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Abstract
Purpose. To compare the duration of exercise and magnitude of external load per type of exercise (warm-up, small-sided games, 
position games – movements with/without ball but without the dynamics of a real game, simulations of real games – 11 vs. 11, 
fitness exercises, large-sided games, technical drills) during different training days in professional soccer players and test the 
relationships between duration of exercise and the external load.
Methods. Overall, 22 professional soccer players (25.1 ± 2.9 years, 181.9 ± 6.3 cm, 73.1 ± 6.3 kg) were daily monitored 
by a microelectromechanical system. The training duration (minutes) and the external load measures of total distance 
covered and high-speed running distance were collected for each type of exercise.
Results. Repeated measures ANOVA revealed significant differences in training duration, total distance covered, and 
high-speed running distance between the exercises (p < 0.001). A greater total distance was covered in simulations of real 
games (2321 m/session), as well as high-speed running (84.6 m/session). The total distance covered in simulations of real 
games was greater by 77% than in small-sided games, while that in high-speed running in simulations of real games was 
greater by 153% than in large-sided games.
Conclusions. The study revealed that simulations of real games and position games were the exercises that occupied the 
most time in the sessions and that the simulations of real games were the greatest contributor to distance covered and 
distance covered at high-speed running.
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Introduction

Training load monitoring is part of the training pro-
cess allowing to daily characterize the impact of exer-
cises on physical demands (external load) and biolog-
ical responses (internal load) [1]. Commonly, both 
dimensions of load are analysed in an accumulated 
way (overall session), without consideration of the spe-
cific direction of load (type of exercises) [2]. However, 
a more detailed analysis (namely, considering the im-

plications of each exercise) may help to identify the spe-
cific implications of particular types of exercise for 
different sports. Moreover, the use of technologies as 
microelectromechanical systems (MEMS) may turn 
easier the process of split and organize the external 
load for each exercise [3–6]. In the particular case of 
soccer, the monitoring can be extremely helpful, mainly 
because of the normal heterogeneity of load occur-
ring in the same exercise.
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As part of daily routines in soccer training, different 
exercises are proposed by coaches in order to achieve 
the session’s goals. Owing to the variety of exercise 
types and, naturally, load direction, it is reasonable 
to assume that the typology of exercise will promote 
different loads and impacts on the soccer players. Thus, 
to properly manage the external load, coaches should 
be aware of the effects of different types of exercise 
and should aim to organize them in the most effec-
tive way on the most appropriate days [7, 8].

A simple organization of load direction would be 
to split the exercises into those more focused on physi-
cal dimensions and those more focused on technical/
tactical capacities. Among the technical/tactical types 
of exercise, the small-sided games (SSGs) are often 
used by coaches because of their capacity to simulate 
specific conditions of the match while imposing a con-
siderable physiological stimulus on the players [9, 10]. 
These games can promote different effects on players 
and for that reason are commonly organized in small 
(SSGs: 1 vs. 1 to 4 vs. 4), medium (MSGs: 5 vs. 5 to 7 
vs. 7), and large (LSGs: 7 vs. 7 to 11 vs. 11) formats [11]. 
Other technical/tactical drills can include position 
games (PGs) (i.e., specific movements made by players 
with or without the ball, aiming to optimize the syn-
chronization between teammates) or simulations of 
real games (RGs, i.e., games played in 11 vs. 11 formats 
during training sessions). Among the more focused 
exercises, there are running-based exercises, neuro-
muscular training, speed exercises, or coordination 
drills [12].

Each of the types of exercise naturally promotes 
a different stimulus in the players. Such stimulus (or 
load impact) should be described in order to under-
stand how the organization of training (i.e., type of 
exercises, sequence, duration, intensity, volume) may 
explain the overall load on players. Despite the evi-
dence regarding load variations during a week and 
the acute effects of specific games [13, 14], there is 
a lack of data about the load direction and the impact 
of different types of exercise on players [15]. Addi-
tionally, considering that the duration of exercise can 
be related to the volume of load, it is also important 
to characterize how much time is dedicated to each 
group of exercise. Such information could reflect how 
coaches manage exercises and the true impact of such 
exercises in terms of the final external load experi-
enced by players (e.g., distance- and accelerometery-
based measures). Finally, a consideration of how the 
load is imposed within a week is also interesting, 
namely to identify the within-week changes and fluc-
tuations of the load distribution and exercises across 

a week (taking into account the proximity to the next 
match) [16].

