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Resumo
A capacidade de os jogadores identificarem e utilizarem a informação do meio-ambiente para
sustentarem as suas ações no futebol é fundamental para se atingir elevados níveis de
rendimento. Assim, e numa perspetiva de desenvolvimento a longo prazo, é importante que o
processo de aprendizagem dos jogadores durante as suas etapas de formação seja fundamentado
na relação perceção-ação. Para este efeito, os jogos reduzidos têm sido amplamente utilizados,
uma vez que permitem acoplar as ações dos jogadores com a informação ambiental. Contudo,
diferentes constrangimentos parecem enfatizar diferente informação, e portanto é importante
perceber quais os efeitos que diferentes manipulações têm. Adicionalmente, a inclusão de
variabilidade nas tarefas de treino parece favorecer o desenvolvimento da capacidade adaptativa
dos jogadores. Contudo, é necessário desenvolver mais investigação que possibilite
compreender melhor os seus efeitos . Assim, os objetivos desta tese foram: 1) explorar de que
modo diferentes manipulações individuais e da tarefa afetam o comportamento de jovens
jogadores de futebol; 2) explorar os efeitos agudos e a longo prazo da prática de tarefas com
variabilidade acrescida no comportamento de jovens jogadores (sub-13, sub-15 e sub-17). Os
dados recolhidos dos diferentes contextos foram analisados usando técnicas de processamento
não lineares, análise de tempo e movimento e análise notacional. Na perspetiva da manipulação
de constrangimentos individuais, sob fadiga muscular, os resultados evidenciaram uma redução
da exigência física que foi acompanhada por um aumento do comportamento coletivo (maior
sincronização de movimentos). Contrariamente, com fadiga mental os resultados demonstraram
uma redução do desempenho físico, bem como do comportamento coletivo (menor
sincronização de movimentos), efeitos que tendem a ser exacerbados na presença de informação
adicional (por exemplo, linhas de referência). Na perspetiva da manipulação de tarefas, a
presença de referências externas (jogar com linhas exteriores completas ou tracejadas) parece
providenciar informação que os jogadores usam para agir mais coletivamente (maior
sincronização de movimentos) e para decidir que ações técnicas executar, em contraste, a
presença de referências internas (linhas de corredor e sectores) parece enfatizar mais a
informação relacionada com o espaço do que a informação relacionada com os colegas,
afetando o comportamento coletivo (menor sincronização de movimentos). A inclusão de
variabilidade adicional nas tarefas de treino reduz a capacidade de desempenho dos jogadores
quando analisado de forma aguda (manipulação dos limites externos do campo de forma
dinâmica durante a tarefa), no entanto, a longo prazo (efeito de programa de treino de 10
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semanas) parece favorecer o desenvolvimento do comportamento dos jogadores em contextos
dinâmicos. Em suma, os resultados destes estudos procuraram aportar informações que possam
servir de suporte às decisões dos treinadores para a criação e implementação de tarefas de treino.
Palavras-chave: fadiga mental; referências espaciais; jogos reduzidos; variabilidade motora;
tarefas de treino.
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Abstract
Achieving high levels of performance in association football depends upon the players ability
to identify and use the most relevant information from the environment to unfold goal-directed
behaviors. Based on these considerations and from a long-term perspective, it is fundamental
that youth players learning process are sustained in the continuous information-perception
couplings according to their specific practice context. For that purpose, small-sided games have
widely been used in the training process since it allows to develop the players physical,
technical and tactical skills while attuning their actions to the performance context. However,
distinct training tasks and individual constraints are likely to emphasize different information,
and consequently, it is important to understand the effects that different manipulations promote.
In addition, adding variability to the practice contexts have been considered as useful approach
to develop players’ adaptability, nevertheless further research is required to better understand
it effects in the development of youth players’ performance. Therefore, these thesis aims were:
1) explore how different individual and task constraints manipulations affected youth football
players’ behavior to better support the design of appropriate training tasks. 2) explore the acute
and long-term effects of practicing tasks with additional variability on the players’ behavior.
To accomplish these aims, a total of 6 original manuscripts were developed using different age
groups (Under-13, Under-15 and Under-17). The data collected from the different scenarios
were analyzed using non-linear processing techniques, time-motion analysis and notational
analysis. From the individual manipulations perspective, playing with muscular fatigue
decreased the physical demands while increasing the players movement synchronization.
Regarding to the effects of playing with mental fatigue, the results shown impaired physical
performance and movement synchronization, effects that seems to be exacerbated in the
presence of additional task information (reference lines). From task manipulation perspective,
playing with the presence of external references (full line and dashed conditions) seems to
provide boundaries that helps the players to behave more collectively and to decide which
actions to take, in turn, adding internal references (corridor and sectorial lines) seems to
emphasize more information related to the space than to the teammates, affecting the team
collective behavior. From a short-term perspective (acute effects), adding variability to the tasks
seems to decrease the players’ performance (dynamic manipulation of the pitch external
boundaries), however, from a long-term perspective (10 weeks intervention program) it seems
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to improve the players’ ability to perform in dynamic contexts. Overall, the results from these
studies aimed to provide important practical information that may allow coaches to better
design and apply training tasks that help to improve players’ adaptability and performance
during dynamic scenarios.
Key words: mental fatigue; spatial references; small-sided-games; variability; training
environments.
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1. General Introduction

General Introduction

1.1. Association Football functional and structural characterization
Association football is a team sport where two opposing teams dynamically compete in space
and time to gain advantage over the opponents (Grehaigne, Bouthier, & David, 1997), also
described by cooperative and competitive demands due to the constant relations between
teammates and opponent players (McGarry, Anderson, Wallace, Hughes, & Franks, 2002). For
instance, the players from one team must work together towards the development of collective
functional movement behaviors that allows them to pursuit a common goal, while at the same
time compete with the opposing players for spatial and temporal dominance (Grehaigne et al.,
1997). From this perspective, performance in association football can be described under the
scope of the ecological dynamics, which intends to understand how players coordinate their
movement behaviors during competitive environments (Seifert, Button, & Davids, 2013b;
Travassos, Davids, Araújo, & Esteves, 2013; Vilar, Araujo, Davids, & Button, 2012). This
implies understanding how players develop their cooperative and coordinative tendencies
during the different sub-phases of play and also how these tendencies are exploited to unfold
the most functional movement behaviors (Passos, Araújo, & Davids, 2016b).
In line with previous ideas, and based on ecological dynamics approach, sports performance in
association football consists in a continuous process of co-adaption between players and teams
as result of their interaction with the surrounding information to support the emergence of
individual and collective movement behaviors (Davids, Araújo, Correia, & Vilar, 2013; Le
Runigo, Benguigui, & Bardy, 2005; Marsh, Richardson, Baron, & Schmidt, 2006). Players and
teams’ performance is supported by the performer-environment relationship, in which the
individuals must support their actions on the available information from the environment
(Gibson, 1979). That is, opportunities for action (i.e., affordances) will emerge as the
individuals move and interact with the surrounding environment to support goal-directed
behaviors (Esteves et al., 2012; Travassos, Duarte, Vilar, Davids, & Araujo, 2012b). For
example, to successful perform a pass, the player in possession must be able to perceive the
available space to where the teammate is moving and apply a specific speed and direction in
the pass so that the ball cannot be intercepted by the opposing players (Travassos et al., 2012a).
However, based on the dynamic nature of association football, opportunities for action appear
and disappears based on the spatial-temporal relations that are stablished between the teammates and direct opponents (Duarte et al., 2013b; Fajen, Riley, & Turvey, 2009b; Passos et al.,
2009; Vilar et al., 2012). Under the previous example, if the player in possession takes too long
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to pass the ball to the unmarked teammate, it is possible that this passing option become
unavailable, leading the performer to explore different movement solutions (e.g., search for
different passing options or dribbling to create different possibilities to act). Therefore, players
couple their actions in both space and time to information, allowing them to decide when and
how to act (Le Runigo et al., 2005). Under this perspective, players’ decision will be dependent
upon their ability to explore, identify and use the relevant information available in the
environment (Araújo, Davids, & Hristovski, 2006; Fajen, 2007). Taking into consideration the
key role of the environmental information, the players’ must be challenged to refine their
perception-action coupling by exposing them to training tasks that are representative of
competitive performances (Pinder, Davids, Renshaw, & Araujo, 2011; Travassos et al., 2012b).
In this sense, the performers will be able to improve their attunement to the key information
allowing to understand which actions are possible or not according to each individual action
capabilities (Fajen, 2007). For that purpose, the training tasks must maintain a similar
perceptual-motor landscape that the players’ face during the competition (Pinder et al., 2011).

1.2. Designing representative training tasks in association football
A major interest in sports science has been to help coaches in designing appropriate training
programs that helps players’ to improve performance during the practices (Davids et al., 2013).
Past practices in association football were characterized by repetitive movement patterns
performed in more isolated practices (Tessitore, Meeusen, Piacentini, Demarie, & Capranica,
2006). Accordingly, it was believed that decomposing the task into different parts (e.g.,
technical, physical, tactical) would decrease the task complexity and enhance skill acquisition
and learning (Ford, Yates, & Williams, 2010). However, these type of practices neglected the
key role of the environmental information in shaping the players movement behavior (Davids
et al., 2013). For example, a previous study compared the batting performance of cricket players
when batting against a bowling machine and against real bowlers and the results revealed
different movement timings and movement patterns when comparing both conditions (Pinder,
Renshaw, & Davids, 2009). These results suggest that when critical information is removed
from the exercises, such as the body orientation of the bowler, different movement behavior’s
emerged (Pinder et al., 2011; Pinder et al., 2009). Removing this critical information limit
players to detect the relevant information that support actions and to develop the intentionality
of play (Davids, Renshaw, & Glazier, 2005). Furthermore, during the competitive
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performances, players face an unstable, unpredictable and dynamic environment that cannot be
represented by more isolated practices (Davids et al., 2013; Pinder et al., 2011; Pinder et al.,
2009). These evidences have major implications in the creation of training tasks, suggesting
that coaches should create more contextualized game-based practices that could help the players
to couple their actions to the available information. From this perspective, one major role of the
coaches in association football is to design training tasks that simulate a specific part of the
game, allowing to expose the players to the relevant information that they must perceive in
order to unfold goal-directed behavior’s (Pinder et al., 2011). Under this scope, small-sided
games (SSG) have emerged as a popular training tool among coaches and sport scientists since
it allows to concurrently develop the players’ physical, technical and tactical attributes (Coutts,
Rampinini, Marcora, Castagna, & Impellizzeri, 2009; Gonçalves et al., 2016a; Hill-Haas,
Dawson, Impellizzeri, & Coutts, 2011; Sampaio, Lago, Goncalves, Macas, & Leite, 2014e),
while developing players’ ability to be attuned to the environmental information (Davids et al.,
2013). SSG have been characterized as game-based situations that involves adapted rules and
less players compared to the regular competitive match (Hill-Haas et al., 2011). Furthermore,
one important feature of SSG is that can promote the development of specific individual and
collective movement behaviors’ through the manipulation of key individual and task constraints
(Davids et al., 2013; Travassos, Goncalves, Marcelino, Monteiro, & Sampaio, 2014). However,
and taking into consideration that different tasks are likely to emphasize different information,
it is important that coaches may understand which manipulations may facilitate the learning
(Renshaw, Chow, Davids, & Hammond, 2010).

1.3. Manipulation of individual and task constraints to promote goal-directed behaviors’
Constraints have been considered as boundaries conditions that shape the players movement
behavior and can be classified according to three different types (Newell, 1986): a)
Environmental constraints, that reflect the physical and social proprieties of the surrounding
environment, such as the weather, the light conditions, the altitude (physical factors), or the
peers group support and cultural expectations (social factors); b) individual constraints that
refers to the person individual characteristics such as height, weight, motivation, cognitive
skills; and c) task constraints that consists in manipulations related to the task, such as pitch
size, game rules, or even the inclusion of material. While all these constraints should be
considered by the coach, the individual and task constraints are the most relevant to the coaches
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since they may be able to manipulate (Renshaw et al., 2010). These constraints provide
information that the players’ use to regulate their movement behavior, which will be influenced
by the individual characteristic of each player (Fajen, 2005; Fajen, 2007). For example,
shooting to the target during a long distance free-kick may not only be constrained by the
distance to target, as well as the players characteristics. That is, while one player may afford to
shot to the target because he can shoot with accuracy and power, in turn, other play may afford
to cross by perceiving that the distance to the target is far enough for him to be successful. From
this perspective, constraints provide opportunities for action that are shaped by the interaction
of each individual with the key information from the task and the environment (Vilar et al.,
2012). However, since different individual and task manipulations are likely to emphasize
different information (Travassos et al., 2014), it is important that coaches may understand how
these manipulations may affect the players’ movement behavior (Hristovski, Davids, Araújo,
& Button, 2006). Accordingly, modifying the constraints might led to less representative
training tasks that affects the players’ acquisition of functional movement behaviors’ (Davids
et al., 2005).

1.4. Individual constraints effects on players performance
Individual constraints have been linked with structural and functional personal characteristics,
such as genes, anthropometric properties, motivation or cognitive abilities (Seifert et al.,
2013b). These constraints are likely to shape the emergence of functional movement behaviors
(Gibson, 1979). For example, a taller and strong forward may find as optimal solution receiving
the ball back to the target acting as a frontal support player to their teammates, while a thinner
and faster forward may prefer to explore the spaces in the back of defense. While this example
highlighted how the individual characteristics may affect the players’ decision (Laakso,
Travassos, Liukkonen, & Davids, 2017b; Vilar et al., 2012), there are other individual factors
that seems to affect the players performance, such as the muscular and mental fatigue. In fact,
the available literature has shown altered physical performance towards the match (Rampinini
et al., 2011), with decrements in the players activity during the second half compared with the
first (Di Salvo, Gregson, Atkinson, Tordoff, & Drust, 2009; Mohr, Krustrup, & Bangsbo, 2003).
In addition, considerable decreases in the distance covered following game periods of highintensity have been reported (Varley, Elias, & Aughey, 2012). These decrements in the players
physical performance seems to suggest that players’ experience periods of muscular fatigue
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(Bishop, 2012; Nedelec et al., 2012). However, it is also likely that it is not only the players’
physical performance that become affected by the increased muscular fatigue, since it may
affect the way how the players perceive the opportunities for action, and consequently affecting
their movement behavior. For example, a previous study found higher movement
synchronization at jogging and running speeds during the first half compared to the second half,
which presented higher values of movement synchronization at the walking speed (Gonçalves
et al., 2018a). Accordingly, these results were in part attributed to the amount of distance
covered at high intensity during the first half, that may have affected the distance covered at
high speed during the second half, and as consequence, the movement synchronization at higher
speeds (Gonçalves et al., 2018a). Furthermore, increases in the players positional regularity
have been found across the match which may also be linked to the increased muscular fatigue
(Duarte et al., 2013c). Overall, these results provided important insights regarding to how
players behavior may be affected by muscular fatigue. However, none of the previous studies
had the aim of analyzing the impact of muscular fatigue on the players’ behavior neither have
assessed the presence of muscular fatigue. Therefore, further research should be developed to
provide a deeper understanding of the real effects of muscular fatigue on the players’ physical
performance and positioning. Increasing the knowledge about it effects may help coaches to
better design training tasks that help players to deal with this scenario.
While there is no research, to our knowledge, regarding to the effects of muscular fatigue on
the players movement behavior, in turn, mental fatigue has become a hot topic in sports science
(Coutts, 2016; Smith et al., 2018; Thompson et al., 2019; Van Cutsem et al., 2017). Mental
fatigue consists in a psychological state characterized by lack of energy and sensations of
fatigue caused by prolonged periods of demanding cognitive activity (Boksem, Meijman, &
Lorist, 2005; Lorist, Boksem, & Ridderinkhof, 2005). The negative effects of mental fatigue on
the cognitive (Boksem et al., 2005) and motor performances (Marcora, Staiano, & Manning,
2009; Smith, Marcora, & Coutts, 2015) have been well documented, and have been linked with
impaired ability to maintain the focus of attention (Shou & Ding, 2013), less ability to analyze
and adjust movement behaviors (Lorist et al., 2005), and to identify and use the relevant
environmental information (Boksem, Meijman, & Lorist, 2006). Conscious of the negative
effects of the mental fatigue, a growing body of research has starting to investigating its effects
on the players behavior in association football (Badin, Smith, Conte, & Coutts, 2016; Smith et
al., 2016a; Smith et al., 2016b). For instance, one study aimed to analyze the effects of mental
fatigue in the players accuracy and speed of decision-making during a film-based soccer
7

General Introduction

simulation (Smith et al., 2016b). For that purpose, the participants were exposed to two
conditions: a) reading a magazine for 30-min (control condition); and b) perform the Stroop
color-word task for 30-min (experimental condition). The results revealed impaired accuracy
and speed in the decision-making under the mental fatigue condition. Another study using the
same procedures to induce mental fatigue found impaired physical performance measured in
the execution of the Yo-Yo intermittent recovery test level 1 and impaired technical
performance during the execution of the Loughborough soccer passing and shooting tests
(Smith et al., 2016a). However, the nature of these laboratory-based studies are different from
those found in competitive scenarios in association football, and therefore distinct results may
emerge when using more ecological-based approaches. In this regard, one study compared the
players physical and technical performance during SSG after inducing mental fatigue using the
30-min Stroop color-word task, and found impaired technical but not physical performance
(Badin et al., 2016). Overall, the previous studies shown impairments in the players decisionmaking ability, physical and technical performances, however, no study have addressed how
mental fatigue might affect the players tactical behavior. Considering that players positioning
results from their interaction with the surrounding environment, it is likely that the impaired
ability to identify and use the relevant information under mental fatigue (Boksem et al., 2005)
may affect the players tactical behavior. Therefore, further research is required to better
understand how mental fatigue might affect the players movement behavior.

1.5. Task constraints effects on players performance
One important issue when designing training tasks is to understand how the manipulation of
task constraints may affect the players and teams’ performance (Davids et al., 2013). In fact,
different manipulations are likely to lead to different behaviours and consequently to different
physical, technical and tactical performances according to the required adjustments to the
context of performance and the goals (Folgado, Bravo, Pereira, & Sampaio, 2019; Gonçalves
et al., 2016a; Travassos et al., 2014). In this regard, a considerable number of research has been
developed aiming to understand how the manipulation of key task constraints may modify
players’ movement behavior. Under this perspective, the manipulation of the number of players
and the pitch size have been one of the most studied constraints. For example, increasing the
number of players have been suggested to promote the emergence of more team-related
behaviors (Aguiar, Gonçalves, Botelho, Lemmink, & Sampaio, 2015) while reducing the
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number of individual actions performed by each player (Jones & Drust, 2007) and increasing
the physiological and perceptual demands (Aguiar, Botelho, Goncalves, & Sampaio, 2013).
Regarding to pitch size manipulations, the available literature has shown that increasing the
size of the pitch has led to a higher dispersion of the players in the pitch and also the distance
between teams (Silva et al., 2014b). In addition, increasing the pitch size induces a higher
number of sprints and more distance covered at high intensities while decreasing the number of
accelerations and decelerations (Casamichana & Castellano, 2010a; Rebelo, Silva, Rago,
Barreira, & Krustrup, 2016). Furthermore, higher individual playing areas have also been
related with a lower frequency of technical actions performed (Casamichana & Castellano,
2010a). Nowadays, there have been an increasing focus in research related to the manipulation
of specific pitch spatial references, such as the number of goals (Travassos et al., 2014). For
example, increasing the number of targets from 2 to 6 has promoted a higher dispersion between
the teams, as well as higher time spent in the lateral corridors and in the defensive sector
(Travassos et al., 2014). The results from this study clearly showed that different interpersonal
coordination’s emerges between the players and teams as result of the modification of the
spatial references. More recently, it was analyzed how including specific pitch lines to
constraint the players movement affected their individual and collective coordination
tendencies (Gonçalves et al., 2016a). Accordingly, it was assessed the players physical and
tactical performance during a Gk+10vs9 SSG under three conditions: a) restricted-spacing, that
consisted in attributing a specific pitch zone to each player from which they were not allowed
to move from; b) contiguous-spacing, that was based on the previous condition, however, one
player from the team in possession was allowed to move to a neighbor area; and c) free-spacing,
in which the players did not have any restriction in their movement on the pitch. It was found
that restricting the players movement behavior have greatly affected the movement
coordination between the players, while it also decreases the players’ physical activity
(Gonçalves et al., 2016a). Therefore, these results showed that the manipulation of key spatial
references have greatly affected the players movement behavior, with consequences on their
positioning, and therefore should be carefully considered by the coaches when designing
training tasks. In addition, and taking into consideration that the inclusion of lines to restrain
the players movement behavior have greatly impaired the players interpersonal coordination
(Gonçalves et al., 2016a), further research analyzing the impact of reference lines is welcome.
For example, it is a common practice by coaches to design training tasks in which they include
corridor and sectorial lines to help the players guiding their positioning, however, to our
9
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knowledge there is no research analyzing it effects. Similarly, there is no research that analyze
how the type of marking in the pitch external boundaries (e.g., dashed or continuum lines)
affects the players performance. Nevertheless, players support their decision in information
such as distances (Duarte et al., 2012), velocities (Travassos et al., 2012a) and angles (Esteves
et al., 2015a), and therefore, different types of pitch external boundaries may also emphasize
different information, that may affect the players opportunities for action. Thus, future studies
should be developed to better understand the effects of the reference lines on the players
positioning.

1.6. Effects of constraints manipulations on youth players
Previous studies have shown that players displayed different movement behaviors as
consequence of the task manipulations. However, not only these manipulations affect the
players responses, but also their opportunities for action that are also shaped by the individual
effectivities according to structural and functional characteristics of each player (Gibson, 1979).
Thus, players’ age and level of expertise are variables that should be considered in the analysis
of the effects of task constraints manipulations. In fact, previous reports have revealed that older
players presented a wider occupation of the field compared to their younger counterparts
(Folgado, Lemmink, Frencken, & Sampaio, 2014b; Olthof, Frencken, & Lemmink, 2015).
These difference in the players behavior can be attributed to their distinct ability to identify and
use the relevant information from the environment. In fact, more expert players are likely to
perform fewer eyes fixations (Roca, Ford, McRobert, & Mark Williams, 2011; Vickers et al.,
2017), however of longer duration compared to less expert players (Cañal-Bruland, Lotz,
Hagemann, Schorer, & Strauss, 2011; Savelsbergh, Onrust, Rouwenhorst, & Kamp, 2006).
Accordingly, these visual search behaviors seems to support a more efficient search strategy
(Vaeyens, Lenoir, Williams, Mazyn, & Philippaerts, 2007), that allow the players to capture
appropriate information from the environment to support their decisions. In a similar way,
younger players seems to focus on more irrelevant task information compared to older players,
which is likely to affect their movement behavior (Ward & Williams, 2003). Considering that
manipulating the task will emphasize different information, it is likely that younger players
exhibits different responses compared to older age groups as result of the constraints
manipulation. For instance, one study analyzed how different playing areas affected the
physical and technical performance of under-12 and under-14 football players during a
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Gk+5vs5+Gk. It was found that the older group adapted better to the changes in the playing
area, since they had more involvements with the ball in the larger playing areas, while
maintaining stable the physical response to the exercise (Martone et al., 2017). In contrast, the
younger group revealed a higher physical stress as the playing area increase, suggesting that
they may not be able to cope with the task demands when playing in larger pitches (Martone et
al., 2017). The effects of the manipulation of the number of targets in different age groups have
also been addressed. Accordingly, a recent study explored how playing with 2 or 4 targets in
futsal affected movement behavior of under-9 (U9), under-11 (U11), under-15 (U15) and under17 (U17) players (Travassos, Coutinho, Gonçalves, Pedroso, & Sampaio, 2018). Overall, it was
found higher distance between the players and a more regular positioning with the increase of
the number of targets from 2 to 4. Furthermore, it was also shown that the U9 group was the
most sensitive to the modifications in the number of targets, suggesting this constraint as key
manipulation in this age group (Travassos et al., 2018). In general, the results from the previous
two studies shown that important and distinct behaviors emerge as consequence of the
constraints manipulations in different age groups. From this perspective, further research
related to how youth players deal with task constraints manipulation is welcome in order to
develop appropriate normative guidelines that support coaches practices (Folgado et al.,
2014b).

1.7. The Role of Variability in Performance and Learning
Nowadays there have been an increase body of research highlighting the key role of variability
in promote learning (Herzfeld & Shadmehr, 2014; Tumer & Brainard, 2007; Wu, Miyamoto,
Castro, Ölveczky, & Smith, 2014), movement adaptability (Santos et al., 2018; Seifert et al.,
2013b) and creative behaviors (Santos et al., 2018; Santos, Memmert, Sampaio, & Leite,
2016b). The benefits associated to the variability has led to a renewed interest to understand
how adding variability to practice scenarios may improve the players’ behavior. Accordingly,
players’ seems to be challenged to continuously develop adaptive movement behaviors as result
of the different variations presented in the performance context (Davids, Bennett, & Newell,
2006). For example, varying continuously the number of players involved during a SSG, that
is, during the game dynamically add and remove players from each team leading to unbalanced
and balanced relations in a fixed space (e.g., 1vs1, 1vs3, 4vs3, 5vs5, 3vs2…) will provide
different spatial and temporal features that will force the players to develop adaptive responses.
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In this example, while during the 1vs1 the players may explore more 1vs1 situations as result
of the available space, in turn, during the 5vs5 the players may have to search for different
solutions to create space and shooting opportunities. Under this perspective, the variability
imposed to the task (expressed by the continuous variation in the number of players) are also
likely to increase the level of movement responses expressed by the players. Based on these
considerations, coaches may add variability during the training tasks to enhance the players’
adaptability to dynamic and unpredictable performance scenarios, leading to the emergence of
functional adaptive behaviors (Davids, Glazier, Araujo, & Bartlett, 2003; Davids, Shuttleworth,
Button, Renshaw, & Glazier, 2004; Glazier & Davids, 2009). However, while the benefits of
adding variability have been well documented (Davids et al., 2004; Santos et al., 2018; Seifert
et al., 2013b), in turn, to our knowledge there is no research that explores how players
movement behavior is acutely affected by game-based tasks with additional variability. For
example, coaches may dynamically modify the available playing space during a training task
to expose the players to different spatial-temporal features that will require exploratory
behaviors. These type of dynamic constraints (e.g., dynamically changing the space, the goals
position or even its number) may emerge as possible solution for coaches to promote movement
variability, nevertheless, further research in this domain is required to better assist coaches in
the design of these training practices with additional variability.

1.8. Adding variability by the means of differential learning
Recently, there have emerged a theoretical approach, designated as differential learning, that
supports the inclusion of variability as a way to promote learning (Frank, Michelbrink,
Beckmann, & Schöllhorn, 2008; Schöllhorn, Hegen, & Davids, 2012). This approach explore
the fluctuations in the movement system by adding continuous perturbations through no
movement repetition and without feedback that challenge the player to deal with the
disturbances in the competitive environments (Schöllhorn, Michelbrink, Welminsiki, & Davids,
2009; Schollhorn, Mayer-Kress, Newell, & Michelbrink, 2009). More specifically, this
approach promotes infinite movement variations that aims to continuously challenge the players
to adapt their movement behavior (Schöllhorn et al., 2006; Schollhorn et al., 2009). For that
purpose, several manipulations in the boundary conditions are performed, such as: varying the
ball type, size, weight, shape and number of available balls; playing under different body
movements (e.g., with right arm in abduction, with both hands on the chest, with arms crossed,
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etc); playing with the manipulation of the equipment (e.g., playing with an eye patch, playing
without one tennis, playing while holding a ball with the two hands); playing in pitches with
different shapes (square, circle, triangle, diamond, hexagon), surfaces (grass, dirt, sand, cement)
or angles (declined pitches or irregular surfaces); adding obstacles (tchoukball, wood benches,
inflatable men or tape to obstruct the path); or the manipulation of rules (e.g., playing hand by
hand with a teammate or with an opponent, playing with hands and the feet). These
manipulations intends to expose the players to a wide range of variable conditions that allow
them to better reorganize their skills and therefore develop new and functional movement
patterns (Santos et al., 2016b; Schöllhorn et al., 2006). For example, developing the kicking
action under different body movements may enhance the players adaptability to kick under
unstable situations (when the opponents are pressing) allowing them to better adjust their
movement behavior. Additionally, this approach has also been linked with a higher brain
activation compared to more traditional approaches (Henz & Schöllhorn, 2016), mainly in the
tetha and alpha waves, which have been related with learning (Klimesch, 1999). Based on these
assumptions, over the last years there have been a considerable number of investigations that
attempted to test the effects of differential learning. For instance, one study aimed to compare
the effects between a differential learning and a repetitive-based intervention on the
development of the players kicking and ball manipulation skills during analytical tasks
(Schöllhorn et al., 2012). Overall, the results revealed superior results in both tasks for the group
enrolled in the differential learning intervention. More recently, a new study aimed to explore
the effects of the differential learning during a more ecological approach, by adding variability
to regular small-sided games (Santos et al., 2018). For that purpose, twenty players from each
age group (under-13 and under-15) were divided into control and experimental group, and then
they enrolled an intervention for a period of 5-months. While the control group performed
regular small-sided games manipulations (pitch size and players number), in turn, the
experimental group performed SSG with additional and random variability (dynamically
changing the pitch space, the number of players, adding different equipment, manipulating the
type and shape of balls). After the training program, the research group found that compared to
the traditional group, the experimental group from both ages have improved their creative
behavior, decrease the number of technical mistakes and promoted a higher regular movement
behavior (Santos et al., 2018). Additionally, the results also revealed a higher magnitude of
effects in the younger age group. In general, the results from the previous studies suggest that
this approach seems to be beneficial to improve youth players performance, however further
13
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studies should be developed to better understand it effects on the players development. In
addition, considering that the last-mentioned study found a higher effect in the younger age
group, future studies should also take into consideration other age groups to better understand
the differential learning effects extension towards the different age groups.

