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Abstract: Constraints are common in soccer training to develop physical, technical-tactical, and
mental training concurrently. This study examined how different scoring systems influence physical,
tactical, and mental demands during large-sided games in soccer. Eighteen youth-elite male (17.39 +
1.04 y) soccer players completed three 8 vs. 8 large-sided games where the different score systems
were (i) official score system (OSS; i.e., 1 goal = 1 goal), (ii) double the value of the goal—4 min (DVx4;
i.e., 1 goal = 1 goal from 0.00 to 7.59 min, and 1 goal = 2 goals from 8.00 to 12.00 min), and (iii) double
the value of the goal—8 min (DVx8; i.e., 1 goal = 1 goal from 0.00 to 3.59 min, and 1 goal = 2 goals
from 4.00 to 12.00 min). Physical demands and tactical behaviors were recorded during tasks using a
global positioning system and video camera. Mental fatigue was recorded pre- and post-task using a
visual analogue scale. Also, the ratio of perceived exertion and mental load were recorded after tasks
were finished. Results reported the highest values of mental and physical demands in DVx4. Mental
fatigue increased during all three large-sided games, although this increase was significantly higher
in DVx4 compared with OSS (p = 0.006) and DVx8 (p = 0.027). Tactical behavior showed a trend
towards more direct play during DVx4, which was less observed during DVx8, and not at all during
OSS. In conclusion, changing the scoring system affects physical, tactical, and mental demands.
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1. Introduction

Soccer is a mainly endurance-based sport interspersed with repeated high-intensity
efforts [1] that lead to physical fatigue among soccer players [2]. However, soccer is
mentally as well as physically fatiguing [3,4]. Soccer is perceptual-cognitive: players
must remain alert for extended periods, constantly analyzing a dynamic environment and
selecting only the relevant information [5]. Previous studies have reported negative effects
of physical [6] and mental fatigue [7-9] on soccer performance. For that reason, experts
have become interested in the different physical, technical-tactical, and mental demands of
different soccer training methodologies [10]. This knowledge about training demands may
be helpful for soccer coaches to optimize players’ training load and performance [11].

Small, medium, or large-sided games (SSG, MSG, or LSG, respectively) are common
training methods in soccer to replicate the physical [12,13], technical-tactical [14,15] and
mental demands [16-18] of competition. The manipulation of constraints during SSGs,
MSGs, or LSGs allows coaches to modify the physical [19,20], technical-tactical [14,21],
and/or mental demands of the tasks [22,23] according to their specific training purposes.
Compared to more traditional training methods (i.e., extensive repetition of physical or
technical skills out of soccer-specific context), these exercises (i.e., SSG, MSG, and LSG)
are perceived as more soccer-specific and allow for optimization of training time, since
physical, technical-tactical and mental skills are developed concurrently [24].
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Previous studies have analyzed the effects of different constraints on the physical,
technical-tactical, and mental demands of soccer players during training. The use of
constraints depends on their effects on fatigue (e.g., coaches should not use high-fatiguing
constraints close to competitions), the point of the training day in the microcycle (e.g.,
there should be a progressive reduction or tapering in the load across the microcycle) and
the point in the season (e.g., there should be less use of high-fatiguing constraints during
periods of important matches) [25]. The effects of pitch size, the number of players, and the
ratio of the number of players to pitch area have been widely analyzed. Notably, it has been
reported that larger pitch size and higher pitch area per player are associated with higher
total distances covered, more high-intensity distances covered, and easy maintenance of
ball possession [20,26,27]. Another widely analyzed constraint is the change of rules or
configurations during SSGs. Studies show that constraints that cause a higher entropy
(referring to the uncertainty of the task [28]) among players are related to higher mental
effort [17,22] and more significant difficulties in maintaining the fluency of the game, which
is associated with less time playing and less physical effort [15,29]. The effects of other
constraints, such as as coaches’ behavior [15,29,30] or player unbalance [21] have also
been analyzed. The authors have concluded that dynamic behavior of coaches results in
more physical and mental effort from the players. Meanwhile, player unbalance increases
high-intensity efforts and facilitates the fluency of the game due to a reduction in the ratio
of players to pitch area.

There are many constraints whose effects should be analyzed. The present study
focuses on how the scoring system impacts the physical, mental, and technical-tactical
responses of soccer players during LSGs. This constraint has been examined because it
is widely used during soccer training; coaches sometimes modify the standard scoring
systems, establishing a double value for specific goals. The present study aimed to compare
the effects of the normal scoring system with the effects of a modified scoring system
applied for two different times: (a) double (x2) value of the goals scored within the final
4 min of the task, and (b) double (x2) value of the goals scored within the final 8 min of the
task. A previous study has suggested that increasing the value of the goals in the final part
of the task increases the mental load and fatigue in SSG [17]. However, this study did not
consider LSG or tactical behavior. Another study has suggested that the score of the matches
may increase the activity profile and the skill attempts of players, but it has not been tested
if this happens during LSG [31]. Based on previous studies [17,31], we hypothesized that
the changes in the scoring system would increase the mental demands and mental fatigue
of the players (Hypothesis 1), as well as their physical demands (Hypothesis 2), and would
cause changes in the technical-tactical behaviors of the players (Hypothesis 3).