In this context, the objective of the present study 
was to compare the duration of exercise and magni-
tude of external load per type of exercise during dif-
ferent training days in professional soccer players. 
Additionally, relationships between the duration of 
exercise and external load were tested in order to iden-
tify if these could be related. It was hypothesized that 
game-based drills (e.g., PGs, SSGs, RGs) would have 
greater duration and volume of external load than 
strength and conditioning exercises and analytical 
drills [15]. Moreover, a significant correlation was hy-
pothesized between the duration of exercise and the 
external load performed.

Material and methods

Participants

Overall, 22 professional soccer players (25.1 ± 2.9 
years, 181.9 ± 6.3 cm, 73.1 ± 6.3 kg) from a Portuguese 
professional team competing in the first league volun-
tarily participated in this study. The study followed 
the ethical recommendations for research in humans 
as suggested by Harris et al. [17]. The following in-
clusion criteria were applied: (i) all the players were 
present at a minimum of 90% of the training sessions 
that occurred during the period of analysis (5 months); 
(ii) to be included in the data treatment of any given 
week, the player had to be present at all training ses-
sions of that week; (iii) only the training sessions in 
which all the players participated in the same exer-
cises were included (the training sessions for players 
who did not play in the match were excluded from the 
analysis).

Design and experimental procedures

This study followed an observational and descrip-
tive design. The data were collected for training ses-
sions that occurred between September 2018 and Jan-
uary 2019 (early and mid-season), by using a MEMS 
(V4 tracker, JOHAN Sports, Noordwijk, the Nether-
lands) that consisted of a GPS sensor (10 Hz, including 
EGNOS correction), an accelerometer, a gyroscope, 
and a magnetometer (100 Hz, 3 axes, ± 16 g). The spe-
cific MEMS applied in this study was previously tested 
for validity and reliability; the difference between GPS 
and 200-m distance was –0.13 ± 3.94 m to 2.13 ± 
2.64 m and inter-unit coefficient of variation ranged 
from 2.08% to 3.92% [18].
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The training sessions of the week were defined as 
MD-1 (match day –1: one day before a match), MD-2 
(match day –2: two days before a match), MD-3 (match 
day –3: three days before a match), MD-4 (match day –4: 
four days before a match), and MD-5 [match day –5: 
five days before a match). During the observation pe-
riod, 10 sessions occurred at MD-1, 17 at MD-2, 17 at 
MD-3, 14 at MD-4, and 7 at MD-5.

All the exercises were characterized and described 
by the staff, and a specific type of exercise from the fol-
lowing list was added: (i) warm-up (WU: exercises 
aimed to prepare the players for the fundamental 
part of the session; examples: jogging, mobility or dy-
namic stretching or post-activation potentiation); (ii) 
SSGs (sided-games that varied between the 1 vs. 1 and 
the 5 vs. 5 formats); (iii) PGs (exercises that promoted 
the collective organization of players without a defend-
ing-attacking free dynamics); (iv) RGs (11 vs. 11 free 
games disputed between teammates and following the 
regular rules); (v) fitness exercises (FEs: analytical 
exercises, with or without a ball, with the main focus of 
developing a specific physical quality, such as velocity, 
coordination, sprinting, or high-intensity running); 
(vi) LSGs (sided-games larger than the 5 vs. 5 format); 
and (vii) technical drills (TDs: analytical and drill-
based exercises mainly focused on developing techni-
cal aspects, such as passing and shooting). The number 
of times each type of exercise was performed during 
the observation period can be found in Table 1.

External load measures

The same MEMS was used by each player during 
the study period to reduce the inter-variability error 
of the devices. The participants wore the GPS in a pocket 
within a skin-tight vest on the back (between the scap-
ulae). The data collected during the training sessions 
were imported and treated in the JOHAN Sports web 
application, and after each training session, the data 
were divided depending on the type of exercise. The 
following variables were collected, with the thresholds 
defined by the devices: (i) total distance covered (the 

total number of meters covered by a player during the 
exercise); and (ii) high-speed running distance (the 
distance covered at a speed of 19.8–24.9 km/h). The 
absolute distance covered (m) in each measure per type 
of exercise was recorded. The total distance covered 
was selected because it represents a measure of overall 
distance covered in the session/exercise, while high-
speed running distance was chosen since this specific 
velocity threshold represents the point of running in-
tensification (namely, the entrance in the anaerobic 
speed reserve for some players) [19].