1.9. Aim of the Thesis
Considering the previous presented framework, the main aims of this thesis were to: 1) explore
how different individual and task constraints manipulations affected youth football players’
behavior to better support the design of appropriate training tasks; 2) explore the effects of
variability on the players’ behavior. To achieve these aims, the data was collected from the age
groups of under-13, under-15 and under-17 during their training sessions. Accordingly,
different linear and non-linear processing techniques, as well as time-motion, physiological and
notational analysis were used. The nature of this research intends to provide important
information that may help coaches to create and nurture appropriate training environments that
promote the development of youth players.

1.10. Structure of the Thesis
Different research problems from youth football training environments supported the
emergence of the present thesis, that led to the development of six original research
manuscripts. These six manuscripts represent the main body of the present document, and were
submitted or published on peer- reviewed international journal with Thompson ISI Impact
Factor ©. Technical, creative, physical and tactical variables were used to better understand
how different manipulations in the youth players’ training environments affected their
performance. As result, a total of eigth chapters were developed:
Section One - General Introduction
The first chapter presents the relevant theoretical background related to youth players
performance during game-based situations, as well as the role of constraints manipulation and
variability in affecting their performance. This chapter ends by exposing the thesis main aims
and general structure.
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Section Two - Individual Manipulations
The second chapter - “Exploring the effect of mental and muscular fatigue in soccer
players’ performance” - aimed to explore the effects of induced mental and muscular fatigue
on under-15 players positioning dynamics and physical performance during a Gk+5vs5+Gk
small-sided game.
The third chapter - “Mental fatigue and spatial references impair soccer players’ physical
and tactical performances” - aimed to analyze how playing with induced mental fatigue and
additional corridor and pitch sector lines affected under-17 players positional dynamics and
physical performance during a Gk+6vs6+Gk small-sided game.
Section Three - Tasks Manipulations
The fourth chapter - “Different marks in the pitch constraint youth players performances
during football small-sided games” - aimed to examine how different types of pitch external
boundaries (full line, dashed, and only the corners) may affect the under-15 players technical
and physical performance, as well as their positioning dynamics during a Gk+5vs5+Gk smallsided game.
The fifth chapter - “Effects of pitch spatial references on players’ positioning and physical
performances during football small-sided games” - aimed to identify the effects of adding
pitch spatial references (corridor and sectorial lines) on the players positioning dynamics and
physical performance in under-17 players during a Gk+6vs6+Gk small-sided game.
Section Four - The Role of Variability in Performance and learning
The sixth chapter

- “Effects of the pitch configuration design on players’ physical

performance and movement behaviour during soccer small-sided games” – this study aim
was twofold: firstly, it aimed to understand the effects of varying the pitch configuration
(regular pitch – same orientation that formal competition; sided pitch – higher width than
length; different orientation – playing in the lateral to lateral direction taking into consideration
the formal pitch) on under-13 and under-15 youth positional dynamics and physical
performance during a Gk+5vs5+Gk small-sided game; secondly, it also aimed to compare the
players performance in the regular pitch with a dynamic pitch, whose boundaries were
dynamically changed on a minute-basis.
The seventh chapter - “The effects of an enrichment training program for youth football
attackers” - this study aimed to identify the effects of a training intervention based on the
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physical literacy and differential learning in the development of technical, creative, physical
and tactical behaviors of under-15 and under-17 youth forwards.
Section Five - Final Remarks
The eight chapter consists in presenting the final thoughts, grounded by the conclusions from
the research manuscripts developed during the thesis. This chapter also includes the practical
applications and future suggestions.
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Chapter 2
_________________________________________________

2.1. Exploring the effect of mental and muscular fatigue in soccer players’ performance

Coutinho, D., Gonçalves, B., Wong, Del P., Travassos, B., Coutts, A. & Sampaio, J. (2018).
Exploring the effect of mental and muscular fatigue in soccer players’ performance. Human
Movement Science, 58, 287-296.
DOI: 10.1016/j.humov.2018.03.004
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2.1.1. Abstract
This study examined the eﬀects of induced mental and muscular fatigue on soccer players’
physical activity proﬁle and collective behavior during small-sided games (SSG). Ten youth
soccer players performed a 5vs5 SSG under three conditions: a) control, playing without any
previous activity; b) muscular fatigue, playing after performing a repeated change-of-direction
task; c) mental fatigue, playing after completing a 30 min Stroop color-word task. Players’
positional data was used to compute time-motion and tactical-related variables. The muscular
fatigue condition resulted in lower distances covered in high speeds (∼27%, 0.3; ± 0.5) than
the control condition. From the tactical perspective, the muscular fatigue condition resulted in
lower distance between dyads and players spent ∼7% more time synchronized in longitudinal
displacements than the control condition (0.3; ± 0.3). Additionally, players spent ∼14% more
time synchronized with muscular fatigue than with mental fatigue (0.7; ± 0.3). The mental
fatigue condition resulted in a very likely more predictable pattern in the distance between
dyads than in muscular fatigue condition (0.4; ± 0.2). Also, the mental fatigue possibly
decreased the teams’ stretch index when compared with control (0.2; ± 0.3) and likely increased
compared with muscular fatigue (0.5; ± 0.5). The better levels of longitudinal synchronization
after muscular fatigue, might suggest the usage of tactical-related tasks after intense exercise
bouts. The lower physical performance and time spent longitudinally synchronized after mental
fatigue, should alert to consider this variable before matches or training activities that aim to
improve collective behavior.
Keywords: Small-sided games; time-motion analysis; fatigue; team sports; tactical behavior.
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2.1.2. Introduction
In team sports such as soccer, player’s movement behavior (physical and tactical) are shaped
by the interaction between the performer, the task and the surrounding environmental
constraints (Newell, 1986). Accordingly, performance in many team sports is dependent on the
players’ ability to identify the appropriate environmental cues that provide opportunities for
actions (Travassos et al., 2014). However this performance may be affected by individual
factors (Newell, 1986) such as player fatigue. Fatigue has been described as a reduction in the
maximal voluntary muscle force, that results from exercise (Gandevia, 2001). From this
perspective, there are two possible explanations that lead to this decrease: i) muscle fatigue,
when the impairments in the peak force are related to the processes in the muscle cells that
affect the muscle contractile functions (Bishop, 2012; Knicker, Renshaw, Oldham, & Cairns,
2011); or ii) central fatigue, when the decrease in the muscle force output were related with the
reduced neural drive from the motor cortex to the motor units (Knicker et al., 2011; Mehta &
Agnew, 2012). Based on these considerations, it is possible that physical and tactical behavior
of players may be affected during periods of muscular and/or central fatigue.
It has been shown that changes in the players physical performance during soccer matches
(Rampinini et al., 2011), which can be linked not only with contextual events such as team
strategy or playing positions (Castellano, Blanco-Villaseñor, & Alvarez, 2011), but also as
result of the muscular fatigue (Bishop, 2012; Nedelec et al., 2012; Tomazin, Morin, & Millet,
2016). In fact, the demands of soccer matches (Bush, Barnes, Archer, Hogg, & Bradley, 2015),
particularly in high intensity actions and accelerations, results in players experiencing transient
muscular fatigue (Silva et al., 2017), which affects their activity profile. For example, it was
found impairments in running performance following high-intensity intermittent periods during
soccer matches (Varley et al., 2012). The observed drops in distance covered might reach ~50%
less than during the peak period (Bradley et al., 2009). Accordingly, these decreases in the
players’ activity can be explained by changes in perception of opportunities for action and
consequently with changes on tactical movement behavior of players to perform as a team.
The effects of muscular fatigue in team tactical behavior can be demonstrated through changes
in positioning and decision-making (Sampaio, Gonçalves, Rentero, Abrantes, & Leite, 2014a;
Smits, Pepping, & Hettinga, 2014). For example, Sampaio, Gonçalves, Rentero, Abrantes, and
Leite (2014b), used the Yo-Yo intermittent recovery level 2 as additional fatiguing task, to
analyze how the increased muscular fatigue impacted the players movement behavior during a
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simulated basketball game. The results showed a higher regularity in players positioning at
faster speeds after the additional fatigue task. Higher regularity in players positioning was
reported during the progression of each half and was reported to be attributed to accumulated
muscular fatigue (Duarte et al., 2013c). In fact, the increase of players positioning regularity
towards the end of soccer matches have been linked earlier with muscular fatigue (Duarte et al.,
2013b; Duarte et al., 2013c). While these studies add important findings, they did not have the
aim of assess the impact of muscular fatigue on the players positioning, but rather understand
how the collective behavior dynamics evolve across a competitive match. Additionally, these
studies did not induce fatigue prior to the game, or directly assess the presence of fatigue.
Therefore, at present, it remains unclear how muscular fatigue may constraint players
movement behavior in soccer. Considering that soccer players are likely to experience periods
of transient muscular fatigue (Bradley et al., 2009; Silva et al., 2017; Varley et al., 2012), a
better understanding on how players movement behavior changes might provide useful
information to the coaches to prepare the players to deal with these scenarios.
From the individual constraints perspective, the mental fatigue may also affect players’
behavior. Mental fatigue has been described as psychobiological stated characterized by acute
increases in the subjective ratings of mental fatigue and mental effort and cognitive impairments
in the ability to maintain attentional focus (Shou & Ding, 2013), identify and use visual cues
(Boksem et al., 2006), and assess and adjust actions (Lorist et al., 2005), which results from
experiencing long periods of demanding cognitive activity (Smith et al., 2015; Van Cutsem et
al., 2017). Accordingly, previous studies on soccer players have shown that mental fatigue can
reduce the technical performance, as well as the physical performance, mainly at low intensities
(Badin et al., 2016; Smith et al., 2016a; Smith et al., 2016b). Indeed laboratory studies showed
that the mental fatigue - induced through a 30-min Stroop color-word task - increased
perception of effort during physical activity and reduced soccer-specific running capacity, short
passing and shooting performance (Smith et al., 2016a), and also reduced the speed and
accuracy of soccer-specific decision-making tasks (Smith et al., 2016b).
The majority of studies have used laboratory environments to explore the effects of mental
fatigue in soccer (Smith et al., 2016a; Smith et al., 2016b). However, given the complex and
unique nature of soccer, different results may emerge when analyzing the effects of mental
fatigue under more practical approaches. In this regard, a field study showed that mental fatigue
impaired technical but not physical performance during soccer game-based situations in youth
players (Badin et al., 2016). More recently, Coutinho et al. (2017) used a motor coordination
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task to induce mental fatigue and analyzed how players physical and movement behavior was
affected by the mental fatigue. While no effects were found in the physical variables, the team
movement behavior results showed decreases in movement synchronization and in positional
adjustments such as speed of contraction, when mentally fatigued. However, in these two field
studies only one team was mentally fatigued, which might have attenuated the mental fatigue
effects. That is, considering the coupling tendencies that emerge between confronting teams, it
is likely that the behavior of one team influenced the opposing team to behave in a similar way
(Duarte et al., 2013b). In this sense, it is possible that the mental fatigued team might have been
constrained to act in a synchronized manner with the opponents (without mental fatigue), and
consequently might have decreased the potential effects of mental fatigue. Therefore, additional
research is required to better understand the magnitude of the effects of the mental fatigue on
players physical and tactical performances.
Overall, research has shown that soccer players’ behavior is highly sensitive to environmental,
task and individual constraints. In fact, several reports have shown that players’ movement
behaviors emerge as consequence of changes in task constraints during small-sided games
(SSG) (Ade, Harley, & Bradley, 2014; Aguiar et al., 2015; Gonçalves, Marcelino, TorresRonda, Torrents, & Sampaio, 2016c; Hill-Haas et al., 2011; Sampaio, Lago, Gonçalves, Macas,
& Leite, 2014d; Travassos et al., 2014). The SSG are modified games, that are usually
performed in smaller pitches, involving a smaller number of players and with adapted rules
(Hill-Haas et al., 2011). Accordingly, the SSG have been extensively used to manipulate the
tasks constraints, while capturing the players physical, technical and tactical performances
(Aguiar et al., 2015; Badin et al., 2016; Gonçalves et al., 2016a; Hill-Haas et al., 2011). The
results revealed that by manipulating the task constraints during SSG is it possible to change
the game demands with implications in muscular and mental fatigue (Aguiar et al., 2015;
Gonçalves et al., 2016a; Gonçalves et al., 2016c; Hill-Haas et al., 2011; Travassos et al., 2014).
However, little is known of how changes in individual constraints, such as the muscular and
mental fatigue, might affect players’ physical and tactical performance. Therefore, the aim of
this study was to examine the effects of mental and additional muscular fatigue on soccer
physical and tactical behavior. It was hypothesized that with additional muscular fatigue,
players are likely to demonstrate a more regular movement behavior, while decreasing the
physical performance. Additionally, since mental fatigue affects players’ opportunities for
action, a decrease in distance covered at moderate to high speeds, as well as in the time spent
synchronized in the longitudinal direction might be expected to result from mental fatigue.
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2.1.3. Methods
Participants
Ten amateur youth soccer players (age = 13.7 ± 0.5 y; height = 163.1 ± 6.1 cm; body mass =
56.2 ± 4.2 kg; with 6.1 ± 0.9 years of experience; and 5.0 ± 2.6 years of playing together;
maximum SSG heart rate 198.4 ± 5.4 beat.min-1) from a regional soccer academy in Portugal
participated in this study. The players maturity status was calculated from a predictive equation
based on chronological age, standing height, sitting height and body mass, which have been
considered as a reliable, non-invasive and practical approach to measure the maturity of youth
players (Mirwald, Baxter-Jones, Bailey, & Beunen, 2002b). All players were considered in the
normal maturity stages and their average distance to the peak height velocity was -0.04±0.41
years (Mirwald et al., 2002b), suggesting that each were circum-PHV (-1 to +1 years from the
PHV), which is the age were maximum rate of growth occurs (Selmi, Al-Haddabi, Yahmed, &
Sassi, 2017). While previous studies have reported differences in physical performance between
groups from different maturity stages (Selmi et al., 2017), all players tested were within the
circum-PHV group, which may suggest negligible within-group effect of maturation. All
players performed 3 training sessions (90 to 115 minutes) per week and played an official
eleven-a-side game during the weekend at a regional playing standard in a regular football field
(104 × 64 m). Two goalkeepers were part of the study, but were excluded from the analysis. An
informed and written consent was provided to the coaches, players, and their parents, as well
as by the club, before the beginning of the study. All participants were notified that they could
withdraw from the study at any time. The study protocol followed the guidelines and was
approved by the Local Ethics Committee and conformed to the recommendations of the
Declaration of Helsinki
Procedures
Firstly, all participants completed a familiarization session where they experienced all testing
procedures, such as the subjective rates (CR10-scale and visual analogue scale), the Stroop
color-word task and the SSG used in the testing session. A standardized soccer SSG was used
as the main testing task. The head coach selected the ten best players from the team and divided
them into two balanced teams according to his perception of their skill levels in ball passing,
ball control, shooting and game knowledge (Sampaio et al., 2014d). Before the testing session,
there was a standardized 15-min warm-up based on running and a ball possession game. The
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SSG were performed under three different initial conditions performed in a random order: (i)
normal condition; (ii) after additional muscular fatigue; (iii) after induced mental fatigue.

Figure 2.1.1. Data design for the SSG scenarios considering the individual constraint condition.
Note: grey dots represent blocks of 60-min; black dots represent blocks of 10-min; Grey rectangle represent the
duration of the SSG conditions. RCOD - repeated change of direction.

Small-sided Games
Each team played three, 5-a-side SSG (plus goal keepers) on a natural grass 30 x 25-m (length
x width) pitch using formal 7-a-side goals (Travassos et al., 2014). The present format was used
based on the study of Aguiar et al. (2015), which shown that 4 and 5-a-side formats were the
minimum formats required to analyze the team tactical behavior. Moreover, the 5-a-side format
plus goalkeeper was selected on the basis that it provides a more balanced positional distribution
on the pitch compared to the 4-a-side plus goalkeeper. The SSG of each condition lasted for a
total of 24-min and included 3 bouts of 6 min match play interspersed with a 3-min recovery
period. During the experimental conditions, all the players were under the same treatment
condition, e.g., both teams were induced with muscular fatigue at the same time, as well as,
both performed the mental fatiguing task at the same time. Although all conditions were
performed within the same day (see figure 1), players were provided a 45-min recovery period
between treatments to ensure that performance was not impaired by the previous condition.
Although dependent on the exercise intensity and duration, it has been shown that central
fatigue may recover after 30-min of the exercise, while the indicators of muscular fatigue seems
to return to values similar to the baseline after ~50-min (Carroll, Taylor, & Gandevia, 2016).
Furthermore, players spent 54-min performing the SSG, which is below than the time of an
official match for this age group (70-min). The repeated measures design resulted in 9 different
SSG bouts for each participant (i.e. 3 x 6 min bouts of SSG for each condition), providing total
of 90 samples that were retained for analysis.
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Treatments
Control Condition
In this condition, the players were not under the effect of any of the other initial conditions and
started to play the SSG situation after declaring their rate of perceived exertion (RPE) values.
Muscular Fatigue Condition
The additional muscular fatigue was induced with the repeated change of direction (RCOD)
task, which was used to add muscular fatigue previous to the SSG. The RCOD protocol
(Beckett, Schneiker, Wallman, Dawson, & Guelfi, 2009) required players to complete 6 x 20m efforts each with four 100° directional changes every four meters with 25 s of active recovery
between bouts. This task was used based on its potential to induce muscle damage actions, such
as accelerations, decelerations and changes of direction (Nedelec et al., 2012). Apparently, the
main cause of fatigue during intermittent sprint exercises is the muscular fatigue, as reduced
changes in the neural drive have been found (Bishop, 2012; Tomazin et al., 2016). During the
RCOD task the players were challenged to perform the task in the minimum time possible
during all bouts.
Mental Fatigue Condition
To induce mental fatigue, players performed a 30-min computerized version of Stroop colorword task (Laursen, Jensen, Garde, & Jorgensen, 2002; Smith et al., 2016a). The Stroop-color
word task has been extensively used by the available research in sport settings (Badin et al.,
2016; Smith et al., 2016a; Smith et al., 2016b), based on its potential to induce mental fatigue
(Shou & Ding, 2013). In this cognitive task, four words (red, blue, green and yellow) were
displayed one at a time on a computer screen with a grey background. Players were requested
to respond to the selected letters on a computer keyboard by pressing one of four keys that
match the color of the word, instead of its meaning. That is, when the word red appeared with
the blue color, the correct response was pressing the blue key. However, to increase task
difficulty and attention demands, if the color displayed in the screen was red, the correct
response was pressing the meaning of the word (e.g., if the word green appears displayed in
red, the correct response was press the green key). The task contained 50% of trials in a
congruent fashion (matching word and color) and 50% in an incongruent way. Each word was
presented on the screen during 1000 milliseconds (ms), followed by a black screen during
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another 1000 ms, period after which a new word was displayed. As so, a new word was
presented at each 2000 ms, resulting in a total of 900 stimulus during the all test. Incorrect and
missing answers (>1500 ms) induced a beep sound to alert players to be faster or more accurate
(Badin et al., 2016). To increase motivation, participants were challenged to complete as fast,
successful and accurate as possible more words than the other participants within the 30-min
period.
Data Collection
Subjective Ratings Psychological States
The CR10-scale (RPE) was recorded both before and after the completion of the RCOD. A 100mm visual analogue scale (VAS) was used to assess the players’ perceptions of mental fatigue
immediately prior to, and after the conclusion of the mental fatigue task, and at the end of the
SSG (Lee, Hicks, & Nino-Murcia, 1991). With the CR10-scale the players were required to
point to a number which corresponded to their rating, while with the visual analogue scale,
players were instructed to mark a vertical line anywhere along the 100-mm scale that reflected
their current state.
Physical Activity and Positional Data
Positional data, accelerations and distance covered during SSG were gathered using 5 Hz global
positioning system (GPS) units (SPI-PRO, GPSports, Canberra, ACT, Australia) (Coutts &
Duffield, 2010b). The players’ latitude and longitude coordinates obtained through GPS units
were exported and computed using appropriate routines in Matlab® (MathWorks, Inc.,
Massachusetts, USA). Additionally, missing data were re-sampled and tracking error noise was
reduced by smoothing the data based on a 3 Hz Butterworth low pass filter (Folgado, Duarte,
Fernandes, & Sampaio, 2014a).
The dynamic positional data of players were used to determine the distance between dyads, i.e.,
pair of players that share the same surrounding and have the intention to achieve the same goal,
from the same team (Gonçalves et al., 2016a), the teams’ stretch index (represented by the mean
distances from each player to the team geometrical centers of gravity of the teams) (Travassos
et al., 2014), and the time that the dyads spent synchronized in both longitudinal and lateral
directions, i.e., by sharing the same goal the players from the same team are likely to move
horizontally and vertically in the pitch in a coordinated-based trend (Folgado et al., 2014a). The
time that players spent synchronized in both the longitudinal and lateral movement directions
28

Individual Manipulations

was calculated for all possible dyads taking into consideration the five outfield teammates,
based on the Hilbert Transform (Palut & Zanone, 2005). Also, the regularity in the distance
between dyads was assessed using approximate entropy (ApEn). The imputed values used to
compute were 2 to vector length (m) and 0.2*std to the tolerance (r) (Yentes et al., 2013). The
ApEn values range from 0 to 2, and lower values represents more repeatable patterns, i.e.,
values closer to 0 means that the distance between players are likely to be maintained during
the game in a more regular pattern.
Both total distance covered and ratios of distances covered at three speed zones (i.e. high ratio
(>16 km/h), moderate ratio (10.0-15.9 km/h) and lower ratio (7.0-9.9 km/h) speeds) were
calculated. To assist comparison, the three speed zones were expressed relative to total distance
covered and were normalized for each 100 m (Abade, Gonçalves, Leite, & Sampaio, 2014). In
addition, the number of all accelerations and decelerations were measured for the category (0.53.0 m/s2) (Ade et al., 2014).
Statistical Analysis
The descriptive statistics were reported as mean and standard deviations for all variables.
Comparison between conditions (control vs. muscular fatigue, control vs. mental fatigue,
muscular fatigue vs. mental fatigue) were determined using standardized mean differences with
90% confidence intervals (Cumming, 2012; Hopkins, Marshall, Batterham, & Hanin, 2009).
Effect sizes statistics (Cohen’s d) were assessed using the following ranges: <0.2, trivial; 0.2 to
0.59, small; 0.60 to 1.19, moderate; 1.20 to 1.99, large; and >2.0, very large (Hopkins et al.,
2009). Differences in group means were expressed in percentage units with 90% confidence
limits (CL). Smallest worthwhile differences were assessed using the standardized units
multiplied by 0.2. Uncertainty in the true effects of the conditions were evaluated through nonclinical magnitude-based inferences. Magnitudes of clear effects were considered as the
following scale: 25 to 75%, possibly; 75% to 95% likely; 95% to 99%, very likely; >99% most
likely (Hopkins et al., 2009).

2.1.4. Results
Subjective Ratings
The RPE and mental fatigue responses to the muscular and mental induced fatigue conditions
are shown in Figure 2. The RCOD task most likely increased the RPE values when compared
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the pre-treatment to the post-treatment (very large effect, 2.4; ±90 CI, ±0.6). Similarly, the
Stroop color-word Task most likely increased the level of mental fatigue between the pretreatment and the post-treatment (moderate effect, 1.0; ±0.4). During the mental fatigue task,
the players provided ~88% correct answers (794.8±56.3), and ~12% incorrect answers
(105.1±56.3), with an average time of response of 0.75 (±0.22) ms.

Figure 2.1.2. Effects of muscular fatigue task on RPE and effects of mental fatigue task on visual analogue scale.
a) Effects of muscular fatigue task on the levels of RPE; b) Effects of mental fatigue task on visual analogue
scale. Note: grey solid lines indicated responses of individual participants; black dotted lines indicated mean
value. RPE- rating of perceived exertion. RCOD - repeated change of direction.

Physical Performance
Most of the physical activity variables increased with muscular fatigue compared to the control
condition, with the exception of high ratio (see Figure 3a and Table 1). In contrast, the muscular
condition resulted in a possible ~38% decrease in the ratio of distances covered at high speeds
(small effect) compared to the control condition.
Overall, the mental fatigue condition resulted in decreased values in all physical variables than
the control condition, mainly in relation to the high and moderate ratio (see Figure 3b and Table
1). With mental fatigue, there was a likely ~3% decrease in total distance covered and a possible
~11% decrease in the moderate ratio (moderate effects), and a possible ~32% decrease in the
ratio of distances travelled at high speeds (small effects, respectively) compared to the control
condition.
The muscular fatigue condition increased physical activity variables compared to the mental
fatigue condition (see Figure 3c and Table 1). The muscular fatigue condition resulted in a
possible ~4% increase in total distance covered, likely ~20% increase in the moderate ratio, and
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a possible ~6% increase in the number of accelerations (0.5–3.0 m/s2) (small effects,
respectively).
Tactical Behavior
There was a very likely ~6.9% decrease in the distance between dyads (small effect) and a
possible ~3% increase on the ApEn distance dyads (i.e., a decrease in the regularity of the
distance between dyads) (small effect) with muscular fatigue compared to the control condition
(see Figure 3a and Table 1). There was also a likely ~7% decrease in the team’s stretch index
with muscular fatigue compared to the control condition (moderate effect). Additionally, the
muscular fatigue condition also most likely decreased (~7%) the time spent synchronized in
longitudinal displacements compared to the control condition (small effect).
The mental fatigue condition resulted in a decrease in most of the tactical variables compared
to the control condition (see Figure 3b and Table 1). There was also a possible ~2% decrease
in the team stretch index (small effect) and a likely ~8% decrease in the time that players spent
synchronized in the longitudinal displacements (small effect) than in the control condition.
Although a likely trivial decrease was observed in the distance between dyads between the
mental fatigue and control conditions, the mental fatigue condition showed a ~3% increase in
the regularity between the dyads distance (small effect) compared to the control condition.
The muscular fatigue condition resulted in higher ApEn distance dyads and longitudinal
synchrony than the mental fatigue condition (see Figure 3c and Table 1). There was a very
likely ~7% increase in the regularity in the distance between dyads (small effect) and a most
likely ~14% increase in the time that players spent synchronized in longitudinal displacements
(moderate effect) during muscular fatigue condition compared to the mental fatigue condition.
In contrast, the mental fatigue condition showed a possible 5% increase in the distance between
dyads (small effect), and a likely ~5% increase in the team stretch index (small effect) than with
muscular fatigue.
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Table 2.1.1. Descriptive analysis for both positional and physical variables when varying the initial condition.
Variables

Condition (mean ± SD)

Difference in Means (%; ±90% CL)
Uncertainly in true differences

Control

Muscular fatigue

Mental Fatigue

Total Distance (m)

502.1±72.4

507.9±75.5

485.6±90.12

(a) 1.1; ±3.1
Likely Trivial

(b) 3.3; ±3.1
Likely -

(c) -4.4; ±2.9
Possible -

High Ratio Distance (m)

3.61±3.76

3.34±2.89

2.59±2.86

(a) -27.3; ±39.0
Possible -

(b) -31.8; ±41.1
Possible -

(c) -0.2; ±50.4
Unclear

Moderate Ratio Distance (m)

37.91±17.42

41.42±17.02

34.99±16.32

(a) 11.0; ±14.2
Possible +

(b) -10.7; ±13.8
Possible -

(c) -19.6; ±9.4
Likely -

Low Ratio Distance (m)

41.17±14.26

44.47±15.11

40.68±16.53

(a) 8.5; ±9.0
Possible +

(b) -4.2; ±7.7
Likely Trivial

(c) -11.7; ±9.6
Likely -

Nº. of Acc (0.5 – 3 m/s2)

45.3±7.8

47.6±8.0

45.1±8.5

(a) 5.4; ±4.8
Possible +

(b) -1.1; ±7.8
Unclear

(c) -6.1; ±7.5
Possible -

Nº. of Dec (-0.5 to -3 m/s2)

60.4±11.9

61.9±11.3

58.9±13.1

(a) 2.7; ±4.5
Unlikely +

(b) -3.1; ±7.9
Unclear

(c) -5.7; ±7.6
Possible -

Distance Between Dyads (m)

8.72±1.78

8.12±1.67

8.52±1.73

(a) -6.9; ±2.2
Very Likely -

(b) -2.2; ±3.1
Likely Trivial

(c) 5.0; ±3.5
Possible +

ApEn Distance Dyads (au)

0.27±0.04

0.28±0.04

0.26±0.04

(a) 3.7; ±3.1
Possible +

(b) -3.1; ±3.8
Possible -

(c) -6.6; ±3.4
Very Likely -

Stretch Index (m)

5.49±0.46

5.11±0.45

5.38±0.45

(a) -6.9; ±2.7
Most Likely -

(b) -2.4; ±2.9
Possible -

(c) 4.9; ±3.3
Likely +

Longitudinal Sync (%)

47.9±10.2

50.8±8.2

44.2±10.5

(a) 7.1; ±5.9
Likely +

(b) -8.2; ±5.0
Likely -

(c) -14.3; ±4.8
Most Likely -

Lateral Sync (%)

