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RESUMO

SANTOS, Rodrigo de Miranda Monteiro, M.Sc., Universidade Federal de Vigosa,
junho de 2015. Padrdes de coordenacdo interpessoal no Futebol: andlise das
relagdes numeéricas relativas em sequéncias ofensivas finalizadas em gol.
Orientador: Israel Teoldo da Costa. Coorientador: Ricardo Filipe Lima Duarte

O objetivo deste trabalho foi verificar como a analise da coordenacdo interpessoal no
futebol pode contribuir para a identificacdo de padrbes de jogo emergentes a partir de
sequéncias ofensivas finalizadas em gol. O documento esta estruturado em trés
artigos cientificos. O primeiro artigo destaca que o estudo da coordenacao
interpessoal no futebol vem se tornando um tépico de pesquisa emergente. Com o
propdsito de compreender como surge a coordenacao entre jogadores e equipes, bem
como identificar os padrGes emergentes destas interacGes, diversos estudos tém
investigado os diferentes niveis de interacdo (diades, subgrupos e equipes) que
descrevem o jogo de futebol. Desta forma, os objetivos deste artigo foram: (i)
fornecer uma breve descri¢cdo do background relativo aos conceitos que envolvem o
topico de coordenacdo; (ii) destacar os estudos e achados mais relevantes
relativamente a investigacdo da coordenacdo interpessoal no futebol e (iii) discutir as
implicacdes destes estudos e resultados o desenvolvimento de tarefas representativas
em treino e pesquisa. Parece razoavel sugerir que o desenvolvimento de tarefas
representativas deve basear-se nos comportamentos e desempenhos observados em
contextos reais de jogo. O segundo artigo objetivou a apresentacdo de uma nova
ferramenta informatica para analise de padrées de coordenacdo entre equipes de
futebol a partir de imagens de video. O instrumento inclui procedimentos objetivos e
de baixo custo, em comparagdo aos caros e complexos sistemas de rastreamento
automatico disponiveis atualmente. Altos valores de fiabilidade indicam que esta
ferramenta pode ser empregada em uma grande variedade de contextos no futebol e
também em outros esportes coletivos. O terceiro artigo teve por objetivo identificar
tendéncias de coordenagdo entre equipes a partir das sequéncias ofensivas finalizadas
em gol da equipe camped da Copa do Mundo FIFA® 2014. Foram analisados 6457
quadros de video (unidade de analise) de 11 cenas de video de sequéncias ofensivas
finalizadas em gol. A incerteza das relagdes numéricas das equipes dentro das
subareas de jogo foi analisada em cada sequéncia ofensiva através da entropia de

Shannon. Os valores de entropia indicaram que a incerteza das relagfes numéricas



das equipes foi maior na subarea Ofensiva Central da selecdo alemad (subarea
Defensiva Central adversaria; 1,86 bits) em comparacdo ao restante das subareas de
jogo. Estes resultados sugerem gque em sequéncias ofensivas finalizadas em gol, as
relacbes numeéricas relativas foram mais imprevisiveis na subarea do Espaco de Jogo
Efetivo (EJE) mais proxima a baliza adversaria. Futuros estudos devem verificar se

este padrdo é uma caracteristica predominante em equipes bem sucedidas.



ABSTRACT

SANTOS, Rodrigo de Miranda Monteiro, M.Sc., Universidade Federal de Vigosa,
June 2015. Interpersonal coordination in Soccer: analysis of patterns of relative
numerical relations in goal-scoring possessions. Adviser: Israel Teoldo da Costa.
Co-adviser: Ricardo Filipe Lima Duarte

The aim of this dissertation was to verify how the analysis of interpersonal
coordination in soccer might contribute to the identification of emergent patterns of
play in goal-scoring possessions in open play. The document comprises three
scientific papers. The first paper highlights that the study of interpersonal
coordination in soccer has recently become an emergent research topic. Several
studies that have investigated the different levels of interactions (dyads, sub-groups
and teams), which comprise soccer competition, aimed to comprehend how
coordination between players and teams arises as well as to identify the emergent
patterns from such interactions. Therefore, this leading article aimed: (i) to provide a
brief description of the background regarding the main concepts within the topic of
coordination; (ii) to highlight the most relevant studies and findings regarding the
study of interpersonal coordination in soccer and (iii) to discuss the implications of
these studies and findings for representative task design. It is reasonable to suggest
that the design of representative tasks in training and testing should rely upon the
performances and behaviours observed in actual match contexts. The purpose of the
second paper is to present a novel computational tool to analyze inter-team
coordination patterns in soccer from video footage. The paper describes the design of
low-cost and straightforward manual tracking procedures in comparison with some
expensive and highly complex automatic tracking systems currently available. High
reliability values suggest that this tool can be employed in a great variety of contexts
in soccer and other team sports. The third paper aimed to examine the emergent
inter-team coordination tendencies from goal-scoring possessions in open play of the
2014 FIFA® World Cup winner team, through the analysis of teams' numerical
relations within the effective play-space (EP-S). We assume that Germany generate
more numerical uncertainty in sub-areas of play closer to opponents' goal in goal-
scoring possessions. We analysed 6457 frames from 11 video sequences of goal-
scoring possessions in open play during that tournament. Teams' numerical relations

within sub-areas of play were examined in each offensive sequence through



Xi

Shannon's entropy, H. The uncertainty of numerical relationships between the teams
across sub-areas was also calculated. Entropy measures indicated that the uncertainty
of teams' numerical relations was higher within the German Central Offensive
(opponents' Central Defensive) sub-area (1.86 bits) in comparison with the remaining
sub-areas of play. These results confirm our initial hypothesis, displaying that, in
goal-scoring possessions, the German team generates more numerical uncertainty in
critical offensive sub-areas of play. Future research should verify whether such

pattern is a predominant feature in successful teams.



GENERAL INTRODUCTION

1. Soccer match analysis

In soccer (association football), performance has been described as a
construct comprised by several constituents and the interaction between them, both at
the individual (player) and collective (team) levels (DRUST; ATKINSON; REILLY,
2007). Hence, the analysis of actions performed by players and teams in match
context might generate relevant information to support scientific investigations and
coaches' decisions with respect to the tactical, technical and physical aspects of the
game (REILLY; THOMAS, 1976; POLLARD; REEP, 1997; CARLING;
WILLIAMS; REILLY, 2005). However, despite the importance of these three
aforementioned components to the game, investigations on match performance
analysis in soccer have mostly aimed to describe only physical and technical aspects
of this sport, thus not focusing on players' tactical behaviour and team organization
(GARGANTA, 2009). Therefore, in order to contribute to a broader comprehension
of the game and the contextual variables that influence the outcome of soccer
contests, researchers and clubs staffs have, more recently, resorted to the analysis of
the tactical component, so as to obtain more accurate information with respect to
individual and collective performances that might be key to understand and shape
players' and teams' behaviours (HUGHES; FRANKS, 2004).

Considering the tactical component, several analysis methods and tools have
been developed and employed by a wide range of researchers with the purpose of
identifying and studying patterns of play and their effectiveness. The study
conducted by Reep and Benjamin (1968), who resorted to an observational approach
and advanced statistical procedures, is one of the first that attempted to search for
tendencies that led to goals or goal-scoring opportunities. The authors analysed the
likelihood of passes and shots in key areas of the pitch that led to goals and/or goal-
scoring opportunities in 101 professional soccer matches. Results indicated that 50%
of the goals scored originated from passing sequences starting in the "shooting areas"
(the two quarters of the pitch where the goals are located), whereas 15% of all
passing sequences that reached these areas led to a shot at goal. Furthermore,
findings displayed that 1 in every 10 shots lead to a goal and that shorter passing
sequences led to more goals, in comparison to longer ones. Nevertheless, the

statistical procedures and, as consequence, the results of this study, have been subject



of criticism in literature, as they were thought to have led to misunderstandings, since
the data regarding passing sequences were not normalized according to the frequency
of their lengths, what would result in a contrasting interpretation of the results, given
that when data are normalized, it was possible to observe that longer passing
sequences generate more goals than shorter ones (HUGHES; FRANKS, 2005). Also,
the findings and conclusions of the aforementioned investigation provided little, if
any, practical applications, since the model employed rely upon the analysis of
discrete events and employs statistical procedures that have little claim to
generalizability.