2. Materials and Methods
2.1. Sample

A total of 18 youth-elite male (Mage = 17.39 + SDqge = 1.04) soccer players that com-
peted in the First U18 Spanish National Division participated in the study. Players had
an average experience of 9.31 + 2.51 years playing soccer, and the team trained 4 days
per week. All players (or their parents, in the case of U18 players) signed an informed
consent before the start of the study. Players were encouraged to avoid consuming caffeine
1 h before the training, and creatine during the study, due to their ergogenic effects on
mental fatigue.

2.2. Instruments and Outcomes
2.2.1. Polar Team Pro (Polar Electro, Finland, 2015)

To measure the physical demands during the training tasks, this global positioning
system (GPS) was used. Specifically, the outcomes were (i) internal load variables: mean
and peak heart rate; (ii) external load variables: mean and peak speed and distance/minute
covered. This technology uses a concentration of signals from different Polar brand sensors,
which was designed for the control of physical activity in collective sports like soccer.
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Indeed, it is currently one of the most used instruments for this purpose in soccer [32]. The
validity of the GPS system was previously reported [33].

2.2.2. Ratio of Perceived Exertion

The ratio of perceived exertion (RPE) was used to quantify the perception of physical
effort from players using the CR-10 scale. This was asked as: How much physical effort
did the task require? The range of responses included values from 0 (not at all tired) to
10 (maximum level of perceived exhaustion). The use and accuracy of the RPE for this
purpose has been previously proven in soccer [34]. The RPE was recorded immediately
after the LSG had finished.

2.2.3. NASA Task Load Index

To quantify the mental load perceived by soccer players, an adaptation of the NASA
task load index (NASA TLX) was used. This adaptation asked about six specific subscales
of the NASA TLX: (i) mental effort (i.e., how much mental effort was required during the
task?); (ii) physical effort (i.e., how much physical effort was required during the task?);
(iii) time pressure (i.e., what time pressure did you feel due to the pace of the task?);
(iv) performance satisfaction (i.e., how satisfied are you with your performance during the
task?); (v) general effort (i.e., how much general effort was required?); and (vi) unsafety
(i.e., how unsafe did you feel?). The range of responses included values from 0 (no effort
perceived) to 10 (maximum effort perceived) for each item described. Previous studies
have already used this instrument to quantify mental load in soccer [35]. The NASA TLX
was recorded immediately after the LSG had finished.

2.2.4. Visual Analogue Scale

The visual analogue scale 100 (VAS100) was used to assess the subjective perception
of mental fatigue by players. Participants were instructed to mark their current perceived
state of mental fatigue on a line from 0 (no mental fatigue perceived) to 100 (maximum
mental fatigue perceived). The accuracy of this scale has been previously reported in
athletes’ ratings of mental fatigue [36,37]; the scale has been used in soccer studies [38],
and it has been described as the most sensitive instrument for measuring mental fatigue in
athletes [39]. The VAS was recorded immediately before the LSG started and just after the
LSG had finished.

2.2.5. Video Camera HDR-PJ30VE (Sony, Tokyo, Japan)

To record the tactical behavior of the players, the researchers filmed the LSG tasks
using a video camera. Tactical behaviors of the players were analyzed, taking into account:
zone of the pitch where possession was recovered (defensive and offensive pitch), zone
of the pitch where possession was lost (defensive and offensive pitch), number of passes
(defensive and offensive pitch), possession time (defensive and offensive pitch), number of
shots (directly out, corner, save without corner, and goal), and zone of the shots (inside and
outside the area).

2.3. Experimental Design

All research procedures were conducted in accordance with the Declaration of Helsinki
and had the approval of the Ethics Committee for Research with Human Beings (approval
number: 93/2020).

The study was an experimental design performed on one real competitive soccer team
using an ecological design. Three different LSG situations (8 vs. 8 + goalkeepers) over
an artificial grass turf of 70 x 40 meters were performed for 12 min each. There were
48 h of recovery between LSG exercises (no competitive match was performed between
them). Only the scoring system changed between LSG exercises. The three experimental
conditions were: (i) official scoring system (OSS; i.e., 1 goal = 1 goal for all time during the
task); (ii) double value of the goal in the last four minutes (DVx4; i.e., 1 goal = 1 goal from
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0.00 to 7.59 min, and 1 goal = 2 goals from 8.00 to 12.00 min); (iii) double value of the goal in
the last eight minutes (DVx8; i.e., 1 goal = 1 goal from 0.00 to 3.59 min, and 1 goal = 2 goals
from 4.00 to 12.00 min). The order of the sessions was randomly selected to guarantee the
ecological design of the study: so, DVx8, OSS, and DVx4 were performed firstly, secondly,
and thirdly, respectively.