Statistical procedures

The data were firstly tested for normality and homo-
geneity by using the Kolmogorov-Smirnov test and 
Levene’s test for p > 0.05. Descriptive statistics were 
calculated and presented in the results in the form of 
mean and standard deviation. The comparisons of the 
volume of training (duration in minutes), load meas-
ures (total distance covered and high-speed running 
distance) and day of training session were tested with 
repeated measures ANOVA followed by the Bonferroni 
post-hoc test after confirmation of normality and homo-
geneity of the sample. Correlations between the total 
time and distance-based measures were established by 
using Pearson’s correlation coefficient, with the fol-
lowing interpretation of magnitudes: [0.0;0.1], trivial; 
[0.1;0.3], small; [0.3;0.5], moderate; [0.5;0.7], large; 
[0.7;0.9], very large; and [0.9;1.0], nearly perfect. The 
inferential tests were performed with the SPSS soft-
ware (version 24.0, IBM, USA). Statistical significance 
of the results was accepted at p < 0.05. The effect size 
of pairwise comparisons was tested with Cohen’s d, 
with the following thresholds [20]: [0;0.2], trivial; 
[0.2;0.6], small; [0.6;1.2], moderate; [1.2;2.0], large; 
and > 2.0, very large.

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-

Table 1. Number of times each type of exercise occurred during the observation period

Exercise September (n) October (n) November (n) December (n) January (n)

Warm-up 17 16 20 13 12
Small-sided games 9 16 7 10 3
Position games 3 5 6 4 6
Simulations of real game 10 9 8 7 3
Fitness exercises 8 4 3 5 5
Large-sided games 10 8 10 7 9
Technical drills 6 13 7 10 11
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tion of Helsinki, and has been approved by the School 
of Sport and Leisure (Melgaço, Portugal) scientific 
council.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

Repeated measures ANOVA revealed significant 
differences in training duration between the types of 
exercise (p < 0.001). The descriptive statistics can be 
found in Table 2. RGs were significantly longer than 
WU (p < 0.001; d = 2.240, very large effect), SSGs (p < 
0.001; d = 1.201, large effect), PGs (p < 0.001; d = 1.190, 
moderate effect), FEs (p < 0.001; d = 2.018, very large 
effect), LSGs (p < 0.001; d = 1.402, large effect), and TDs 
(p < 0.001; d = 1.710, large effect) at MD-2.

At MD-3, it was found that, among others, PGs were 
the exercises with significantly longer duration com-
paring with WU (p < 0.001; d = 11.108, very large ef-
fect), SSGs (p < 0.001; d = 12.000, very large effect), 
RGs (p < 0.001; d = 5.036, very large effect), LSGs (p < 
0.001; d = 8.065, very large effect), and TDs (p < 0.001; 
d = 11.794, very large effect).

Considering MD-4, it was observed that RGs oc-
cupied more time in the session in comparison with WU 

(p < 0.001; d = 3.729, very large effect), SSGs (p < 0.001; 
d = 0.839, moderate effect), PGs (p < 0.001; d = 2.035, 
very large effect), FEs (p < 0.001; d = 2.966, very large 
effect), LSGs (p < 0.001; d = 1.795, large effect), and 
TDs (p < 0.001; d = 3.465, very large effect).

Repeated measures ANOVA revealed significant 
differences in total distance between the types of exer-
cise (p < 0.001). The descriptive statistics can be found 
in Table 3. Overall, it was observed that RGs contrib-
uted to the total distance significantly more than WU 
(p < 0.001; d = 1.686, large effect), SSGs (p < 0.001; 
d = 1.009, moderate effect), PGs (p < 0.001; d = 0.999, 
moderate effect), FEs (p < 0.001; d = 1.505, large effect), 
LSGs (p < 0.001; d = 1.151, moderate effect), and TDs 
(p < 0.001; d = 1.612, large effect).

Repeated measures ANOVA revealed significant 
differences in high-speed running distance between 
the types of exercise (p < 0.001). The descriptive sta-
tistics can be found in Table 4. Overall, pairwise com-
parisons demonstrated that RGs were a greater contrib-
utor to the high-speed running distance comparing 
with WU (p < 0.001; d = 1.395, large effect), SSGs 
(p < 0.001; d = 0.827, moderate effect), PGs (p < 0.001; 
d = 0.873, moderate effect), FEs (p < 0.001; d = 0.891, 
moderate effect), LSGs (p < 0.001; d = 0.818, moderate 
effect), and TDs (p < 0.001; d = 1.265, large effect).