Surprisingly, despite of the apparent lack of context of the variables
investigated and the limited applicability of findings to training, research methods in
soccer match analysis have undergone very few modifications for nearly 30 years
after Reep and Benjamin's study (MACKENZIE; CUSHION, 2013). The
investigations that followed have resorted to very similar approaches for identifying
successful patterns of play or playing styles in order to distinguish performance
profiles (BORRIE; JONES, 1998). In addition, a common issue regarding the
identification of performance indicators is that the relationship between observed
behaviour and outcome is often misinterpreted at the scientific level. Consequently,
in order to account for significant comprehension of playing behaviour, metrics of
soccer performance ought to clarify game outcomes (MCGARRY, 2009).
Remarkably, investigations addressing such issues would not be conducted until the
late 90s.

Nevertheless, by the end of the decade of 1990-2000 and in the early years of
the decade of 2000-2010, researchers have started highlighting the importance of
taking into account the dynamics of the game in order to obtain richer and applicable
information about players' and teams' behaviours in the pitch (GREHAIGNE;
BOUTHIER; DAVID, 1997; BORRIE; JONSSON; MANGNUSSON, 2002). Since
then, the amount of work that employed the concepts of dynamic systems theory to
analyse the complex interactions between players and teams within a match has
increased significantly (DAVIDS; ARAUJO; SHUTTLEWORTH, 2005;
MCGARRY, 2005; DUARTE et al., 2013). Therefore, while analytical methods of
analysis try to decompose systems into as many constituents as possible, the systemic
approach resorts to the view of the system as a whole, and thus aims to analyse the
interactions of its parts/elements (WALLISER, 1977).



The dynamic systems theory is a concept that, unlike the analytical approach,
enables researchers and coaches to collect and organize information with the purpose
of generating more efficient behaviour in view of the dynamic characteristics of the
game (e.g. consideration of opposing players, ball location, players' speed) (ATLAN,
1986; GREHAIGNE; BOUTHIER; DAVID, 1997; MCGARRY et al., 2002). Hence,
one of the core aspects that comprise the application of such theory within the
context of soccer is the analysis of players' and teams' actions taking the opposition
into account. Since the interactions between players (interpersonal coordination) and
teams in a match were taken into account, the quality of research with respect to the
identification of successful patterns of play has improved, since it provides a more
contextualized interpretation of individual and collective behaviour (MCGARRY et
al., 2002; DUARTE; ARAUJO; CORREIA; et al., 2012; VILAR et al., 2012).
Therefore, in view of the importance of the study of interpersonal coordination
between players and teams in soccer, several methods and tools have been developed
to collect, analyse and interpret data through a more ecological and representative
approach (FRENCKEN et al., 2011; MOURA et al., 2012; VILAR et al., 2013).
Some of the most prominent studies in soccer match performance analysis that
resorted to the investigation of interpersonal coordination are described in the

following topic.
2. Interpersonal coordination in soccer

Coordination between individuals (i.e. interpersonal coordination) plays a
central role in most of daily situations and might be observed and analysed when
people walk together, talk to each other or, from a more complex perspective, dance
or play sports (SCHMIDT; CARELLO; TURVEY, 1990). Interpersonal coordination
emerges from the joint coupling of the attractor dynamics that underpin the relative
phasing of the coordinating structures (SCHMIDT; CARELLO; TURVEY, 1990).
Correspondingly, in sports sciences, a considerable body of work has indicated that
in regard to (individual and team) sports contests, athletes' behaviours are to be
observed and understood in the light of the same principles (MCGARRY; FRANKS,
1996; GREHAIGNE; BOUTHIER; DAVID, 1997; BOURBOUSSON; SEVE;
MCGARRY, 2010). In view of such principles, individual sports encompass inter-
coupling between two opponents, whereas team sports incorporate several dyads that
combine to engender intra- and inter-team couplings (BOURBOUSSON; SEVE;



MCGARRY, 2010). Thus, team sports performance is better described as being an
outcome of the relations between players and teams and, as a consequence, such
interactions need to be considered as being inseparable, if one is to analyse match
behaviours (BOURBOUSSON; SEVE; MCGARRY, 2010).

Therefore, in order to observe and describe the complex interactions between
opposing players and teams, most of the research that investigated patterns of
coordination between players and teams published thus far, largely did so by taking
into account the levels of analysis (couplings and couplings of couplings). In the
study of interpersonal coordination in team sports, such levels of interactions
between system's components are classified as dyads (one vs. one) and collectives
(many vs. many). This perspective assumes that all players are elements that oscillate
around a mutual locus, and is based on the assumption that team vs. team interactions
encompass numerous one vs. one interactions (MCGARRY, 2005) that are able to
shape synergies at sub-group and team levels. Hence, with the purpose of
understanding how coordination between players and teams emerges, as well as of
identifying the patterns that arise from these given interactions, several studies have
analysed the different levels of interactions (dyads, sub-groups and teams) that

involve soccer competition.

Yet, research on interpersonal coordination in soccer has mainly focused on
the spatiotemporal patterns in 1vs.1 sub phases. Investigations have analysed the way
the player in possession breaks symmetry in relation to a defender so as to achieve a
penetrating pass or a shot (DUARTE; ARAUJO; et al., 2012b; CLEMENTE et al.,
2013; ORTH et al., 2014a). Hence, it is possible to affirm that relying on the analysis
of dyads is a somehow limited approach, since the interactions between players and
teammates plays a crucial role for decision making. However, investigations exceed
the dyadic level or that analyse players' interactions in competitive matches are
apparently limited (FRENCKEN et al., 2012). Taking this limitation into
consideration, Vilar et al. (2013) proposed a novel approach to analyse the way
teams occupy sub-areas of the field based upon the hypothesis that numerical
advantage is vital for the creation of scoring opportunities and defensive stability.
This approach was employed within the present study, with the purpose of
identifying patterns of numerical relations in goal-scoring possessions in open-play,

and will be discussed within the next chapters.



3. Goal-scoring patterns

Goal scoring is regarded as being the ultimate indicator of offensive success
in soccer (BATE, 1988; POLLARD; REEP, 1997). Since the analysis of actions that
lead to goals and/or goal-scoring opportunities allows coaches and match analysts to
identify and employ the most effective playing methods in order to score and avoid
conceding goals, it has drawn the attention of a fair amount of sports scientists
(HUGHES; FRANKS, 2005; REDWOOD-BROWN, 2008).

One of the first investigations on goal-scoring plays was conducted by Reep
and Benjamin (1968), whose results indicated that approximately 80% of the goals
emerged from sequences of three or less passes. Also, the authors reported that 1 out
of 10 shooting attempts would lead to a goal. However, Hughes and Franks (2005)
suggested that the data reported by the aforementioned study were not normalized
and therefore indicated that such findings could lead to misinterpretations. Yiannakos
and Armatas (2006) verified that 44.1% of the goals in the UEFA® Euro 2004 were
scored through organized attacks, whilst only 20.3% were scored through
counterattacks. In addition, results displayed that 63.4% of the goals in this
tournament were scored through long passes and combination plays, whereas 17.1%
were scored through individual actions. In a recent study, Tenga et al. (2010)
indicated that counterattacks (13.4%) lead to more goals when compared to elaborate
attacks (8.8%). Correspondingly, long possessions (14.4%), mixed passing length
(12.5%) and penetrative passes (25.4%) displayed higher probability of creating
goals than short possessions (7.6%), long passes (2.6%) and non-penetrative passes
(1.4%), respectively. Yet, while these investigations provide significant information
with respect to the emergent patterns in goal-scoring possessions, regarding their
methodological approach and study design authors give little if any attention to the
inter-team tendencies that trigger the actions in these plays.

Therefore, resorting to the study of interpersonal coordination with the
purpose of capturing and describing patterns that emerge from the interactions
between teammates and opponents is an approach that most certainly provides more
relevant and useful information to researchers and coaches, in comparison to
traditional data analysis methods (MCGARRY, 2009; VILAR et al., 2012).

Thus, with the purpose of detecting and analysing such numerical

relationships as well as their emergent patterns, Vilar et al. (2013) proposed a novel



method to examine how teams occupy sub-areas of play. Through this approach, the
authors analysed a soccer match based upon the hypothesis that local player
numerical dominance is critical for defensive stability and offensive opportunity.
Such method is described in detail in papers 2 and 3 within the present dissertation
and might contribute significantly to the study of emergent coordination patterns

from goal-scoring possessions.
OBJECTIVES

General

The purpose of this study is to verify whether the study of interpersonal
coordination in soccer, more specifically through the analysis of inter-team relative
numerical relations, is likely to contribute to the identification of emergent patterns

of play in goal-scoring possessions in open play.