A familiarization session was held before the study to guarantee that all the soccer
players understood the questionnaires provided. The schedule of the experimental sessions
was: (i) 8-min warm-up (i.e., low-intensity running and mobility exercises, managed by the
same researcher for all players); (ii) researchers put the GPS on the players; (iii) pre-VAS
was recorded; (iv) LSG and video recording started at the same time; (v) immediately
after the LSG exercises, video recording finished, and post-VAS, RPE and NASA TLX were
recorded.

2.4. Statistical Analysis

The analyses were performed using the Statistical Package for the Social Sciences
(SPSS), version 25.0. Data were presented as means =+ standard deviation (SD). The Shapiro-
Wilk test was used to check the normality of the data. Sphericity was verified by Mauchly’s
test. When the assumption of sphericity was not met, the significance of F ratios was
adjusted with the Greenhouse—Geisser procedure. If the data were not normally distributed,
the Wilcoxon test was used to check possible differences between experimental sessions on
mental effort (i.e., NASA TXL), physical effort (i.e., variables from GPS) and perceptions
(i.e., RPE), and tactical behavior. The Wilcoxon test was also used to check possible changes
in subjective mental fatigue (i.e., VAS) from pre- to post-experimental sessions. A A mental
fatigue (subjective mental fatigue post-session - subjective mental fatigue pre-session) was
also calculated. Possible differences in the A mental fatigue of the different experimental
protocols were compared using the Kruskall-Wallis test. Statistical significance for all
analyses was set at p < 0.05, p <0.01, and p < 0.001.

3. Results

The comparison between different LSG situations for mental load and mental fatigue
is shown in Table 1. With regard to mental load, DVx4 was identified by players as the
most mentally (p < 0.001 and p = 0.008 when compared with OSS and DVxS8, respectively),
physically (p = 0.009 and p = 0.032 when compared with OSS and DVx8, respectively),
temporally (p < 0.001 and p = 0.042 when compared with OSS and DVx8, respectively)
and generally (p < 0.001 and p = 0.006 when compared with OSS and DVx8, respectively)
demanding situation. DVx8 was also identified as more mentally (p = 0.008), physically
(p = 0.026), temporally (p < 0.001) and generally (p = 0.034) demanding than OSS. However,
performance satisfaction was significantly higher in OSS than in DVx4 (p = 0.046). There
were no significant differences in this variable between OSS and DVx8 (p = 0.069), nor
between DVx4 and DVx8 (p = 0.078). Meanwhile, unsafety was significantly lower in
OSS than in DVx4 (p = 0.039), without significant differences in this variable between OSS
and DVx8 (p = 0.061), nor betweenDVx4 and DVx8 (p = 0.034). With regard to mental
fatigue, all the situations caused a significant increase in mental fatigue. Significant changes
were observed between pre- and post-mental fatigue in OSS (p = 0.009), DVx4 (p < 0.001)
and DVx8 (p < 0.001). In addition, DVx4 caused significant higher increases from pre- to
post-experimental mental fatigue than DVx8 (p = 0.006) and OSS (p = 0.027), meanwhile,
DVx8 showed significantly higher increases from pre- to post-experimental protocol in this
variable than OSS (p = 0.041).
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Table 1. Mental load and fatigue reported by players. A comparison between experimental sessions.

Between Experimental

Variables 0SS DVx4 DVx8 . .
Session Comparison
Mental Effort 6.44 +2.44 8.36 = 2.26 722 +£3.12 a* b ¥
Physical Effort 439 +1.19 5.19 +1.88 479 +2.24 a* b*c*
Temporal Pressure 3.66 + 1.87 591 + 2.04 542 +1.39 a ¥ b ¥
Performance 6.87 +2.22 6.56 + 2.01 6.71 +3.11 a*
Satisfaction
General Effort 531+ 1.16 6.12 £1.92 5.52 +2.03 a** b* c**
Unsafety 6.04 £1.72 6.31 = 1.99 6.12 £ 1.32 a*
Mental fatigue Pre Post Pre Post Pre Post
5.25 5.32 5.19 5.19 5.32 8.29 *** a*,b*c*
* Note. Data was presented as means & SD. *** p < 0.001; ** p < 0.01; * p < 0.05. a = significant differences between
0SS and DVx4; b = significant differences between OSS and DVx8; ¢ = significant differences between DVx4 and
DVx8.
The physical effort performed by soccer players during LSG situations are shown in
Table 2. DVx4 showed the highest values of Mean Heart Rate (with significant differences
when compared with OSS (p = 0.042)), Peak Heart Rate (with significant differences when
compared with OSS (p = 0.044)), RPE (with significant differences when compared with
OSS (p = 0.009) and DVx8 (p = 0.031)), Distance/Minute (with significant differences
when compared with OSS (p = 0.037)), and Mean Speed (with significant differences when
compared with OSS (p = 0.049)). In all these variables, values of DVx8 were higher than
those observed in OSS (with significant differences in Peak Heart Rate (p = 0.042) and
Peak Speed (p = 0.027)). DVx8 showed the highest values of Peak Speed (with significant
differences when compared with OSS (p = 0.019)). In this variable, the values of DVx4 were
significantly higher than those of OSS (p = 0.025).
Table 2. Physical efforts covered and reported by players. A comparison between experimental ses-
sions.
Variables 0ss DVx4 DVx8 Between Experimental
Session Comparison
Mean Heart Rate 162.31 + 15.18 169.71 + 16.21 165.34 + 18.33 a¥
Peak Heart Rate 184.31 + 6.12 189.66 + 4.88 188.91 + 5.12 a*b*
Ratio of Perceived Exertion 5.01 £ 1.09 5.77 £ 1.87 529 £ 1.16 a**, c*
Distance/Minute 103.37 = 8.99 108.34 +9.16 106.34 + 9.31 a*
Peak Speed 19.76 £ 1.96 22.68 £+ 3.55 2312+ 221 a*b*
Mean Speed 10.65 £ 3.56 11.31 £4.39 11.04 £ 3.55 a*