32.7±8.3

32.9±8.7

32.9±8.6

(a) 0.4; ±6.3
Unclear

(b) 0.1; ±6.1
Unclear

(c) -0.3; ±6.8
Unclear

Muscular Variables

Positional Variables

Note: ApEn = approximate entropy; Dec = Deceleration; Acc = Acceleration; CL = confidence limits; + = increase; - = decrease. Differences
in means (%; ±90% CL) are presented as (a) Control condition vs muscular fatigue condition; (b) Control condition vs mental fatigue
condition; (c) Muscular fatigue condition vs mental fatigue condition.
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Figure 2.1.3. Standardized (Cohen’s d) differences in muscular and positional variables according to between the
treatment conditions (3a. Control vs. Muscular fatigue; 3b. Control vs. Mental Fatigue; 3c. Muscular fatigue vs.
Mental Fatigue).
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Dec - decelerations,
Acc - accelerations, ApEn - approximate entropy, Sync – synchronization
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2.1.5. Discussion
The aim of the present study was to examine the effects of induced mental and muscular fatigue
on physical activity and tactical performance measures during soccer SSG. The results indicated
a general effect of muscular and mental fatigue on players’ physical performance during soccer
SSG. Specifically, muscular fatigue decreased distance covered at higher speeds, however it
also increased the moderate and low ratio, as well as the number of accelerations. In turn, mental
fatigue showed lowest values in most of the physical variables. From the tactical perspective,
the muscular fatigue decreased the regularity on distance between dyads, and increased the time
spent synchronized in longitudinal displacements compared to the mental fatigue.
In relation to the control condition, the muscular fatigue condition decreased the distance
between dyads. This decrease may have result as a self-organizing behavior to reduce the need
to adjust their positioning during specific moments, such as moments of ball loss, and
consequently decreasing the need to perform high-intensity actions. These findings demonstrate
that with increased muscular fatigue, players are likely to reduce the distance between their
teammates resulting in decreased player dispersion (i.e. reduced stretch index) as a preferable
movement behavior. This may emerge as a collective strategy to overcome the effects of
muscular fatigue, allowing the players to adopt more stable behaviors and of less risk under
fatigue conditions (Duarte et al., 2013c). Other studies have shown that players adopt similar
collective strategies when they were under the effect of specific constraints, such as playing in
numerical inferiority (Sampaio et al., 2014d). Moreover, the increased positional regularity to
the team centroid suggested that players possibly adopt more pre-structured strategical
behaviors (Sampaio et al., 2014d). In this sense, it is possible that players look for more stable
movement behaviors, such as decreasing the distance between teammates, when they perceive
that the task and/or individual constraints were somehow affected.
The players’ positioning and movements are result from the interaction between the
environment information and players actions, and thus, a better knowledge of players
performance may be considered if the tactical and physical performances are analyzed together
(Folgado, Duarte, Marques, & Sampaio, 2015; Gonçalves et al., 2016a). Accordingly, the
results also revealed a decrease in the distance covered in the high ratio, which seems to be
linked with the decreased distance between dyads. In fact, it has previously been established
that soccer players adjust their speed movements according to the environment, the ball,
teammates and opponents (Travassos et al., 2014). Thus, it is likely that the players’ ability to
undertake these high intensity efforts were constraint by the interpersonal distance between
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players. While there was found a decrease in the high ratio, in turn there was also an increase
in the moderate and low ratios, which can be linked with the need of players to move to maintain
the team synchrony (Gonçalves et al., 2016a). That is, players may have to cover more distance
in low to moderate speeds to compensate the lack of team dispersion. In fact, the higher number
of accelerations (0.5 – 3 m/s) found in the physical fatigue condition in relation to the control
condition may reinforce this finding, as players may have to accelerate more often to obey the
soccer game principles, such as delay or mobility, due to their lower dispersion on pitch.
The level of team synchrony has also been shown to be dependent upon the spatial proximity
between players, with player’s movements tending to be more tightly coupled with the nearest
neighboring players (Folgado et al., 2014a). Accordingly, the lower team dispersion with
increased muscular fatigue compared to the control condition may help to explain the increase
in the longitudinal teams’ synchronization. Moreover, soccer players have been shown to be
more synchronized in longitudinal movements during low and very high-speed activities
(Folgado et al., 2014a). Consequently, it is possible that the increased longitudinal coordination
with muscular fatigue was linked with the decrease in the speed of the SSG, which is supported
by the lower distances covered at higher speeds (-27.3%) during the muscular condition.
In the present investigation, the physical activity profile during the SSG were lowest following
mental fatigue condition. These results are contradictory to those found in previous reports that
analyzed the player’s physical performance when mentally fatigued during SSG (Badin et al.,
2016; Coutinho et al., 2017). While in this study both confronting teams were mentally fatigued,
in turn, in these previous studies there was only one team mentally fatigued. Accordingly,
player’s movement behavior seems to be influenced by contextual and tactical factors (Badin
et al., 2016). In fact, since opposing teams have shown coupling tendencies (Duarte et al.,
2013c; Gonçalves et al., 2016a), it is possible that the behavior of one team (without mental
fatigue), attracted the opposite team (with mental fatigued) to behave in a similar fashion,
resulting in identical physical performance. In contrast, in this study both teams were mentally
fatigued, which may have limited the tolerance for the exercise (Marcora et al., 2009). As
consequence, the players may have decreased their physical performance to be able to cope
with the task until the end (Smith et al., 2015).
A new finding from the present study was the effects of mental fatigue on tactical behavior
taking into consideration that both teams were under the same effect, with the main results
revealing that there were more regular distances between dyads and a decrease in team
dispersion with mental fatigue compared to the control condition. Additionally, despite having
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greater within-team player density and with more regular distances between teammates, the
players were less coupled in longitudinal displacements than the other experimental conditions.
These results suggest that mental fatigue affects the manner in which players perceive and
explore possibilities for action during SSG, with a clear reduced movement synchronization
between teammates (Coutinho et al., 2017). Our results are consistent with the results found in
both laboratory studies and game-based situations. For instance, laboratory-based studies
shown that under mental fatigue there is a decrease in the ability to perceive the appropriate
environmental information (Boksem et al., 2006), as well as to properly monitor and adjust the
performance (Lorist et al., 2005), such as the players positioning. As consequence of a reduced
ability to interact with the environment when mentally fatigued, players may make decisions
about their positioning using inappropriate information (Coutinho et al., 2017; Lorist et al.,
2005) and this may result in players failing to properly identify and use the available pitch
space. Similarly, previous studies showed that mental fatigue decreases the time spent
synchronized in the lateral direction, and additional spatial references (i.e. line markings)
increased time spent in the longitudinal direction during SSGs (Coutinho et al., 2017). Together,
these previous results suggest that mental fatigue may cause players to fail to notice important
information in a timely manner and this may result in altered positioning between teammates
and decreasing the level of movement synchronization.
Interestingly, ApEn values revealed higher movement irregularity following the muscular
fatigue condition than in both the mental fatigue of control condition. Nevertheless, players
were more synchronized during following muscular fatigue, and the distances between
teammates were more variable than both mental fatigue and control conditions. These
observations show that despite being able to vary distances between players - likely due to game
demands and players’ capabilities - players were able to maintain the synchrony with their
teammates. In contrast, mental fatigue resulted in greater stability of the distances between
players within the same team but with lower levels of between-player synchrony. A possible
explanation for these observations is that mental fatigue impairs players’ perception of available
information and also might affect their ability to identify suitable possibilities for action
(Boksem et al., 2006; Coutinho et al., 2017; Nedelec et al., 2012; Sampaio et al., 2014a; Smith
et al., 2016b).
Whilst the present study induced muscular and mental fatigue using protocols that are not
common in soccer, the findings do have important practical applications that may be used to
alter tactical behavior. Applying a fatigue task prior to game-based situations may be a useful
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solution to promote compact behaviors and movement synchronization, while increasing the
irregularity in the distance between players. However, it is important for coaches to know that
despite the decrease in the distance covered at high intensities due to the lower team dispersion,
it may also increase the need to cover more distance at low to moderate speeds and perform
more accelerations to maintain the team synchrony. In contrast, coaches should also be aware
that mental fatigue is likely to decrease synchronization in goal-to-goal displacements and
activity profile and, thus, coaches should carefully control the use of mental tasks near to the
match-day. Moreover, while a previous study used an ecological task to induce mental fatigue
(Coutinho et al., 2017), the type of task used might increase the physical training stimulus to
the players, and therefore the Stroop-color word task may emerge as an suitable alternative to
induce mental fatigue in a more controlled environment.
Although this study adds to the understanding of physical and tactical performance under
muscular and mental fatigue there are some limitations that should be acknowledged. In the
present study, the players reported higher mental fatigue following the mental fatigue task,
suggesting that the Stroop-color word task was effective in inducing mental fatigue. However,
other markers should be used in complement to confirm this assessment, such as the frontal
theta waves which can be assessed with an electroencephalogram test (Wascher et al., 2014).
While the players maturation was analyzed using the Mirwald equation, more reliable methods,
such as Fels method for measure the skeletal maturity should be considered. The level of
motivation of the players could also have been monitored, as it has been shown that motivation
may impact more the performance than the mental fatigue in longer lasting exercise protocols
(Mockel, Beste, & Wascher, 2015; Wascher et al., 2014). It is possible that the performance
measures in the present study might have been influenced by reduced player motivation in the
final test conditions. Another possible limitation of the present study was that the same
muscular and mental fatigue protocol to all subjects. Individualized fatigue protocols may be
required according to the individual threshold of the players should be investigated in future
studies. Finally, this study used three experimental conditions to investigate fatigue (control,
muscular fatigue and mental fatigue) and these were completed during one session in a random
order. Accordingly, future studies may investigate the effects of predetermined order conditions
on players’ performance. Moreover, different effects of muscular and mental fatigue might
emerge when the number of players are manipulated, and so, future studies should also inspect
how players movement behavior is affected by different number of players (e.g., 3vs3, 6vs6,
9vs9).
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2.1.6. Conclusions
This study demonstrated that both muscular and mental fatigue can modify players’ physical
and tactical performances. After inducing muscular fatigue, there was an increase in
longitudinal synchronization, possibly as result of the higher spatial proximity. The lower team
dispersion seems to require the players to cover more distance at low to moderate speeds and
to perform more accelerations to compensate the higher compactness with muscular fatigue.
Following the mental fatigue task, we observed a decrease in longitudinal synchronization, even
with the decrease in the team stretch index and with the higher regularity in the distances
between players. These results may suggest that players’ ability to use the environmental
information to support their actions may be impaired when mentally fatigued, which may affect
positioning on the pitch. The lower distance covered at moderate to high speeds, indicates that
high-intensity exercise is impaired when players are mentally fatigued. Overall, coaches may
use both situations during training to prepare the players to deal with these scenarios on the
performance contexts. Additionally, coaches should be aware that that the training session
design that changes level of player muscular and mental fatigue may influence changes in
players’ movement behavior. Further manipulations should be tested with variation on different
levels of players’ fatigue and also different levels of players’ expertise.
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2.2.1. Abstract
This study examined the effects of mental fatigue and additional corridor and pitch sector lines
on players’ physical and tactical performances during soccer small-sided games. Twelve youth
players (age = 15.9 ± 0.8 y) performed four Gk+6vs6+Gk small-sided games. Prior to the game,
one team performed a motor coordination task to induce mental fatigue, while the other one
performed a control task. A repeated measures design allowed to compare players’
performances across four conditions: (a) with mental fatigue against opponents without mental
fatigue in a normal pitch (MEN), (b) with mental fatigue on a pitch with additional reference
lines (#MEN); (c) without mental fatigue against mentally fatigued opponents on a normal pitch
(CTR); and (d) without mental fatigue on a pitch with reference lines (#CTR). Player’s physical
performance was assessed by the distance covered per minute and the number of accelerations
and decelerations (0.5-3.0 m/s2; > -3.0 m/s2). Positional data was used to determine individual
(spatial exploration index, time synchronized in longitudinal and lateral directions) and teamrelated variables (length, width, speed of dispersion and contraction). Unclear effects were
found for the physical activity measures in most of the conditions. There was a small decrease
in time spent laterally synchronized and a moderate decrease in the contraction speed when
MEN compared to the CTR. Also, there was a small decrease in the time spent longitudinally
synchronized during the #MEN condition compared to MEN. The results showed that mental
fatigue affects the ability to use environmental information and players’ positioning, while the
additional reference lines may have enhanced the use of less relevant information to guide their
actions during the #MEN condition. Overall, coaches could manipulate the mental fatigue and
reference lines to induce variability and adaptation in young soccer players’ behavior.

Keywords: Team sports; GPS; spatial references; time-motion; task constraints.
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2.2.2. Introduction
Small-sided games (SSGs) have been used as a training method for developing physical,
technical and tactical skills in soccer players (Casamichana & Castellano, 2010a; Gonçalves et
al., 2016c; Travassos et al., 2014). One reason for this popularity is that when task constraints
are manipulated appropriately in the design of SSGs it is possible to concurrently train
collective behaviors whilst also providing a specific physical stimulus (Gonçalves et al., 2016a).
Accordingly, the pitch size and number of players were identified as key constraints to
understand how players adapt their behavior (Folgado et al., 2014b; Gonçalves et al., 2016c).
For example, increasing the number of players from 2-a-side to 5-a-side seems to increase
movement regularity (Aguiar et al., 2015). More recently there are studies showing that players
may adapt their movement behaviors according to manipulations on pitch spatial constraints.
For example, Gonçalves et al. (2016a) showed that players’ physical and tactical performances
were altered by modifying the available pitch areas during SSGs (i.e. restricted-space: allowing
players to only move within one pitch zone; contiguous-space: allowing players to move to one
neighbor zone; and, free-space: unrestricted movement through all zones). The free-spacing
promoted greater collective behavior such as increased player movement synchronization and
regularity, and also greater physical and physiological responses compared to the restricted and
contiguous space conditions (Gonçalves et al., 2016a).
On the basis of these findings, coaches can restrict the space available to players to stabilize the
distances between players in different team sub-units with lower effort, or in contrast increase
the free space to improve team synchronization with higher physical effort (Gonçalves et al.,
2016a). Using this logic, coaches frequently provide pitch reference lines during SSGs to
control the space available to players and guide their positioning (Williams, 2013). An example
of this spatial constraint may be to divide the pitch into corridors and sectors, with the aim of
increasing team movement synchronization and the players’ awareness of their positional role.
The intent of this approach is to facilitate players to adopt more collective behaviors, however,
to our knowledge no study has yet empirically assessed this issue.
It has recently been shown that soccer performance is negatively affected by mental fatigue by
reducing running performance at lower speeds (Smith et al., 2015; Van Cutsem et al., 2017),
impairing soccer-specific physical and technical performances during SSGs and technicalbased drills (Badin et al., 2016; Smith et al., 2016a) and poorer accuracy and speed of decisionmaking during film-based soccer simulations (Smith et al., 2016b). In general, these studies
48

Individual Manipulations

showed that mental fatigue affects players’ ability to interact with the environmental
information (Smith et al., 2016b), with possible impairment in the attentional focus (Boksem et
al., 2005; Smith et al., 2016a) and physical performance (Badin et al., 2016). Whilst the
available studies have provided new insights into the effect of mental fatigue on soccer
performance, the methods used to induce mental fatigue have had low ecological validity (i.e.
a computerized Stroop-Color Name task of 30 to 90 min was used). Therefore, to overcome
these limitations and to examine the translation of these laboratory studies to the field, more
ecologically valid methods of inducing mental fatigue are required (Smith et al., 2016b).
At present, no studies have yet examined the effect of mental fatigue on players’ tactical
behavior. Previous studies have shown SSGs to be a useful tool for assessing the players’
tactical behavior during ecological situations, such as the inter-team level of coordination or
team dispersion (Folgado et al., 2014a; Gonçalves et al., 2016c), as allowing researchers to
better understand how players adapt their movement behavior to different informational
constraints. Furthermore, recent research has shown that soccer players may impair their
abilities to identify and use the environmental information when mentally fatigued (Smith et
al., 2016b) and, therefore, there is a need to identify strategies that may attenuate or help players
to guide their movement behavior when mentally fatigued (Smith et al., 2016b). In this sense,
pitch spatial references might help to guide players with mental fatigue, however, there is lack
of information regarding how pitch spatial reference lines might affect player behaviors during
SSGs. Moreover, previous studies have used protocols that poorly represent the ecological
setting. To address these issues, this study aimed to identify the effects of mental fatigue and
additional corridor and sectorial pitch lines on players’ physical and tactical performances
during soccer SSGs. Accordingly, we have hypothesized that an ecological task induces mental
fatigue based on its higher cognitive demands, such as sustained attention, cognitive processing
and perceptual skills. Knowing that mental fatigue is likely to modify players’ abilities to use
and interact with the environmental information (Boksem et al., 2005). Thus, we also
hypothesized that mental fatigue impairs the time that players spent synchronized. At the end,
we also assume that additional pitch corridor and sectorial lines modify players’ movement
behaviors when mentally fatigued. With the decrease ability to use environmental information,
the additional spatial references increase the number of information available, therefore, it was
hypothesized that players’ positional decisions, such as team dispersion and areas explored, are
impaired by the increased quantity of information.
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2.2.3. Methods
Participants
Twelve amateur youth soccer players (age = 15.9 ± 0.8 y; height = 172.8 ± 5.2 cm; body mass
= 59.5 ± 5.2 kg; maximum heart rate = 185.8±10.9 bpm; peak running speed = 23.3±2.8 km.h1

; years of experience = 8.9 ± 2.4 y) participated in this study. All players were members of the

same team, performed 3 training sessions (90 to 105 min/session,) and played an official elevena-side game during the weekend at a regional playing standard in a regular football field (104m
x 64m). Players had trained in the club for 5.0 ± 2.6 years and have 42 weeks of training a year.
Two goalkeepers participated in each SSG but were not included in the analysis. An informed
and written consent was provided to the coaches, players, and their parents, as well as by the
club, before the beginning of the study. All participants were notified that they could withdraw
from the study at any time. The study protocol followed the guidelines and was approved by
the Ethics Committee of the Research Centre for Sport Sciences, Health and Human
Development, based at Vila Real (Portugal) and conformed to the recommendations of the
Declaration of Helsinki. The sample size was calculated with G*Power (Version 3.1.5.1 Institut
für Experimentelle Psychologie, Düsseldorf, Germany) for an effect size of 1.05, an α of .05,
and a power of 0.8 (1 – β) (Faul, Erdfelder, Lang, & Buchner, 2007a; Ric et al., 2016a). The
total sample size computed by this method was 24, that consists in a minimum of 12 subjects
in each group.
Study Design
This study used a convenience sample and a counter-balanced crossover design (Badin et al.,
2016), using mental fatigue and pitch reference lines as individual and game constraints,
respectively. Each soccer player performed four Gk+6vs6+Gk SSGs. This format was used on
the basis that it provides the main team structure for the 11-a-side (1 goalkeeper, 2 defenders,
3 midfielders and 1 forward) and it is widely used during the youth players development
(Barbero-Alvarez et al., 2015b). Also, previous research has shown that team’s tactical
performance is only relevant with, at least, a SSG format with 4-a-side (Aguiar et al., 2015).
Prior to the SSG, one team performed a motor coordination task to induce mental fatigue, while
the other team performed a control task (Badin et al., 2016). The repeated measures design
allowed to compare performances across four conditions: (a) with mental fatigue against
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opponents without mental fatigue in a normal pitch (MEN), (b) with mental fatigue on a pitch
with additional reference lines (#MEN); (c) without mental fatigue against mentally fatigued
opponents on a normal pitch (CTR); and (d) without mental fatigue on a pitch with reference
lines (#CTR). Players’ psychological states at the beginning and the final of both the control
and mental tasks were measured using the CR10-Scale ratings of perceived exertion (RPE) to
identify the players’ effort in each task, and with the visual analogue scale to understand the
level of mental fatigue. Moreover, to inspect the effects of both tasks on the neuromuscular
performance, the countermovement jump was assessed with a portable optical timing system
(Optojump, Microgate, Bolzano, Italy).

Figure 2.2.1. – Repeated measures design for the SSG scenarios.

Procedures
The testing procedures were performed across five sessions, one per day and interspersed by
two resting days. The first session was used for familiarization purposes and the following
sessions were used to perform the SSG conditions in a randomized order. In the first session,
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players were familiarized with the control and mental fatiguing tasks. The task required 20-min
of whole-body coordination task (Demirakca, Cardinale, Dehn, Ruf, & Ende, 2016; Henz &
Schollhorn, 2016), requiring motor coordination, sustained attention, cognitive processing and
perceptual skills. This approach systematically stimulated the brain to adapt to unfamiliar
challenges using different combinations of motor and cognitive activities (Demirakca et al.,
2016). Each participant was required to perform seven different exercises in a ladder drill (see
figure 2). To increase the task attentional and cognitive demands, players were also required to
perform these movements while juggling a tennis ball. As soon as the participant’s performance
increased, a new exercise was introduced. For the control condition, players were required to
perform light general aerobic exercises such as skipping, jogging, running backwards, and side
stepping. These drills were selected due to their low cognitive demand and similar physical
pattern as the mental fatigue task. Figure 3 shows a typical example of heart rate responses from
the same player to the mental fatigue and to the control task. In each testing session, one team
performed the mental fatigue task and the other team performed the control task of the same
duration.

Figure 2.2.2. Representation of mental fatigue task (coordination-based task).
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Figure 2.2.3. Representation of the heart rate responses to the task used to induce mental fatigue (black line) and
the control task (grey line) for the same player.

The head coach selected the twelve best players from the team according to their technical,
tactical and physical skills and then divided them into two balanced teams taking into account
their playing positions (Casamichana & Castellano, 2010a). Prior to each SSG, there was a
standardized 15-min warm-up based on running and a ball possession game (6-a-side without
goals). The games were played on an official artificial turf 62x43 m pitch with official 7-a-side
goals (Travassos et al., 2014). For the SSG using reference pitch lines, the original pitch was
divided using two vertical and two horizontal lines that split the pitch into nine equal sections
of 21.3x14.3 m. All SSGs lasted for a total of 24-min including 3 x 6 min bouts interspersed
with a 3-min passive recovery. Players performed each SSG according their own playing
positional role as determined by the head coach. Several balls were placed around the field to
ensure its replacement as fast as possible and no coach feedback or encouragement was allowed.
All sessions started at the same time of the day and were completed within the same duration
(90 minutes). The repeated measures design from this study required that each subjects’
responses were measured in 12 different SSG bouts.
Data Collection
Psychological States
The CR10-scale (RPE) was recorded before and after the control and mental fatigue tasks to
identify the requirement of both tasks (control and mental fatigue task), and at the final of the
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SSGs. Mental fatigue was assessed using the visual analogue scale (VAS) immediately prior
to, and following each treatment condition, and again in the end of the SSG using a 100-mm
VAS. The visual analogue scales has been reported as a valid and reliable mean to measure
mental fatigue (Lee et al., 1991).
Neuromuscular Performance
To assess the impact of the mental fatigue and control treatment on neuromuscular performance,
a countermovement jump (CMJ) was measured before and after the control and mental fatigue
tasks. The CMJ was assessed using a portable optical timing system (Optojump, Microgate,
Bolzano, Italy), according to the protocol described by Bosco, Luhtanen, and Komi (1983).
Physical Activity and Positional Data
Positional data, accelerations and distance covered during SSG were gathered using 15 Hz
global positioning system units (SPI-PRO, GPSports, Canberra, ACT, Australia) (Johnston,
Watsford, Kelly, Pine, & Spurrs, 2014). The units were placed into appropriate elastic harnesses
that placed the device on the upper back of each participant (Coutts & Duffield, 2010b). The
players’ latitude and longitude coordinates obtained through games units were exported and
computed using appropriate routines in Matlab® (MathWorks, Inc., Massachusetts, USA).
Additionally, missing data were re-sampled and tracking error noise was reduced by smoothing
the data based on a 3 Hz Butterworth low pass filter (Folgado et al., 2014a).
The positional data of the players were used to determine the team’s width and length (Folgado
et al., 2014b), the speed of team contraction and dispersion (Ric, Torrents, Goncalves, Sampaio,
& Hristovski, 2016b), the spatial exploration index (Gonçalves et al., 2016a), and the time that
teammates dyads spent synchronized in both longitudinal and lateral directions. These two last
variables were calculated with the relative phase with Hilbert transform (Folgado et al., 2015;
Palut & Zanone, 2005) and applied for all possible dyads for the six outfield teammates (i.e. for
6 teammates, there were 15 possible dyads). The near-in-phase synchronization of each dyad
was quantified by the percentage of time spent between -30º to 30º bin (near-in-phase mode of
coordination) (Folgado et al., 2014a).
The distance covered was computed for each game and then divided by the bout duration in
order to obtain the meters covered per minute. In addition, the number of all accelerations were
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measured according to type (acceleration or deceleration) and category (0.5-3.0 m/s2 and > -3.0
m/s2) (Dalen, Ingebrigtsen, Ettema, Hjelde, & Wisloff, 2016; Russell et al., 2016).
Statistical Analysis
Prior to the comparisons among game conditions, all processed variables were log-transformed
to reduce the non-uniformity of error. A descriptive analysis was reported as mean and standard
deviations for all the considered variables (the mean shown is the back-transformed mean of
the log transform). A one-way repeated measures ANOVA was performed to identify
differences in physical and positional variables according to game scenarios comparisons. The
sphericity was assessed using the Mauchly’s test and, when necessary, the Greenhouse-Geisser
correction procedure was used to adjust the degrees of freedom. The differences in team length
and team width according to game scenario were assessed through one-way ANOVA. Pairwise
differences were assessed with a Bonferroni post-hoc. The CMJ, visual analogue scale and RPE
changes between pre- and post-test were compared using paired t-tests. The inferential analyses
were carried in SPSS Software® and statistical significance was maintained at 5%. The
comparisons among game conditions, as well as the comparisons between both tasks were also
described using standardized mean differences with 95% confidence intervals (Cumming,
2012; Cumming, 2013; Hopkins et al., 2009). Differences in group means and between the
control and mental fatigue tasks were expressed in percentage units with 95% confidence limits
(CL). Smallest worthwhile differences were assessed using the standardized units multiplied by
0.2. Uncertainty in the true effects of the conditions were evaluated through non-clinical
magnitude-based inferences. Magnitudes of clear effects were considered as the following
scale: >5%, unclear; 25 to 75%, possible; 75% to 95%, likely; 95% to 99%, very likely; >99%,
most likely (Hopkins et al., 2009). Thresholds for effect size statistics (Standardized differences
in terms of Cohen’s d) were: <0.2, trivial; 0.6, small; 1.20, moderate; 2.0, large; and >2.0, very
large (Hopkins et al., 2009).
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2.2.4. Results
The effects of the control and mental fatigue tasks (treatment conditions) on VAS, RPE and
CMJ performance are shown in Figure 4. Overall, higher values were found in the perception
of mental fatigue following the mental task as compared with the control task. Accordingly,
after the mental fatigue task, there was a most likely increase (537%) in perceptions of mental
fatigue (very large effects: Cohen’s d; ±95% confidence limits: 3.2; ±0.5; p = 0.001) and a most
likely ~155% increase in RPE (very large effect, 2.3; ±0.5; p = 0.001). In contrast, the control
task elicited a very likely increase (~57%) in perceptions of mental fatigue (moderate effect,
0.6; ±0.3; p = 0.025) and a likely positive ~24% increase in RPE values (small effect, 0.5; ±0.4;
p = 0.006).

Figure 2.2.4. Effects of the control (3a) and mental fatigue task (3b) on Visual Analogue Scale (i), RPE (ii), and
CMJ jumping height (iii)
Note: grey solid lines indicated responses of individual participants; black dotted lines indicated mean value.
RPE - rate of perceived exertion; CMJ – countermovement jump. * p < 0.05; ** p < 0.01.

Effects of mental fatigue task
Apart from RPE, mostly unclear effects were observed between both conditions on physical
performance measures (see Table 1 and Figure 5a). In this sense, MEN showed a likely increase
in the RPE (small effects, 0.3; ±0.3; p = 0.012) as compared with the CTR. With the tacticalrelated variables, the CTR condition elicited a possible increase in the time that dyads spent
synchronized in the lateral direction (~20%, small effect, 0.4; ±0.3; p = 0.001), a possible
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increase (~6%) and a very likely increase (~14%) in the contraction speed (moderate effect,
0.7; ±0.4; p = 0.004) compared to the MEN condition. The results have also revealed a possible
increase in the speed of dispersion in the CTR in relation to the MEN condition.
Effects of mental fatigue (playing with # reference lines)
Overall the results revealed non-significant differences in the studied variables, however some
trends could be identified (Table 1 and Figure 5b). In this sense, there was a possible ~12%
increase in the number of moderate accelerations with #MEN compared to the #CTR condition.
When playing with #MEN, it was also found a possible ~4% decrease in the spatial exploration
index (small effect, 0.2; ±0.4) and likely ~6% decrease the time spent synchronized in the
longitudinal direction (small effect, 0.4; ±0.4) compared with the #CTR condition.
Effects of reference lines (without mental fatigue)
Adding the reference lines in the SSG pitch decreased the players’ physical performance but
increased the players perception of effort (see Table 1 and Figure 5c). Specifically, adding lines
to the pitch without mental fatigue, most likely increased (~21%) the RPE (moderate effects,
0.8; ±0.5; p = 0.001). However, it was also found that a most likely decrease (~12%) in the
mean speed (m/min, moderate effect; p = 0.001), a most likely decrease in the number of
moderate accelerations, in the number of low accelerations and in the number of moderate
decelerations (~27 to 62%; ±9; large, moderate and large effect, respectively; p = 0.001)
comparing the CTR with the performance in the pitch without reference lines. Additionally, the
#CTR condition elicited a most likely decrease (~17%) in the contraction speed (moderate
effect, 0.9; ±0.5; p = 0.001) compared to CTR. Also, the results shown a likely decrease (~9%)
in the dispersion speed when compared the #CTR with CTR conditions.
Effects of the reference lines (with mental fatigue)
In general, apart from RPE, higher mean values were found in the absence of reference lines on
the pitch (see: Table 1 and Figure 5d). Specifically, while there was a very likely increase in
the RPE in the #MEN (moderate effects, 0.9; ±0.6; p = 0.003) compared to MEN, in turn it
most likely decreased the mean speed (m/min), the number of moderate accelerations, the
number of low accelerations and the number of moderate decelerations (~10 to 62%; ±8%;
moderate, large, large and large effects, respectively p = 0.001) compared to MEN condition.
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Additionally, when mentally fatigued, adding reference lines likely decreased (~8%) the time
the players spent synchronized in the longitudinal directions (small effect, 0.3; ±0.2 p = 0.009)
compared the SSGs performed without lines.

Figure 2.2.5. Standardised (Cohen’s d) differences in physical and positional variables according to mental and
pitch reference lines effects: 5a effects of mental fatigue (CTR compared to MEN); 5b effects of mental fatigue
playing with # reference lines (#CTR compared to #MEN); 5c effects of references lines without mental fatigue
(CRT compared to #CTR); and 5d effects of reference lines with mental fatigue (MEN compared to #MEN).
Error bars indicate uncertainty in the true mean changes with 95% confidence intervals. S – Small effects; M –
Moderate effects; L – Large effects; VL – Very Large effects.
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Variables

Game Conditions
CTR

RPE (a.u.)