Relationships between the duration (minutes) and 
the total distance and high-speed running distance 

Table 2. Descriptive statistics (mean ± standard deviation) of duration (minutes) per type of exercise

Sessions WU SSGs PGs RGs FEs LSGs TDs

MD-1 12.0 ± 5.0 – 22.8 ± 8.4 18.7 ± 5.0 8.0 ± 3.5 11.7 ± 3.5 23.3 ± 4.9
MD-2 13.0 ± 5.0 19.3 ± 9.3 18.7 ± 5.3 35.1 ± 18.8 6.9 ± 2.4 20.4 ± 5.9 15.3 ± 4.9
MD-3 13.1 ± 6.1 17.3 ± 5.3 78.4 ± 0.0 25.8 ± 10.9 5.2 ± 0.0 18.8 ± 7.5 16.8 ± 5.5
MD-4 13.0 ± 5.2 22.3 ± 9.6 18.8 ± 0.0 37.6 ± 10.3 10.2 ± 7.0 20.5 ± 9.2 11.8 ± 3.7
MD-5 10.9 ± 4.5 19.0 ± 5.7 35.1 ± 10.6 23.1 ± 11.4 5.9 ± 2.9 15.8 ± 1.2 12.7 ± 4.3
Overall 12.7 ± 5.4 19.8 ± 13.4 25.0 ± 14.4 27.8 ± 14.0 7.5 ± 3.9 19.2 ± 7.4 16.2 ± 6.1

WU – warm-up, SSGs – small-sided games, PGs – position games, RGs – simulations of real games,  
FEs – fitness exercises, LSGs – large-sided games, TDs – technical drills

Table 3. Descriptive statistics (mean ± standard deviation) of total distance (meters) per type of exercise

Sessions WU SSGs PGs RGs FEs LSGs TDs

MD-1 559 ± 249 – 1071 ± 411 1336 ± 365 339 ± 107 428 ± 204 677 ± 275
MD-2 821 ± 395 1285 ± 741 896 ± 205 2746 ± 1666 299 ± 140 1260 ± 597 748 ± 226
MD-3 1077 ± 516 1316 ± 560 3901 ± 432 2385 ± 1043 731 ± 44 1005 ± 709 706 ± 161
MD-4 924 ± 381 1306 ± 730 1328 ± 260 3093 ± 1726 697 ± 267 1334 ± 957 645 ± 132
MD-5 943 ± 529 1412 ± 378 1972 ± 337 2036 ± 1184 576 ± 114 1096 ± 225 733 ± 306
Overall 879 ± 456 1309 ± 671 1242 ± 730 2321 ± 1373 428 ± 208 1136 ± 737 710 ± 231

WU – warm-up, SSGs – small-sided games, PGs – position games, RGs – simulations of real games,  
FEs – fitness exercises, LSGs – large-sided games, TDs – technical drills
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were tested. The results of such correlations can be 
found in Figure 1. Very large correlations (greater than 
r = 0.7) were observed between duration and total 
distance for PGs, RGs, and LSGs. As for correlations 
between high-speed running distance and duration, 
only large correlations (greater than r = 0.5) were re-
vealed for RGs.

Discussion

The purpose of this study was to characterize the 
duration of exercise and the volume of external load 
per type of exercise during different training days in 
professional soccer players. The main findings re-

vealed that duration, total distance, and high-speed 
running distance were significantly different be-
tween the types of exercise. Specifically, RGs were 
the exercise with the highest duration in the sessions, 
as well as imposed greater values of total distance 
and high-speed running distance.

Considering the specific measure of exercise dura-
tion, RGs and PGs had a greater amount of time during 
the sessions, followed by SSGs and LSGs. Such types 
of exercise are more representative of the official 
matches and possibly this could explain the great 
amount of time dedicated to them within the session. 
RGs also exhibited greater volumes of total distance 
and high-speed running distance. This could be ex-

Table 4. Descriptive statistics (mean ± standard deviation) of high-speed running distance (meters) per type of exercise