* Note. Data was presented as means + SD. ** p < 0.01; * p < 0.05. a = significant differences between OSS and
DVx4; b = significant differences between OSS and DVx8; ¢ = significant differences between DVx4 and DVx8.

The tactical behaviors of the players for each LSG situation are shown in Table 3. With
regard to the zone of ball recovery, higher number of recoveries in the defensive pitch were
observed during OSS (p = 0.009 when compared with DVx4; and p = 0.032 when compared
with DVx8). On the contrary, the results also showed a trend to recover more balls in
the offensive pitch in DVx4 and DVx8 when compared with OSS (p < 0.001 and p = 0.007,
respectively). With regard to the zone of the pitch where possession was lost, DVx4 showed
a significant higher number of ball possession losses when compared with OSS (p = 0.033)
and DVx8 (p = 0.005). However, a significantly higher number of ball possession losses
happened in the offensive pitch in OSS when compared with DVx4 (p = 0.023) and DVx8
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(p < 0.001). Indeed, significant differences were observed in this variable between DVx4
and DVx8 (p = 0.006), with a higher value in DVx4. With regard to the number of passes,
during DVx4, players performed a significantly smaller number of passes both in the
defensive (p < 0.001 when compared both with OSS and DVx8) and offensive (p < 0.001
when compared both with OSS and DVx8) phases, in comparison with the other protocols.
This was similarly reflected in the possession time. During DVx4, there weresignificantly
smaller possession times both in the offensive (p < 0.001 when compared both with OSS
and DVx8) and defensive phases (p < 0.001 when compared both with OSS and DVx8), in
comparison with the other situations. Indeed, DVx8 also showed a significantly smaller
possession time in the offensive phase when compared with OSS (p < 0.001). With regard
to the zone of the shots, during DVx8, players showed a significantly higher trend to shots
out of area compared with DVx4 (p < 0.001) and OSS (p < 0.001).

Table 3. Analysis of tactical behavior during the large-sided games. A comparison between experi-
mental sessions.

Between Experimental
Session Comparison

Zone of the pitch Defensive pitch 8.50 7.50 7.00 a*b**
where possession

Variables (OH) DVx4 DVx8

Offensive pitch 2.00 3.50 3.00 a*** p**
was recovered
Zone of the pitch where Defensive pitch 2.00 2.50 1.00 b* c**
possession was lost Offensive pitch 8.25 7.50 6.00 a* b, %
1 1 Rz *34F
Number of passes Defensive pitch 31.50 21.00 28.50 a** ¢
Offensive pitch 20.00 11.00 21.00 F- Wi o
. . Defensive pitch 98.00 76.50 95.50 F- B il
Possession time (s)
Offensive pitch 70.75 26.50 57.50 a ¥ p o oo
Out (i.e., Goal kick) 1.25 1.00 1.50
Corner (i.e., goalkeeper
or defender throw the 0.75 1.50 0.50 a* c**
Shoots ball out)
Save (blockage or
similar that did not 0.50 0.00 1.00
produce corner)
Inside th 1. 1. 1.
Zone of the shoots nside the area 50 00 00
Outside the area 1.75 2.00 3.50 b ***, ¢ ***

* Note. Data was presented as means & SD. *** p < 0.001; ** p < 0.01; * p < 0.05. a = significant differences between
OSS and DVx4; b = significant differences between OSS and DVx8; ¢ = DVx4 and DVx8.

4. Discussion

The present study aimed to compare the effects of three different scoring systems on
the physical and mental demands of, and tactical behaviors performed by, soccer players
during LSG. The main findings of this study were that the three scoring systems resulted in
different physical and mental demands and tactical behaviors. DVx4 and DVx8 resulted
in higher physical demands and were more mentally demanding and fatiguing than OSS.
The increases in physical and mental effort, and tactical changes, in DVx4 were particularly
significant, compared with DVx8. The analysis of tactical behavior showed a trend towards
more direct play during DVx4 and DVx8, compared with OSS.