Specific

Describe the most important studies on interpersonal coordination in
soccer, thus highlighting the implications of their findings to research and practice in
match performance analysis;

Introduce a novel, low-cost and straightforward tool for the analysis of
inter-team coordination from video footage;

Examine the emergence of inter-team numerical relations from open-play

goal-scoring possessions of the German National Soccer Team.
DISSERTATION STRUCTURE

This dissertation is arranged according to the model proposed by the
norms of presentation of dissertations and theses from the Universidade Federal de
Vigosa comprised by scientific papers submitted for publication to indexed journals.
This format allows the presentation of the papers developed during the process.

The structure of this study includes an introduction chapter, which
includes a brief literature review on the topics being addressed, as well as the
relevance of this research and its objectives. In the following chapter, the
investigations conducted are presented as follows:

The first paper, entitled "Interpersonal Coordination in Soccer: Overview

and Implications for Representative Task Design", aims to provide a brief description



of the background concerning the main concepts within the topic of coordination; (ii)
to highlight the most relevant studies and findings regarding the study of
interpersonal coordination in soccer and (iii) to discuss the implications of such
studies and findings for researchers and practitioners in match performance analysis.

The second paper - "Design and reliability of a computational tool to
analyze inter-team coordination patterns in soccer from video footage" - aims to
present a novel computational tool to analyze inter-team coordination patterns in
soccer from video footage.

The third paper, entitled "Inter-team coordination tendencies of goal-
scoring possessions in open play: an analysis of the 2014 FIFA® World Cup winner
team" aims to examine the emergent inter-team coordination tendencies from goal-
scoring possessions in open play of the 2014 FIFA® World Cup winner team,
through the analysis of teams' numerical relations within the effective play-space.

Following the presentation of the papers, the general concluding remarks

are addressed.
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PAPER 1

Title: Interpersonal Coordination in Soccer: Overview and Implications

for Representative Task Design

Rodrigo Santos, Ricardo Duarte, Keith Davids, Julio Garganta and Israel Teoldo

Abstract: Dynamic systems theory encompasses several characteristics that are
important for the investigation of interaction processes in sports. Hence, the study of
interpersonal coordination in soccer has recently become an emergent research topic.
With the purpose of understanding how coordination between players and teams
arises, as well as of identifying the patterns that emerge from these given
interactions, several studies have investigated the different levels of interactions
(dyads, sub-groups and teams) that comprise soccer competition. Therefore, the aims
of this leading article are threefold: (i) to provide a brief description of the
background concerning the main concepts within the topic of coordination; (ii) to
highlight the most relevant studies and findings regarding the study of interpersonal
coordination in soccer and (iii) to discuss the implications of these studies and their
findings for the design of representative tasks. It is reasonable to suggest that the
design of representative tasks with the utilization of sub-phases of the game (1 vs. 1,
many vs. many) should rely upon players' behaviours and performances in actual
match settings (11 vs. 11).

Keywords: Interpersonal coordination; soccer; dyads; sub-groups; teams.
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1 Introduction

Dynamic systems theory display several signature characteristics that are
relevant for the investigation of interaction processes in sports (DAVIDS; ARAUJO;
SHUTTLEWORTH, 2005). For example, the analysis of team sports performance by
adopting a dynamic systems approach has attempted to clarify how coordinated
interactions between players/teams and features of a performance environment
emerges (VILAR et al., 2012). Hence, the study of interpersonal coordination
patterns in team sports, and more particularly in soccer, has recently become an
emergent research topic in sports sciences. Since the number of studies that have
investigated patterns of coordination in soccer has significantly increased, it is
important to elucidate the key concepts explaining dynamical interactions of players,
and highlight the most relevant findings of the growing body of work on

interpersonal coordination in soccer.

Therefore, the aims of this leading article are threefold: (i) to provide a brief
description of the background concerning the main concepts within the topic of
interpersonal coordination; (ii) to highlight the most relevant studies and findings
regarding the study of interpersonal coordination in soccer; and (iii), to discuss the
implications of such studies and their findings for representative experimental

design.

2 From intra- to inter-personal coordination

Over the years, several branches of science have characterized coordination
by employing this term to outline processes that are specific to their respective fields
of knowledge. In animal physiology, for example, it is considered "the processes
involved in the reception of sensory information, the integration of that information,
and the subsequent response of the organism™ (MARTIN; HINE, 2008). On the
subject of motor control, Bernstein (BERNSTEIN, 1967) defined coordination as
"the organization of the control of the motor apparatus” (TURVEY, 1990). From
such definitions, coordination can be described in microscopic terms, such as the
processing activities of the nervous system in order to acquire sensory information,
or from a macroscopic point of view, regarding the continuous (re) organisation of
body parts and limb segments during movements (TURVEY, 1990). Limb

movements are often categorized in two scales: intra- and inter-limb coordination.
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Intra-limb coordination deals with the questions that comprise the specific principles
of movement of individual segments of a limb in relation to each other (SCHAAL,
2002). Inter-limb coordination is described as a "means of studying how the same or
different anatomical components are put together to perform coordinated functions"
(FUCHS; KELSO, 1994; SEIFERT et al., 2013). Kelso (KELSO, 1995) refers that
investigating the dynamics of pattern formation in such complex adaptive systems is
worthwhile, since they comprise a great number of mechanisms to be coordinated
and, therefore, are likely to generate a considerable number of patterns, especially in
harnessing system degeneracy (SEIFERT et al., 2014). Therefore, both scales of

analysis described above comprise the intrapersonal level of coordination.

With respect to the question about whether the features observed in
intrapersonal coordination are also applicable for the analysis of the individual-
environment coordination (SCHMIDT; CARELLO; TURVEY, 1990; FUCHS;
KELSO, 1994), Schmidt and colleagues reported that the principles underlying
intrapersonal coordination also account for the investigation of interactions between
individuals (SCHMIDT; CARELLO; TURVEY, 1990). Also, (SCHMIDT;
O'BRIEN; SYSKO, 1999) suggested that interpersonal coordination should be
understood based upon the idea of self-organization, defined as the processes that
generate order and structure within a system. Hence, the proposed theoretical
framework reveals that interpersonal coordination does not emerge uniquely from the
cognitive or neural constitution of such individuals, but rather from the fashion in
which organisms fit together (i.e. natural patterns). Furthermore, patterns emerging
from interpersonal structures are to be described by the same characteristics
commonly observed in natural settings and there is some evidence that interpersonal
coordination can emerge in a sub-conscious manner, even at an elite level of athletic
performance (STEVENS, 1976; VARLET; RICHARDSON, 2015).

In short, interpersonal coordination arises due to the joint coupling of the
attractor dynamics that underpin the relative phasing of the coordinating structures in
human movement systems and between athletes in a team performance context
(SCHMIDT; CARELLO; TURVEY, 1990). Indeed, Kelso suggested that this
principle of universality for complex adaptive systems reveals that such systems
comply with analogous characteristics with respect to their different scales of

analysis (KELSO, 1995). This is an important idea to guide performance analysis in
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sport science. Accordingly, within the sports sciences, a considerable amount of
investigation has indicated that with regard to individual and team sports contests,
athletes' behaviours need to be observed and understood in light of the same
principles (MCGARRY; FRANKS, 1996; GREHAIGNE; BOUTHIER; DAVID,
1997; BOURBOUSSON; SEVE; MCGARRY, 2010). In view of such principles,
individual sports encompass inter-individual coupling between two opponents or
between an athlete and an object in the environment, whereas team sports reveal how
individual system components, such as competing players can entrain the behaviour
of the whole complex system in team games, incorporating one or several dyads that
combine intra- and inter-team couplings (BOURBOUSSON; SEVE; MCGARRY,
2010).