7.00 ± 1.21

Positional Variables

Physical Variables

Distance Covered (m/m)
High Acc. (> 3 m/s2 )

115.01 ± 13.77

MEN

7.58 ± 1.31
112.19 ± 13.60

Difference in means (%; ±95% CL) Uncertainty in the true differences

#CTR

#MEN

Effects of mental
fatigue
(CTR-MEN)

Effects of mental
fatigue with #
reference lines
(#CTR-#MEN)

Effects of reference
lines with no mental
fatigue (CTR-#CTR)

Effects of reference
lines with mental
fatigue (MEN-#MEN)

8.50 ± 1.62

8.92 ± 1.08

8.2; ± 6.4 (↑ L)
p = 0.012

6.1; ± 14.7 (U)

21.2; ± 12.6 (↑ML)
p = 0.001

−18.9; ± 13.8(↑VL)
p = 0.003

−2.5; ± 3.3 (↓P)

−0.6; ± 5.3 (U)

−12.0; ± 4.4 (↓ML)
p = 0.001

−10.3; ± 3.7 (↓ML)
p = 0.001

101.54 ± 14.64

101.02 ± 15.47

2.61 ± 1.54

1.56 ± 1.23

1.44 ± 1.31

18.1; ± 33.5 (U)

−3.6; ± 38.6 (U)

−9.7; ± 32.1 (U)

−26.7; ± 22.0 (↓ L)
p = 0.001

22.67 ± 13.96

21.94 ± 12.32

7.47 ± 2.97

8.22 ± 3.06

−1.9; ± 48.2 (U)

12.1; ± 18.3 (↑P)

−61.9; ± 11.2 (↓ML)
p = 0.001

−56.5; ± 14.1 (↓ML)
p = 0.001

Low Acc. (1−2m/s2 )

28.03 ± 7.01

29.42 ± 6.63

20.67 ± 5.86

20.86 ± 6.25

5.9; ± 15.6 (U)

0.7; ± 11.1 (U)

−27.1; ± 11.3 (↓ML)
p = 0.001

−30.7; ± 9.5 (↓ML)
p = 0.001

High Dec. (> 3 m/s2 )

4.56 ± 2.45

4.58 ± 2.68

3.81 ± 1.89

3.33 ± 1.97

0.9; ± 22.5 (U)

−25.5; ± 50.1 (U)

0.9; ± 41.1 (U)

−27.6; ± 31.2 (↓ L)
p = 0.004

Moderate Dec. (2−3 m/s2 )

34.11 ± 23.08

34.58 ± 21.06

10.61 ± 4.13

10.61 ± 3.98

8.5; ± 58.1 (U)

7.7; ± 23.0 (U)

−62.0; ± 12.2 (↓ML)
p = 0.001

−62.3; ± 12.7 (↓ML)
p = 0.001

Low Dec. (1−2 m/s2 )

29.47 ± 8.00

29.14 ± 9.38

27.83 ± 7.30

27. 5 ± 7.13

−2.1; ± 16.1 (U)

−0.3; ± 10.0 (U)

−4.4; ± 14.0 (U)

−5.5; ± 15.6 (U)

Space Exploration Index (m)

11.80 ± 2.02

11.79 ± 2.48

11.75 ± 2.18

11.35 ± 2.18

−0.7; ± 8.3 (U)

−3.6; ± 5.9 (↓P)

−0.6; ± 7.5 (U)

−3.6; ± 7.4 (U)

Longitudinal Sync (%)

66.42 ± 1.11

66.46 ± 13.47

64.60 ± 9.86

−0.3; ± 5.6 (U)

−5.8; ± 5.4 (↓L)

−2.0; ± 5.1 (↓P)

−7.5; ± 5.3 (↓ L)
p = 0.009

Lateral Sync (%)

37.91 ± 12.91

32.72 ± 10.31

35.31 ± 12.26

34.51 ± 10.92

−13.4; ± 7.9 (↓P)
p = 0.001

−1.4; ± 9.8 (U)

−6.3; ± 8.5 (↓P)

5.5; ± 8.7 (↑P)

Length (m)

18.90 ± 3.08

19.36 ± 3.71

18.98 ± 3.34

18.62 ± 3.67

2.1; ± 9.4 (U)

−2.3; ± 9.2 (U)

0.3; ± 8.4 (U)

−4.0; ± 8.2 (U)

Width (m)

19.21 ± 2.95

19.28 ± 2.49

19.93 ± 3.23

20.31 ± 2.37

0.6; ± 7.3 (U)

2.6; ± 6.8 (U)

3.5; ± 7.4 (U)

5.6; ± 6.1 (↑ L)

Dispersion Speed (m/s)

0.34 ± 0.07

0.32 ± 0.06

0.32 ± 0.08

0.32 ± 0.07

−5.6; ± 9.3 (↓P)

0.3; ± 10.8 (U)

−9.2; ± 10.7 (↓ L)

−3.5; ± 9.3 (U)

Contraction Speed (m/s)

0.32 ± 0.07

0.32 ± 0.07

0.27 ± 0.05

0.28 ± 0.05

−14.2; ± 10.2
(↓VL)
p = 0.004

3.5; ± 9.2 (U)

−16.8; ± 8.2 (↓ML)
p = 0.001

0.3; ± 8.8 (U)

62.00 ± 14.66

CL, confidence limits; ↑, increase; ↓, decrease; U, Unclear; T, Trivial; P, Possible; L, Likely; VL, Very Likely; ML, Most Likely.

Note: CL= confidence limits; ↑=increase; ↓=decrease; U=Unclear; T=Trivial; P=Possible; L=Likely; VL=Very
Likely; ML=Most Likely;

2.2.5. Discussion
This study examined the effects of mental fatigue and additional corridor and sectorial pitch
lines on players’ physical and tactical performances during soccer SSGs. Interestingly,
independent of the reference lines, the mental fatigue induced similar physical activity profile
compared with the SSG performed without mental fatigue. In contrast, the players’ tactical
behavior was affected with MEN with a decrease in the level of dyadic synchronization (mainly
in lateral directions) compared to the CTR. Adding pitch spatial references decreased the
physical demands with and without mental fatigue. From the tactical perspective, the reference
lines impaired players’ movement synchronization in longitudinal displacements when
mentally fatigued. An additional novel finding from this study was that the coordination-based
task - which is more practically relevant to soccer players – induced the players’ perception of
mental fatigue to similar levels previously reported in response to the Stroop task (Badin et al.,
2016). Therefore, this result confirms our first hypothesis showing that this ecological task can
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2.17 ± 1.52

Moderate Acc. (2−3 m/s2 )

Coutinho et al.

Table 2.2.1. Descriptive and statistical analysis for physical and positional variables according to SSG conditions

TABLE 1 | Descriptive and statistical analysis for physical and positional variables according to SSG conditions.

Individual Manipulations

be used by coaches to induce mental fatigue, and concomitantly prepare their players to train
under mental fatigue effects.
Effects of mental fatigue
Previous reports shown that mentally fatigued players perceived the same physical task as being
more effortful (Badin et al., 2016), which may lead them to decrease their physical effort in
order to be able to perform the task until the end (Smith et al., 2015). However, the comparison
of the physical performance measures with and without mental fatigue revealed unclear effects
in most variables. These results are in contrast to several recent studies that reported a decrease
in the physical performance with mental fatigue (Smith et al., 2016a; Smith et al., 2015; Van
Cutsem et al., 2017). Nevertheless, the nature of the physical performance tasks in these studies
were different, with increased physical performance being a primary outcome measure in
previous research (i.e. increased distances traveled), whilst soccer performance (i.e. players
compete with the opponents to maintain the ball possession and create goal-scoring
opportunities) being the primary goal in the present study. Considering that mental fatigue
negatively affects the players’ cognitive attributes (Boksem et al., 2005; Van Cutsem et al.,
2017), it is likely that these effects are more evident from the tactical perspective in game-based
situations, where players have to interact with the environmental information to unfolding
functional movement behaviors (Travassos et al., 2012a).
The present results revealed differences in the time spent synchronized in the MEN compared
to the CTR condition, confirming our second hypothesis. While no differences were observed
for the longitudinal synchronization, there was a decrease in the time spent synchronized in the
lateral synchronization with MEN, which suggests an altered positioning strategy. Other studies
have also observed altered positioning characteristics with modification in SSG contextual
factors (Folgado et al., 2014a; Folgado et al., 2015). For example, Folgado et al. (2014a)
previously demonstrated that soccer players are usually more synchronized in the longitudinal
direction as result of the goal locations and pitch length. A possible explanation for the changes
observed with MEN in this study is that players pay less attention to maintaining lateral
synchronization as greater focus is required to maintain high levels of synchronization in the
goal-to-goal direction.
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Effects of mental fatigue (playing with # reference lines)
The present results revealed higher mean values in the number of moderate accelerations during
the #MEN condition compared to the #CTR. Additionally, there was a greater number of high
accelerations with MEN compared to the CTR when the SSG was played without reference
lines. These observations show that despite being mentally fatigued, players are still able to
complete moderate to high intensity actions when required. These results agree with recent
observations that demonstrated soccer players to down-regulate the speed of lower intensity
activities (Smith et al., 2015), in order to have resources available that allow them to effectively
respond to high-effort tasks.
In both training and match play, soccer players continuously interact with the environment to
make decisions, quite often whilst under pressure from the opponents (Nedelec et al., 2012).
Due to the high levels of vigilance required for these tasks, player’s must maintain high
concentration levels to pick up the relevant information from the environment to guide their
behavior (Smith et al., 2016b; Travassos et al., 2012a). However, most studies have shown that
mental fatigue is likely to affect the players cognitive and perceptual skills, such as a reduced
ability to gather and use available information (Guo, Chen, Zhang, Pan, & Wu, 2016; Kato,
Endo, & Kizuka, 2009). Accordingly, it is likely that the players’ behavior might become
affected when mentally fatigued. Although the results from this study showed similar
movement behavior profiles between both conditions, it was possible to identify a higher player
spacing exploration index values and time spent synchronized in the longitudinal direction
during the #CTR condition compared to the #MEN. These observations suggest that mental
fatigue may affect the way of how players interact with the environment. The current findings
also suggest that the addition of the pitch reference lines might have amplified these effects.
That is, since the pitch reference lines increase the available information to the players, greater
demands are placed upon their perceptual skills, which may make it more difficult to make fast
decisions to act (Vaeyens et al., 2007). This increased cognitive load on the players may have
mediated the changes in the interpersonal coordination among teammates.
Effects of reference lines (no mental fatigue)
Players reported higher RPE values during the #CTR even though there was a decrease in
several player physical performance characteristics (i.e. accelerations and decelerations) during
the #CTR when compared to the CTR. Previous reports have found that adding perceptual cues
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to a task seems to modify players’ perception of effort (Blanchfield, Hardy, & Marcora, 2014).
In this sense, lower values of RPE have been associated with a broader scope of attention (Lind,
Welch, & Ekkekakis, 2009), however, the additional information provided by the reference
lines might have narrowed players’ attentional focus, and concomitantly increased their
perception of effort. Furthermore, the decrease in the physical performance results agree with
previous research that reported a decrease in physical and physiological load when the players
performed the SSG with pitch constrained-spacing (Gonçalves et al., 2016a) and suggest that
the spatial references may help players to better perceive and control the distances between
teammates and opponents. Thus, it is also possible that the decrease found in the #CTR may be
related with this increased perception of the distances. Based on these findings, we suggest that
coaches add reference lines during training sessions when the goal is to highlight specific
movement behaviors while controlling the training load.
It has previously been shown that players exhibit different tactical behaviors when exposed to
specific spatial references, such as the target location in futsal (Vilar et al., 2014a) or the number
and location of available targets to score (Travassos et al., 2014). In this study, the altered spatial
references elicited different tactical behaviors. For instance, in the #CTR condition, there was
a greater decrease in contraction speed compared to the CTR, as well as high mean values in
the dispersion speed. These differences in players tactical behavior with the pitch lines suggest
that the players collectively adjusted their behavior through using the reference lines as spatial
references to control the distances between them (Fajen, 2007). Indeed, it may be that the
players on both teams use the reference lines to assist them to better perceive the distance
between them during the dispersion/contraction moments which resulted in decreased
movement speed.
Effects of the reference lines (playing with mental fatigue)
The reductions in the speed and accuracy of decision-making previously reported in soccer
players (Smith et al., 2016b) are likely related to the impaired ability to identify and use the
environmental information (Lorist, 2008). However, this reduced decision-making ability
appears to be result of the decreased ability to suppress the irrelevant stimulus with higher levels
of mental fatigue (Boksem et al., 2005; Faber, Maurits, & Lorist, 2012; Lorist, 2008). Therefore,
it seems plausible to assume that mentally fatigued players may also use inappropriate
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information to sustain their actions (Boksem et al., 2005; Faber et al., 2012; Lorist, 2008),
leading to different self-emerging behaviors.
Whilst the reference lines were added to the pitch to guide the players’ behavior, it is possible
that these may have increased the irrelevant information available to the mentally fatigued
players and therefore exacerbated the effects of mental fatigue. In fact, the observed decreases
in physical game-related performance, in time spent longitudinally synchronized, and increased
RPE values during the #MEN compared to the MEN suggests that the increased perceptual
irrelevant stimulus induced by the combined condition of pitch lines and mental fatigue
modified the players’ interpretation of the information resulting in altered self-organization
patterns between the teammates. Generally, these evidences confirmed our third hypothesis,
revealing that adding pitch reference lines may increase the available information, and possibly,
increase the use of irrelevant cues by mentally fatigued players.
This study adds novel information regarding the effects of the mental fatigue and spatial
reference lines on the players’ behavior, however, some limitations of the study should be
acknowledged. For example, we used a counter-balanced approach where only one team was
under the effect of mental fatigue during each SSG condition, and therefore, it is possible that
different results emerged if both teams were under the same effects. Also, the players
maturation status was not controlled, which may have affected the results, and therefore future
studies should take into consideration this limitation when analyzing the effects of mental
fatigue in youth age groups. Moreover, most of the available researches have focused on
analyzing the effects of mental fatigue in SSGs, and different results may emerge during largesided games and competitive matches (e.g. 9-a-side or 11-a-side). Thus, future studies should
analyze the players’ behaviors when both teams are mentally fatigued and using different
number of players. Furthermore, while this study shows the effects of the reference lines on the
players’ performance, further studies should also analyze the effects of different task constraints
under mental fatigue conditions. Nevertheless, this study showed important implications for
soccer training. Accordingly, the task used in this study showed the potential to induce mental
fatigue and, therefore, coaches could use it during their training sessions to improve players’
responses to mental fatigue. Furthermore, taking into consideration that players ability to use
environmental cues under mental fatigue may be impaired, coaches should carefully design
training tasks, minimizing the presence of visual cues, once the increased information may
enhance the effects of mental fatigue.
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2.2.6. Conclusions
In summary, independently of the pitch reference lines, similar physical game-related physical
activity variables were observed with and without mental fatigue. We also observed that MEN
decreased the players’ lateral synchronization, possibly as a strategy to maintain high levels of
synchronization in the goal-to-goal direction. It also appeared that the MEN influenced the
players’ ability to perceive and sustain their decisions based on the information from
environment, which resulted in different positioning and collective synchrony compared to the
CTR condition. The pitch spatial references seem to be a suitable constraint to manage the
players’ physical effort in the absence of mental fatigue. However, we also observed that when
the pitch lines were combined with mental fatigue the players positioning was affected. Finally,
the motor coordination task used to induce mental fatigue in this study elicited values that were
similar to those reported in studies that used in non-specific computerized tasks. These tasks
might be useful as a training intervention for mental fatigue in team sport athletes.
Overall, coaches could use mental fatigue and reference lines to induce variability and
adaptation in young soccer players’ behavior. Finally, the coordination-based task performed
in this study might be used as training intervention for mental fatigue in team sport athletes.
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3.1.1. Abstract
Purpose: This study aimed to compare players’ performances when manipulating the external
markings of the pitch during football small-sided games.
Methods: Ten under-15 players performed a 5-a-side (plus goalkeepers) under three
conditions: (i) Lines, the game was played in a pitch in which the external boundaries were
painted with full lines; (ii) Dashed, the game was played in a pitch in which the external
boundaries were painted with dashed lines; (iii) Corners, the game was played in a pitch were
the external boundaries were delimited by one marker at each pitch corner. Players’ positional
data was used to compute tactical and time-motion variables. Also, technical analysis was
comprised using video footage.
Results: Results showed similar tactical, physical and technical performances between the
Lines and Dashed conditions. In contrast, the Lines condition showed small higher effects than
Corners scenario in the time spent synchronized in longitudinal and lateral displacements, game
pace, total distance covered, distance covered while jogging, number successful dribbles and
shots on target. The Lines scenario has also revealed a lower effective playing space, distance
covered at walking and running and a lower number of passes (small effects) compared to
Corners.
Conclusions: These results highlight that these changes in informational perception constraints
modify players movement behaviour. Accordingly, pitches with more visible boundaries were
likely to decrease team dispersion, which may optimize team synchrony and technical
performances, while decreasing the distance covered at higher speeds. Coaches may use this
information to modify the types of pitch external boundaries markings, exposing the players to
different environmental information.
Keywords: Positioning; Collective Behaviour; Team Sports; Informational Constraints;
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3.1.2. Introduction
In football, small-sided games (SSG) have been considered as an optimal training solution to
concurrently develop the players’ tactical, technical and physical performances (Dellal et al.,
2011a; Folgado, Gonçalves, & Sampaio, 2017; Memmert et al., 2015; Santos et al., 2018).
These situations are usually played in pitches with smaller areas, involving lower number of
players and often played with adapted rules in regard to the official 11-a-side match (Dellal et
al., 2011a). A considerable number of studies have been developed to understand the
manipulation of the number of players (e.g. 1vs1 to 3vs3, 4vs4 to 5vs5 or even 5vs5 to 5vs3)
(Aguiar et al., 2015; Vilar et al., 2014c) and also the manipulation of the pitch size (e.g. small
to large) (Hodgson, Akenhead, & Thomas, 2014; Kelly & Drust, 2009; Olthof, Frencken, &
Lemmink, 2017b).
Overall, previous reports have shown that manipulations in task constraints have led to the
emergence of different interpersonal relations between the players and opponents, as well as
different physical and technical performances (Olthof et al., 2017b; Vilar et al., 2014c).
Accordingly, the management of the space by the different number of players seems to
constraint the perceptions of players’ spatial-temporal relations (Travassos et al., 2014). These
evidences highlight that players adaptations to changes on game environments are regulated by
the environmental information that they perceive in order to perform (Gonçalves et al., 2016a;
Memmert et al., 2015; Travassos et al., 2012b). In these game-based situations, players from
each team share the same environment and have to continuously adjust their actions to the
perceived variables with the intention of achieve a common goal (Gonçalves et al., 2016c;
Passos, Araujo, & Davids, 2016a). For this purpose, teammates must individually and
collectively seek for relevant environmental information that might lead to the emergence of
adaptive movement behaviours (Gonçalves et al., 2016a; Grehaigne et al., 1997; Passos et al.,
2016a).
Previous research have revealed that changes on physical properties of environment can lead to
changes in perception of information with clear implications in the emergence of movement
behaviours (Warren, 2006). In fact, there have been some attempts to study the effects of
informational constraints that derived from spatial references, such as pitch internal boundaries
restrictions during game-based situations (Coutinho et al., 2017; Gonçalves et al., 2016a). For
example, Gonçalves et al. (2016a) revealed that restricting players displacements to a specific
pitch area decreased players interpersonal coordination and physical demands over game-based
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situations. Coutinho et al. (2017) also revealed decreased physical performance and speed of
contraction and dispersion when spatial references were added to the SSG.
Accordingly, the manipulation of the physical properties of environment through the addition
of pitch restrictive markings emphasizes distinct information that players use to adjust their
movement behaviour to perform (Gonçalves et al., 2016a; Travassos et al., 2014; Vilar, Araujo,
Travassos, & Davids, 2014b). Thus, coaches should account with the influence of such
reference lines when designing training tasks for specific tactical, physical and/or technical
improvements. However, research regarding how the manipulation of physical properties of
game environment constraint players’ actions is still scarce. For instance, it is not clear how
changes in the type of pitch boundaries used (e.g. the use of cones, lines and/or dashed lines is
a usual practice of coaches during the training sessions) constraints adaptive behaviour of
players and teams. It is possible that having a pitch with well-defined limits might allow players
to improve the perception of the free space to play compared to a pitch that contains only partial
markers, by highlighting the information related to the field boundaries. Concomitantly, the
aim of this study is to analyse how changes in the type of marking of the pitch external
boundaries affects players’ tactical, physical and technical performances during football SSG.
It is expected that the modifications in the marking of the pitch external boundaries promotes
changes to the spatial-temporal coordination tendencies between players. By marking only the
field corners as the pitch external boundaries it might be hypothesized that teams will increase
their dispersion, also leading to different physical and technical behaviours.

3.1.3. Methods
Participants
Ten youth football players (age = 13.7 ± 0.5 y; height = 163.1 ± 6.1 cm; body mass = 56.2 ±
4.2 kg; with 6.1 ± 0.9 years of experience) participated in this study. The players maturity status
was assessed by using a predictive equation that consider the chronological age, standing
height, sitting height and body mass (Mirwald, Baxter-Jones, Bailey, & Beunen, 2002a). In this
sense, all players were considered as normal in their maturity stages, and the mean age of peak
height velocity was -0.04 ± 0.41 years (Mirwald et al., 2002a). The players performed 3 training
sessions (90 to 115 minutes) per week with an official eleven-a-side match played during the
weekend in a regular football field (104 × 64 m). Two goalkeepers were part of the study but
were excluded from the analysis, given their specific positioning. An informed and written
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consent was provided to the coaches, players, and their parents, as well as by the club, before
the beginning of the study. All participants were notified that they could withdraw from the
study at any time. The study protocol followed the guidelines and was approved by the Local
Institutional Research Ethics Committee and conformed to the recommendations of the
Declaration of Helsinki.
Design
The study designed consisted on a repeated measure approach under three experimental
conditions, in which were manipulated the marking of the pitch external boundaries (see Figure
1): (i) a control situation by playing an SSG in a pitch with external complete lines boundaries
(Lines scenario) (ii) a pitch with external dashed lines boundaries (Dashed); and (iii) a pitch
with an external painted marker in the corners (Corners). For this purpose, the games were
always played using 5-a-side (plus goalkeepers) formats. The 5-a-side plus goalkeeper was
chosen due on the basis that it has at least one player per sector (1 defender, 3 midfielders and
1 forward), and therefore, it has a higher similarity in players positional role with the 11-a-side
match.

Figure 3.1.1. Representation of SSG pitch external boundaries conditions: pitch with lines (left figure – Lines),
pitch with dashed lines (middle figure – Dashed) and with just corners (right figure – Corners).

Procedures
The design was conducted in seven testing sessions, during three weeks. In the first week, one
familiarization session was completed, in which the players experienced every SSG scenarios
used during testing sessions. Then, in each following week, three testing sessions in nonconsecutive days were performed to assess players’ performance in one of the three SSG
scenarios. Each testing day consisted in one condition randomly selected. Before the testing
sessions, it was applied a standardized 15-min warm-up, that consisted on running and a ball
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possession game (5-a-side). All sessions were carried out at the same the same time of day,
avoiding possible effects of circadian rhythms on the results. Furthermore, the conditions were
tested under similar weather conditions (mean temperature 10ºC ± 3ºC).
The ten best players were selected by the head coach according to his perception of their
physical, technical and tactical skills (Sampaio et al., 2014e), and then divided into two
balanced teams. The 5-a-side SSG (plus goalkeepers) was performed on a natural grass 30 x
25m (length x width) pitch using formal 7-a-side goals. The SSG of each condition lasted for a
total of 24-min, based on 3 bouts of 6-min of match play with 3-min of passive recovery period
between bouts. Several balls were placed around the field to allow its replacement as fast as
possible, with the aim of decrease time lost during the games. No coach feedback or
encouragement was allowed during the conditions. In addition, the SSG scenarios were
performed with the official game rules, apart from the offside rule that was not applied. SSG
situations can be very different between bouts due to the complex and dynamic properties of
the game. To ensure an adequate similarity between the situations, the bout-to-bout variability
was accessed using ICC from the total distance covered and results were moderate to excellent
(ICC=.85 CI=0.68 to 0.93).
Tactical and physical variables
The players’ positional data and the distance covered during SSG were collected using 5 Hz
global positioning system (GPS) units (SPI-PRO, GPSports, Canberra, ACT, Australia). The
players’ latitude and longitude coordinates obtained from game units were exported and
processed using appropriate routines in Matlab® (MathWorks, Inc., Massachusetts, USA) (see
Folgado et al. (2014a) to data management guidelines).
The positional data were used to assess the team effective playing space (EPS), that consisted
in the area of all outfield players from each team (Gonçalves et al., 2016c). Also, the distance
between dyads from the same team (n = 10 dyads per team), i.e., representing a pair of
teammates that share the intention of achieve the common goal (Gonçalves et al., 2016a) was
computed. The distance between dyads was expressed by the absolute values (m), magnitude
of the variability, expressed by the coefficient of variation (CV) (Gonçalves et al., 2016a) and
the structure of variability, expressed by the approximate entropy (ApEn) (Gonçalves et al.,
2016a). The ApEn technique have been used to assess the regularity of a time series (Duarte et
al., 2012; Gonçalves et al., 2016c), and its outcome varies from 0 to 2, in which values closer
to 0 means more repeatable patterns. For example, values closer to 0 in the distance between
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dyads, means that the players are likely to be in a repeatable distance between them during the
game. The imputed values used to compute were 2 to vector length (m) and 0.2*std to the
tolerance (r) (Yentes et al., 2013). Finally, the time that teammate’s dyads spent synchronized
in both longitudinal and lateral directions was measured to assess the intra-team coordination
tendencies. For this purpose, these two last variables were processed using the Hilbert transform
(Palut & Zanone, 2005) and applied for all possible dyads for the five outfield teammates per
team. The near-in-phase synchronization of each dyad was quantified form the percentage of
time spent between -30º to 30º bin (near-in-phase mode of coordination) (Folgado et al., 2014a).
The total distance covered, the distance covered at different movement speed categories, and
the game pace (km/h) for each player were calculated (Gonçalves et al., 2016a). The following
speed categories were considered for analysis: walking (0.0 – 3.5 km/h); jogging (3.6 – 14.3
km/h) and running (> 14.4 km/h) (Gonçalves et al., 2016a). In this study, the distance covered
while sprinting was not considered as the small pitch size (62.5m2 of relative pitch area) may
not allow the players to cover distance at high speeds (Hodgson et al., 2014; Olthof et al.,
2017b).
Technical Data
The SGG were recorded using a digital video camera, Sony NV-GS230, that was fixed at a 2m height and aligned in the midfield part of the pitch. Then, the video files were downloaded
to a computer and a notational analysis was performed using the LongoMatch software
(Longomatch, version 1.3.7., Fluendo) (Santos et al., 2018). The following individual
performance variables were collected: successful passes, successful dribbles, shots on target
and goals (Liu, Gómez, Gonçalves, & Sampaio, 2015). All the technical variables were
expressed as percentage (%) from the total values. The videos were analysed by an experienced
performance analyst, and the data reliability was inspected by retesting 17.5% of the sample.
The intra-class correlation was deemed as high (>0.91) (O'Donoghue, 2010).
Statistical Analysis
The descriptive statistics were reported as mean and standard deviations for all variables.
Comparison between conditions (Lines vs. Dashed, Lines vs. Corners) were determined using
raw data for the technical variables, while for the positional and physical variables the effects
were estimated in percent units through log-transformation (to reduce the non-uniformity of
error) and uncertainty in the estimate was expressed as 90% confidence limits confidence
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intervals (Cumming, 2012; Hopkins et al., 2009). The threshold for a change to be considered
practically important (the smallest worthwhile difference) was 0.2 × between game standard
deviation (SD). Uncertainty in the true effects of the conditions were evaluated based on nonclinical magnitude-based inferences. The following magnitudes of clear effects were
considered: 25 to 75%, possibly; 75% to 95% likely; 95% to 99%, very likely; >99% most
likely (Hopkins et al., 2009). Effect sizes statistics (Cohen’s d) were assessed using the
following ranges: <0.2, trivial; 0.2 to 0.59, small; 0.60 to 1.19, moderate; 1.20 to 1.99, large;
and >2.0, very large (Hopkins et al., 2009).

