 
perfect (0.9  r < 1) and perfect (r = 1) [32]. All statisti-
cal analyses were performed with the SPSS 20.0 soft-
ware for Windows, with significance set at p < 0.05.

Ethical approval

The research related to human use has been com-
plied with all standards set by the Brazilian National 
Council of Health (Res. 466/12) involving human re-
search, has followed the tenets of the Declaration of 
Helsinki, and has been approved by the Research Ethics 
Committee (COEP) of the Federal University of Minas 
Gerais. In addition, an authorization letter was obtained 
from the club, agreeing with the whole procedure.

Informed consent

Informed consent has been obtained from all indi-
viduals included in this study.

Results

The mean value for session-RPE (arbitrary units, AU) 
during the sessions monitored was 287.83 ± 106.72 AU. 
The mean value for the training impulse (TRIMP) Ed-
wards (AU) during the sessions monitored was 251.79 
± 91.13 AU. A significant large correlation was found 
for the results of session-RPE with TRIMP-Edwards 
(r = 0.564, p < 0.05), with total distance covered (r = 
0.446, p < 0.01), with the distance covered at 0–6 km/h 
(r = 0.399, p < 0.01), 6–10 km/h (r = 0.344, p < 0.01), 

10–13 km/h (r = 0.307, p < 0.01), 13–16 km/h (r = 0.325, 
p < 0.01), and 16–20 km/h (r = 0.386, p < 0.01).

No significant correlations were observed between 
session-RPE and mean speed, mean HR of the training 
session, distance covered at > 20 km/h, number of ac-
celerations performed in different tracks, number of nor-
malized accelerations, or distance covered per minute 
(Table 2).

The TRIMP-Edwards showed significant large cor-
relations with the total distance covered (r = 0.642, 
p < 0.01), mean HR (r = 0.333, p < 0.01), distances at 
0–6 km/h (r = 0.634, p < 0.01), 6–10 km/h (r = 0.568, 
p < 0.01), 10–13 km/h (r = 0.424, p < 0.01), 13–16 km/h 
(r = 0.289, p < 0.01), and 16–20 km/h (r = 0.201, p < 
0.01). There were no significant correlations between 
the TRIMP-Edwards and mean speed, distance covered 
at > 20 km/h, number of accelerations performed on dif-
ferent tracks, or number of accelerations per minute.

Discussion

This study analysed the responses from different 
training load monitoring tools in the elite U-20 soc-
cer category and examined the level of association 
between these responses. The hypothesis that the 
TRIMP-Edwards method and session-RPE present a 
very large correlation was not confirmed in the study. 

Table 2. General correlations between all variables

Session- 
RPE

TRIMP

Session-RPE – 0.564*

TRIMP 0.564* –

Total distance covered 0.446** 0.642**

Average speed –0.161 0.158

Average heart rate –0.187 0.333**

Distance covered at 0–6 km/h 0.399** 0.634**

Distance covered at 6–10 km/h 0.344** 0.568**

Distance covered at 10–13 km/h 0.307** 0.424**

Distance covered at 13–16 km/h 0.325** 0.289**

Distance covered at 16–20 km/h 0.386** 0.201*

Distance covered at > 20 km/h 0.006 0.014

Number of accelerations 1.0–1.5 m/s2 –0.194 –0.194

Number of accelerations 1.5–2.0 m/s2 –0.178 –0.178

Number of accelerations 2.0–2.5 m/s2 –0.171 –0.171

Number of accelerations > 2.5 m/s2 –0.236 –0.236

Normalized acceleration 1.0–1.5 m/s2 –0.118 –0.118

Normalized acceleration 1.5–2.0 m/s2 –0.038 –0.038

Normalized acceleration 2.0–2.5 m/s2 –0.058 –0.058

Normalized acceleration > 2.5 m/s2 –0.035 –0.035

RPE – rating of perceived exertion, TRIMP – training impulse
* significant correlation at 0.05; ** significant correlation at 0.01
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These results demonstrate that the association be-
tween the TRIMP-Edwards and session-RPE is simi-
lar to the correlation found in the literature [23] for 
the adult soccer category (r = 0.57). The main finding 
of this study was that the results of monitoring train-
ing load by session-RPE and the TRIMP-Edwards 
method showed trivial correlation with the main var-
iables that represented the high intensity activity 
performed by the players in training situations.