Correspondingly, the coupling interactions between oscillating elements in a
collective system yields dynamical characteristics that describe interactions in sports
teams (MCGARRY et al., 2002; MCGARRY, 2005). Thus, team sports competition
(e.g. basketball, rugby union and soccer) is likely to display both competitive and
cooperative characteristics. Consequently, every player within a team coordinates
his/her actions with teammates in search of a joint objective during a match. In turn,
opposing players and teams must coordinate their actions between each other, in an
attempt to create scoring opportunities for their respective sides and to prevent the
opposition from scoring (MCGARRY et al., 2002; GLAZIER, 2010). Therefore, in
team sports, the investigation of players' and teams' performances should not be
restricted to analyses that do not consider the influence of opposition on individual
and collective actions (DUARTE; ARAUJO; CORREIA; et al., 2012). Hence,
performance in team sports is better understood as an outcome of the relations
between players and teams and, as a consequence, such interactions need to be
considered inextricable, if one is to analyse match behaviours (BOURBOUSSON;
SEVE; MCGARRY, 2010).

In order to observe and describe the complex interactions between opposing
players and teams, most of the research that has investigated patterns of coordination
between players and teams published thus far has largely employed different levels
of analysis (couplings and couplings of couplings). In the study of interpersonal
coordination in team sports, such types of interactions among system's components

are categorized as dyads (one vs. one) and collectives (many vs. many). This
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perspective defines all players as elements that oscillate around a mutual locus, and
is based on the assumption that team vs. team interactions involve numerous one vs.
one interactions (MCGARRY, 2005) that are able to shape synergies at sub-group
and team levels. The study of synergies aims to investigate the fundamental
collective variables of a system, based on the assumption that, in critical situations,
such systems are controlled by a limited number of degrees of freedom, thus
uncovering the existence of an attractor and, consequently, resulting in a significant
decrease in complexity (HAKEN, 1977; KELSO; SCHONER, 1988). Hence, the
acting constraints that indicate how a system's degrees of freedom might become
reciprocally dependent were defined by (BERNSTEIN, 1967) as coordinative
structures (DAVIDS; ARAUJO; SHUTTLEWORTH, 2005).

3 Interpersonal Coordination in Soccer

Soccer (association football) is a tactical sport, and thus demands from
coaches, performance analysts and researchers an appropriate level of
comprehension on the coordination processes between its individual elements (e.g.
players) during performance (DAVIDS; ARAUJO; SHUTTLEWORTH, 2005).
Competitive soccer can be described as systems whose interacting elements generate
a large amount of varied patterns at a macro-level, which differ from the behaviour
of each element examined in isolation at a micro-level. Hence, the structures and
patterns that comprise a soccer match should be contemplated in their entirety, rather
than being analysed in a fragmented fashion (GREHAIGNE; BOUTHIER; DAVID,
1997).

For this reason, with the purpose of understanding how coordination between
players and teams arises, as well as of identifying the patterns that emerge from these
given interactions, several studies have investigated the different levels of
interactions at various sub-phases (between dyads - in 1v1 situations - sub-groups -
attacking and defending units of players - and full teams) that encompass soccer
competition. Next we examine important studies that characterize such levels of

interactions in soccer.

3.1 Dyads

Dyads (player-player interactions) comprise the elementary unit of analysis to
the study of patterns of coordination in sports contests. Also, the relations between
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two opposing players in competitive matches have been considered essential to
support the analysis of playing performance (MCGARRY, 2009). Through this
perspective, a considerable amount of research has been carried out in order to
identify emergent patterns of coordination from attacker-defender dyads in team

games, including soccer.

Original research almost a decade ago revealed that a key feature of
successful performance in team sports is the need for athletes to learn how to interact
with teammates and opposing players to achieve their task goals (PASSOS;
DAVIDS, 2015). This process of continuous interaction is founded on players’ co-
adaptive behaviours, which are constrained by locally created information. This
information emerges from different task constraints, including field markings and
boundaries and rules, all influenced by changes in relative positioning of teammates
and opponents. However, while field boundaries and rules remain unchanged during
competitive performance, players' relative positioning over the timescale of
performance is a key variable that continuously alters due to the location and
presence of significant others. For example, early research in team sport dyads
revealed the importance of the interaction between key performance variables, which
were high in predictive value, such as interpersonal distance between competing
players and relative velocity of the players (for a review see (PASSOS; DAVIDS,
2015)). One of the first studies that analysed dyads in soccer was conducted by
(ORTH et al., 2014b) and evaluated the effects of defensive pressure on running
velocity in footballers during the approach to kick a stationary football. Approach
velocity and ball speed/accuracy data were recorded from eight youth players (aged
15.25, SD = 0.46 years). They were observed as they ran towards a football to cross
it to a receiver in the penalty area to try and score against a goalkeeper. Defensive
pressure was manipulated in three counterbalanced conditions: no defender present; a
defender located far away and defender located nearer. The results revealed how
players subtly altered their performance under changing task constraints without
specific instructions from the experimenters. For example, ball speed of the cross
was significantly reduced as defensive pressure was increased. Locating defender
starting positions closer to the start position of the attacker significantly increased
average running velocity. In footfalls during the final approach to the ball approach

velocity was dependent on both presence and initial distance of a defender as a key
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task constraint. Despite these changes to movement organisation, passing accuracy
was maintained under changing defensive pressure by the skilled developing
footballers. Overall, the results implied that the regulation of kicking behaviours is
specific to a performance context and that some features of movement organisation
will not actually emerge unless the presence of a defender is manipulated as a task
constraint during practice in soccer. Another study of dyadic systems in soccer by
(HEADRICK et al., 2012) examined how location onfield constrained movement
regulation of players. They sought to determine whether spatiotemporal relations
between players and the ball in 1vs.1 interactions were constrained by their distance
to the goal area. The experiment consisted of each participant performing the role of
attacker (player in possession) and defender in settings designed to simulate actual
match situations. It was found that modifying the distance to goal of 1vs.1 dyads
influenced players' behaviours and intentionality in relation to the ball. Specifically,
they suggested that the variable "defender-to-ball distance” might be considered a
critical dyadic system performance variable, since the percentage of successful trials
for the player in possession revealed higher success rates for field positions located
closer to goal.

Also by employing match-simulated environmental settings, Duarte and
colleagues examined the influence of interpersonal coordination tendencies on
performance outcomes (creation of shooting opportunities by the attacker or ball
recovery by the defender) of 1vs.1 sub-phases in U-12 soccer players (DUARTE;
ARAUJO; et al., 2012a). Results displayed high-level spatiotemporal
synchronization between players in successful outcomes for attackers, while
defenders' ability to perform effective moves that preceded the attackers' moves was
identified as key to ball recovery by a player. In short, defenders’ success was
associated with increased time delays, whereas attackers evidenced higher success
rates when a tight coupling with the defender was created (therefore providing

defenders with less time to react to a dribbling move).

3.2 Sub-groups

Dyadic interactions comprise the most basic level of the match system.
Hence, the analysis of more complex sub-phases has become relevant for
understanding coordination among sub-groups of players (MCGARRY et al., 2002;
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DUARTE; ARAUJO; CORREIA; et al., 2012). An early study which examined
interactions between players in sub-phases of sports teams was conducted by
(PASSOS et al., 2011). They showed that distance to a defensive line in team sports
shaped the interpersonal distance between players in an attacking sub-unit. As in the
studies of Orth et al. and Headrick et al. discussed above, this co-adaptive behaviour
between attacking players was emergent since no specific instructions were provided
to participants observed during performance in a practice sub-phase. These findings
suggested that, since small-sided games (SSGs) can be considered to provide a
sublevel of a match system, they could be employed as a means to examine

interpersonal coordination patterns in soccer.

With the aim of investigating collective behaviour patterns in 3vs.3 sub-
phases of play in contexts of creation and prevention of goal-scoring opportunities,
(DUARTE; ARAUJO; FREIRE; et al., 2012) identified coordination tendencies in
each team in a 3vs.3 SSG, by using centroid (i.e. average team position) and surface
area (i.e. occupied space) measures, obtained through manual video tracking
procedures and 2-D reconstruction (DUARTE et al., 2010). They reported that the
centroids of both teams approached and moved away from each other's defensive line
in a very tied (ebbing and flowing) manner, particularly at the moments that
preceded the 3v3 systems' loss of stability (i.e. during performance of passes that
assisted goal attempts). These findings suggest that the two sub-groups moved
synchronously in relation to each other. The emergence of such characteristics was
attributed to a prominent degree in the distance between the attacking team and the
defensive line (DUARTE; ARAUJO; FREIRE; et al., 2012). On the other hand, the
surface area did not reveal the existence of clear patterns of coordination between the
teams. Thus, the fact that the surface area was not able to uncover coordination
patterns between sub-groups could not be transferrable to full-sided game contexts,
since quick changes in this variable might be due to rapid exchanges in ball
possession in the 3v3 context (DUARTE; ARAUJO; FREIRE; et al., 2012). The
outcomes of this study provided relevant tactical information by uncovering how
sub-groups of opposing players deal with each other within high-risk areas of the

pitch (near the scoring zones on field).