3.1.4 Results
Table 1 and Figure 2 presents the outcome comparisons among considered tactical, physical
and technical variables between the considered SSG. Regarding tactical behaviour, there was a
likely ~8% increase in the effective playing space (small effects) in the Corners compared to
the Lines condition. It was also observed that both Dashed and Corners scenarios revealed,
respectively, a possibly ~6% and a most likely ~15% decrease in the time spent synchronized
for the longitudinal direction (small effects) compared to the Lines scenario, respectively. In
addition, Corners also showed a likely ~13% decrease in the lateral direction (both with small
effects) than the Lines scenario. All the other results revealed unclear effects between SSG
scenarios.
From the physical perspective, the Dashed condition presented likely ~6% increase in the
distance covered during walking (small effects) than the Lines condition. The Corners promoted
a very likely ~10% increase in the distance covered while walking and likely ~53% increase
during running in comparison with Liners condition (small effects). For the other side, the
Corners demanded likely lower game pace, total distance covered and distance covered during
jogging (small effects).
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Table 1.
Table 3.1.1.
Descriptive tactical, physical and technical analysis (mean±SD). Difference in means and uncertainty
Descriptive tactical, physical and technical analysis (mean±SD). Difference in means and uncertainty in the true differences comparisons among
in the true
among the considered SSG scenarios.
the differences
considered SSG comparisons
scenarios.
Variables

Difference in means

SSG Scenarios

Uncertainty in the true differences

Lines

Dashed

Corners

(mean ± SD)

(mean ± SD)

(mean ± SD)

Distance btw Dyads (m)

8.87±1.79

8.89±1.86

Distance btw Dyads (CV)

0.41±0.07

0.41±0.07

Distance btw Dyads (ApEn)

0.26±0.05

Effective Playing Space (m2)

Lines vs Dashed

Lines vs Corners

9.20±1.81

0.11±2.12, Most Likely Trivial

3.85±2.17, Possibly ↑

0.41±0.07

1.04±2.37, Very Likely Trivial

0.74±2.79, Likely Trivial

0.25±0.24

0.25±0.04

-2.44±2.84, Possibly ↓

-0.39±2.72, Possibly ↓

68.93±13.52

69.62±15.67

75.16±16.26

0.31±5.79, Unclear

8.28±6.40 Likely ↑

Longitudinal Sync. (%)

46.36±12.43

43.33±10.68

39.33±10.07

-5.87±4.02, Possibly ↓

-14.99±4.49, Most Likely ↓

Lateral Sync. (%)

33.08±9.85

31.78±9.66

29.27±10.23

-3.99±5.75, Likely Trivial

-13.35±6.66, Likely ↓

Game Pace (km/h)

4.89±0.79

4.47±0.63

4.68±0.66

-0.10±0.12, Possibly ↓

-0.21±0.15, Likely ↓

Total Distance Covered (m)

488.92±78.51

479.33±62.52

463.84±67.66

-1.41±2.56, Likely Trivial

-4.81±3.12, Likely ↓

Walking (0.0 – 3.5 km.h-1)

85.65±20.11

90.75±19.27

93.52±18.66

6.48±4.00, Likely ↑

9.93±4.99, Very Likely ↑

Jogging (3.6 – 14.3 km.h-1)

386.37±89.81

371.22±72.62

349.62±75.03

-2.69±4.08, Likely Trivial

-8.78±4.83, Likely ↓

Running (> 14.4 km.h-1)

16.90±13.77

17.35±13.64

20.70±16.81

6.84±27.05, Unlikely

52.57±42.37, Likely ↑

Successful Passes (%)

71.45±27.44

71.02±26.02

74.17±25.85

-1.82±7.27, Unlikely ↓

5.31±10.43, Possibly ↑

Successful Dribbles (%)

62.99±42.40

59.17±39.58

47.13±39.61

-2.54±16.18, Unclear

-45.83±25.14, Very Likely ↓

Shots on Target (%)

43.55±39.30

36.55±34.18

29.15±34.62

-6.90±12.87, Possibly ↓

-11.50±16.38, Possibly ↓

Goals (%)

21.06±29.22

22.54±31.69

25.82±28.72

-2.26±9.37, Unclear

-1.17±14.34, Unclear

Tactical Variables

Physical Variables

Technical Variables

Note: Comparison between conditions (Lines vs. Dashed, Lines vs. Corners) were determined using raw data for
the technical variables, while for the positional and physical variables the effects were estimated in percent units
through log-transformation (to reduce the non-uniformity of error). CL=confidence limits; n = number; m/s =
meter per second; m = meters; CV = coefficient of variation; ApEn = approximate entropy; ↑ =Higher; ↓=Lower;
SD = Standard Deviation
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Figure 3.1.2. Standardized (Cohen) differences in tactical, physical and technical variables according to the SSG
Scenario (Lines vs Dashed: a) left panel, b) Lines vs Corners).
Errors bars indicate uncertainty in the true mean chances with 90% confidence intervals. Abbreviations: m =
meters; CV = coefficient of variation; ApEn = approximate entropy; Sync = synchronization.

The technical analysis revealed no practical differences between the Lines and Dashed
conditions. However, a very likely lower number of successful dribbles (moderate effects) and
a possible lower number of shots on target (small effects) was found for the Corners scenario
compared to the Lines condition, while in turn it the Corners also presented a possibly higher
number of passes (small effects) compared to the Lines scenario.

3.1.5 Discussion
This study aimed to identify how the manipulation of pitch external boundaries during football
SSG, constraints youth players’ tactical, physical and technical performances. The results
revealed that no substantial differences were found between the Lines and Dashed scenarios.
On the other side, there were considerable differences between the Lines and Corners scenarios.
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Accordingly, compared to Corners pitch boundaries, the Lines revealed higher times spent
synchronized in both longitudinal and lateral directions, higher game pace, total distance
covered and distance covered in jogging, as well as higher number of offensive technical
indicators. However, the Lines has also shown lower effective playing space, distance covered
while walking and running and lower number of passes. These results suggest that changes on
physical properties of environment, promoted by the change on pitch external boundaries used,
leaded to changes in perception of space for play with clear implications in the emergence of
movement behaviours. Accordingly, the use of Lines in comparison with only corners markers
emphasize the space of play and allow players to improve their spatial-temporal relations on
the field (Gonçalves et al., 2016a; Travassos et al., 2014; Vilar et al., 2014b).
The results from the present study did not reveal differences between the game scenarios in the
teammates’ distance, regarding to their absolute values, variability and regularity.
It suggests that players, even with the manipulation of pitch boundaries, regulate their
interpersonal relations using other information, such as teammates positioning, rather than the
pitch boundaries. Nevertheless, these similar positioning (i.e., teammates’ distance, regarding
to their absolute values, variability and regularity) promoted different functional behaviours
and different game dynamics (i.e., with changes in technical, positional and physical variables),
especially when comparing the Lines with the Corners scenario. These evidences highlight that
players need to be attuned with intra-team spatial-temporal information to ensure their
structural stability, while at the same time they also retrieve information from the physical pitch
game conditions (Travassos et al., 2014; Vilar et al., 2014b), such as pitch boundaries marking,
to face the competitive dynamics of the game, leading to adaptive behaviours across conditions.
In the present study, higher effective playing space was found during the Corners scenario.
While the ability to use the available pitch space seems to be related with higher game
knowledge (Folgado et al., 2014b; Gonçalves et al., 2016c) and better exploration of game
principles (Ouellette, 2004), it also seems to be constrained by the available environment
information (Gonçalves et al., 2016a). In previous research, lower player space exploration has
been found when the players positioning was limited to specific pitch zones compared to free
spacing scenarios (Gonçalves et al., 2016a). Therefore, the pitch restrictions might have
constrained the players to explore and scan the space (Gonçalves et al., 2016a). In a similar
way, it is possible that the absence of the pitch external boundaries during the Corners condition
might have emphasized the search for space, and consequently the exploration of all available
space to values near or over the marking limits, promoting a greater team dispersion.
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Furthermore, this increase in the team dispersion is likely to affect the players activity demands.
In fact, it was found higher distance covered while running during this condition. Thus, as more
free space is available, players are more likely to exploit them, displacing at higher intensities
in order to gain advantage over their opponents (Olthof et al., 2017b).
The players’ movement synchronization has been used to assess players tactical performance.
In fact, players from the same team are likely to coordinate their behaviour in order to achieve
the same goal (Folgado et al., 2014a; Gonçalves et al., 2016c; Grehaigne et al., 1997) and,
therefore, it is possible that higher movement synchronization may indicate higher tactical
performances (Coutinho et al., 2017; Folgado et al., 2014a; Folgado et al., 2015; Folgado et al.,
2017). In the present study, higher values of movement synchronization were found in the Lines
condition compared to the other scenarios. These findings may be related with the reduced
visual information from the pitch boundaries during the Corners condition. That is, while the
players movement behaviour seems to be adjusted based on the positioning of their teammates,
this movement synchrony may also be dependent on the existing boundaries which specify the
limits in which the team must act (Grehaigne et al., 1997). Therefore, the absence of pitch lines
may constrain players’ perception of distance (Fajen et al., 2009b), with consequences on their
positioning. In fact, previous reports shown that players may use pitch lines to adjust the
distance between players (Coutinho et al., 2017). Additionally, the higher movement
synchronization found during the Lines condition might also results from the lower team
dispersion and from less distance between dyads. This is in line with previous reports, which
have shown that the time that players spent synchronized is linked with their spatial proximity
(Folgado et al., 2015; Folgado et al., 2014b).
The Lines condition shown higher game pace, total distance covered, distance covered at
jogging and less distance covered in walking and running compared with the Corners scenario.
These results seem to be linked with the tactical data, mainly with the time that players spent
synchronized during the Lines scenario. In fact, previous reports shown decreased physical
demands with increased in collective synchrony (Folgado et al., 2017). Therefore, this higher
synchronization may reflect better tactical performances, which is likely to decrease the need
of cover distance at high speeds for positional adjustments (Folgado et al., 2017; McGarry et
al., 2002). Nevertheless, the players still have to move to maintain the team interpersonal
coordination, thus, the increases in the total distance covered and distance covered at jogging
may result from this need (Gonçalves et al., 2016a).
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The technical analysis revealed higher number of successful dribbles and shots during the Lines
but lower number of passes than the Corners condition. As previously mentioned, the existing
pitch external boundaries during the Lines condition may provide additional information to
players in regard to distances (e.g., to the target, to the nearest defender), which is likely to help
them in their decisions (Fajen et al., 2009b). For example, the defenders seem to adjust their
positioning according to the information on the distance of the attackers to the target with the
aim of decrease shooting opportunities (Vilar et al., 2014b). In this sense, it is possible that the
presence of the lines may provide more information on the available space and afford the
players to use the dribble more often during the Lines condition. In addition, the higher number
of shots on target found in this condition may be related with this increase in successful dribbles.
That is, by dribbling an opponent, the attacker might have additional time and space to scan the
environment and search for goal scoring opportunities. In fact, previous works shown that
attackers successful performances during 1vs1 were related with unpredictability in the
interpersonal coordination with the defender (Duarte et al., 2012) and misalignment with the
defender (Laakso et al., 2017b; McGarry et al., 2002; Vilar et al., 2014b). Also, is it possible
that the lower team dispersion found during the Lines condition resulted in less opportunities
to pass (Vilar et al., 2014c), and the dribble and shot may have emerged as a functional
movement behaviour to overcome the decreased space conditions to pass. In fact, the higher
number of passes found during the Corners condition seems to support these results.
Overall, the present study has shown similar players performance during SSG with different
pitch external boundaries markers, either full lines or dashed lines. In fact, no effects were found
in most of the tactical, physical and technical variables, which seems to suggest that coaches
can use both conditions without modifying the players’ performance. In contrast, the Corners
scenario has only partial external boundaries, and this seems to modify the emergence of the
functional adaptive behaviours, leading to distinct tactical, physical and technical behaviours
than in the Lines scenario. At the end, coaches should account with mark type of external pitch
boundaries, as it seems to lead to different players behaviours, mainly when comparing a pitch
with full external marking with a pitch that contains only partial boundaries.
Whilst this study adds novel and important findings regarding the different type of pitch
markings on the players’ movement behaviour, some limitations should be acknowledged.
Firstly, the lower sample size used in this study may limit the generalization of results.
Furthermore, it is also possible that different results may emerge with older players and with
players of different expertise, since they interact differently with the environmental information
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(Mann, Williams, Ward, & Janelle, 2007), and therefore further studies should be developed
using a larger sample size and with different levels of expertise.
3.1.6 Conclusions
The effects of manipulating the pitch external boundaries have impacted the players’
performances during football SSG. The Lines condition shown higher values of team
synchronization in both lateral and longitudinal direction, and thus it can be used as an optimal
task to emphasize the team coordination. The Lines and Dashed scenarios revealed similar
results, suggesting that coaches can use both situations with minimal changes in players
performance. However, different results were found when the pitch external boundaries are less
evident as in the Corners condition. Accordingly, higher team dispersion was found in the
Corners, which seems to impair the team collective synchrony and lead to an increase in the
distance covered at higher intensities. Nevertheless, coaches may vary in the conditions used
during practice sessions to promote variability and adaptive behaviours. These findings suggest
that the changes in the tasks informational constraints modified the players opportunities for
action, leading to the emergence of different movement behaviours.
What does this article add?
The present research article provides important information regarding to how players seems to
adapt their movement behaviour according to the available information from the environment,
such as spatial references. More specifically, this study reveals that the players’ adopt different
physical, technical and tactical behaviours as result of the type of markings in pitch external
boundaries during SSG. Considering that coaches manipulate SSG constraints in order to
develop functional movement behaviours, the results from this study highlights that the pitch
boundaries should be also considered. As so, the results from this study may have a clear impact
in the way how coaches design training tasks, as well as in upcoming experimental studies using
SSG that should report how the pitch is marked.
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3.2.1. Abstract
The aim of this study was to identify the effects of adding spatial references during football
small-sided games in youth players’ tactical and physical performance. Twelve under-15
players performed a Gk+6v6+Gk game under two playing conditions: (i) without spatial
references (CONTROL condition); (ii) with spatial references, by dividing equally the pitch
into three corridors and three sectors (experimental situation, LINES). Players’ positional data
was used to compute time-motion and tactical-related variables. The results revealed that
performance under LINES situation increased the regularity in the zones occupied (~14%,
Cohen’s d: 0.5; ±0.3; p = 0.003) and in the distance between teammates’ dyads (~19%, 0.9;
±0.2; p < 0.001). Oppositely, LINES condition decreased the longitudinal synchronization of
players’ displacements (0.4; ±0.2; p = 0.002), players’ average speed (0.5; ±0.3; p = 0.002) and
distance covered at lower (0.9; ±0.3; p < 0.001) and moderate speed (0.5; ±0.3; p < 0.001).
Adding spatial references seems to promote a more structured pattern of play and increase
positional regularity. However, coaches should be aware that this constraint may decrease the
synchronization between players. Overall, these findings may be generalized to most invasion
team sports.
Keywords: Positioning variables; GPS; Synchronization; Team-sports; Task Constraints
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3.2.2. Introduction
Team sports performance consists in a continuous process of co-adaptation (Araujo & Davids,
2016; Araújo et al., 2006; Davids et al., 2003), in which players establish spatial-temporal
interactions with the environment to sustain the emergence of functional movement behaviours
(Davids et al., 2003). Accordingly, successful performances have been linked to the
interpersonal relations developed by teams in order to achieve goal-directed behaviours (Araujo
& Davids, 2016; Duarte et al., 2013a; Fajen, Riley, & Turvey, 2009a; Gonçalves et al., 2016c;
Passos et al., 2016b; Travassos et al., 2012b). The level of this coordination depends on the
players’ ability to use environmental information, which in turn, will lead to the emergence of
opportunities for action (Passos et al., 2016b; Seifert et al., 2013b; Travassos et al., 2012b).
Players’ positioning is based on how each individual exploit the environment information to
support the emergence of functional movement behaviours (Seifert et al., 2013b; Travassos et
al., 2012b). For example, research shows that players present higher regularity in movement
behaviour as the number of opponents increase (4vs3, 4vs5 and 4vs7) during small-sided games
(Gonçalves et al., 2016c). Other sports have also found different movement behaviours patterns
as result of the modification of the distance to the target or angular relationship in basketball
(Esteves et al., 2015a; Esteves et al., 2015b), the distance between defenders in rugby (Correia
et al., 2012) or the presence of the look-up line in ice hockey (Vickers et al., 2017). These
evidences highlight that different functional behaviours emerged as consequence of the
manipulation of the environmental information. In this sense, adding or removing information
during the training tasks is likely to stimulate different behavioural patterns.
Small-sided games (SSG) have become a widely-recognized training resource to develop the
players’ behaviour (Sampaio, Lago, Gonçalves, Macas, & Leite, 2014c; Travassos et al., 2014).
In fact, SSG allows to reproduce the kinematic, physical, physiological, technical and tactical
demands of the competitive environments (Coutts et al., 2009; Davids et al., 2013).
Accordingly, the SSG allow the manipulation of task constraints to induce different training
responses according to the learning aim (Coutts et al., 2009; Davids et al., 2013; Sampaio et al.,
2014c; Travassos et al., 2012b; Travassos et al., 2014). Thus, the manipulation of task
constraints has emerged as a relevant research topic (Travassos et al., 2012b) in the search for
understanding how their manipulations affect the players’ behaviours (Gonçalves et al., 2016a;
Travassos et al., 2014). Under this scope, the available literature has analysed the effects of
manipulating several variables on players’ movement patterns during football SSG (Sampaio
et al., 2014c; Silva et al., 2014a). These studies have shown that increasing the pitch size lead
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the players towards a more regular positioning and structured playing style (Silva et al., 2014a).
It has also been shown that uneven player numbers between teams and the game score
influences cooperation and opposition behaviours. For instance, the teams become more
compact when losing and when playing with fewer players than the opponent team (Sampaio
et al., 2014c). Another important contribution from the study of Sampaio et al. (2014c) was the
incorporation of physical performance according to the tactical requirements of the task. That
is, players positioning is influenced by the interpersonal coordination tendencies that emerge
from the interaction with teammates and the environment (Gonçalves et al., 2016c; Passos et
al., 2016b). Thus, a better understanding of the physical demands may be possible if the
strategies used by the players to be coordinated with teammates (e.g. trajectories and individual
speed) are investigated (Sampaio et al., 2014c; Travassos et al., 2012b).
Apart from these manipulations, there have been some attempts to understand how different
spatial references modifies the interpersonal coordination tendencies between players. For
instance, the modification in the information available as a result of the target location in futsal
(Vilar et al., 2014a) and the number and dimension of goals available to score in football
(Travassos et al., 2014), have shown to emerge different functional movement behaviours.
More recently, Gonçalves et al. (2016a) investigated how pitch area-restrictions affect the
players’ physical and tactical performance. For this purpose, it were tested three conditions: i)
restricted-space, the pitch was divided into areas from where players were not allowed to move;
ii) contiguous-spacing, players were allowed to move to a neighbouring area; iii) free-spacing,
without movement restrictions. It was reported that limiting the space exploration detuned the
players’ movement synchronization with teammates and decreased physical and physiological
performances. In this sense, the increase of information induced by the addition of the spatial
references, may highlight different information and divert players’ attention from the
teammates positioning. Consequently, this modification in the available information is likely to
affect the level of team synchronization. Possibly, players become more focused with their own
positioning under the restricted-space condition by detuning their positioning with teammates
movements. In fact, the available literature has shown that when new information emerges,
players are able to narrow the opportunities for action by anticipating possible outcomes
(Bruineberg, Kiverstein, & Rietveld, 2016; Bruineberg & Rietveld, 2014; Friston, 2010),
leading to the emergence of goal-directed behaviours, (Davids et al., 2003; Seifert, Button, &
Davids, 2013a; Seifert, Komar, Araújo, & Davids, 2016). This self-organizing behaviour results
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from the players’ actions coupling with the environmental information (Araújo et al., 2006;
Davids et al., 2003; Gibson, 1979; Seifert et al., 2013a; Seifert et al., 2016).
Although insightful information has been provided by the available literature about players’
adaptation according to different spatial references (Gonçalves et al., 2016a; Travassos et al.,
2014; Vilar et al., 2014a), research in this topic is still scarce. Furthermore, coaches usually add
spatial references during SSG to amplify the players’ breath of attention and perceived stimuli
(Travassos et al., 2014). For example, in a defensive organisation task, coaches may specify the
penalty box as a spatial reference for the defenders to stay compact and aligned when the
opponents are approaching their target. Evidences from the use of different spatial references
in training drills have been found in different drills-based textbooks in football (Lennox,
Rayfield, & Steffen, 2006), rugby (Biscombe & Drewett, 2010), basketball (Rose, 2012) and
American football (Mallory, Nehlen, & Association, 2005). However, taking into consideration
that the presence of spatial references seems to induce different movement behaviours, further
research is need to better understand how these spatial references regulate players’ behaviour.
Therefore, the aim of this study was to examine the effects of adding spatial references during
football small-sided games in youth players’ tactical and physical performance. In this report,
we first hypothesized that adding spatial references modifies the spatial-temporal interactions
between players. In this sense, the spatial references were used to analyse whether it could help,
or not, the players to guide their behaviour during football SSG. By adding these references, it
was expected that players increase their positional regularity. Our second hypothesis is that the
spatial references may decrease the players activity profile.

3.2.3. Methods
Participants
Twelve youth football players (Age = 15.9 ± 0.8 y; Height = 172.8 ± 5.2 cm; Mass = 59.5 ± 5.2
kg; Peak running speed = 23.3 ±2.8 km.h-1; Years of experience = 8.9 ± 2.4 years) participated
in this study. All players were members of the same team and performed three training sessions
per week (90 to 105 minutes per session) and played an official game during the weekend at a
regional playing standard in a regular turf football field. Players had trained in the club for 5.0
± 2.6 years and have 42 weeks of training a year. Two goalkeepers were part of the study but
were excluded from the data analysis taking into consideration that their positioning is limited
to a specific pitch location. As consequence, their game dynamics are different from the outfield
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players (Gonçalves et al., 2016c). Coaches, players, and their parents, as well as the club,
provided informed and written consent before the beginning of the study. All participants were
notified that they could withdraw from the study at any time. The study protocol followed the
guidelines stated in the Declaration of Helsinki and was approved by the Local Ethics
Committee.
Study Design
The study design was based on a repeated measure approach under two experimental
conditions: (i) a control situation by playing without spatial references (CONTROL condition);
(ii) experimental situation by playing with spatial references (reference lines) by dividing the
pitch into three corridors and three sectors (LINES condition). For this purpose, the games were
played using Gk+6vs6+Gk SSG formats, as it provides the main team structure for the 11-aside (1 goalkeeper, 2 defenders, 3 midfielders and 1 forward) and it is widely used in youth
competitions (Barbero-Alvarez et al., 2015a). Additionally, it was previously shown that team’s
tactical performance is only relevant with, at least, a SSG format with a 4-a-side, where it is
provided the main team structure (1 defender, two midfielders and 1 forward) (Aguiar et al.,
2015).
Procedures
All players were tested during two sessions with one week apart. No familiarization session
was performed, since the players were already familiarized with the conditions used in this
study (this condition was performed four times in the previous month to data collection).
Furthermore, training tasks using spatial references during players training routines were
frequent. The order of each condition was set randomly. In both situations, the session started
with a standardized 15-min warm-up based on running and a ball possession game (6-a-side
without goals). Afterwards, the SSG condition was performed. In both SSG were played at the
same time of day, to avoid effects of circadian rhythms on the results, and under sunny
conditions (23º ± 6º).
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Experimental Task
For the SSG, the head coach selected the twelve best players from the team according to his
subjective evaluation of their technical, tactical and physical skills (Casamichana & Castellano,
2010a). Then, the players were divided into two balanced teams taking into account their
playing positions (e.g. players who played near to the pitch lateral lines during 11-a-side
matches, occupied positions near to the lateral corridors). Each team played two Gk+6v6+Gk
on an 62x43m artificial turf pitch (length x width; ~200m2 relative playing space per player).
This pitch size have been used in SSG involving at least 7 players per team (Castellano, Puente,
Echeazarra, Usabiaga, & Casamichana, 2016b), and using 7-a-side goals. Each team took part
in the two conditions, CONTROL and LINES. For this last condition, ten flat markers were
placed for each vertical and horizontal line, allowing to divide the pitch into three corridors and
three sectors, having each section the same size (See Figure 1a). The pitch division was based
on previous studies (Gonçalves et al., 2016a), however different distance between zones were
employed to allow to compare the players’ movement regularity across the different zones. The
SSG of each condition lasted for a total of 24-min including three bouts of 6 minutes
interspersed with a 3-min passive recovery period. Before the SSG, the players were instructed
to perform the task according their own playing positional role, and this was keep constant in
both testing days. That is, in both sessions, the players belong to the same team and played in
the same position. Several balls were placed around the field to ensure its replacement as fast
as possible, decreasing the time that the ball was out of play. No coach feedback or
encouragement was allowed during the conditions. The players were encouraged to hydrate
with water before the SSG and also in-between the bouts. Both sessions started at the same time
of the day and were completed within the same duration (90 minutes). The repeated measures
design from this study implied that each participant responses were measured in six different
SSG bouts.
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Figure 3.2.1. Representation of SSG task conditions: without (left figure – CONTROL) and with spatial references
(right figure – LINES); 1b. Players spatial movement regularity example for one bout of the SSG conditions. Left
figure represents the SSG without spatial references (CONTROL), while the right figure represents the SSG with
spatial references (LINES).
Mean±sd values were reported for each SSG condition. ApEn = approximate entropy.

Data Collection
Physical and Positional Data
Positional data and the distance covered during SSG were gathered using 5 Hz global
positioning system (GPS) units (SPI-PRO, GPSports, Canberra, ACT, Australia). The players’
latitude and longitude coordinates obtained through games units were exported and computed
using appropriate routines in Matlab® (MathWorks, Inc., Massachusetts, USA). Additionally,
missed data were re-sampled and the tracking error noise was reduced by smoothing the data
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based on a 3 Hz Butterworth low pass filter (see Folgado et al. (2014a) to data correction
guidelines).
The dynamic positional data of the players were used to determine the team stretch index per
minute (Travassos et al., 2014), the distance between teammates’ dyads (n = 15 dyads per team)
and the magnitude of the variability in the distance between players’, expressed by the
coefficient of variation (CV) (Gonçalves et al., 2016a). The approximate entropy (ApEn)
technique was applied to analyse the structure of variability expresses in regularity of the time
series corresponding to the stretch index and to the distance between players. The ApEn
outcome ranges from 0 to 2, in which lower values correspond to more repeatable patterns. For
example, values closer to 0 in the distance between dyads, means that the players dyads tend to
stay at the same distance in a more repeatable fashion. The imputed values used to compute
were 2 to vector length (m) and 0.2*std to the tolerance (r) (Yentes et al., 2013). The ApEn
variable was also applied to the players’ zones occupied (Regularity in Zones Occupied). For
this purpose, the pitch was divided into 9 zones (formed by the interceptions of pitch lines) and
the players’ displacements during the SSG were assigned to the corresponding pitch zone. Then,
in the time series corresponding to the movements in the zones occupied by the players was
applied the ApEn technique. The intra-team coordination tendencies were assessed based on
the time that teammates dyads spent synchronized in both longitudinal and lateral directions.
These two last variables were calculated with the Hilbert transform (Palut & Zanone, 2005) and
applied for all possible dyads for the six outfield teammates (possible 15 dyads). The near-inphase synchronization of each dyad was quantified by the percentage of time spent between 30º to 30º bin (near-in-phase mode of coordination) (Folgado et al., 2014a).
The total distance covered was recorded and three ratios were quantified to relate the distance
covered at high to very high (Higher Ratio: above 16 km/h), moderate (Moderate Ratio: 10.015.9 km/h) and low intensity (Lower Ratio: 7.0-9.9 km/h) with distance covered at very low
intensities (0.0-6.9 km/h) normalized for each 100m to allow comparisons (Abade et al., 2014).
Also, the players’ average speed displacements (km/h) was presented.
Statistical Analysis
A repeated measures t-test was used to compare the differences in the tactical and physical
performances according to the CONTROL and to the LINES conditions. The statistical analysis
was carried in SPSS Software® and significance was maintained at 5%. Complementary,
magnitude-based inferences and precision of estimation were applied (Batterham & Hopkins,
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2006; Wilkinson & Winter, 2018). Prior to the task conditions comparisons, all processed
variables were log-transformed to reduce the non-uniformity of error. A descriptive analysis
was reported as mean and standard deviations for all the considered variables (the mean shown
is the back-transformed mean of the log transform). Thus, the comparisons among game
conditions (CONTROL vs. LINES) were measured using standardized mean differences with
90% confidence intervals (Batterham & Hopkins, 2006; Hopkins et al., 2009; Wilkinson &
Winter, 2018). Thresholds for effect size statistics were: <0.2, trivial; 0.6, small; 1.20,
moderate; 2.0, large; and >2.0, very large (Hopkins et al., 2009). Differences in group means
were expressed in percentage units with 90% confidence limits (CL). Smallest worthwhile
differences were assessed using the standardized units multiplied by 0.2. Uncertainty in the true
effects of the conditions were evaluated through non-clinical magnitude-based inferences.
Magnitudes of clear effects were considered as the following scale: <0.5%, most unlikely; 0.55%, very unlikely; 5-25%, unlikely; 25 to 75%, possibly; 75% to 95%, likely; 95% to 99%,
very likely; >99%, most likely (Hopkins et al., 2009).

3.2.4. Results
Figure 1b presents the results for the stretch index, the approximate entropy from the stretch
index and regularity in zones occupied between the CONTROL and LINES conditions. The
results from the stretch index, despite no significant differences, revealed a small increase in
the LINES scenario compared with the CONTROL condition (mean difference; ±90%
confidence limits: 2.9; ±4.5%, possibly). Also, no significant differences were found between
conditions in the approximate entropy values of the stretch index (lower approximate entropy
values means more regular movement patterns). Nevertheless, the results showed a small
decrease in approximate entropy values of the stretch index (-15.4; ±14.8%, likely) during the
LINES condition compared to the CONTROL condition. In addition, small decreases in
approximate entropy values of the occupied zones (-14.3; ±9.3%, very likely; p = 0.003) was
found during the LINES compared to the CONTROL.
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Table 1. Descriptive and statistical analysis for positional and physical variables according to SSG conditions

Table 1 and Figure 2 presents the results from the comparison between CONTROL vs LINES
for the positional and physical variables. In the LINES scenario there was a small increase in
the coefficient of variation in the distance between the dyads (12.9; ±3.8%, most likely; p <
0.001) compared to the CONTROL. In contrast, the LINES condition presented a moderate
decrease in the approximate entropy values in the distance between dyads (-19.1; ±14.8%,
possibly; p < 0.001) compared to the CONTROL scenario. There was a small decrease in the
percentage of time that players spent synchronized in the longitudinal displacements (-5.6;
±2.9%, likely; p = 0.002) during the LINES compared with the CONTROL condition.

Figure 3.2.2. Standardized (Cohen) differences in positional and physical variables according to SSG condition
(control, CONTROL Vs experimental, LINES).
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. *p < 0.01; **p < 0.001.

106

Task Manipulations

From the physical performance, there was a small decrease in the average speed (-6.6; ±3.5%,
very likely; p = 0.002) during the LINES compared to the CONTROL condition. Also, a
moderate decrease in the low ratio (-11.3; ±2.9%, most likely; p < 0.001) and a small decrease
in the moderate ratio (-19.3; ±10.0%, very likely; p < 0.001) during the LINES compared to
the CONTROL were depicted.