Firstly, we hypothesized that adaptations in the scoring system would increase the
players’ mental demands and mental fatigue (Hypothesis 1). Players identified DVx4 and
DVx8 as more mentally demanding and fatiguing than OSS. Notably, DVx4 was reported
as more significantly mentally demanding and fatiguing by soccer players. Therefore,
Hypothesis 1 can be confirmed. The three scoring systems used in the study resulted in
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significant increases in the mental fatigue reported by players after all of the different LSG
situations. This is in line with previous evidence suggesting that soccer is a mentally fatigu-
ing activity [2—4]. The cognitive (e.g., concentration or decision making) and emotional (e.g.,
anxiety) processes involved in soccer seem to cause mental fatigue among players [38]. The
higher impact of the double value of the goals in the final score than the official system (i.e.,
1 goal = 1 goal) could explain the presence of higher feelings of entropy (i.e., uncertainty)
among players, as well as the associated higher mental demands and fatigue observed. The
higher values of mental demands and mental fatigue reported by players during DVx4
than during DVx8 (although the impact of goals on these games were the same) may be
explained by the temporal pressure of the tasks [18]. The authors explain that players feel
more mental demand and fatigue when the temporal pressure increases. Higher temporal
pressure is related to stress, anxiety, and impulse control related to higher levels of mental
fatigue [18]. In this case, players had more time in DVx8 than in DVx4 to counteract the
impact that a double goal caused on the final score.

Secondly, we also hypothesized that changes in the scoring system would increase the
physical demands of the players during LSG exercises (Hypothesis 2). LSG influenced the
technical-tactical demands of the game. Then, we also hypothesized that modifications in
the scoring system would cause changes in the technical-tactical behavior of the players
(Hypothesis 3). The results of the present study suggest that the modifications performed
in the scoring systems significantly increased the game’s physical demands and caused a
trend towards more direct play during DVx4 and DVx8, with respect to OSS. Therefore,
Hypotheses 2 and 3 can be also confirmed. Previous studies have suggested that the
score of a soccer game influences the physical and technical-tactical demands of the game.
Specifically, time playing while losing seems to reduce a team’s time of possession due
to the teams’ betting on a more direct style of play [40]. This is in line with the results of
the present study, where players spent less time in possession and performed a smaller
number of passes, both in the defensive and offensive pitch, when the impact of a goal
in the score were higher (i.e., DVx4 and DVx8). Similarly to what was observed with the
mental demands, the effects of this constraint on physical and technical-tactical demands
were higher during DVx4 than during DVx8. As we previously explained, the higher
temporal pressure of this task enhances the mentioned effects of this modification to the
scoring system compared with DVx8. Then, these adaptations cause a change in the tactical
behavior of the teams, which try to play more directly. This change in the tactical behavior
impacts on physical effort as well, due to the presence of more space (i.e., more meters
between lines of players) caused by the change in the style of play to allow players to cover
more distance and perform a higher number of high-intensity efforts [40].

5. Conclusions

The present study confirms that coaches can change soccer players’ mental and physi-
cal demands and technical-tactical behaviors, by changing the scoring system of the LSG.
This study showed how an increase in the value of the goals in the final part of the tasks
(i.e., 1 goal = 2 goals) significantly increased the mental and physical demands and mental
fatigue of the tasks; this was accompanied by a more direct style of play compared with
the traditional scoring system (i.e., 1 goal = 1 goal). These increases in efforts and changes
in the style of play were further enhanced when this modification in the scoring system
was applied for the last four minutes than when it was applied for the last eight minutes.
This situation seems to be caused by higher temporal pressure when the adaptation was
applied for a shorter time.

Author Contributions: Conceptualization, J.D.-G., ].C.P-B. and T.G.-C.; methodology, M.AL.-G,,
AM.-G,, AR-M. and T.G.-C,; software, ].D.-G. and A.M.-G.; formal analysis, M.A.L-G.and A.R-
M.; investigation, ].D.-G., ].C.P.-B. and A.M.-G.; resources, T.G.-C.; data curation, ].D.-G., AM.-G.,
M.A.L.-G. and A.R.-M.; writing—original draft preparation, J.D.-G. and A.M.-G.; writing—review
and editing, ].C.P.-B., M.A.L.-G., AR.-M. and T.G.-C.; visualization, A.R.-M.; supervision, ].C.P.-B.



Int. |. Environ. Res. Public Health 2023, 20, 2087 80f9

and T.G.-C,; project administration, T.G.-C.; funding acquisition, ].D.-G. and T.G.-C. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was funded by the Real Madrid-UEM Chair, in the 2017-2018 call. In addition,
it was supported by the Assistance to Research Groups (GR18102) of the Junta de Extremadura
(Ministry of Employment and Infrastructure); with the contribution of the European Union through
the European Regional Development Funds (ERDF). Finally, this research was also supported by
an FPU Ph.D. candidate grant from the Government of Spain (Ministry of Education, Culture and
Sports) to Diaz, J. (FPU18/03660).