Likewise, (FRENCKEN et al., 2011) aimed to identify emergent playing

patterns in SSGSs (4vs.4) through the use of centroid positions and surface area
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measures, acquired by positional data that were obtained through a transponder and
antennas placed in a vest worn by each player during performance (FRENCKEN;
LEMMINK; DELLEMAN, 2010). Results confirmed their hypothesis that teams'
centroids display a tendency to move towards the same directions during a
competitive game. Also, findings revealed the existence of a stronger association for
centroids' forward-backward oscillations in relation to lateral oscillations.
Nonetheless, as also shown by (DUARTE; ARAUJO; FREIRE; et al., 2012),
Frencken and colleagues did not observe any linear associations between teams'
surface areas. They attributed this outcome to the type of SSGSs that comprised the
experimental task (FRENCKEN et al., 2011). There is a need for more analyses of
teams' surface areas to be examined in full-sided 11vs.11 games, instead of SSGSs,
since this sub-phase of play apparently was not able to reveal the importance of such
a variable for identifying coordination patterns in soccer.

3.3 Teams

Since the investigation of coordination patterns has often been analysed
through the perspective of 1vs.1 situations (dyads) or small-sided games (sub-
groups), the degree to which the tendencies observed at such scales of analysis could
reliably describe actual match dynamics is still somewhat uncertain (BARTLETT et
al., 2012). However, some important studies have been conducted in order to verify
whether these patterns could also characterize interactive patterns in full-sided
games.

For example, (FRENCKEN et al., 2012) aimed to examine whether inter-team
distance would relate to match events by analysing variability of longitudinal and
lateral distances between teams, which were defined by them as the (longitudinal and
lateral) difference between teams' centroids. Findings suggested that inter-team
distances were only marginally related to match situations, although acute stages of a
match that emerged from fluctuations in lengthwise direction were reported to be
associated with players' movement patterns following longitudinal and lateral passes.
This observation suggests that highly variable periods in inter-team distance values
are associated with both longitudinal and lateral passes. It appears that all match
situations analysed were dependent on the direction of play and relative position of
the ball (FRENCKEN et al., 2012).
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Also with respect to the variability of inter-team coordination, (VILAR et al., 2013)
introduced a novel approach to the analysis of emergent functional-structural patterns
in soccer, based on the assumption that numerical advantage plays an essential role
in defensive stability and creation of goal-scoring opportunities. They analysed the
uncertainty of teams' numerical relations in sub-areas of play (see Fig. 1) within the
effective-play space (EP-S). The EP-S is defined by (GREHAIGNE; MAHUT;
FERNANDEZ, 2001) as the polygonal area encompassing the imaginary line that
links all outfield players located at the periphery of play at a given instant. Analyses
were performed considering the numerical relations of the opposing teams based on

the numerical relations within opposing sub-areas of play. In addition, the
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Fig. 1. Sub-areas of play within the effective play-space (EP-S) [30].
uncertainty of such numerical relations across sub-areas of play was calculated
through the utilization of Shannon's entropy, H (SHANNON, 1948). The main
findings revealed that in sub-areas of play closer to opponent's goal, the teams
seldom allocated more players than the opposition. Moreover, entropy measures
revealed that the central midfield sub-area of play is highly unpredictable with
respect to numerical relations between the teams. Therefore, this outcome confirms,
through an ecological perspective, a tactical aspect of the game that has already been
hypothesized by traditional notational studies, which were not able to capture such

dynamics by means of typical analytical measures.
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4 Implications for representative task design

The purpose of soccer research is to provide coaches with relevant
information with respect to the performance of players and teams, so as to allow the
transfer of knowledge from the experimental setting to actual environments
(CARLING; WILLIAMS; REILLY, 2005). In order to achieve such purpose, a
proper level of representativeness of the tasks performed by participants in training
or experimental settings is required if this knowledge is to be put to use with the aim
of enhancing individual and collective performances in match context (PINDER et
al., 2011).

In that respect, coordination data obtained during actual match contexts might
provide proper resources for the assessment of action fidelity of simulated training
and learning environments, the aim of action fidelity being to verify whether players'
decisions and actions are similar in two distinct circumstances, when one attempts to
replicate performance settings in experimental environments (ARAUJO; DAVIDS;
PASSOS, 2007). The implications of this line of reasoning suggest that drills or test
trials that do not take into account the representative design of performance settings
might hamper the accurate assessment of essential performance features that demand
training or improvement, and also the progress of training intervention and training
drills that support the development of such aspects (PINDER et al., 2011).

Therefore, small-sided (1v1, 3v3, etc.) experimental practice tasks should
consider the performance observed in actual match (or 11v11) settings, in order to
enable researchers to generalize findings and conclusions to broader contexts, as well
as to allow coaches to develop and conduct training drills that more accurately
simulate real game situations (ARAUJO; DAVIDS; PASSOS, 2007; TRAVASSOS
et al., 2012). Hence, since an important subject related to the design of learning
environments regards the representation of the stimuli available in competitive
performance, it seems reasonable to suggest that the development and execution of
experimental tasks that involve sub-phases of the game should rely on the behaviours
and performances observed during real soccer contests (PASSOS; DAVIDS, 2015).
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PAPER 2

Title: Design and reliability of a computational tool to analyze inter-

team coordination patterns in soccer from video footage

Rodrigo Santos, Alexandre Branddo, Lucas Mantovani, Matheus Berger, Ricardo
Duarte, Luis Vilar, Israel Teoldo

Abstract: Since computers have become an integral part of research and practice in
sports performance analysis, automatic and semi-automatic tracking systems have
been designed with the aim of reconstructing players' paths in team sports, and more
particularly in soccer. Such devices include technologies such as global positioning
(GPS), radio-based and video-based systems. However, these tools are often not
user-friendly and frequently represent an expensive choice to track soccer players.
So, the aim of this study is to present a novel computational tool to analyze inter-
team coordination patterns in soccer from video footage. The instrument comprises
low-cost and straightforward procedures in comparison with expensive and highly
complex automatic tracking systems currently available. High reliability values
indicate that this tool can be employed in a wide range of contexts within soccer and

other team sports.

Keywords: Inter-team coordination; Soccer; MatLab.
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1. Introduction

In sports, empirical investigation of players' and teams' actions alongside with
data from video footage might provide athletes, coaches and sports scientists with
valuable quantitative and qualitative evidence. Hence, once computers have become
essential for research and practice in sports performance analysis (LESS, 1985),
automatic and semi-automatic tracking systems have been designed with the aim of
reconstructing players' paths in team sports, and more particularly in soccer
(BARTLETT et al., 2012). Such devices include technologies such as global
positioning (GPS) and radio-based systems. In addition, video-based systems have
also been conceived to track players' trajectories within the pitch through high
definition cameras, which demand the identification of the players prior to the
beginning of the tracking process. Nevertheless, these tools are often not user-
friendly and frequently represent an expensive choice to track soccer players.
However, straightforward and affordable instruments have been recently designed
with the purpose of broadening the use of more qualitative data to investigate

players' and teams' interactions.

Accordingly, technological tools that enable spatial tracking of players and
teams might also contribute significantly to a clearer understanding of team sports
behaviors through a dynamic approach (MCGARRY, 2009). In this sense, dynamic
systems theory comprises numerous characteristics that are relevant for the
investigation of interaction processes in sports (DAVIDS; ARAUJO;
SHUTTLEWORTH, 2005). Thus, the analysis of team sports (e.g. soccer) through
the dynamic systems approach has attempted to emphasize how coordination among
players/teams and the environment emerges (VILAR et al., 2012). The study of
interpersonal coordination patterns in soccer has currently become an emergent
research topic. A recent investigation identified the importance of evaluating the
number of players from each team in the different sub-areas of play as a means to
capture inter-team coordination tendencies, so as to examine how instability emerges

from teams' numerical advantage (VILAR et al., 2013).