3.2.5. Discussion
This study aimed to identify the effects of adding spatial references in the players’ tactical and
physical behaviour during football SSG. Overall, adding the spatial references induced higher
movement regularity (i.e., lower approximate entropy values) and increased the variability in
the distance between dyads. On the opposite, there was a decrease in the levels of team
synchronization, as well as, in both the average speed and distance covered at different speeds,
when the spatial references were added.
The players positioning is a consequence from the perceived opportunities for action and the
way of how individuals make use of the available information (Fajen et al., 2009a; Passos et
al., 2016b). Thus, it is possible that the use of spatial references modified the information that
sustained the players’ behaviours. In fact, the decreases in dyadic synchronizations with the
references lines, mainly for the longitudinal displacements, seems to confirm this evidence.
Overall, it seems that when spatial references are added to a SSG, players become more attuned
to their positioning according to these references than with teammates (Silva et al., 2014a).
Additionally, the results found in the approximate entropy values seems also to support these
findings. That is, lower approximate entropy variables values (distance between dyads and
regularity in zones occupied) were found in the pitch with spatial references (LINES). From
practical application, lower values represent high regularity in observed variables and as
consequence, more regular positioning of the players in this condition. For example, the
approximate entropy results from the regularity in the occupied zones revealed that players are
likely to move across zones in a more regular pattern (similar movements) in the pitch with
spatial references. These results provide important novel information regardless how the
players seem to co-adapt their behaviour according to different spatial references, such as the
presence of reference lines. Coaches should be aware that adding spatial references increase the
stability in players positioning but detune the players’ synchronization within teammates.
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Interestingly, no differences on the distance between players were found in this study,
suggesting that the players seek to maintain their structural stability even with the manipulation
in the task constraint. However, it also seems that to be able to maintain this stability during the
LINES condition, the players’ may have to increase the variability in their distance. That is,
during the LINES condition it was found lower longitudinal synchronization and higher
regularity, therefore, increasing the variability in the distance between players’ may have
emerged as a functional behaviour to maintain the team stability. In fact, the variability have
been considered as essential to face the perturbations that emerge from the dynamic
performance environment (Davids et al., 2003; Seifert et al., 2013b).
A better understanding of the players’ performance may be achieved when the physical and
tactical are analysed together, once players’ movement behaviour is influenced by how they
perceive the information and couple their decisions with the teammates actions (Folgado et al.,
2014a; Gonçalves et al., 2016c). In this sense, the lower average speed and distance covered at
low and moderate speeds found in the pitch with reference lines (LINES) may be linked with
the higher movement regularity. In turn, during the CONTROL condition, the players have to
move in order to maintain the team synchronization (Gonçalves et al., 2016a), which may
justify the increase in the distance covered at low and moderate speeds. This complementary
analysis between the positional and time-motion variables may also provide insightful
information to coaches. For instance, coaches should be aware of the physical requirements that
different tactical tasks might have on players to properly plan the short- and mid-term
schedules.
Whilst this study adds novel and important findings regarding the effects of the spatial
references on the players’ movement behaviour, some limitations should be acknowledged.
Firstly, although the use of spatial references was familiar for the players, based on their usual
application during the training routines, different results may been found with larger sample
sizes and participants unfamiliar with the tasks. Furthermore, it is also possible that different
results may emerge with older players and with players of different expertise, since they interact
differently with the environmental information (Seifert et al., 2016).
Practical Applications
The spatial references were shown to increase the players’ movement regularity. In this sense,
adding spatial references may emerge as an alternative solution to develop the players specific
positioning movements behaviours and to manage the physical performance during football
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SSG. Also, these results may suggest the use of spatial references to develop the team defensive
organization, where a more structured pattern of play may be required. Contrarily, the increase
in the players’ movement synchronization without spatial references suggest that they are more
coupled with teammates. Therefore, game-bases situations without reference lines may be used
to train the team offensive movement patterns, whereas a lower structured playing style is
intended to create instability in the opponents’ defence. These findings highlight that different
movement behaviours emerged as result of the spatial references.

3.2.6. Conclusions
The results from this study show that different self-organized behaviours emerged during
football SSG as consequence of the spatial references. Accordingly, higher movement
regularity was found in the LINES scenario, possible as consequence of a modification in the
information induced by the reference lines (more space related). In contrast, higher movement
synchronization was found during the CONTROL condition, suggesting that the players’ guide
their behaviour on teammates positioning when no spatial references are available. In addition,
to maintain this synchrony, the players’ have to move, which justify the higher average speed
and distance covered at low and moderate speeds found in the CONTROL condition. Overall,
these results provide insightful information that team sport coaches should acknowledge when
design training tasks aiming to develop players’ tactical behaviour.
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4.1.1. Abstract
This study aimed to identify the effects of different pitch configurations on youth players
positional and physical performances. Forty players participated in a Gk+5vs5+Gk small-sided
game under four conditions: regular condition (regular), pitch with the direction of competitive
matches; sided condition (sided), goals were changed to width; different pitch orientation
(≠orientation), performed in side-to-side line compared to competitive matches; dynamic pitch
(dynamic), boundaries were randomly changed every minute by: regular pitch; decrease 6m
width; diamond shape. The following variables were considered: players’ effective playing
space, distance between teammates’ dyads time spent synchronized, average speed and a ratio
between the distance covered at different intensities and distance covered while recovering
Overall, players exhibited better performances in pitches that are more representative of the
environmental information seen during competitive matches (regular and ≠orientation).
However, coaches may also use different boundary conditions to promote the players’ ability
to adapt to different context information.
Keywords: tactical variables; GPS; time-motion analysis; spatial references; soccer;
variability; complex system.
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4.1.2. Introduction
Soccer is an invasion team sport where two opposing teams dynamically compete in space and
time to gain advantage over the opponents (Folgado et al., 2014a; Passos et al., 2016b). This
advantage is dependent on the players’ ability to interact with the environmental information
and unfold functional movement behaviours (Coutinho et al., 2018a; Gonçalves et al., 2016c;
Passos et al., 2016b; Travassos et al., 2014). However, since this information changes over
time, training sessions should develop players’ ability to deal with these complex and dynamic
environments (Sampaio & Maçãs, 2012). Based on these assumptions, small-sided games
(SSG) seems to be considered as a useful training tool to develop players’ physical, technical
and tactical behaviours (Clemente et al., 2018; Clemente, Wong, Martins, & Mendes, 2014;
Coutinho et al., 2018b; Hill-Haas et al., 2011; Selmi, Gonçalves, Ouergui, Sampaio, &
Bouassida, 2018), while it also exposes the players to these changes in the environmental
information (Davids et al., 2013; Ric et al., 2016a). Furthermore, an advantage of SSG is that
by manipulating specific task constraints it is possible to highlight the relevant information
from the environment, that the players should use to support their movement behaviours
(Davids et al., 2013; Gonçalves et al., 2016c; Travassos et al., 2014). For example, a previous
study analysed the players’ performance during a 5-a-side SSG while manipulating the number
of targets from 2 to 6 (Travassos et al., 2014). It was found an increase in the time spent in the
defensive sectors and in the lateral corridors, as well as a higher distance between teams during
the SSG with 6 targets. Accordingly, the change in the number of targets, and consequently,
the environmental information promoted different tactical behaviours on the teams. In this
regard, both coaches and sport scientists should acknowledge how the different changes in the
task rules may modify the information available, and consequently, the players’ movement
behaviour.
Several studies have been developed to better understand how changes in the task constraints,
such as pitch size or spatial references, impacts the players physical performance (Clemente et
al., 2018; Clemente et al., 2014; Gonçalves et al., 2016b; Hill-Haas et al., 2011; Lacome,
Simpson, Cholley, & Buchheit, 2018; Olthof, Frencken, & Lemmink, 2017a; Owen, Wong,
McKenna, & Dellal, 2011). For example, Casamichana and Castellano (2010b) analysed the
effect of three pitch sizes on the players physical and physiological performances and found
that players covered more total distance, distance covered in low, medium and high-intensity
running, distance covered per minute and maximum speed when the pitch size was increased.
While the results clearly show that increases in pitches size lead to higher physical demands, to
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our knowledge no study to date has identified the players’ activity demands in pitches with
different configurations. For example, playing in a pitch with higher width than length (width
x length, 36x25m) may induce different physical demands than in a pitch with the opposite
configuration (25x36m). Understanding the physical impact of each training task on the players
have been considered as fundamental by the available literature, since these tasks should allow
the players to be exposed to stimulus similar to those that they face during the competitive
matches (Abade et al., 2014; Martin-Garcia, Gomez Diaz, Bradley, Morera, & Casamichana,
2018). For instance, players are continuously required to modify their movement pattern from
low intensity to high-intensity activities during matches (Carling, Gall, & Dupont, 2012;
Martin-Garcia et al., 2018; Taylor, Wright, Dischiavi, Townsend, & Marmon, 2017). As so, it
is important to monitor and control the training tasks (Selmi, Marzouki, Ouergui, BenKhalifa,
& Bouassida, 2018), in order to promote optimal training adaptations that allow players to be
prepared for the competition demands (Abade et al., 2014). However, the literature is scarce in
describing the intermittent activity of the players during pitch with different configurations
designs. Considering that coaches seem to use these type of tasks during training sessions, e.g.
pitches with higher width than length (Matkovich & Davis, 2009), it is important to understand
its effects on the players’ physical demands.
While the analysis of the physical profile variation according to the task constraints has been
extensively investigated, in turn, the effects of manipulation of the different constraints on
tactical behaviour are still scarce (Aguiar et al., 2015; Frencken, Van der Plaats, Visscher, &
Lemmink, 2013; Gonçalves et al., 2016c). For example, Frencken et al. (2013) analysed how
decreasing the pitch width, pitch length and both pitch width and length compared to a control
situation affected players’ movement behaviour. The results showed that players decreased
their longitudinal and lateral inter-team distance, as well as the surface area, a result of
decreasing the pitch size. While this study adds important and novel findings regarding how
players adapt their movement behaviour according to changes in the pitch width and length, in
turn, no study to date has analysed how different pitch orientations (e.g., playing in the official
pitch length direction or in the pitch width direction) might lead to different movement
behaviours.
Overall, these game-based situations help players to be attuned to the key information that
sustains the emergence of functional movement behaviours over the game (Coutinho et al.,
2018a; Davids et al., 2013; Travassos et al., 2012b). In this regard, the coaches aim is to
manipulate the key task constraints to highlight the relevant information and help players to
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properly sustain their movement behaviours on this information. Considering that this
information is constantly changing, coaches may increase the levels of task variability to
promote also the ability to cope with these dynamic environments. In fact, the variability has
been related to higher levels of learning (Herzfeld & Shadmehr, 2014), better attunement with
environment information (Seifert et al., 2013a) and leading to the emergence of functional
exploratory behaviours (Coutinho et al., 2018c; Santos et al., 2016b; Schollhorn et al., 2009).
While the previous reports claim the key role of the variability in overall performance
development, in turn, no study to date has analysed how this variability may modify players
behaviour during game-based tasks. Accordingly, this variability may be achieved by
modifying the tasks constraints during the task itself, such as modifying the pitch size during
the game without having to stop it. This type of dynamic constraints may emerge as a useful
solution to increase variability so that the players may be required to constantly adapt their
actions based on the new configurations of play and the resultant information available.
However, research in this domain is scarce and it would be important to understand how players
adjust their movement patterns during these dynamic tasks.
Despite previous considerations, the manipulation of SSG and the effect of such manipulations
should also account with the age, the level of expertise or the level of game knowledge of the
players (Bekris, Gissis, Ispyrlidis, Mylonis, & Axeti, 2018). In fact, it has been suggested that
players from different age groups interact differently with the surrounding information, leading
to distinct movement behaviours (Barnabé, Volossovitch, Duarte, Ferreira, & Davids, 2016;
Folgado et al., 2014b; Olthof et al., 2017a). For example, Folgado et al. (2014b) found that
older age groups showed higher commitment with the soccer principles of play, such as
stretching and creating space. However, more information on how youth players deal with
different task constraints is needed, as well as how their movement behaviour adapts to dynamic
task constraints. Therefore, the present study aims to identify the effects of different pitch
configurations design on positioning and physical behaviour of U13 and U15 soccer players.

4.1.3. Methods
Subjects
Forty youth soccer players from two age groups, under-13 and under-15 (participated in this
study (table 1). The sample size was calculated with G*Power (Version 3.1.5.1 Institut für
Experimentelle Psychologie, Düsseldorf, Germany) for an effect size of 0.6, an α of 0.05, and
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a power of 0.8 (1–β) (Faul, Erdfelder, Lang, & Buchner, 2007b). The total sample size
computed by this method was a minimum of 19 players. Two goalkeepers were part of the study
but were excluded from the data analysis, once their positioning is very restricted to a specific
pitch area and their game dynamics are different from the outfield players. An informed and
written consent was provided to the coaches, players, and their parents, as well as by the club,
before the beginning of the study. All participants were notified that they could withdraw from
the study at any time. The study protocol followed the guidelines stated in the Declaration of
Helsinki and was approved by the Local Ethics Committee.
Table 1. Participants characteristics

Table 4.1.1. Participants characteristics
Age Groups

N

Age
(years)

Height
(cm)

Mass
(kg)

Playing Experience
(years)
4.9±2.7

Training sessions per
week (n)
3

Training session
duration (min)
~90

Competitive Matches
per week (n)
1

Official Pitch
Size (m)
64x43m

Under-13

20

11.3±0.5

152.3±6.9

38.0±9.3

Under-15

20

13.3±0.6

161.4±8.1

55.8±6.9

7.0±1.6

4

90 - 105

1

104x64m

Procedures
All players were tested during two sessions in the competitive period (February). While in the
first session, the players were familiarized with SSG conditions, the second session was used
for testing purposes. Four teams of the same age performed each game situation, accounting
for 2 game situations in each condition per age group. Before the experimental tasks, the players
performed a standardized 15-min warm-up based on running and a ball possession game (5-aside without goals), followed by the 4 conditions. Accordingly, each condition lasted for 6-min,
interspersed by a 3-min of passive rest between conditions, accounting for a total time of 33min. All SSG were played with the official game rules, apart from the offside that was not
applied. Before the SSG, the players were instructed to perform the task according to their own
playing positional role. Several balls were placed around the field to ensure its replacement as
fast as possible, decreasing the time that the ball was out of play. No coach feedback or
encouragement was allowed during the conditions.
Experimental Task
The team composition was established by the head coach based on his subjective evaluation of
the players technical, tactical, physical skills and participation in competitive matches
(Casamichana & Castellano, 2010b). Accordingly, each team played in the Gk+1+3+1
formation, and therefore, it was composed by one goalkeeper, one central defender, three
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midfielders and one forward. The SSG consisted of a Gk+5vs5+Gk SSG on an artificial turf
pitch measuring 36m x 25m (length x width), and it was played once by each team under four
experimental scenarios (see Figure 1): (i) regular pitch (regular), the SSG was performed in the
same goal-to-goal direction that players usually play in reference to official match pitch
(average playing area per player = 75 m2); (ii) sided pitch (sided), the targets locations were
changed from the pitch length to the pitch width (higher width than length; average playing
area per player = 75 m2); (iii) different orientation pitch (≠orientation), taking as reference the
official pitch, the SSG was performed in the side line to side line direction (lateral to lateral;
average playing area per player = 75 m2); (iv) dynamic pitch (dynamic), the pitch boundaries
were randomly changed at every minute for one of the following scenarios: regular pitch
(average playing area per player = 75 m2); small pitch (average playing area per player = 58
m2); diamond pitch (average playing area per player = ~29 m2). The order of the SSG was kept
constant in both teams and age groups to allow the comparison of the results. However, in the
last condition (dynamic), there were three scenarios that were firstly random assigned (e.g.,
regular, diamond, small, regular, small, diamond), and then applied in the same order to all
teams and age groups. In addition, during this last condition, the players were exposed twice to
each space (2 min). All the conditions have the same pitch area (900m2), apart from the dynamic
condition, in which the small and diamond shape scenarios presented smaller areas (small =
700m2; and diamond shape = 350m2).
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Figure 4.1.1. Schematic representation of the SSG pitch designs.

Pitch Positioning Derived-Variables
Positional data, the distance covered and game pace during the SSG conditions were gathered
using 5 Hz global positioning system (GPS) units (SPI-PRO, GPSports, Canberra, ACT,
Australia). Validity and reliability of these systems had already been provided (Coutts &
Duffield, 2010a; Johnston et al., 2012). The typical error measurement is below 5% when
considering the total distance covered and between 5% and 10% during peak speed (Johnston
et al., 2012). During data collection, the number of satellites connected with each device was
9.2 ± 1.1. The players’ latitude and longitude coordinates obtained through the GPS units were
exported and processed using appropriate routines in Matlab® (MathWorks, Inc.,
Massachusetts, USA) (see Folgado et al. (2014a) for data correction guidelines). The total
distance covered was used and three distance ratios were processed to relate the distance
covered at high to very high (Higher Ratio: above 16 km/h), moderate (Moderate Ratio: 10.015.9 km/h) and low intensity (Lower Ratio: 7.0-9.9 km/h) with distance covered at very low
intensities (0.0-6.9 km/h) normalized for each 100m to allow comparisons (Abade et al., 2014).
These type of work ratios have been used by the available literature to compare and describe
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the activity demands between different conditions (Casamichana, Castellano, & Castagna,
2012; Coutinho et al., 2018b; Ferraz et al., 2018). From a practical application point of view,
this variable allows understanding how much distance the players cover at the different speeds
taking into consideration 100m while walking. From a processing perspective, and taking the
high ratio as an example, it is calculated with the following formula: (distance covered in the
high ratio/distance covered while walking)*100, i.e., if a player covered 200m while walking
(< 6.9 km/h) and 25 at high speed (> 16.0 km/h) during a game situation, the player’s ratio is
12.5m, meaning that for each 100m covered while walking, 12.5 m were performed at high
speed. Also, the players’ average speed displacement (km/h) was used to identify the game
pace. The dynamic positional data of the players were used to determine the team effective
playing space, processed from the smallest convex hull, that is the smallest polygonal area that
it is delimited by the peripheral players (Gonçalves et al., 2018b; Gonçalves et al., 2016c). Also,
the distance between teammates’ dyads (n = 10 dyads per team) was computed (Folgado et al.,
2015). The level of intra-team coordination tendencies was assessed through the time that
teammates dyads spent synchronized in both longitudinal and lateral directions. These two last
variables were calculated using the Hilbert transform (Palut & Zanone, 2005) and applied for
all possible dyads for the five outfield teammates. The near-in-phase synchronization of each
dyad was quantified according to the percentage of time spent between -30º to 30º bin (near-inphase mode of coordination) (Folgado et al., 2014a).
Statistical Analysis
The comparisons between the conditions were analysed with a specific spreadsheet for postonly crossover trial (Hopkins, 2006; Hopkins et al., 2009). The physical and positional related
variables effects were estimated in percent units through log-transformation (to reduce the nonuniformity of error) and uncertainty in the estimate was expressed as 90% confidence limits.
Smallest worthwhile differences were measured using the standardized units multiplied by 0.2
(Hopkins, 2004). Uncertainty in the true effects of the conditions was assessed based on nonclinical magnitude-based inferences. Probabilities were reported using the following scale:
>5%, unclear; 25 to 75%, possibly; 75% to 95%, likely; 95% to 99%, very likely; >99%, most
likely (Hopkins et al., 2009). Standardized (Cohen) mean differences and respective 90%
confidence intervals were also computed as magnitude of observed effects, and, thresholds
were: <0.2, trivial; 0.6, small; 1.20, moderate; 2.0, large; and >2.0, very large (Hopkins et al.,
2009).
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4.1.4. Results
Physical Performance
Table 2 and Figure 2 shows the physical variables outcome comparisons among considered
SSG scenarios in U13 age group. Overall, higher values were found in the regular condition.
Accordingly, higher game pace and total distance covered were found in the regular scenario,
which shown very likely higher values than sided and dynamic conditions, and possibly higher
than ≠orientation scenario. Similarly, higher distance covered at higher speeds was found in the
regular condition, which shown very likely higher values than the sided condition and likely
higher than the ≠orientation and dynamic scenarios. Also, the regular condition presented most
likely higher values in the moderate ratio than sided scenario and very likely higher than the
dynamic condition. The results also showed higher values in the low ratio in the regular
condition than the other scenarios.
Table 3 and Figure 3 shows the physical variables outcome comparisons among considered
SSG scenarios in U15 age group. The results revealed higher mean values in all variables for
the regular condition. In this sense, the regular condition showed most likely higher values in
the game pace and total distance covered than the sided and dynamic conditions and then the
≠orientation scenario. The regular condition has also presented likely/most likely higher mean
values in the distance covered in the moderate and low ratios than the sided, than the
≠orientation and the dynamic condition.
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Table 4.1.2. Descriptive physical and movement behaviour variables (mean±SD). Difference in means and
Table 12. Descriptive physical and movement behaviour variables (mean±SD). Difference in means and uncertainty in the true differences
uncertainty
in the
truethedifferences
considered pitch SSG scenarios for the U13 age group
comparisons
among
considered pitchcomparisons
SSG scenarios for among
the U13 agethe
group
U13 Age Group
Variables

Smallest
Worthwhile
Change (%)

Regular
(Mean±SD)

Sided
(Mean±SD)

≠Orientation Dynamic
(Mean±SD)
(Mean±SD)

Effective Playing Space (m2)

62.94±14.18

57.66±9.90

75.81±25.33

58.43±14.61

5.0

Distance between Dyads (m)

8.19±1.92

8.07±1.93

9.29±2.48

8.22±1.97

4.9

Longitudinal Synchronization (%)

61.61±8.23

46.28±7.88

56.56±13.64

54.25±12.70

4.2

Lateral Synchronization (%)

49.36±9.74

49.27±10.62

47.23±13.79

37.63±12.27

5.8

Game Pace (km/h)

5.12±0.87

4.58±0.84

4.88±0.70

4.27±0.86

Total Distance Covered (m)

511.38±87.92

458.16±84.37

488.23±69.95

High Ratio (m/100m)

5.59±5.90

1.74±2.95

Moderate Ratio (m/100m)

44.65±23.18

Low Ratio (m/100m)

148.32±14.62

Difference in means (%; ±90% CL)
Uncertainty in the true differences
Regular vs
Regular vs
Regular vs
Sided
≠Orientation
Dynamic

Positional Variables
-7.5; ±10.8
Possibly ↓
-1.6; ±3.5
Likely Trivial
-25.2; ±3.5
Most Likely ↓
-0.6; ±5.4
Likely Trivial

17.2; ±15.9
Likely ↑
12.5; ±4.6
Most Likely ↓
-10.0; ±5.3
Very Likely ↓
-6.9; ±6.6
Possibly ↓

-7.5; ±10.6
Possibly ↓
0.2; ±3.6
Very Likely Trivial
-14.2; ±6.5
Very Likely ↓
-26.8; ±7.0
Most Likely ↓

3.9

-10.6; ±3.0
Most Likely ↓

-4.2; ±4.4
Possibly ↓

-17.1; ±4.1
Most likely ↓

427.41±86.32

3.9

-10.5; ±3.1
Most Likely ↓

-4.0; ±4.3
Possibly ↓

-16.9; ±4.1
Most likely ↓

2.73±3.35

2.91±4.25

27.0

30.07±13.83

38.06±14.69

29.22±13.36

11.9

143.32±17.01

144.90±14.25

133.65±12.13

-74.0; ±19.7
Very Likely ↓
-28.7; ±8.1
Most Likely ↓
-3.5; ±2.5
Likely ↓

-51.9; ±31.3
Likely ↓
-5.3; ±18.5
Unclear
-2.3; ±3.3
Possibly ↓

-59.6; ±32.2
Likely ↓
-28.9; ±13.9
Very Likely ↓
-9.8; ±2.5
Most Likely ↓

Physical Variables

2.1

Note: CL = Confidence limits. Symbols: ↓=decrease; ↑=increase.

Note: CL = Confidence limits. Symbols: ↓=decrease; ↑=increase.

Figure 4.1.2. Standardized (Cohen) differences in the positional and physical variables between the SSG scenarios
according to the U13 age group.
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Abbreviations: m= meters;
Sync = Synchronization.

Tactical behaviour
Table 2 and Figure 2 presents the comparisons of the positional variables among considered
SSG scenarios in U13 age group. The results showed a likely lower EPS values in the regular
condition compared to the ≠orientation condition, however the regular condition it also
presented possibly higher values in the EPS than both sided and dynamic conditions. In the
regular condition, there was a most likely decrease in the distance between dyads compared to
the ≠orientation scenario. The percentage of time spent synchronized in the longitudinal
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direction revealed most likely higher values for the regular than sided, and a very likely higher
values for the regular scenario when comparing with both the ≠orientation and dynamic.
Table 4.1.3. Descriptive physical movement behaviour variables (mean±SD). Difference in means and uncertainty
Table 23. Descriptive physical movement behaviour variables (mean±SD). Difference in means and uncertainty in the true differences
in the true
differences
among
theforconsidered
pitch SSG scenarios for the U15 age group
comparisons
among thecomparisons
considered pitch SSG
scenarios
the U15 age group
U15 Age Group
Variables

Smallest
Worthwhile
Change (%)

Regular
(Mean±SD)

Sided
(Mean±SD)

≠Orientation Dynamic
(Mean±SD)
(Mean±SD)

Effective Playing Space (m2)

90.87±20.03

84.87±17.52

87.72±12.58

72.76±16.32

4.1

Distance between Dyads (m)

9.94±2.30

9.76±2.30

9.90±2.08

9.12±2.17

4.6

Longitudinal Synchronization (%)

49.81±8.30

38.59±8.38

45.85±15.61

51.11±10.55

5.3

Lateral Synchronization (%)

38.90±11.15

36.46±15.30

36.26±11.93

33.21±10.61

8.1

Game Pace (km/h)

5.93±0.48

5.22±0.53

5.53±0.41

5.13±0.63

2.0

Total Distance Covered (m)

592.37±47.22

520.57±52.73

552.47±40.38

512.17±62.96

2.0

High Ratio (m/100m)

7.06±5.81

4.03±3.55

5.34±6.47

4.34±6.62

27.2

Moderate Ratio (m/100m)

148.80±36.76

105.15±31.65

129.91±39.54

105.62±50.94

7.9

Low Ratio (m/100m)

158.89±16.63

146.24±12.74

146.50±10.93

143.11±11.43

1.7

Difference in means (%; ±90% CL)
Uncertainty in the true differences
Regular vs
Regular vs
Regular vs
Sided
≠Orientation
Dynamic

Positional Variables
-6.0; ±7.8
Possible ↓
-2.0; ±4.0
Likely Trivial
-23.2; ±4.3
Most Likely ↓
-11.0; ±11.5
Possible ↓

-2.1; ±8.7
Unclear
0.0; ±4.0
Likely Trivial
-12.3; ±9.5
Likely ↓
-8.6; ±9.6
Possible ↓

-20.0; ±6.8
Most Likely ↓
-8.3; ±3.3
Very Likely ↓
2.0; ±6.6
Likely Trivial
-15.2; ±9.7
Likely ↓

-12.2; ±2.1
Most Likely ↓
-12.3; ±2.1
Most Likely ↓

-6.7; ±2.2
Most Likely ↓
-6.7; ±2.1
Most Likely ↓

-13.9; ±2.9
Most Likely↓
-13.9; ±2.9
Most Likely↓

-29.7; ±45.6
Unclear
-30.5; ±6.7
Most Likely ↓
-7.8; ±2.4
Most Likely ↓

20.5; ±95.5
Unclear
-13.9; ±10.6
Likely ↓
-7.6; ±2.6
Most Likely ↓

-45.0; ±66.5
Unclear
-35.5; ±12.1
Most Likely ↓
-9.7; ±3.1
Most Likely ↓

Physical Variables

Note: CL = Confidence limits. Symbols: ↓=decrease; ↑=increase.

Note: CL = Confidence limits. Symbols: ↓=decrease; ↑=increase.