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board (Protocol Number: 93/2020) of
Extremadura’s University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data is unavailable due to privacy or ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Mohr, M.; Krustrup, P.; Bangsbo, J. Fatigue in soccer: A brief review. J. Sports Sci. 2005, 23, 593-599. [CrossRef] [PubMed]

2. Nedelec, M.; McCall, A.; Carling, C.; Legall, F.; Berthoin, S.; Dupont, G. Recovery in soccer: Part I-post-match fatigue and time
course of recovery. Sports Med. 2012, 42, 997-1015. [CrossRef] [PubMed]

3. Abbott, W.; Brownlee, T.E.; Naughton, R.J.; Clifford, T.; Page, R.; Harper, L.D. Changes in perceptions of mental fatigue during a
season in professional under-23 English Premier League soccer players. Res. Sports Med. 2020, 28, 529-539. [CrossRef] [PubMed]

4. Thompson, C.J.; Noon, M.; Towlson, C.; Perry, J.; Coutts, A.].; Harper, L.D.; Skorski, S.; Smith, M.R.; Barrett, S.; Meyer, T.
Understanding the presence of mental fatigue in English academy soccer players. J. Sports Sci. 2020, 38, 1524-1530. [CrossRef]

5. Smith, M.R.; Thompson, C.; Marcora, S.M.; Skorski, S.; Meyer, T.; Coutts, A.J]. Mental fatigue and soccer: Current knowledge and
future directions. Sports Med. 2018, 48, 1525-1532. [CrossRef]

6. Rampinini, E.; Impellizzeri, EM.; Castagna, C.; Azzalin, A.; Ferrari-Bravo, D.; Wisloff, U. Effect of match-related fatigue on
short-passing ability in young soccer players. Med. Sci. Sports Exerc. 2008, 40, 934-942. [CrossRef] [PubMed]

7.  Filipas, L.; Borghi, S.; La Torre, A.; Smith, M.R. Effects of mental fatigue on soccer-specific performance in young players. Sci.
Med. Footb. 2021, 5, 150-157. [CrossRef]

8.  Smith, M.R,; Fransen, ].; Deprez, D.; Lenoir, M.; Coutts, A.J. Impact of mental fatigue on speed and accuracy components of
soccer-specific skills. Sci. Med. Footb. 2017, 1, 48-52. [CrossRef]

9.  Soylu, Y,; Ramazanoglu, E; Arslan, E.; Clemente, F. Effects of mental fatigue on the psychophysiological responses, kinematic
profiles, and technical performance in different small-sided soccer game. Biol. Sport. 2022, 39, 965-972. [CrossRef]

10. Rubio-Morales, A.; Diaz-Garcia, J.; Barbosa, C.; Habay, J.; Lépez-Gajardo, M.A.; Garcia-Calvo, T. Do cognitive, physical, and
combined tasks induce similar levels of mental fatigue? Testing the effects of different moderating variables. Motor Control. 2022,
26, 1-19. [CrossRef]

11.  Van Cutsem, J.; Marcora, S. The effects of mental fatigue on sport performance. In Motivation and Self-Regulation in Sport and
Exercise, 1st ed.; Routledge Publisher: New York, NY, USA, 2021; pp. 134-148.

12.  Dello Iacono, A.; Beato, M.; Unnithan, V. Comparative effects of game profile-based training and small-sided games on physical
performance of elite young soccer players. J. Strength Cond. Res. 2021, 35, 2810-2817. [CrossRef]

13.  Kunz, P; Engel, EA.; Holmberg, H.C.; Sperlich, B. A meta-comparison of the effects of high-intensity interval training to those of
small-sided games and other training protocols on parameters related to the physiology and performance of youth soccer players.
Sports Med.-Open. 2019, 5, 1-13. [CrossRef] [PubMed]

14. Davids, K.; Aratjo, D.; Correia, V.; Vilar, L. How small-sided and conditioned games enhance acquisition of movement and
decision-making skills. Exerc. Sport Sci. Rev. 2013, 41, 154-161. [CrossRef] [PubMed]

15. Machado, J.C.; Ribeiro, J.; Palheta, C.E.; Alcantara, C.; Barreira, D.; Guilherme, J.; Garganta, J.; Scaglia, A.J]. Changing rules and
configurations during soccer small-sided and conditioned games. How does it impact teams’ tactical behavior? Front. Psychol.
2019, 10, 1554. [CrossRef] [PubMed]

16. Diaz-Garcia, J.; Gonzalez-Ponce, I.; Ponce-Borddn, J.C.; Lopez-Gajardo, M.A.; Ramirez-Bravo, L; Rubio-Morales, A.; Garcia-Calvo,
T. Mental load and fatigue assessment instruments: A systematic reviewlInt. J. Environ. Res. Public Health 2022, 19, 419. [CrossRef]

17. Garcia-Calvo, T.; Gonzalez-Ponce, 1.; Ponce-Bordén, J.C.; Tomé-Lourido, D.; Vales-Vazquez, A. Incidence of the tasks scoring
system on the mental load in football training. Rev. Psicol. Deporte. 2019, 28, 79-86.