Therefore, once the data from the aforementioned investigation, as well as
from most of the studies that examined interpersonal coordination patterns in team

sports such as soccer, were obtained through automatic tracking methods, there is a
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need to develop practical, straightforward and accessible (i.e. low-cost) tools to
quantify players’ positional data from video footage, which may enhance the
usability and generalization of these objective methods. So, the aim of this study is to
present a novel computational tool to analyze inter-team coordination patterns in

soccer from video footage.

2. Material and methods

The video footage used for this procedure is obtained through a common
video camera positioned on the top of a stadium (or soccer field), behind one of the
goals. Placing the camera in this position provides the operators with a bird’s eye
view of the entire field, including all players involved in match play. Video-recorded

images of the matches are transferred to digital support and saved into ".avi" format.

From the location of all outfield players in each video frame, the effective
play-space (EP-S) is calculated through the utilization of a MatLab® convex hull
computation. The EP-S is defined as the polygonal area obtained through the
imaginary line connecting all involved players located at the border of the play at a
certain moment (GREHAIGNE, 1992; GREHAIGNE; MAHUT; FERNANDEZ,
2001). Therefore, in order to obtain the EP-S in each frame, 19 control points
corresponding to some of the line markings on the pitch were employed to acquire
accurate positional data, through the "maketform™ function. The operator has to
choose only four control points in each frame to determine players' positions in the
field at a given moment. In order to carry out this procedure, the EP-S was divided
into seven sub-areas (% of the total EP-S area), as seen in Fig. 1: Right Defensive
(12.5%), Central Defensive (12.5%), Left Defensive (12.5%), Central Area (25%),
Right Offensive (12.5%), Central Offensive (12.5%) and Left Offensive (12.5%).
The analysis considers the allocation of players in this dynamically adaptive area of

play, varying from frame to frame during the match (VILAR et al., 2013).
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Fig. 1. Exemplar soccer pitch and location of all 20 outfield players
within the sub-areas of the effective play-space (Reproduced from

Vilar, Aradjo, Davids and Bar-Yam, 2013).
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In each frame the number of players from each team inside the different sub-

areas of play is computed, and the script generates, through the creation of a spatial

transformation structure ("maketform" function), a 2-D reconstruction of the players'

pitch coordinates, the EP-S area and the location of the players within the sub-areas

of play. In addition, the difference between the number of players from both teams,
and the net team numerical advantage (disadvantage in case of negative values) is
calculated (see complete flowchart in Fig. 2). The uncertainty of each team

numerical advantage across sub-areas is also calculated through the utilization of

Shannon's entropy, H (SHANNON, 1948):

H(x) == ) p(x) logap(x)

As outcome measures, this tool generates frequency and entropy histograms for each

frame. All computations were performed with the utilization of MatLab® software.
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Fig. 2. Flowchart of the steps to analyze data and obtain information on
numerical relations between teams through the analysis tool.

In order to obtain quality control of measurements, the digitizing operators
undertook two weeks of a training program that consisted of the digitization of one
or two (depending on the number of frames per sequence) goal-scoring plays per
day. Cohen's kappa coefficients showed intra- and inter-operator reliability results
that are classified as "almost perfect” (LANDIS; KOCH, 1977). Intra-operator
reliability values ranged between 0.826 and 1 (Mean SE = 0.004), while inter-
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operator reliability displayed values ranging between 0.813 and 1 (Mean SE =
0.004).

3. Practical Implications

This paper presented a novel straightforward and low-cost computational tool
(see exemplar screenshot in Fig. 3) to capture soccer players' relative positions and
thus obtain information with respect to inter-team coordination patterns through
relative numerical relations between teams within the sub-areas of play of the
effective play-space. The high reliability values obtained indicate that this tool can be
employed in a wide range of contexts within soccer (e.g. training and competition)

and arguably other team sports.
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Fig. 3. Exemplar screenshot of the analysis tool with descriptions of some of its functions.

Identifying inter-team coordination patterns through numerical relations
might allow detecting how defensive instability and offensive opportunity emerge
from numerical advantage in key sub-areas of play. Also, considering that the ability
to generate uncertainty in numbers in sub-areas closer to opponents' goal has been
shown to be a potential indicator of successful performance (VILAR et al., 2013) and
that the level of environmental predictability might contribute to system disorders
(DAVIDS; SMITH; MARTIN, 1991), the automatic calculation of Shannon's
entropy (SHANNON, 1948) performed by our computational tool appears to be a
valuable resource for researchers, match analysts and coaches, once it provides

results immediately after the end of the analyzed frame.
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Also, the usefulness of the tool presented here can be enhanced with respect
to tracking procedures, since the inclusion of automatic video tracking routines will
provide researchers and match analysts with more qualitative data in less time
(KALAL; MIKOLAICZYK; MATAS, 2010).

4. Conclusion

The present article presented the design and reliability procedures of a novel
tool to analyze patterns of inter-team coordination in soccer. The instrument
comprises low-cost and straightforward procedures, compared with expensive and
highly complex automatic tracking systems currently available. In addition, high
values of reliability measures confirmed the consistency of the analyses performed
through this tool. Moreover, the improvement of the instrument through the
incorporation of open-source automatic tracking routines might contribute to its

timesaving features.
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PAPER 3

Title: Inter-team coordination tendencies of goal-scoring possessions in
open play: an exploratory analysis of the 2014 FIFA® World Cup winner

team

Rodrigo Santos, Ricardo Duarte, Luis Vilar, Ricardo Ledo de Andrade, Julio
Garganta, Israel Teoldo

Abstract: Goal scoring is regarded as the ultimate indicator of offensive success in
soccer. Hence, the investigations that analysed patterns that emerge from goal-
scoring possessions frequently apply different approaches. The study aimed to
examine the emergent inter-team coordination tendencies from goal-scoring
possessions in open play of the 2014 FIFA® World Cup winner team, through the
analysis of teams' numerical relations within the effective play-space. We
hypothesized that in goal-scoring possessions Germany generate more numerical
uncertainty in sub-areas of play closer to opponents’ goal. We analysed 6457 frames
(unit of analysis) from 11 video sequences of goal-scoring possessions. Teams'
numerical relations within sub-areas of play were examined in each offensive
sequence through Shannon's entropy. The uncertainty of numerical relationships
between the teams across sub-areas was also calculated. Entropy measures indicated
that the uncertainty of teams' numerical relations was higher within the German
Central Offensive (opponents' Central Defensive) sub-area (1.86 bits) in comparison
with the remaining sub-areas of play. These results suggest that goal-scoring
possessions in open play apparently generate different patterns of inter-team
coordination when compared to analyses of an entire match, which might not be able

to reveal important patterns that emerge from key moments.

Keywords: Inter-team coordination; goal-scoring possessions; Germany.
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1. Introduction

Goal scoring has been regarded as the ultimate indicator of offensive success
in soccer (BATE, 1988; POLLARD; REEP, 1997). Therefore, it has drawn the
attention of many sport scientists, since the analysis of actions that lead to goals
and/or goal-scoring opportunities allows coaches and researchers to identify and
employ the most effective playing methods in order to score and avoid conceding
goals (HUGHES; FRANKS, 2005; REDWOOD-BROWN, 2008). Hence, the
investigations that analysed patterns that emerge from goal-scoring possessions have
frequently resorted to different approaches of analysis.

Arguably, one of the first studies that analysed goal-scoring patterns was
conducted by (REEP; BENJAMIN, 1968) who reported that within the period
between 1953 and 1967 nearly 80% of the goals scored in Premier League, World
Cup and other miscellaneous matches were scored after sequences of 3 or less
passes. However, the implications of such findings was questioned by (HUGHES;
FRANKS, 2005) who indicated that the data displayed by (REEP; BENJAMIN,
1968) were not normalized and due to this fact, they suggested that results could
have been misinterpreted. In another investigation, (YIANNAKOS; ARMATAS,
2006) verified that 44.1% of the goals in the UEFA® Euro 2004 were scored through
an organized offensive move, while only 20.3% were scored through counterattacks.
Also, the authors demonstrated that 63.4% of the goals in the referred tournament
resulted from long passes and combination plays, while 17.1% resulted from
individual actions. More recently, (TENGA et al., 2010) indicated that
counterattacks (13.4%) are more likely to lead to goals than elaborate attacks (8.8%).
Likewise, long possessions (14.4%), mixed passing length (12.5%) and penetrative
passes (25.4%) displayed higher probability of creating goals than short possessions
(7.6%), long passes (2.6%) and non-penetrative passes (1.4%), respectively.