Impellizzeri et al. [15] used the session-RPE to 
quantify training load in soccer and examined the 
correlations with other methods, based on HR re-
sponse to exercise. These authors found individual 
correlations (r, 0.54–0.78) statistically significant (p 
< 0.01) between the session-RPE and TRIMP-Ed-
wards. The correlation values observed in their study 
were similar to the findings in the present study (r = 
0.564, p < 0.01) and slightly lower than those report-
ed by prior investigators [18]. One possible explana-
tion for the lower correlations could be the increased 
anaerobic contribution to energy supply during soc-
cer training sessions [15]. This may indicate a limita-
tion of this instrument, since it does not reflect the 
intensity of activities with short duration and high 
intensity [33, 34]. Many soccer analysis studies have 
shown that this sport requires repeated maximum 
actions with short duration and incomplete recovery 
interval [35]. Therefore, these actions are not moni-
tored properly by TRIMP-Edwards because HR is a 
limited parameter to control this type of activity. The 
failure of this method to monitor situations with 
short duration and high intensity may compromise 
the monitoring of moments usually more decisive in 
soccer.

The TRIMP-Edwards, parameter commonly ap-
plied in soccer, uses the individual response of HR 
training session to estimate the athlete’s response to 
this training load. Despite its popularity, the method 
has not proved valid in soccer. Its strategy for ac-
counting the differences in exercise considers a lin-
earity of HR responses; however, the responses are 
not linear [36]. Some limitations of methods based 
on HR responses have been reported in the literature 
[2, 15, 37], especially regarding the monitoring of 
training loads that involve intermittent high intensity 
activities, such as soccer.

The results of this study show that identical train-
ing loads can cause different responses in athletes 
with different individual characteristics (chronologi-
cal age, sports experience, aerobic capacity, among 
others). The training stimulus may be suitable for an 
athlete, but inappropriate for another [38]. The HR-

based method (Edwards) may not represent the ac-
tual demands in a practice situation since it is based 
on a linear HR and takes into account the duration of 
the training session including rest times. Besides, 
HR response is slow for high-intensity actions, so 
this method is a limited tool to monitor the training 
load responses and indicate the reality of these situ-
ations in sports.

These findings can be explained with the fact that 
sports actions involve rapid accelerations, decelera-
tions, and non-linearity, therefore the HR responses 
may have different time. The monitoring of accelera-
tions seems to have great importance in identifying 
energy expenditure and level of neuromuscular fa-
tigue in soccer players since the accelerations can 
provide an instant report of mechanical stress [39]. 
Casamichana et al. [23] report the importance of 
monitoring through the use of accelerations. The 
magnitude of the accelerations and decelerations can 
therefore be associated with the physiological impact 
suffered by athletes. In the present study, the TRIMP-
Edwards and session-RPE showed no significant 
correlation with the number of accelerations in dif-
ferent intensity ranges. When monitoring the re-
sponse to training loads in players, it is important to 
consider such aspects as acceleration because accel-
erations are more common in small areas, e.g. those 
used in small-sided games in training sessions [23]. 
Therefore, the failure of monitoring accelerations 
may underestimate the players’ engagement in high 
intensity activities [40]. Perhaps using different 
TRIMP by thresholds will allow to find different re-
sults.

The differences between the levels of correlation 
between training load monitoring tools obtained in 
this study for the U-20 and in the literature for the 
adult category suggest that the relation between the 
monitoring parameters may change depending on 
the age group. Mujika et al. [41] suggest that improve-
ments in performance across the age groups are 
probably related to the influence of aging on stress 
during maximum exercise, and differences in height 
and weight in the age groups. Harley et al. [27] claim 
that owing to variations in performance characteris-
tics between age groups in youth, performance meas-
ures should be considered in relation to the perfor-
mance characteristics of particular age groups. 
These authors suggest that the prescription of train-
ing for youth soccer players should involve the spe-
cific demands for each age group and the maturation 
performance capacity indicator. Besides that, in this 
study, the low correlation values found may be due to 
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the fact that the monitoring tools were used to evalu-
ate different parameters, which demonstrates the 
importance of multi-parameter monitoring.

Some studies found that physical performance 
during the match changed throughout the season 
[42] and was related to the level of players’ training 
[43]. Therefore, a major limitation of this study was 
that it did not examine the correlation between the 
training load monitoring tools at different times of 
the season; this factor could influence the training 
load and change the relationships between load indi-
cators. It is suggested that future studies should 
compare responses obtained from different monitor-
ing tools with regard to different categories.

Conclusions

The results of training load monitoring through 
session-RPE and HR-based method (Edwards) do not 
present very large correlations with a number of me-
chanical variables obtained from the GPS devices in 
the elite U-20 soccer players. These variables repre-
sented the high intensity activities performed by the 
players in training situations. The TRIMP-Edwards 
and session-RPE are limited tools of monitoring train-
ing load responses to indicate the reality of training 
situations (high-intensity action, with recovery inter-
vals). Akubat et al. [44] suggest that the use of an inte-
grated list of monitoring parameters may be more useful 
in the sports scene than a single tool. There is no moni-
toring approach universally adopted in top-level soc-
cer [45].

The differences in validity and interunit reliability 
between different GPS units for measuring athlete 
movement demands require inspection, and it is im-
portant for coaches and conditioning staff to under-
stand the operation of their chosen devices.
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