Sessions WU SSGs PGs RGs FEs LSGs TDs

MD-1 1.2 ± 4.5 – 22.5 ± 25.9 22.5 ± 19.6 2.3 ± 6.0 1.9 ± 4.6 0.2 ± 0.6
MD-2 2.9 ± 7.2 21.4 ± 31.4 16.6 ± 21.2 95.5 ± 99.5 10.3 ± 11.8 34.3 ± 47.9 6.6 ± 9.3
MD-3 2.8 ± 7.4 36.2 ± 37.6 61.3 ± 42.6 103.1 ± 68.4 0.0 ± 0.0 21.9 ± 33.3 5.2 ± 9.4
MD-4 21.8 ± 9.8 36.5 ± 39.9 26.5 ± 25.4 115.0 ± 119.7 91.7 ± 68.6 53.2 ± 52.8 8.7 ± 12.6
MD-5 29.1 ± 8.7 27.0 ± 30.2 54.2 ± 49.6 74.7 ± 83.2 37.7 ± 36.6 55.3 ± 94.2 13.1 ± 24.9
Overall 8.6 ± 37.4 31.5 ± 36.9 25.7 ± 31.2 84.6 ± 87.4 20.1 ± 40.0 33.4 ± 48.7 6.5 ± 13.5

WU – warm-up, SSGs – small-sided games, PGs – position games, RGs – simulations of real games,  
FEs – fitness exercises, LSGs – large-sided games, TDs – technical drills

WU – warm-up, SSGs – small-sided games, PG – position games, RG – simulations of real games, FE – fitness exercises,  
LSGs – large-sided games, TD – technical drills

Figure 1. Correlation coefficients (r) between duration and (a) total distance and (b) high-speed running distance,  
by type of exercise
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plained by the greater amount of time spent on these 
exercises, as well by their capacity to represent the 
physical demands of official games, e.g., the distances 
covered at different speed thresholds.

Interestingly, despite the great amount of time spent 
on SSGs and LSGs, there were no significant differ-
ences with PGs and the comparison with FEs resulted 
in small magnitudes. In fact, SSGs and LSGs seem not 
to elicit great amounts of intense running by the fact 
of not involving enough space to produce such actions 
[21, 22]. This could be highly considered mainly be-
cause in a smaller amount of time, analytical methods 
(e.g., running-based high-intensity interval training) 
may provide a more convenient stimulus for specific 
physical qualities [23]. Another option may be a com-
bination of SSGs or LSGs and running-based activi-
ties to ensure achieving a necessary mechanical dose 
of training in a smaller period of time [24].

Following such an idea, the relationships between 
the duration of exercise and external load demands 
also suggested that SSGs and LSGs had moderate cor-
relations with high-speed running distance. On the 
other hand, these drills presented large correlations 
with total distance, which is in line with studies that 
suggest a great amount of distance accumulated in 
these formats of play [21, 25]. In turn, RGs exhibited 
a greater magnitude of correlations between exercise 
duration and total distance and high-speed running 
distance. Curiously, the correlations between load and 
exercise duration were trivial for WU, FEs, and TDs. 
In the specific case of FEs, this can be justified by the 
fact that this category involved many exercises related 
to physical qualities (e.g., neuromuscular, training cir-
cuit) in which there was not necessarily a great amount 
of speed or even distance.

This study had some limitations. The sample size 
does not allow us to generalize the evidence since only 
one team was analysed. Naturally, at the professional 
level, it is difficult to collect more than one team; for 
that reason, more studies are necessary to properly 
characterize the load distribution depending on the 
type of exercise. Moreover, sub-categories may be in-
vestigated in future studies, combining drill-based 
exercises. Finally, internal load should also be moni-
tored in further research, as well as more external load 
measures, such as sprinting and the number of accel-
erations and decelerations. Additionally, information 
about exercises performed without horizontal displace-
ment should be monitored by using inertial measure-
ment units that provide data on general load based 
on triaxial acceleration. Despite the limitations, this 
study is, to the best of our knowledge, the first one 

characterizing load distribution within training ses-
sions and as such may be used as a starting point for 
new analyses and interpretations. Possibly, general 
workload indices may be refined with a weight analy-
sis based on load distribution. Besides, using this in-
formation, coaches may consider implementing exer-
cises in a more appropriate way in the planning process, 
namely considering the general effect on professional 
players.

Conclusions

This study revealed significant differences in dura-
tion and external loads per type of exercise, thus sug-
gesting a differentiation in load distribution. Com-
parisons between the types of exercise demonstrated 
that RGs and PGs were the exercises that occupied 
the most time in the sessions and that RGs imposed 
a greater amount of external load. In practical appli-
cations, general workload indices may be refined with 
a weight analysis based on load distribution.
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