Nonetheless, although these investigations may provide relevant information
about patterns that emerge from goal-scoring possessions, with respect to their
methodological approach authors give little if any attention to the inter-team
tendencies that underlie the actions observed in those sequences. Therefore, since it
neglects the behaviours and reasons that make up performance profiles, the analysis
methods employed by the investigations above are somewhat reductionist. Thus,
research on team collective behaviour should focus on the interpersonal relationships
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between players during a match (ARAUJO; DAVIDS; HRISTOVSKI, 2006;
DUARTE; ARAUJO; CORREIA; et al., 2012). Such process of analysis allows to
obtain more detailed data about the patterns underlying the configurations and
functioning of play, since team structure should be contemplated as a whole and not
only as the sum of the pieces that comprise it (GREHAIGNE; BOUTHIER; DAVID,
1997). Therefore, resorting to the study of interpersonal coordination with the
purpose of capturing and describing patterns that emerge from the interactions
between teammates and opponents is an approach that might certainly provide more
relevant and useful information to researchers, coaches and players (MCGARRY,
2009; VILAR et al., 2012).

In this regard, (BARTLETT et al., 2012) analysed the coordination patterns
between opposing teams in open play attacks from five matches in the group stage of
the European Champions League, through the use of team centroids and other
measures of dispersion. Findings from this study revealed no crossing of centroids of
the two teams along the pitch for any of the goals scored in open play. The authors
did not find substantial evidence that team centroids converge along the pitch during
critical moments of the match, such as goals and shots on goal. Employing a similar
approach, (MOURA et al., 2012) analysed Brazilian teams' organization on the pitch
for specific shot on goal and tackle situations, using measures of teams' coverage
area and spread. Results displayed that while attacking, the teams exhibited a lower
coverage area and spread when performing shots on goal compared to when they
suffered tackles. However, team coverage area and spread were examined only
within the exact frame in which the team performed a shot on goal, instead of
considering the entire possession. Due to this limitation, there is not enough
information about teams' collective patterns that led to goals and/or goal-scoring
opportunities. Thus, since the structures and patterns of play are to be considered as a
whole in a soccer match instead of being broken down into simple constituent
elements (GREHAIGNE; BOUTHIER; DAVID, 1997), it is possible to assume that
both aforementioned studies did not effectively reveal substantial information that
could help understanding how interactions between teammates and opponents in the
playing area resulted in successful outcomes.

Correspondingly, with respect to such interactions, (TEODORESCU, 1977)
suggested that the coordinated work to generate numerical superiority in offensive

and defensive sub-phases of play closer to the ball is vital to fulfil collective goals in



38

team sports such as soccer. Hence, with the purpose of detecting and analysing such
numerical relationships as well as their emerging patterns, (VILAR et al., 2013)
proposed a novel method to examine how teams occupy sub-areas of play. Through
this approach, the authors analysed a soccer match based upon the hypothesis that
local player numerical dominance is critical for defensive stability and offensive
opportunity. The authors took into account a definition of the area of play, which was
described as the area circumscribed by the location of the 20 outfield players. This
concept was previously presented by other authors (MERAND, 1977; GREHAIGNE,
1992) as effective play-space (EP-S). The EP-S is defined as the polygonal area
obtained through the imaginary line linking all involved players located at the
periphery of play at a given instant.(GREHAIGNE; MAHUT; FERNANDEZ, 2001)
The conception of EP-S implies that a structure of cooperation and opposition takes
place between the elements of both teams in competitive opposition settings
(GREHAIGNE; GODBOUT; ZERAI, 2011). Thus, the method proposed by (VILAR
et al., 2013) is a suitable approach for the investigation of inter-team coordination
through the analysis of numerical relations, since it enables the examination of a
given pattern of play through the notion of effective play-space (GREHAIGNE;
GODBOUT, 2014). Consequently, we expect that through the utilization of this
novel approach, the amount and quality of research addressing the analysis of
emergent interpersonal coordination tendencies from goal-scoring possessions can
substantially evolve.

Accordingly, the aim of this study is to examine the emergent inter-team
coordination tendencies from goal-scoring possessions in open play of the 2014
FIFA® World Cup winner team, through the analysis of teams' numerical relations
within the effective play-space. We hypothesize that in goal-scoring possessions this
team generates more numerical uncertainty in sub-areas of play closer to opponents'

goal.
2. Methods

We analysed 6457 frames (unit of analysis) from 11 video sequences of goal-
scoring possessions in open play of the German National Soccer Team in the 2014
FIFA® World Cup in Brazil. Teams' numerical relations within sub-areas of play
were examined in each offensive sequence that resulted in a goal scored by the

German Team, so as to allow the investigation of emergent inter-team coordination
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tendencies. In order to classify the sub-areas of play, we resorted to the concept of
effective play-space (EP-S), defined by (GREHAIGNE; MAHUT; FERNANDEZ,
2001) as the polygonal area obtained through the imaginary line linking all involved
players located at the periphery of play at a given instant. The video footage used for
analysis was obtained through publicly available broadcast images. Editing of video
footage of goal-scoring possessions in open play was performed through the
utilization of SportsCode Pro®, Version 10.3 (Sportstec, Warriewood, NSW,
Australia).

From the location of all outfield players in each video frame, the effective
play-space (EP-S) was calculated through the utilization of a MatLab® convex hull
computation. For this, 19 control points corresponding to some of the line markings
on the pitch were employed to obtain accurate positional data, through the
"maketform™ function. It is necessary to choose only four control points in each
frame to determine players' positions in the field at a given moment. For this
procedure, the EP-S was divided into seven sub-areas (% of the total EP-S area), as
shown in Fig. 1: Right Defensive (12.5%), Central Defensive (12.5%), Left
Defensive (12.5%), Central Area (25%), Right Offensive (12.5%), Central Offensive
(12.5%) and Left Offensive (12.5%). The analysis considers the distribution of
players in this dynamically adaptive area of play, changing from frame to frame
during the match (VILAR et al., 2013). In each frame the number of players from
each team inside the different sub-areas of play is computed, and the script generates,
through a spatial transformation, a 2-D reconstruction of the players' pitch
coordinates, the EP-S area and the location of the players within the sub-areas. Also,
the numerical difference between both teams in each sub-area is calculated.

The uncertainty of numerical relationships between the teams across sub-
areas is also calculated through the utilization of Shannon's entropy, H (SHANNON,
1948). As outcome measures, this tool generates frequency and entropy (measured in
bits) histograms for each video sequence. Friedman and Wilcoxon's matched-pairs
signed-ranks tests were performed to verify differences in entropy values between
sub-areas in each goal-scoring possession. Significance level was set to p<0.05. All
computational and statistical procedures were performed through MatLab® 2012b
and 1IBM® SPSS v.22.
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3. Results

We start by describing the patterns of frequency distribution of the German
team and their opponents. Next, we present the coordination between German and
opposite players according to the numerical relationships established within the sub-
areas of play. Ultimately, we analyse the uncertainty in numbers across the sub-areas
of play.

Teams' frequency distribution (Fig. 1) within sub-areas of play displayed a
tendency of the German team to have at least 2 players in the Central Defensive sub-
area for 55.5% of the time. In the Right Defensive and Left Defensive sub-areas of
play, the team usually allocated 1 player for 65.1% and 47.7% of the time,
respectively, while in the Central Midfield sub-area, they allocated 2 players for
43.6% of the time. Regarding the offensive sub-areas, the German team often
allocated 1 player within the Central Offensive (39.6% of the time), Right Offensive
(47.1% of the time) and Left Offensive (39.9% of the time) sub-areas of play.

On the other hand, Fig. 2 shows that Germany's opponents usually had 2
players within their Central Defensive sub-area of play for 34.4% of the time and 1
player in the Right and Left Defensive sub-areas for 39.3% and 43.6% of the time,
respectively, while in the Central Midfield sub-area, they often allocated 1 player for
32.4% of the time. Also, the opposing teams generally had no players within the
Right and Left Offensive sub-areas of play (57.9% and 48.5% of the time,
respectively) and usually allocated only 1 player in the Central Offensive sub-area of
play (73.4% of the time).