18. Ponce-Bordén, J.C.; Garcia-Calvo, T.; Lépez-Gajardo, M.A.; Diaz-Garcia, J.; Gonzélez-Ponce, I. How does the manipulation of
time pressure during soccer tasks influence physical load and mental fatigue? Psychol. Sport Exerc. 2022, 63, 102253. [CrossRef]

19. Fleay, B.; Joyce, C.; Banyard, H.; Woods, C.T. Manipulating field dimensions during smallsided games impacts the technical and

physical profiles of Australian footballers. J. Strength Cond. Res. 2018, 32, 2039-2044. [CrossRef]


http://doi.org/10.1080/02640410400021286
http://www.ncbi.nlm.nih.gov/pubmed/16195008
http://doi.org/10.2165/11635270-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/23046224
http://doi.org/10.1080/15438627.2020.1784176
http://www.ncbi.nlm.nih.gov/pubmed/32602742
http://doi.org/10.1080/02640414.2020.1746597
http://doi.org/10.1007/s40279-018-0908-2
http://doi.org/10.1249/MSS.0b013e3181666eb8
http://www.ncbi.nlm.nih.gov/pubmed/18408603
http://doi.org/10.1080/24733938.2020.1823012
http://doi.org/10.1080/02640414.2016.1252850
http://doi.org/10.5114/biolsport.2022.110746
http://doi.org/10.1123/mc.2022-0042
http://doi.org/10.1519/JSC.0000000000003225
http://doi.org/10.1186/s40798-019-0180-5
http://www.ncbi.nlm.nih.gov/pubmed/30790134
http://doi.org/10.1097/JES.0b013e318292f3ec
http://www.ncbi.nlm.nih.gov/pubmed/23558693
http://doi.org/10.3389/fpsyg.2019.01554
http://www.ncbi.nlm.nih.gov/pubmed/31338051
http://doi.org/10.3390/ijerph19010419
http://doi.org/10.1016/j.psychsport.2022.102253
http://doi.org/10.1519/JSC.0000000000002423

Int. |. Environ. Res. Public Health 2023, 20, 2087 90f9

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.
37.
38.
39.

40.

Olthof, S.B.H.; Frencken, W.G.P,; Lemmink, K.A.P.M. Match-derived relative pitch area changes the physical and team tactical
performance of elite soccer players in small-sided soccer games. . Sports Sci. 2018, 36, 1557-1563. [CrossRef]

Sampaio, J.E.; Lago, C.; Gongalves, B.; Magas, V.M.; Leite, N. Effects of pacing, status and unbalance in time motion variables, heart
rate and tactical behaviour when playing 5-a-side football small-sided games. J. Sci. Med. Sport. 2014, 17, 229-233. [CrossRef]
Garcia-Calvo, T.; Pulido, ].J.; Ponce-Bordén, J.C.; Lépez-Gajardo, M.A.; Costa, I.T.; Diaz-Garcia, J. Can rules in technical-tactical
decisions influence on physical and mental load during soccer training? A pilot study. Int. J. Environ. Res. Public Health 2021,
18, 4313. [CrossRef] [PubMed]

Ponce-Bordoén, J.C.; Lépez-Gajardo, M.A.; Leo, EM.; Pulido, J.J.; Garcia-Calvo, T. Effect of training-task orientation in women’s
football. Rev. Int. Med. Cienc. Act. Fis. Dep. 2020, 28, 79-86.

Hill-Haas, S.; Dawson, B.; Impellizzeri, F.; Coutts, A. Physiology of small-sided games training in football. Sports Med. 2011,
41, 199-220. [CrossRef] [PubMed]

Pol, R.; Balagué, N.; Ric, A.; Torrents, C.; Kiely, J.; Hristovski, R. Training or Synergizing? Complex systems principles change the
understanding of sport processes. Sports Med.-Open. 2020, 6, 28. [CrossRef] [PubMed]

Castellano, ].; Puente, A.; Echeazarra, I.; Casamichana, D. Influence of the number of players and the relative pitch area per player
on heart rate and physical demands in youth soccer. J. Strength Cond. Res. 2015, 29, 1683-1691. [CrossRef]

Hulka, K.; Weisser, R.; Belka, J. Effect of the pitch size and presence of goalkeepers on the work load of players during small-sided
soccer games. |. Hum. Kinet. 2016, 50, 175-181. [CrossRef]

Cérdenas, D.; Conde-Gonzalez, J.; Perales, J.C. El papel de la carga mental en la planificacion del entrenamiento deportivo.
Rev. Psicol. Deporte 2015, 24, 91-100. Available online: https://www.rpd-online.com/article/view /1365 (accessed on 27
December 2022).