Table 3 and Figure 3 presents the comparisons of the positional variables among considered
SSG scenarios in the U15 age group. The results from the EPS showed higher values for the
regular scenario, with possibly higher values compared to the sided and most likely higher than
the dynamic condition. Following the higher values in EPS, the regular condition also revealed
very likely higher values in the distance between dyads than the dynamic condition. The results
from the time spent synchronized in the longitudinal direction showed a most likely higher
values for the regular condition than in the sided condition (moderate effects), and likely higher
than in the ≠orientation (small effects). Finally, the regular condition presented possibly higher
time spent synchronized in the lateral direction than the sided and ≠orientation scenarios and
likely higher than the dynamic condition.
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Figure 4.1.3. Standardized (Cohen) differences in the positional and physical variables between the SSG scenarios
according to the U15 age group.
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Abbreviations: m= meters; Sync =
Synchronization

4.1.5. Discussion
This study aimed to identify the effects of different pitch configurations design on the tactical
and physical behaviour of U13 and U15 soccer players. Overall, different pitch configurations
impacted the players’ physical performance and their movement behaviour. Previous report has
claimed that players’ exhibit better performances at home matches, partially because they have
a higher facility familiarity (Gómez, Gómez-Lopez, Lago, & Sampaio, 2012). In this regard, is
it possible that the higher values found in almost all variables for the regular condition may be
related with a higher attunement of players to the key information that players should use to
perform during both training sessions and competitive matches.
From the physical perspective, higher mean values were observed for almost all of the variables
for the regular scenario. Accordingly, a better understanding of players performance may be
achieved if it is considered the complementary relation between the time-motion variables and
players positioning (Folgado et al., 2014a). In fact, previous research found that the total
distance covered during a testing task performed in the beginning and in the final of the
preseason decreased as result of the increased movement synchronization (Folgado, Gonçalves,
& Sampaio, 2018). As so, and considering the teams were more dispersed and the distance
between players were higher during the regular scenario, is it possible that the players may have
to perform more demanding movements in specific moments, to improve the spatial
equilibrium on the field, such as ball loss moments. Furthermore, the regular condition revealed
in general higher movement synchronization in both longitudinal and lateral directions.
Accordingly, it has been shown that players are required to move in order to maintain this team
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synchrony (Gonçalves et al., 2016b), which may also have impacted their physical
performance. In addition, it has been highlighted that the training tasks may apply a similar
stimulus as those found in competition (Abade et al., 2014; Carling et al., 2012). In this regard,
it has been found that the amount of high-intensity running has increased during the last years
(Martin-Garcia et al., 2018), and therefore, the training tasks may be able to cope with these
demands. The results from this study revealed that higher values at the high distance ratio were
found in the regular condition. Therefore, coaches may use this task to increase the distance
covered at high intensity, while at the same time promote team dispersion and movement
synchronization.
The time that the players spent synchronized in both the longitudinal and lateral directions have
been used to better understand the level of interpersonal synchronization within dyads of
players (Folgado et al., 2014a; Folgado et al., 2015; Folgado et al., 2018). While this movement
synchrony seems to be dependent on the players’ local proximity during senior level players
(Folgado et al., 2014a), in turn, youth players may be more dependent on the pitch spatial
references. That is, in both age groups high values of longitudinal synchronization were found
in the regular condition. Thus, it may be possible that less experienced players may not possess
sufficient game knowledge to perceive and adapt their movement behaviour based on
teammates positioning, and therefore, they may rely their position based on specific spatial
references, such as target location.
Interesting results were also found in the time spent synchronized in the lateral direction.
Although the sided pitch presented higher width than length, this pitch configuration did not
lead to a higher time spent synchronized compared to the regular condition. Accordingly, these
results may be linked with a higher use of pitch length than the width in younger age groups.
In fact, previous reports have shown that less experienced age groups usually show higher
values of length than width, possibly because they seek to approach the target as soon as
possible by using the pitch length (Barnabé et al., 2016; Folgado et al., 2014b; Olthof et al.,
2015). However, coaches could use pitches with higher width than length to expose players to
these situations so that they become more aware of perceiving and use the available lateral
space.
Higher mean values of team dispersion in both age groups were found in both the regular and
≠orientation scenarios. Considering that youth players may adjust more their positioning based
on spatial references, such as the distance and angle to the target (Laakso et al., 2017b), the
target location (Travassos et al., 2014), or the sectorial and corridor lines (Coutinho et al.,
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2018a) and less on teammates compared to senior players (Gonçalves et al., 2016b), it is
possible proper positioning’s in youth players may emerge when the task environmental cues
are more similar to those found in real match contexts. Therefore, players might have felt ease
in perceiving and using the available space in both the regular and orientation scenarios, due to
their higher similarity to competitive matches. While it has been highlighted that training tasks
should simulate the same perceptual motor-landscape that the players face during the
competition (Olthof et al., 2017a; Travassos et al., 2012b), the key role of movement variability
in developing players performance has also been increasingly recognized (Seifert et al., 2013a).
Thus, exposing the players to different pitch configurations, e.g., the sided or dynamic
scenarios, may emerge as an optimal solution to induce movement variability. Additionality, it
is not surprising the higher values found in the distance between dyads during the regular
scenario for both age groups, since this condition showed higher team dispersion.
This study points out new insights related with players’ movement behaviour and physical
performance according to different pitch configurations, however, the results may be limited
by the reduced number of game situations performed in each SSG condition since it was only
performed two game situations per SSG condition. Additionally, despite the overall data
collection did not exceed the 33-min, in turn, the SSG conditions were performed always in the
same order and thus is it possible that the players’ performance in the last conditions may have
been affected by their activity in the first game scenarios. Therefore, future studies should
account with the order of these game scenarios to better provide an understanding of its effects.
Finally, future studies should also aim to compare the effects of the tasks between age groups.
Overall, coaches may use the regular condition to promote the players’ movement
synchronization, team dispersion and higher physical demands. Considering the similar values
between the regular and ≠orientation scenarios, coaches may use the second situation during
away games to decrease the players’ dependency on the spatial references. Additionally,
coaches may also use the sided and dynamic conditions, not only to promote task variability,
as well as to promote the players’ ability to adapt to the different environmental information
that sustains their individual and collective behaviour (Coutinho et al., 2018c). The results from
this study suggest that the pitch configuration is an important constraint to be considered by the
coaches when designing training tasks for tactical and physical aims.
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4.1.6. Conclusion
Changing the pitch configuration has greatly impacted players positional decisions.
Accordingly, higher values were found in the regular condition, which is the condition most
similar to full sized matches, suggesting that this type of tasks are more representative in
relation to available information with the one found in competitive matches, mainly at home
matches. However, considering that players may have to deal with different spatial references
in away matches, the ≠orientation may be more suitable to decrease the players’ dependence
on specific spatial references, since this scenario has also revealed high values in most of the
variables. Additionally, as youth players seem to be dependent on references to sustain their
positional decisions, therefore using different pitch configurations might help players to
improve their ability to identify the most relevant cues that support the emergence of functional
behaviours.
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4.2.1. Abstract
The aim of this study was to identify the effects of a complementary training program based on
differential learning approach in the physical, technical, creative and positioning performance
of youth football attackers. Fifteen players were allocated into the control (U15C = 9, age:
13.9±0.5 years; U17C = 6, age: 16.1±0.7 years) and the experimental (U15E = 9, age: 14.2±0.8
years; U17E = 6, age: 15.8±0.5 years) groups. The experimental groups participated in 10weeks of a complementary training program based on differential learning approach to improve
physical literacy and players’ tactical behavior. Variables studied encompassed: motor (vertical
jump, speed and repeated change-of direction), technical (pass, dribble and shot), creative
(fluency, attempts, versatility) and positioning-related variables (stretch index, spatial
exploration index and regularity of the lateral and longitudinal movements). Results revealed
that U15E improved both the jump and repeated change-of-direction performance, while the
U17E have only improved the jump performance. The U15E showed improvements in all
technical variables (small to large effects), and in the fluency and versatility (moderate effects),
while the U17 have only improved the successful shots (large effects). From a positional
perspective, there was a moderate increase in the stretch index, and decreased longitudinal and
lateral regularity (small to moderate effects) in the U15E compared to the U15C. In turn, the
U17E revealed a moderate increase of the spatial exploration index and a small decrease in the
stretch index. Overall, the results suggest that the complementary training program was
effective for the development of the overall performance of the U15E attackers, while more
time and/or variability may be needed for older age groups. Nevertheless, the overall higher
values found in experimental groups, may suggest that this type of complementary training
program improves performance.
Keywords: Positioning variables; Motor performance; Technical performance; Creative
Behavior; Differential learning; Physical literacy.
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4.2.2. Introduction
Football is a team sport where two opposing teams dynamically compete for space and time to
gain advantage over the opponents (Folgado et al., 2014a). Nowadays, performance is being
analyzed by describing how players adapt their movement behaviors based on the dynamic
configurations of play (Folgado et al., 2014a; Gonçalves et al., 2016a) and changes in the
environment (Travassos et al., 2012b). The game has become faster, more intense and compact
during the last years (Wallace & Norton, 2014), which requires from players more abilities to
interact with the teammates and opponents to maintain functionality of performance. According
to that, training programs and practice tasks designed to improve the players’ overall
performance should be focused on promoting adaptability through an increase on variability of
goals or contexts of practice (Santos et al., 2016b; Schöllhorn et al., 2012; Schöllhorn et al.,
2009; Travassos et al., 2012b). Especially, the increasing use of defensive strategies, the
concentration of players in the central zones of the pitch and the numerical unbalance that
attackers usually face (Castañer, Barreira, & Camerino, 2016; Wallace & Norton, 2014),
requires players with more unpredictable and creative movement patterns.
In fact, to the attackers is assigned the ultimate responsibility of scoring goals when in
possession and need to act as the first element of defense when out of possession (Lennox,
Rayfield, Steffen, & America, 2006). For accomplishing these various type of specific
behaviors, the youth attackers cover around 8000 m during the game, with 686 m being above
19.1 km.h-1 (Buchheit, Mendez-Villanueva, Simpson, & Bourdon, 2010). This ability to cover
distance at high intensities seems to be of high importance in youth attackers (Buchheit et al.,
2010), once the sprinting ability has been considered a key performance indicator in goal
situations (Faude, Koch, & Meyer, 2012). This data highlights the importance of the physical
performance of youth attackers positional role. From the technical perspective, during the
match the attackers perform an average of 26 to 44 passes (70 to 82% of accuracy), 1 to 2
dribbles, 1 to 2 shots on target and 87 to 90 touches in the ball per match (Dellal et al., 2011b;
Liu et al., 2015). Furthermore, their proximity to the opponent’s target and defense require them
to perform more versatile and creative technical actions so that they may become more
unpredictable to their opponents (Castañer et al., 2016; Duarte et al., 2012; Laakso, Travassos,
Liukkonen, & Davids, 2017a). From the tactical perspective, youth attackers are also
recommended to develop more irregular movement patterns (Gonçalves, Figueira, Maçãs, &
Sampaio, 2014), which seems to emerge from the continuous attempt of create unpredictable
situations to create open space in the offense (Duarte et al., 2012; Laakso et al., 2017a). Overall,
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coaches should take into consideration the previous assumptions when designing training tasks
and programs aiming to develop the overall youth attackers performance, which can be nurtured
with tasks that develop physical literacy, players’ creativity and adaptive behaviors (Santos,
Jiménez, Sampaio, & Leite, 2017; Santos et al., 2016b).
The physical literacy is characterized by the ability of an individual to behave with confidence
in a range of novel and challenging environments, from which he uses the available key
information to sustain the emergence of movement behaviors (Santos et al., 2017; Santos et al.,
2016b; Whitehead, 2001). In the soccer context, the physical literacy consists of combining the
fundamental movement skills (i.e., running, sprinting) with fundamental game skills (i.e.,
knowing when and how to dribble an opponent, how to create space and passing lines) to
spatial-temporal conditions of the game context (i.e., angles and distances to opponents, and
teammates, distance to the target). Physical literacy encompasses the development of the
fundamental movement and game skills, which are determinant most important for the youth
attackers, and have been related with a higher increase of the game performance (Castañer et
al., 2016; Faude et al., 2012; Santos, Mateus, Sampaio, & Leite, 2016a), as well as with creative
behavior disposition (Santos et al., 2017). For that, the training tasks should promote the
development of players’ ability to effectively apply cognitive, motor and perceptual skills in
dynamic game environments that increases players adaptability. Therefore, the differential
learning seems to emerge as a useful approach to promote the previous mentioned contexts.
Differential learning explores increased fluctuations in the players’ movement patterns,
requiring from them adaptive mechanisms in the perception-action system by no movement
repetition and without corrections during the learning process (Frank et al., 2008; Hegen,
Polywka, & Schöllhorn, 2015; Henz & Schöllhorn, 2016; Santos et al., 2018; Santos et al.,
2016b). That is, this approach aims to increase the level of noise, so that the player is challenged
to continuously adapt his movement behavior, leading to novel movement configurations. For
example, different boundary conditions of the body (e.g., both hands behind the head, with one
hand in the shoulder, with hands on the hips), ball types (e.g., rugby, tennis, reflex ball), and
material (e.g., wearing glasses, without trainers) can be used during a finishing task to increase
the adaptive mechanisms that sustain the performance at each shot. Accordingly, differential
learning based improvements in technical (Schöllhorn et al., 2012) and motor performance have
been earlier reported (Schöllhorn et al., 2012). Also, an enrichment training program, the
Skills4Genius, embraced the differential learning as one of its tenets for a five months period
in under-10 years old school-based children (Santos et al., 2017). The results revealed
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improvements in agility and speed as well as in the creative thinking which was assessed
through the Torrance Test of Creative Thinking, showing that this training program had
influence on the improvement of the players’ general creativity. Also, children showed more
versatile actions as well as higher movement coordination with the teammates. More recently,
a study compared the impact of a 5-month training intervention based on differential learning
embedded in small-sided games with a intervention based on a more traditional approach in
youth soccer players (under-13 and under-15) (Santos et al., 2018). The results shown
improvements in players technical actions, in their creative predisposition, as well as more
regular tactical performances, while decreasing the number of unsuccessful actions (Santos et
al., 2018). Overall, the aforementioned studies showed that differential learning was effective
in developing physical, technical, creative and tactical performance of school-based children
and youth soccer players. Taking into consideration the positive benefits of this training
program in youth, as well as the noted improvements, it is possible that training programs
sustained in differential learning might also be efficient to develop the specific playing positions
performance, such as attackers.
Furthermore, attackers are a playing position in which different and unexpected movement
behaviors are desired to break the symmetry with the defenders (Duarte et al., 2012; Laakso et
al., 2017a). Accordingly, the differential learning seems to boost the creative potential of
players (Santos et al., 2018; Santos et al., 2016b), however, no study has inspected the potential
effects of this approach to improve attackers creative behavior. Additionally, it is later in the
players’ development process that players seem to acquire a better understanding of their
positional role. In fact, the age of 16 years old has been considered a critical phase in the
development process of players (Barnabé et al., 2016), and thus it is important to analyze the
effects of enrichment training programs that aims to improve youth players performance.
Therefore, this study aimed to analyze the effects of a training program sustained in physical
literacy and differential learning in the physical, technical, creative and tactical performance of
under-15 (U15) and under-17 (U17) youth football attackers.
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4.2.3. Methods
Participants
The participants included 86 young male Portuguese football players from U15 and U17 age
groups. All players belong to two different youth clubs competing in a Portuguese regional
level (2014/2015 season). The criterion that was used to include the players in this study was
their playing position (attackers), therefore, from the 86 players, only 30 (n=18 for the U15,
and n=12 for the U17) were considered for data analysis (table 1). Then, the players were
allocated into respective control and experimental groups according to their club, that is, the
U15 and the U17 players from one club were considered as experimental, while the U15 and
U17 from the other club were considered as control. In this sense, both U15 control group
(U15C) and U15 experimental group (U15E) consisted of 9 attackers each. In turn, both the
U17 control group (U17C) and the U17 experimental group (U17E) were composed of 6
attackers.
All groups followed the typical football training sessions 3 times a week, with each session
lasting ≈ 90 minutes. Moreover, the groups participated in a 70 and 80-minute official game
once a week, for the U15 and U17 respectively. In the U15, the training sessions were focused
on the development of elementary technical and tactical skills with an overall training time of
~86 minutes (U15C training duration = 84.3±8.5 minute; U15E training duration = 87.9±4.5
minute). Various skills activities (e.g., ball mastery, dribbling, passing and receiving drills)
were performed for 30 minutes in all sessions of the week. After this period, the coaches
dedicated 30 minutes to develop players technical and tactical skills based on a sectorial level,
with the aim of improving elementary principles of offense and defense. The training session
ended with 30 minutes of game based situations (e.g., from 5vs5 to 7vs7 small-sided games) in
the first and last session of the week, and with 11vs11 simulated game in the middle session.
The U17 standard training sessions were composed by 20-30 minutes of technical and physical
skills (e.g. sprint and 1v1), 40-50 minutes of team tactical organization, and finished with 20
minutes of small-sided games or continuous play (11v11 a side), with and overall session time
of ~89 min (U17C training duration = 89.2±2.5 minute, U17E training duration = 87.9±3.4
minute). An informed consent was provided to the coaches, players, and their parents, as well
as by the club, before the study began. All participants were notified that they could withdraw
from the study at any time. The study protocol followed the guidelines and was approved by
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Table 1. Characteristics of experimental and control groups

Table 4.2.1. Characteristics of experimental and control groups
U15C
Pre-Test

Post-Test

U15E
Pre-Test

Post-Test

U17C
Pre-Test

Post-Test

U17E
Pre-Test

Post-Test

N

9

9

6

6

Age (years)

13.9±0.5

14.2±0.8

16.1±0.7

170.6±5.8

Height (cm)

167.0±9.0

169.2±11.4

161.2±5.5

162.9±5.4

174.3±5.8

177.3±2.2

170.6±5.8

172.3±5.9

Mass (kg)

54.2±11.1

55.7±8.2

50.7±10.3

51.4±10.4

66.9±5.2

65.1±7.2

64.9±6.8

64.9±6.3

Body Mass Index (kg/m )

19.2±2.3

19.3±2.4

19.4±2.8

19.2±2.9

21.7±1.7

21.8±1.8

20.7±1.8

21.9±2.6

Playing Experience (years)

6.1±3.1

2

6.4±3.2

8.0±2.1

6.4±3.2

Legend:
U15C: control
under-15group;
controlU15E:
group; under-15
U15E: under-15
experimental
U17C:
Legend: U15C:
under-15
experimental
group;group;
U17C:
under-17 control group;
under-17 control group; U17E: under-17 experimental group; N: number; cm:
U17E: under-17
experimental group; N: number; cm: centimeters; kg: kilograms; m: meters.
centimeters; kg: kilograms; m: meters.

Testing Procedures
Anthropometric measurements took place before the pre-test session. One week before the pretest measurement, participants were familiarized with the tests. Before each of the testing
sessions, there was a standardized 15-min warm-up based on running and ball possession games
without goals (5-a-side). All participants were tested before (pre-test) and after (post-test) of a
10-week experimental period. The pre-post-test measurements were performed in two sessions
each. The first session was based on the physical performance measurements, where each player
performed the counter-movement jump, a 30m sprint and the repeated change-of-direction
(RCOD) tests. The second testing session was used to evaluate the players performance in a
game-based situation, and therefore it was performed a 5vs5+Gk small-sided game (SSG) on a
60⨯40m (length ⨯ width) pitch (see figure 1). In each SSG was one team with the aim to attack
and score the regular goal, which was composed by two midfielders and three attackers, while
the opposing team with possession has the aim of playing out from the back and score in two
small goals (intended to represent the two midfielders of the team), was composed by four
defenders and one defensive midfielder. This SSG format was applied to be representative of
the game demands on the final third of the pitch, that is, one team seeking to create shooting
opportunities with ball possession and put pressure on the opponents in case of being without
ball possession. In turn, the opposing team had the aim of progress in the field and defend the
regular target.
All SSGs lasted for a total of 24 minutes consisting of three bouts of 6 minutes interspersed
with a 3-min passive recovery period. The head coach divided the players into balanced teams,
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and the players performed each SSG according to their usual playing position role. All SSGs
were performed as much as possible with the official game rules, with the one exception of the
goal, that independently of the team that scored, it was replaced in the midfield zone by the
attackers team to increase the amount of time in their possession. Several balls were placed
around the field to ensure it replacement as fast as possible. The coach intervention was
minimized and therefore, no feedback was allowed during the game. No coach feedback or
encouragement was allowed during the conditions. All the test sessions were performed at the
same time period of the day (from 6.30 p.m. to 8.30 p.m.) under similar environmental
conditions.

Figure 4.2.1. Schematic representation of the data collection tests.

Training Intervention
The study was conducted in the middle of the competitive season and the training program
lasted for 10 weeks with 2 sessions per week in non-consecutive days with a duration of 25
minutes each (for a total of 20 sessions). All the sessions were performed in the beginning of
the training session, while the other members of the team performed the regular football training
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conducted by the coach. Afterwards, they joined the rest of the group to continue the training
session (for the next 65 minutes). Each training program intervention consisted of the following
components: 10 minutes of physical literacy combined with differential learning approach
exercises and 15 minutes of SSGs with additional differential learning. All the training sessions
started with a 10 minutes period in which the fundamental movement (agility, speed,
coordination and plyometric training) and the game skills (dribbling, passing and shooting)
were combined in a circuit (see Table 2) and embodied in a differential learning environment.
For example, the players had to perform a specific ladder drill exercise, followed by a changeof-direction task and ended in 1v1 situations towards the goal with additional differential
learning fluctuations (e.g. dribbling with one arm raised up). Moreover, the tasks and conditions
were always changing to provide an unpredictable enriched environment that allowed the player
development (Santos et al., 2017). For instance, the players faced different circuits, number of
oppositions and teammates, attacked from different distances and angles to the target.
Regarding the 15 minutes of SSGs based on differential learning, these game-based scenarios
were randomly manipulated (i.e., with continuous changes on practice task constraints) to
continuously promote players adjustments and improvisation of new movement patterns (Henz
& Schöllhorn, 2016; Santos et al., 2018; Schöllhorn et al., 2012). For example, the players
performed SSGs added with constantly changing specific body movements (e.g. arms raised
up, carrying a ball in the hands, for further details see Table 2). Therefore, all the program
training tasks within the program were grounded on movement variability and unpredictability,
to increase the attackers’ ability to adapt to the ever-changing environment. All the tasks were
also designed to develop players individual and collective positional principles related to their
specific positional role such as: a) attacking the goal, b) feinting, c) taking the ball to the goal,
d) creating space and time for teammates; e) achieving advantage; f) increasing the effective
playing space; g) and attacking together (Mitchell, Oslin, & Griffin, 2006; Santos et al., 2016b).
All the training sessions were fully supervised by an experienced football coach (with 7 years
of experience in youth coaching).
Data Collection
Vertical Jump Tests.
A counter-movement jump (CMJ) was utilized to measure the vertical jump height. The jumping
height was measured with a portable optical timing system (Optojum-Next® Microgate,
Bolzano, Italy). During the CMJ test the participants were instructed to perform the jump with
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(Optojum-Next® Microgate, Bolzano, Italy). During the CMJ test the participants were

hands on the hips to eliminate the arm-swing effects (Bosco et al., 1983). Two jumps for each
instructed to perform the jump with hands on the hips to eliminate the arm-swing effects

test were
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the best
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Type of Tasks Variations

TableDescription
2. Description
of general
the general
training
program
tenets.
Table 4.2.2.
of the
training
program
tenets.
Physical Literacy

Differential Learning

Combination of the fundamental movement
skills with the fundamental game skills in a wide
range of environments;

Small-sided games underpinned in unpredictable and
dynamic environments that constantly required adaptation
from the players.

In this approach, it was combined two
fundamental movement skills (e.g. coordination
followed by agility) with the fundamental game
skills (e.g. 1v1).
• Fundamental movement skills (coordination,
plyometric, speed and agility);
• Fundamental game skills (dribbling, passing,
receiving and shooting);
Moreover, the tasks were performed in a wide
range of contexts:
• Formats (from 1v1 to 3v3);
• Balance (inferiority, equal and superiority);
• Distance (close, medium and large distance
to target);
• Angle (left, centre and right in relation to the
target);
• Space (small, medium, large);
• Changing the number (1 to 4) and type of
targets (e.g. 11-a-side, pop-up goals,
crossing lines with the ball under control);

• Changing the number (1 to 4) and type of targets (e.g.
11-a-side, pop-up goals, crossing lines with the ball
under control);
• Changing the pitch size (small, medium and large
pitches);
• Changing the pitch shape (e.g. circle, square, diamond);
• Limiting the pitch space (e.g. only allowed play in the
corridors; not allowed to play in the central midfield
zone);
• Changing the number of players (from 1v1 to 6v6,
superiority and inferiority);
• Modifying the type of ball (e.g. reflex ball, rugby,
basketball, tennis);
• Finishing with body manipulations (e.g. hands in the
back, arm raised);
• Performing the task with one eye covered (right and
left);
• Adding obstacles to the pitch (e.g. elastics, ropes,
sticks, markers).

30m Sprint
Test.Test.
30m Sprint
Sprint performance was assessed with two 30m maximum sprints. The time was measured using
two pairs of photoelectric cells (Optojump, Microgate, Bolzano, Italy), positioned at 0 and 30m
and at a height of 1m. The participants started the sprint from an upright standing position with
the front foot placed at 10 cm before the first timing gate. Two repetitions were performed with
3-min of recovery between trials, and only the fastest sprint was considered.
Repeated Change-of-Direction Test.
The RCOD comprised 6 sprints of 20m with 25 seconds of active recovery. The test consisted
of four 100º change of directions at every 4m (Wong, Chan, & Smith, 2012). The sprint time
for each sprint was determined with two pairs of photoelectric cells (Optojump, Microgate,
Bolzano, Italy), placed at the starting and finishing lines (0 and 20m), 1m above the ground.
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The subjects started the sprints from an upright standing position and with the front foot 0.5m
before the first pair of photocells (Wong et al., 2012). After each sprint, the participant slowly
jogged back to the starting line.
Creative behavior and technical game performance
The SGG were recorded using a digital video camera, Sony NV-GS230, from a fixed position
and at a 2m height and aligned in the central zone of the pitch. Afterwards, the video files were
downloaded to a computer and a notational analysis was performed using the LongoMatch
software (Longomatch, version 1.3.7., Fluendo). The following creative components were
assessed based on the individual technical actions recorded: a) fluency, considered as the ability
to execute as many successful actions as possible; b) attempts, or any effort to perform different
actions, but non-successful; and c) versatility, recognized as ability to produce a diversity of
actions, different from the standard movements, with success (Santos et al., 2017; Santos et al.,
2016b). Accordingly, the successful actions were considered as fluency, while the unsuccessful
different actions were considered as attempts, and the versatility comprised the successful
different movement patterns (check for referencing (Santos et al., 2018); Santos et al. (2017)).
Also, the following individual team performance variables were registered: successful passes,
dribbles, and goal shots, as well as the number of unsuccessful passes, dribbles and goal shots
were collected (Liu et al., 2015). The previous variables were selected due to their relevance on
the attackers’ offensive performance. The data were gathered by experienced performance
analyst, and the reliability of the data were inspected by retesting 17.5% of the sample. The
intra-class correlation was deemed as high (>0.88) (O'Donoghue, 2010).
Positioning Behavior.
Positional data during SSGs were gathered using 5 Hz Global Positioning System (GPS) units
(SPI-PRO, GPSports, Canberra, ACT, Australia). The players’ latitude and longitude
coordinates obtained through the GPS units were exported and processed using appropriate
routines in Matlab® (MathWorks, Inc., Massachusetts, USA) (check for referencing Folgado
et al. (2014a)). The dynamic positional data from the players were used to determine the
attackers’ stretch index per minute (Travassos et al., 2014), the spatial exploration index (SEI)
(Gonçalves et al., 2016a) and the longitudinal and lateral regularity in the players’ movement
patterns (Sampaio & Maçãs, 2012). These two last variables were assessed by applying the
Approximate Entropy processing technique (ApEn), which allows to understand if the players’
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movement displacements in the lateral and longitudinal directions exhibit more regular or
irregular patterns. The imputed values were 2 for the vector length (m) and 0.2*standard
deviation for the tolerance (r) (Yentes et al., 2013). This variable value ranges from 0 to 2, and
values closer to 0 means that players behave more regular and are likely to repeat the same
movement patterns on the pitch (Sampaio & Maçãs, 2012).
Statistical Analysis
The comparisons between the groups (CG vs. EG, for each age group) were analyzed with a
specific spreadsheet for pre-post parallel groups trial (Hopkins, 2006; Hopkins et al., 2009). For
the motor and positional related variables, the effects were estimated in percent units through
log-transformation (to reduce the non-uniformity of error) and uncertainty in the estimate was
expressed as 90% confidence limits, while both the creative and technical variables were
presented as absolute raw values. Smallest worthwhile differences were measured using the
standardized units multiplied by 0.2. Uncertainty in the true effects of the conditions was
assessed based on non-clinical magnitude-based inferences. Probabilities were reported using
the following scale: >5%, unclear; 25 to 75%, possible; 75% to 95%, likely; 95% to 99%, very
likely; >99%, most likely (Hopkins et al., 2009). Standardized (Cohen) mean differences, and
respective 90% confidence intervals were also computed as magnitude of observed effects, and,
thresholds were: <0.2, trivial; 0.6, small; 1.20, moderate; 2.0, large; and >2.0, very large
(Hopkins et al., 2009).

4.2.4. Results
Physical Performance
The effects of the training program on attackers’ physical performance in the U15 and U17 age
groups are presented in Figure 2, Table 3, Table 4, Table 5 and Table 6. Overall, the results
revealed that both control (CG) and experimental (EG) groups in the U15 improved their
performance. However, the improvements were higher in the U15E. In this sense, the U15E
presented a moderate improvement in the average time needed to perform the repeated change
of direction (RCOD) (change in means, %; ±90% confidence limits: possibly, -4.1%; ±1.8%)
compared to the U15C. The training program also showed moderate improvement in the height
of CMJ in the U17E (likely, 8.4%; ±8.4%) compared to the U17C.
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Figure 4.2.2. Standardized (Cohen’s d) differences of the motor performance between the control and
experimental groups (grey ⦁ dots represent U15 age groups, while the ▲ black triangles represent the U17 age
groups).
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Light grey zone reflects
trivial values. Values towards the right means higher values for the experimental group, while higher values
towards the left means higher values for the control group. RCOD: repeated change-of-direction; CMJ: countermovement jump.

Technical Performance
The effects of the training program on attackers’ technical performance in the U15 and U17 age
groups were presented in Figure 3, Table 3, Table 4, Table 5 and Table 6. The results from both
group comparisons show an improvement of the scores for the technical performance of the
players, mainly in the U15E. While all technical actions from U15C impaired, for the U15E
was observed an improvement. A moderate improvement was depicted in successful dribbles
(change in means, absolute value; ±90% confidence limits: likely, 0.5; ±0.4), a large
improvement in the successful shots (most likely, 0.8; ±0.4) and a small improvement in the
number of goals scored (likely, 0.2; ±0.2) for the U15E. Unclear effects was observed between
for successful dribbles and goals. However, the training interventions lead to a moderate
improvement of the number of successful shots (likely, 0.4; ±0.4).
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Figure 4.2.3. Standardized (Cohen’s d) differences of the technical and creative components performance between
the control and experimental groups (grey ⦁ dots represent U15 age groups, while the ▲ black triangles represent
the U17 age groups).
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Light grey zone reflects
trivial values. Values towards the right means higher values for the experimental group, while higher values
towards the left means higher values for the control group. N: number of actions.
Table 4.2.3. Descriptive statistic for U15 group comparisons in physical and technical performance, creativity
components and positional variables.
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Table 3. Descriptive statistic for U15 group comparisons in physical and technical performance, creativity components and positional variables.