Giménez, ].V,; Liu, H,; Lipiriska, P,; Szwarc, A.; Rompa, P.; Gémez, M. A. Physical responses of professional soccer players during
4 vs. 4 small-sided games with mini-goals according to rule changes. Biol. Sport 2018, 35, 75-81. [CrossRef]

Moll, T.; Davies, G.L. The effects of coaches” emotional expressions on players’ performance: Experimental evidence in a football
context. Psychol. Sport Exerc. 2021, 54, 101913. [CrossRef]

Sullivan, C.; Bilsborough, J.C.; Cianciosi, M.; Hocking, J.; Cordy, J.; Coutts, A.]. Match score affects activity profile and skill
performance in professional Australian Football players. J. Sci. Med. Sport. 2014, 17, 326-331. [CrossRef]

Buchheit, M.; Lacome, M.; Cholley, Y.; Simpson, B.M. Neuromuscular responses to conditioned soccer sessions assessed via
GPS-Embedded accelerometers: Insights into tactical periodization. Int. J. Sport Physiol. Perform. 2018, 13, 577-583. [CrossRef]
Huggins, R.A.; Giersch, G.E.; Belval, L.N.; Benjamin, C.L.; Curtis, R.M.; Sekiguchi, Y.; Peltonen, J.; Douglas, J. The validity
and reliability of Global Positioning System units for measuring distance and velocity during linear and team sport simulated
movements. J. Strength Cond. Res. 2020, 34, 3070-3077. [CrossRef] [PubMed]

Impellizzeri, EM.; Rampinini, E.; Coutts, A.J.; Sassi, A.; Marcora, S.M. Use of RPE-based training load in soccer. Med. Sci. Sports
Exerc. 2004, 36, 1042-1047. [CrossRef] [PubMed]

Diaz-Garcia, J.; Pulido, ].J.; Ponce-Bordén, J.C.; Cano-Prado, C.; Lépez-Gajardo, M.A; Garcia-Calvo, T. Coach encouragement
during soccer practices can influence players’'mental and physical load. J. Hum. Kinet. 2021, 79, 235-243. [CrossRef] [PubMed]
Ishii, A.; Tanaka, M.; Watanabe, Y. Neural mechanisms of mental fatigue. Rev. Neurosci. 2014, 25, 469-479. [CrossRef] [PubMed]
Pageaux, B.; Lepers, R. The effects of mental fatigue on sport-related performance. Prog. Brain Res. 2018, 240, 291-315. [CrossRef]
Kunrath, C.A.; da Cardoso, ES.L.; Garcia-Calvo, T.; ds Costa, I.T. Mental fatigue in soccer: A systematic review. Rev. Bras. Med.
Esporte 2020, 26, 172-178. [CrossRef]

Smith, M.R.; Chai, R.; Nguyen, H.T.; Marcora, S.M.; Coutts, A.J. Comparing the effects of three cognitive tasks on indicators of
mental fatigue. J. Psychol. 2019, 153, 759-783. [CrossRef]

Lago-Penas, C.; Dellal, A. Ball possession strategies in elite soccer according to the evolution of the match-score: The influence of
situational variables. . Hum. Kinet. 2010, 25, 93-100. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/02640414.2017.1403412
http://doi.org/10.1016/j.jsams.2013.04.005
http://doi.org/10.3390/ijerph18084313
http://www.ncbi.nlm.nih.gov/pubmed/33921701
http://doi.org/10.2165/11539740-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21395363
http://doi.org/10.1186/s40798-020-00256-9
http://www.ncbi.nlm.nih.gov/pubmed/32661759
http://doi.org/10.1519/JSC.0000000000000788
http://doi.org/10.1515/hukin-2015-0180
https://www.rpd-online.com/article/view/1365
http://doi.org/10.5114/biolsport.2018.70754
http://doi.org/10.1016/j.psychsport.2021.101913
http://doi.org/10.1016/j.jsams.2013.05.001
http://doi.org/10.1123/ijspp.2017-0045
http://doi.org/10.1519/JSC.0000000000003787
http://www.ncbi.nlm.nih.gov/pubmed/33105356
http://doi.org/10.1249/01.MSS.0000128199.23901.2F
http://www.ncbi.nlm.nih.gov/pubmed/15179175
http://doi.org/10.2478/hukin-2021-0079
http://www.ncbi.nlm.nih.gov/pubmed/34401006
http://doi.org/10.1515/revneuro-2014-0028
http://www.ncbi.nlm.nih.gov/pubmed/24926625
http://doi.org/10.1016/bs.pbr.2018.10.004
http://doi.org/10.1590/1517-869220202602208206
http://doi.org/10.1080/00223980.2019.1611530
http://doi.org/10.2478/v10078-010-0036-z

	Introduction 
	Materials and Methods 
	Sample 
	Instruments and Outcomes 
	Polar Team Pro (Polar Electro, Finland, 2015) 
	Ratio of Perceived Exertion 
	NASA Task Load Index 
	Visual Analogue Scale 
	Video Camera HDR-PJ30VE (Sony, Tokyo, Japan) 

	Experimental Design 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