Variables

Pre-Test
(Mean±SD)

U15 Control Group
Percentage Variations
Post-Test
from Pre to Post-Test
(Mean±SD)
(Mean±SD)

Pre-Test
(Mean±SD)

U15 Experimental Group
Percentage Variations
Post-Test
from Pre to Post-Test
(Mean±SD)
(Mean±SD)

Physical Performance
Sprint 30m

4.85±0.47

4.62±0.34

3.5±3.1

4.94±0.30

4.82±0.32

-2.5±2.9

RCOD avg T(s)

6.55±0.33

6.41±0.36

-1.9±2.3

6.74±0.42

6.34±0.38

-5.9±2.2

CMJ (cms)

32.38±4.85

35.01±5.18

7.0±9.6

29.39±5.34

32.53±4.27

11.4±9.2

0.43±0.77
0.47±0.68
0.30±0.47

0.17±0,38
0.23±0.50
0.10±0.31

-0.4±1.4
-0.4±1.2
-0.5±1.3

0.22±0.42
0.19±048
0.11±0.32

0.41±0.69
0.70±0.67
0.11±0.32

0.3±1.2
0.8±1.4
0.2±1.1

3.5±2.35
0.23±0.50
0.40±0.72

3.17±1.86
0.17±038
0.23±0.43

-0.2±1.2
-0.1±1.4
-0.3±1.3

3.00±1.78
0.22±0.42
0.11±0.42

4.26±2.07
0.26±0.53
0.41±0.57

0.6±1.4
0.1±0.4
0.5±1.1

10.99±1.48
10.01±1.35
0.11±0.02
0.13±0.04

11.27±1.43
9.38±1.37
0.09±0.02
0.11±0.02

1.6±18.6
-5.3±21.4
-10.2±24.7
-16.6±44.9

10.47±1.84
10.37±1.20
0.11±0.02
0.13±0.03

10.52±1.17
10.63±1.15
0.11±0.2
0.14±0.13

1.5±23.7
2.5±17.8
-0.2±25.8
5.2±32.8

Technical Variables
Successful dribbles (n)
Successful shots (n)
Goals (n)

Creative Components
Fluency (n)
Attempts (n)
Versatility (n)

Positional Variables
SEI (m)
Stretch Index (m)
Lateral Regularity (ApEn)
Longitudinal Regularity (ApEn)

Note: RCOD
T = repeated
task average time; CMJtask
= counter-movement
spatial exploration index;
ApEnSEI
= approximate
Note:avgRCOD
avg Tchange-of-direction
= repeated change-of-direction
average time;jump;
CMJSEI= =counter-movement
jump;
=
entropy.

spatial exploration index; ApEn = approximate entropy.

Table 4.2.4. Inferential statistic for U15 group comparisons in physical and technical performance, creativity
Table 4.components
Inferential statistic
U15 group variables.
comparisons in physical and technical performance, creativity components and positional variables.
andfor
positional

Variables

Under-15
(Control Group vs Experimental Group)
Difference in means: %; ± 90% CL
Chances, % Decrease / Trivial /
(uncertainty in true differences)
Increase

Practical Inferences

Physical Performance
Sprint 30m
RCOD avg T(s)
CMJ (cms)

1.0; ±2.5
-4.1; ±1.8
4.1; ±8.0

34/61/4
0/1/99
6/38/56

Possibly increase
Very likely increase
Unclear

0.5; ±0.4
0.8; ±0.4
0.2; ±0.2

1/7/93
0/0/100
3/17/80

Likely increase
Most likely increase
Likely increase

1.6; ±1.2
0.1; ±0.3
0.5; ±0.3

0/5/94
13/34/53
0/3/97

Likely increase
Unclear
Very likely increase

-0.1; ±9.1
8.2; ±6.2
11.2; ±11.9
26.1; ±20.2

28/46/26
0/6/94
1/14/85
0/3/97

Unclear
Likely increase
Likely increase
Very likely increase

Technical Variables
Successful dribbles (n)
Successful shots (n)
Goals (n)

Creative Components
Fluency (n)
Attempts (n)
Versatility (n)

Positional Variables
SEI (m)
Stretch Index (m)
Lateral Regularity (ApEn)
Longitudinal Regularity (ApEn)

Note: RCOD
T = repeated
task average time; CMJ
= counter-movement
= spatial exploration index;
ApEn
= approximate
Note:avgRCOD
avg Tchange-of-direction
= repeated change-of-direction
task
average time; jump;
CMJ SEI
= counter-movement
jump;
SEI
=
entropy. Change in means were presented as %; ±90% CL for the physical and positional variables based on log-transformed data, whereas for the technical
exploration
index;
ApEn
= approximate
entropy.
Change in means were presented as %; ±90% CL for the
variablesspatial
and creative
components
were used
as absolute
values (with
±90% CL).

physical and positional variables based on log-transformed data, whereas for the technical variables and creative
components were used as absolute values (with ±90% CL).
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Table 4.2.5. Descriptive statistic for U17 group comparisons in physical and technical performance, creativity
Table 5. components
Descriptive statistic
U17 group variables.
comparisons in physical and technical performance, creativity components and positional variables.
andfor
positional

Variables

Pre-Test
(Mean±SD)

U17 Control Group
Percentage Variations
Post-Test
from Pre to Post-Test
(Mean±SD)
(Mean±SD)

Pre-Test
(Mean±SD)

U17 Experimental Group
Percentage Variations
Post-Test
from Pre to Post-Test
(Mean±SD)
(Mean±SD)

Physical Performance
Sprint 30m

4.33±0.07

4.23±0.23

-2.4±4.5

4.94±0.30

4.82±0.32

-4.7±2.1

RCOD avg T(s)

6.25±0.36

6.12±0.29

-3.6±4.5

6.74±0.42

6.34±0.38

5.3±4.2

CMJ (cms)

40.98±1.69

38.58±2.98

-6.0±5.3

29.39±5.34

32.53±4.27

1.9±8.8

0.17±0.51
0.39±0.61
0.17±0.38

0.28±0,57
0.06±0.24
0.17±0.38

0.2±1.0
-0.7±1.1
0.0±1.3

0.22±0.42
0.19±048
0.11±0.32

0.41±0.69
0.70±0.67
0.11±0.32

0.2±1.6
-0.1±1.3
-0.1±0.6

3.78±2.07
0.11±0.17
0.17±0.51

3.89±2.54
0.17±0.38
0.28±0.75

0.1±1.3
0.2±1.4
0.2±1.8

3.00±1.78
0.22±0.42
0.11±0.42

4.26±2.07
0.26±0.53
0.41±0.57

-0.2±1.2
-0.4±1.3
0.3±1.5

9.64±1.20
9.15±1-00
0.11±0.02
0.16±0.04

9.96±1.80
8.95±1.14
0.11±0.02
0.14±0.05

1.3±14.2
-2.4±16.4
-5.4±17.2
-12.8±25.6

10.47±1.84
10.37±1.20
0.11±0.02
0.13±0.03

10.52±1.17
10.63±1.15
0.11±0.2
0.14±0.13

16.9±17.1
-8.3±20.2
-11.0±26.7
-20.7±26.7

Technical Variables
Successful dribbles (n)
Successful shots (n)
Goals (n)

Creative Components
Fluency (n)
Attempts (n)
Versatility (n)

Positional Variables
SEI (m)
Stretch Index (m)
Lateral Regularity (ApEn)
Longitudinal Regularity (ApEn)

Note: RCOD
avgRCOD
T = repeated
task average time; CMJ =
counter-movement
jump;
SEI =
= spatial
exploration index; jump;
ApEn = SEI
approximate
Note:
avg change-of-direction
T = repeated change-of-direction
task
average time;
CMJ
counter-movement
=
entropy.

spatial exploration index; ApEn = approximate entropy.

Table 6. Inferential for U17 group comparisons in physical and technical performance, creativity components and positional variables.

Table 4.2.6. Inferential for U17 group comparisons in physical and technical performance, creativity components
and positional variables.

Variables

Under-17
(Control Group vs Experimental Group)
Difference in means: %; ± 90% CL
Chances, % Decrease / Trivial /
(uncertainty in true differences)
Increase

Practical Inferences

Physical Performance
Sprint 30m
RCOD avg T(s)
CMJ (cms)

-2.3; ±4.2
-1.6; ±4.8
8.4; ±8.4

77/12/11
61/21/18
2/7/91

Unclear
Unclear
Likely increase

0.1; ±0.6
0.4; ±0.4
-0.1; ±0.2

28/31/41
2/12/86
44/39/17

Unclear
Likely increase
Unclear

-0.6; ±1.7
-0.2; ±0.3
0.1; ±0.5

54/30/16
79/15/5
30/26/44

Unclear
Unclear
Unclear

15.4; ±9.7
-6.1; ±6.3
-6.0; ±10.9
-9.0; like±14.4

0/1/99
84/14/2
66/25/9
67/27/6

Very likely increase
Likely decrease
Unclear
Unclear

Technical Variables
Successful dribbles (n)
Successful shots (n)
Goals (n)

Creative Components
Fluency (n)
Attempts (n)
Versatility (n)

Positional Variables
SEI (m)
Stretch Index (m)
Lateral Regularity (ApEn)
Longitudinal Regularity (ApEn)

Note: RCOD avg T = repeated change-of-direction task average time; CMJ = counter-movement jump; SEI = spatial exploration index; ApEn = approximate
T presented
= repeated
change-of-direction
task and
average
time;
CMJ based
= counter-movement
jump;
SEI =for the technical
entropy.Note:
ChangeRCOD
in meansavg
were
as %;
±90% CL for the physical
positional
variables
on log-transformed data,
whereas
variablesspatial
and creative
components
wereApEn
used as=absolute
values (with
±90%Change
CL).
exploration
index;
approximate
entropy.
in means were presented as %; ±90% CL for the

physical and positional variables based on log-transformed data, whereas for the technical variables and creative
components were used as absolute values (with ±90% CL).

Creative Components
The effects of the training program on attackers’ creative components in the U15 and U17
groups are presented in Figure 3, Table 3, Table 4, Table 5 and Table 6. The results showed a
moderate improvement of fluency (likely, 1.6; ±1.2) and versatility (very likely, 0.5; ±0.3) for
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the U15E group. In turn, unclear effects were found in all creative components for the U17
group.

Figure 4.2.4. Standardized (Cohen’s d) differences of positional variables between the control and experimental
groups (grey ⦁ dots represent U15 age groups, while the ▲ black triangles represent the U17 age groups).
Error bars indicate uncertainty in the true mean changes with 90% confidence intervals. Light grey zone reflects
trivial values. Values towards the right means higher values for the experimental group, while higher values
towards the left means higher values for the control group. SEI: spatial exploration index; ApEn: approximate
entropy.

Positional Variables
The effects of the training interventions on attackers’ positional variables in the U15 and U17
age groups can be seen in detail in Figure 4, Table 3, Table 4, Table 5 and Table 6. The scores
of the U15E group showed a moderate increase in the stretch index (likely, 8.2%; ±6.2%) and
in longitudinal regularity (very likely, 26.1%; ±20.2%, meaning that the players become more
irregular in their movements) as well as a small increase in the lateral regularity (likely, 11.2%;
±11.9%). Regarding to the U17 age group, the U17E revealed a moderate increase in the SEI
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(very likely, 15.4%; ±9.7%). However, the U17E also revealed a small decrease in the team
stretch index (likely, -6.1; ±6.3%), showing that the U17C have presented a higher dispersion
in the pitch comparatively to the U17E.

4.2.5. Discussion
The aim of this study was to analyze the effects of a training program sustained in physical
literacy and differential learning in the physical, technical, creative and tactical performance of
under-15 (U15) and under-17 (U17) youth football attacker players. Overall, the training
program was more effective to the U15, since overall better physical, technical and creative
performances were found after the complementary training program. Although the U17 have
not shown the same effects of the U15, important results in physical and technical performances
were also found. Additionally, different positional movement behaviors were found after the
training program in both age groups. Therefore, these results suggest that the training program
based on differential training and physical literacy was effective to the overall development of
attackers performance, mostly in the U15 age group.
From the physical performance perspective, it was shown higher improvements in the RCOD
average time for the U15E, than the U15C. The RCOD requires agility and inter-limb
coordination (Dellal & Wong, 2013), therefore it is possible that the decrease in the time found
in the U15E resulted from the increased individual coordination and increased anticipation of
changes in directions induced by the training program. In addition, the RCOD seems to be age
dependent (Dellal & Wong, 2013), and therefore it is possible that higher levels of inter-limb
coordination can be found in the U17 age group, which could help to explain the unclear trends
in this age group (Dellal & Wong, 2013).
The results from the CMJ revealed higher values after the training program in both experimental
groups, which are in line with the reports investigating the effects of short- term (from 8 to 12
weeks) training programs based on plyometric and speed activities in U15 (Saez de Villarreal,
Suarez-Arrones, Requena, Haff, & Ferrete, 2015) and U17 (Garcia-Pinillos, Martinez-Amat,
Hita-Contreras, Martinez-Lopez, & Latorre-Roman, 2014). In addition, there was a decrease in
the CMJ in the U17C, and thus training programs with the goal to improve physical literacy
may be important to avoid decreases in jumping performance in this age group specifically and
in speed abilities in general.
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From the technical perspective, the U15E increased the number of successful dribbles, shots
and goals, which resulted from the assumptions underpinned in the physical literacy and
differential learning approaches. That is, improvements on physical literacy encompasses the
perceptual and decision-making capacities of attackers (Santos et al., 2016b), allowing them to
better adjust when and how to act. Moreover, the core idea of the differential learning is to
increase the fluctuations (Frank et al., 2008; Henz & Schöllhorn, 2016; Santos et al., 2016b;
Schöllhorn et al., 2012), which may have improved the U15E attackers’ ability to adjust their
performance, once the player has the opportunity to explore and continuously adapt their
movement patterns (Frank et al., 2008; Santos et al., 2017). In contrast, lower effects were found
in the U17E, nevertheless, the training program was effective to increase the number of
successful shots in this age group. Accordingly, the unpredictable and dynamic situations
provided by the differential learning and physical literacy approaches, seem to enhance the
players’ ability to find successful performances under constantly changing boundary conditions
(Frank et al., 2008; Schöllhorn et al., 2012).
The mastery of both fundamental technical and tactical skills has been linked with higher ingame performances (Castañer et al., 2016; Faude et al., 2012; Santos et al., 2016a), and a
requirement for the creative behavior (Santos et al., 2018; Santos et al., 2017). Thus, the
beneficial effects of the training program in the creative components in the U15E may be linked
with previously mentioned improved abilities. For instance, the results showed improvements
in the U15E fluency and versatility. This is in line with the available literature that showed that
the variability and adaptability induced by differential learning leads to the higher probability
of emergence of creative components on performance (Santos et al., 2018; Santos et al., 2017;
Santos et al., 2016b). On the contrary, no effects were found in the U17E age group. As
previously noted, a decrease in the creative behavior occurs with an increase in the age of
players, possibly as a result of an increase in convergent thinking (Kim, 2011; Santos et al.,
2016b), and focus in team tactical behavior organization (Folgado et al., 2014b). Another
possible contribution may be related with an earlier lack of fluctuations in the training during
previous stages, decreasing the players ability to explore and improvise. In fact, it has been
demonstrated that players’ earlier sport experiences have an important role on their
predisposition to be adaptive (Santos et al., 2016a).
The results from the positioning behavior revealed an increase in the team dispersion in the
U15E. The differential learning approach exposes players to unfamiliar scenarios, leading to
the emergence of new functional adaptive movement behaviors (Frank et al., 2008; Santos et
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al., 2018; Schöllhorn et al., 2012; Schöllhorn et al., 2009). Considering that players are
encouraged to find their momentary optimal solution for a given task (Frank et al., 2008;
Schimpchen, Skorski, Nopp, & Meyer, 2016; Yentes et al., 2013), it is likely that players
become more versatile and skillful in using the available space after the training program. Also,
higher unpredictability in the longitudinal and lateral movements were observed in the U15E,
which has been linked with a desirable patterns required in attackers (Gonçalves et al., 2014).
That is, defenders will find more difficult to stop an attacker when his movement behavior is
more unpredictable, and consequently, harder to anticipate (Duarte et al., 2012). The training
program has also revealed effects on the U17E, which showed an increase of the spatial
exploration index. Previously, it was suggested that attackers should develop irregular, creative
and atypical/unusual movement behaviors to change the interpersonal relation with the
defenders (Duarte et al., 2012). Such results may reveal that U17E increased the area to modify
the interpersonal coordination with the defender. In addition, and considering that the U17E
showed a more predictable positioning, lower versatile profile in technical actions and lower
team dispersion found during the SSGs, increasing the area explored may have emerge as
solution to disrupt the balance with the defender.
While the current report provides clear evidence for positive effects of the training program on
the physical, technical, creative and tactical performances, some limitations should be
acknowledged. Firstly, in this study forward players were considered all the players that play
in the front positions, such as the wingers. Further studies should apply this type of training
programs for different players’ positions in order to identify possible differences on the
evolution of players with different profiles of play. Finally, the training program showed small
effects in the U17E team. It is possible that older age groups, with whom more structured
training practices are usually adopted, may require training programs with higher duration or
even more fluctuations.

4.2.6. Conclusions
Overall, training programs based on differential learning and physical literacy seem to have the
potential to boost attackers in-game performance. The results from this study proved this
assumption, as there were improvements in the physical, technical, creative and tactical
performances, mainly in the U15 age group. As so, coaches could use training programs
embodied in these approaches to foster the general development of U15 attackers. Although the
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U17 have also shown some improvements, such as the increase the CMJ, the number of
successful shots as well as the individual space explored, higher effects were found in the U15
age group. Therefore, it is possible that players of older age groups, such as the U17 age group,
may require training programs of higher duration and more fluctuations due the high amount of
time spent in tasks with rigid tactical behavior. Overall, coaches could use training programs
sustained in differential learning to improve in-game performance of youth football players.
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5.1. Final Considerations
In line with previous assumptions, youth football coaches should promote learning
environments that helps to increase players’ actual and future performance. For that, the process
of learning should be centered on the individual capability of players to intentionally adjust
their behavior to game dynamics. For that purpose, coaches must design training tasks that
develop the players’ ability to be fine-tuned with the environmental information. However, to
successful design training tasks, coaches may acknowledge how the different individual and
task manipulations may affect the players’ performance. Therefore, one of the main aims of this
thesis was to understand how players movement behavior was modified by manipulating
relevant individual and task constraints. This purpose was achieved by developing four research
articles that explored how the mental and muscular fatigue (individual manipulations), as well
as how different spatial references (pitch external and internal lines) affected the players
positioning dynamics. Additionally, variability seems to be a key ingredient to be included
during training sessions to promote the players ability to adapt to unpredictable and dynamic
environments. Thus, the second aim of this thesis was to explore how training practices
grounded on variability shaped the players movement behavior. This aim was accomplished by
developing two research articles that incorporated variable practices. In this final remarks, it
will be highlighted the main findings of the studies developed during the thesis. To end, a some
recommendations for practice and future research perspectives will be presented.

5.2. Overview of Main Findings
Players decisions during competitive practices are sustained by their ability to identify and use
the relevant information from the environment. However, different individual and task
constraints seems to emphasize different information that consequently affects the players
movement behaviour. Accordingly, it is important to understand how the different individual
and task manipulations affects the players performance. From this perspective, players are
likely to experience periods of muscular and mental fatigue during the training and competition,
however no research has explored how these individual conditions may affect their behaviour
during game-based scenarios. To overcome this gap, it were developed two studies that aimed
to compare the players performance without and with muscular or with mental fatigue during
small-sided games. The first study attempted to understand how playing with additional
muscular and mental fatigue affected the positional dynamics and physical performance during
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a SSG (Gk+5vs5+Gk) performed by under-15 players. For that purpose, it was performed a
repeated change-of-direction task to add muscular fatigue and a computer-based task (StroopColor Name task) to induce mental fatigue. Playing with additional muscular fatigue increased
the team coordination (higher movement synchronization) and compactness (low team
dispersion), while decreasing the physical performance. These results suggests that the players
increased the collaborative work as a pacing strategy that allowed them to reduce the physical
demands to be able to cope with the task demands. In contrast, with mental fatigue, it was found
a decrease in the players team coordination as well as in their physical performance. These
findings highlights that players ability to use the environmental information under mental
fatigue may be impaired and therefore it is important that coaches may decrease the cognitive
load in the training tasks during the days that precede the competitive match. One limitation
from this study, it was using a computer based task to induce mental fatigue, and so, in the
second study of this section it was used a more ecological approach (coordination-based task)
to induce mental fatigue. This task consisted in performing different complex ladder drills with
specific footwork while juggling one or two tennis balls at the same time. The players’
perception of mental fatigue was similar to those found in tests used to induce mental fatigue
(e.g., Stroop task), suggesting that coaches may use this type of task to induce mental fatigue
and develop the players ability to perform under mental fatigue. However, it is also important
to note that these type of tasks are usually performed during the earlier phases of the training
sessions and if performed for long periods may induce mental fatigue. Therefore, this study
aimed to identify the effects of the mental fatigue induced with a more ecological task on under17 players positional dynamics and physical performance during a SSG (Gk+6vs6+Gk). In
addition, considering that players ability to support their actions on the environmental
information seems to be impaired with mental fatigue, it was also inspected the effects of mental
fatigue when in interaction with additional task constraints (pitch corridor and sectorial lines).
Similarly to the first study, it was found a decrease in movement synchronization (team
coordination) while mental fatigue reinforcing the findings from the first study. The novel
information added by this study was the results derived from the interaction of the mental
fatigue with the pitch task constraints. That is, considering that the mental fatigue impairs the
players ability to identify and use the relevant information from the environment, adding
information in the task (represented by the inclusion of pitch corridor and sectorial lines)
amplified the negative effects of the mental fatigue on the players positioning dynamics.

186

Final Remarks

Therefore, during periods of mental fatigue it is important that coaches decrease the amount of
available information in the task to reduce the perceptual demands.
Apart from the individual manipulations (section two), section three was focused on
understating how players movement behaviour was affected by the manipulation of the pitch
external (type of pitch external markings) and internal (adding corridor and sectorial lines)
boundaries. To accomplish this aim, it were developed two research studies. The first study of
this section aimed to explore how the type of pitch external markings (full line, dashed line or
only marking the pitch corners) affected the players positioning dynamics and their technical
and physical performance. The main findings suggests that the pitch external boundaries act as
individual and collective informational references, since it was found different performances as
result of the different types of markings. Accordingly, higher movement synchronization (team
coordination) as well as lower distance covered while running was identified when the pitch
external lines were more visible (full or dashed conditions) suggesting that the type of lines
used in the pitch are an important constraint to be considered by the coaches when designing
training tasks. However, it was not only the players positioning and physical performance that
it was affected, since different technical behaviors emerged as result of the type of boundaries.
Under this perspective, the presence of lines (lines and dashed conditions) seems to emphasize
more individual actions such as the dribble and the shot to overcome the opponents. In contrast,
when the lines were less visible (corners condition), the players may have found more difficult
to perceive the distance to the opponents and to the pitch boundaries, which refrained them to
explore the dribble or the shot, emerging the pass as the most technical action performed in this
condition. Apart from the external lines, it was also inspected the effects of including internal
lines (corridor and sectorial lines) on the under-17 players positioning dynamics and physical
performance during a Gk+6vs6+Gk SSG. Similarly to the previous study, distinct movement
behaviors emerged as result of the lines manipulation. When the internal lines (corridor and
sectorial lines) are added to the pitch, it seems to emphasize the information related to the space
since it increased the team dispersion and the regularity in the zones occupied by the players,
which impaired the players movement synchronization (lower team coordination). In addition,
it also increases the physical demands, which may result from the players having to cover more
distance during specific moments of play (e.g., losing the ball) due to the higher dispersion and
lower team synchronization. The results from the two studies developed in the third section
seems to suggest that players may need pitch external lines to unfold goal-directed behaviors
and achieve higher levels of movement coordination, while in turn, adding internal lines seems
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to disrupt this team synchrony. Overall, the main findings from the third section reveals that
changes in the tasks informational constraints (pitch internal and external lines) affects the
players’ opportunities for action, leading to the emergence of distinct physical, technical and
tactical behaviors.
Finally, the fourth section of this thesis aimed to understand the effects of including additional
variability to the tasks on the players performance. For that purpose it were also developed two
studies, the first aiming to understand it short-term effects and the second it long-term effects.
Accordingly, to address how the players performance was acutely affected by the additional
variability, the first study consisted in exposing the players to a pitch with different
configurations (regular pitch, playing in a pitch with the same direction of competitive match;
sided pitch, playing in a pitch in which the goals were changed to the width; and, dynamic pitch,
playing in a pitch performed in side-to-side line compared to competitive matches) and to a
dynamic condition (additional variability, in which the pitch boundaries were randomly
changed every minute by: regular pitch; decrease 6 m width; diamond shape). This study was
developed in both under-13 and under-15, and the players performance was compared during a
Gk+5vs5+Gk SSG. In general, better performances (positioning-related and physical
performances) were found in more known scenarios (playing in the same direction or different
orientation compared to competitive performances), compared to less known scenarios (sided
condition) or more dynamic and variable contexts (dynamic condition). In addition, the
condition with additional variability (dynamic condition) was the scenario that mostly affected
the players movement behaviour (decreased movement synchronization), which may reflect the
search for adaptive movement behaviours to cope with the demands imposed by the additional
variability. Furthermore, the older age group was more sensitive to the changes on the pitch
configuration, suggesting that as the players get older and the training practices more structured,
it becomes more difficult to adapt to more dynamic and variable environments. While in this
study it was found an acute decrease in the players performance as result of the additional
variability, in turn, the second study aimed to assess how a training intervention of 10-weeks
sustained on variability (physical literacy and differential learning) affected the motor
performance (sprint, RCOD ability and vertical jump ability) and in-game behaviour (physical,
technical, creative and tactical behavior) of under-15 and under-17 attackers during a 5vs5+Gk
SSG. Regarding to the motor performance tests, the training program was mainly effective in
enhancing both age groups jumping ability. Regarding to the in-game behaviour, the program
was most effective in the under-15 attackers, which revealed important improvements in the
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technical and creative actions. Furthermore, the program also affected the players movement
behaviour in both age groups, increasing the movement irregularity in the under-15 and
increasing the individual area explored by the attackers in the under-17. In general, the results
suggested that long-term interventions sustained on variability may be beneficial to help the
players to adapt to more dynamic and unpredictable contexts. Moreover, this training
intervention was applied to develop the attackers playing position, suggesting that they should
train in environments surrounded by variability and unpredictability, since it seems to nurture
the development of their offensive profile. In conformity with the results found in the first study
of this section, older age groups were less sensitive to the training program, possibly as result
of the higher number of years of specialized practice, which may suggest that training
interventions of higher duration may be required to older players. The results from these two
studies highlights that players acute performance may decrease as consequence of the additional
variability, however, from a long-term perspective it seems to help in the development of the
players adaptive and exploratory movement behaviours.

5.3. Summary of the thesis and future research directions
This thesis aimed to explore how the manipulation of some individual and task constraints
affected the players performance during SSG. Playing with additional muscular fatigue seems
to enhance the team movement synchronization, possibly as a pacing strategy that allows to
refrain the players to perform more individual energy-demanding actions. Accordingly, coaches
may use physical tasks previous to tasks focused on the team tactical organization. In turn, it is
important to acknowledge that players ability to capture the relevant information from the
environment seems to be impaired when under mental fatigue. In this respect, youth players are
likely to be exposed to situations that demand cognitive abilities (e.g., studying in the school,
high exposition o technology or even playing several matches during tournaments) and
consequently may induce mental fatigue. As so, coaches should carefully consider the type of
the training tasks and the information available on it during periods of high cognitive load, since
an increase in the information available may exacerbate the effects of mental fatigue. For
example, in this thesis studies the players exhibited better performance in more known scenarios
and thus coaches may choose more familiar tasks to increase the likelihood of achieve success
by the youth players.
Regarding to the task constraints, it was shown that players relies on the pitch spatial references
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(internal and external pitch lines) as an informational source to support their decisions. From
this perspective, it was found that players were more able to evidence higher performances,
expressed by the increase in number of successful actions as well as the team coordination,
when the external lines were at least partially present (dashed or full line conditions). In
contrast, adding internal lines (corridor and sectorial lines) decreased the team collective
movement synchrony, possibly because it emphasized more the information related to the
space. Based on the previous considerations, using the internal reference lines may be beneficial
to promote information more related with the space, while in turn, removing it seems to
emphasize the information related with the teammates.
Additionally, this thesis has also aimed to understand how adding variability to practice tasks
affects the development of performance in youth players. Accordingly, it was developed two
studies, in which the first intend to understand how the players acutely respond to variability
by exposing the players to different pitch configurations and to a dynamic condition, while the
second aimed to explore the effects of an intervention based on physical literacy and differential
learning. The results from the first study, which shown decreased performances compared to
less known conditions, may suggest that the players were trying to adapt their movement
behavior as result of the additional variability. The results from second study, revealed
considerable improvements in the players motor, technical and creative performances, as well
as in their positioning dynamics after the intervention sustained on variability, mainly in the
younger age group. The results from these two studies may suggest that players require time to
adapt to training practices sustained on variability, however, at long-term it has benefits for the
development of players, supporting its inclusion in the current training practices. Additionally,
these two last research manuscripts of the thesis were developed using different age groups,
and the results shown that younger age groups (under-13 compared to under-15 and under-15
compared to under-17) seems to adapt better to more dynamic and unpredictable scenarios.
Therefore, these results may suggest that it is important to nurture this type of activities earlier
in the development path of youth players, as well as, possibly increase the duration of training
interventions sustained on variability for older age groups. Overall, the results from the thesis
studies shown that distinct movement behaviors emerge as result of the different individual and
task manipulations (see Figure 5.2.1.). Furthermore, adding variability to the tasks seems to
enhance the development of players adaptive movement behaviors that may help them to better
cope with the individual and task constraints manipulations.
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Figure 5.3.1. Main practical implications of the thesis findings.

Generally, this thesis aimed to provide information to assist coaches in the design, manipulation
and implementation of training tasks and interventions that may help improving the players
performance. Although important findings have been provided, more research involving youth
players should be developed. Accordingly, the studies revealed that mental fatigue has a
negative effect on youth players movement behavior. Considering that a several number of
players have training sessions only after the school, where they are likely to face a significant
amount of cognitive load, strategies to attenuate or at least that allow the players to cope with
the task demands when mentally fatigue should be developed. In addition, it is well known that
players decide based on the information from the environment, however, the way how this
information is perceived and used it is different according to the age group of the players. In
this perspective, future studies should also inspect how different age groups may be affect by
specific task constraints, helping to create normative guidelines about which type of constraints
may be more appropriate to each age. In this respect, it would useful also to understand how
the players’ maturity status may affect the way how the players interact with the different
constraints. In addition, adding variability to the tasks has contributed to improvements in the
players performance, however research in this domain is still scarce. In this respect, and
considering that improvements in the players’ performance may only be observable at a long-
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term, further studies using training interventions and intermediate measures should be
developed to better understand how the players react to this variability. Advancements on these
topics would allow to better plan the dose required to improve the players performance, as well
as to design appropriate learning environments.
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