Results demonstrated an emphasis of the German Team on defensive
numerical stability, given that the most likely team numerical difference in the
Central Defensive sub-area is +1. This tendency is evident for 52.1% of the analysed
frames. Also, according to Fig. 3, it was possible to observe that the team generates
numerical equality or superiority for 64.1% of the time in the Central Midfield,
77.6% in the Right Offensive and 68.1% in the Left Offensive sub-areas of play. On
the other hand, such equality/superiority was not apparent within the Central
Offensive sub-area, since the German team was not able to generate numerical
equality or superiority in this sub-area for more than 23% of the time.

However, entropy measures (Fig. 4) indicated that the uncertainty of teams'

numerical relations was higher within the German Central Offensive (opponents'
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Central Defensive) sub-area (1.86 bits) in comparison with the remaining sub-areas
of play. Central Midfield (1.80 bits) and Left Offensive (opponents’ Right Defensive

- 1.76 bits) sub-areas of play also displayed considerable entropy values.

Friedman test indicated significant statistical differences (Tab. 1) in entropy

values between sub-areas of play (p=0.001). Wilcoxon's matched-pairs signed-ranks

test revealed that Central Offensive sub-area of play (opponents' Central Defensive)

displayed a significantly higher entropy value in comparison to Right Defensive

(opponents' Left Offensive), Left Defensive (opponents’ Right Offensive) and Right

Offensive (opponents’ Left Defensive) sub-areas of play (p=0.003; p=0.021 and

p=0.008, respectively).
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Fig. 1 Frequency histograms of the German team in their different sub-areas of
play, in all goal-scoring possessions in open play.
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Fig. 2 Frequency histograms of Germany's opposing teams in their different
sub-areas of play, in all goal-scoring possessions in open play.
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Entropy

RDvs. LO

Fig. 4 Uncertainty of team numerical relations in each sub-area of play. The x
axis displays the opposing sub-areas of play of Germany and their opponents:
Germany's Right (RD) and Left (LD) Defensive correspond to opponents' Left
(LO) and Right (RO) Offensive sub-areas of play (and vice-versa); Germany's
Central Defensive (CD) corresponds to opponents' Central Offensive (CO)
sub-area of play (and vice-versa).

Table 1

CDwvs. CO

LD vs. RO

CMvs. CM

RO vs LD

I I
COwvs. D LOvs RD
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Values of significance of the Wilcoxon's matched-pairs signed-ranks test with respect to
the comparison of entropy values across the different sub-areas of play (*p<0.05). Values
are duplicated within rows and columns.

Sub-Area | RDvs.LO CDvs.CO LDvssRO CMvs.CM ROvs.LD COvs.CD LOvs.RD
RDvs. LO - 0.016* 0.059 0.004* 0.062 0.003* 0.008*
CDvs. CO 0.016* - 0.859 0.016* 0.859 0.050 0.110
LD vs. RO 0.059 0.859 - 0.041* 0.929 0.021* 0.033*
CMvs.CM 0.004* 0.016* 0.041* - 0.155 0.328 0.790
RO vs. LD 0.062 0.859 0.929 0.155 - 0.008* 0.050
COvs.CD 0.003* 0.050 0.021* 0.328 0.021* - 0.110
LO vs. RD 0.008* 0.110 0.033* 0.790 0.050 0.110 -
4. Discussion

Frequency and uncertainty of numerical relations between the German

National Soccer Team and their opponents were analysed to identify emergent inter-
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team coordination tendencies from goal-scoring possessions in open play during the
2014 FIFA® World Cup. More specifically, this study examined the frequency of
Germany and opponents' players within each sub-area of play, as well as the
variability of teams' numerical differences across sub-areas. Results indicated that
the German team generates higher uncertainty in sub-areas of play closer to
opponents' goal (CO and LO) in comparison to less risky sub-areas of play, despite
having displayed numerical inferiority within these sub-areas for most of the time.

With respect to teams' frequency distribution across sub-areas of play, the
present investigation revealed that the German team often allocated two players
within the Central Defensive sub-area of play (55.5%), and one player within the
Right and Left Defensive sub-areas of play (65.1% and 47.7%, respectively). In the
study conducted by (VILAR et al., 2013), the authors analysed a single match of the
English Premiership and reported similar findings in relation to those within the
present investigation. Such correspondence might indicate that, broadly speaking,
top-level teams tend to comply with their respective formations either during the
entire match or in key moments such as goal-scoring possessions.

On the other hand, in terms of numerical relations, the findings of the
aforementioned study slightly differ from those presented within this paper. In their
investigation, (VILAR et al., 2013) reported a tendency of the winner team to be in
numerical equality in both Right and Left Defensive sub-areas of play, while our
results displayed that during goal-scoring possessions, the German team have the
same number of players in relation to their opponents only within the Right
Defensive sub-area of play (48.3%). Also, although in the first study authors found
numerical equality in only one of the offensive flanks (Right Offensive sub-area), our
results displayed that the German team were able to generate 1vs.1 situations, since
they exhibited numerical equality for most of the time in both Right and Left
Offensive sub-areas of play. Regarding the Central Offensive sub-area of play, both
studies have found similar patterns, whereas Germany displayed numerical
disadvantage within this sub-area for most of the time. From these findings it is
possible to infer that there is a pattern of space management by the players in
defence, since (WALLACE; NORTON, 2014), in a study that investigated elements
of game structure in World Cup finals over the period between 1966 and 2010,
reported that player density increased over such period. According to the authors,

player density is an indicator of congestion that plays a crucial role in effective and
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ineffective playing patterns, whereas decreased player density provides attacking
players with more time and space, thus increasing opportunities to score. Instead,
defenders will try to increase density near the attacking players, with the aim of
reduce the space and anticipate their subsequent actions.

However, with respect to the entropy measures across sub-areas of play,
findings of the present investigation indicated that Germany was able to generate
higher uncertainty within the Central Offensive sub-area of play, which is the area of
most risk for the opponents’ goal. Therefore, these results suggest that goal-scoring
possessions in open play apparently generate different patterns of inter-team
coordination when compared to analyses of an entire match, which might not be able
to reveal important patterns that emerge from key moments. In this regard, results
reported by (TENGA et al., 2010), who examined the effect of playing tactics on
goal scoring by analysing interactions between opponents in the Norwegian
professional league, might somewhat support our findings, since the authors revealed
that 94% of the goals were scored against an imbalanced defence, thus suggesting
that goals often emerge from defensive instability (or, from an analogous
perspective, uncertainty). Likewise, by examining inter-team distances in a UEFA®
Champions League quarter-final match, (FRENCKEN et al., 2012) hypothesised that
a period of high variability would precede critical match events, such as goals and
goal-scoring opportunities. Nevertheless, it should be taken into account that the
study design and the analysis method employed, as well as some of the variables
examined in the aforementioned investigations were different from those utilized by
the authors within the present article. Finally, these findings reveal trends that
suggest the manner through which players deal with problems related to information
within the match, since that, according to (GREHAIGNE; BOUTHIER; DAVID,
1997), they have to manage the generation of certainty (for teammates) and

uncertainty (to opponents).
5. Conclusion

This study on match performance analysis has investigated the patterns of
inter-team coordination that emerge from goal-scoring possessions in open play of
the 2014 FIFA® World Cup winner team, through the study of numerical relations
within the effective play-space (EP-S). Since goal scoring is the most important

outcome variable in soccer, investigating the patterns that lead to goals is paramount
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for match performance analysts and sport scientists. Furthermore, the detection of
goal-scoring patterns that go beyond the description of discrete actions would
obviously contribute to enhance the quality of training sessions and players'
competitive performance. In this respect, generating numerical uncertainty within
sub-areas of play closer to opponent's goal is possibly a potential indicator of success
in goal-scoring possessions. Researchers should conduct further investigations to

confirm this trend and increase the likelihood of generalizability of such findings.
Practical Implications

e Coaches should focus their training sessions on the development of players'
ability of managing numerical certainty and uncertainty.

e Small-sided games in which players are required to deal with numerical
inferiority/superiority are highly recommended.
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GENERAL DISCUSSION AND CONCLUSION

This study showed that the information acquired by means of the
investigation of inter-team coordination patterns, through the analysis of numerical
relations, might allow coaches and match analysts to observe defenders' proficiency
when dealing with attackers' efforts to progress through the pitch and create scoring
opportunities. In addition, representative task design in experimental and training
settings should rely upon the behaviours and performances observed in actual match
contexts. Therefore, the utilization of sub-phases of the game (1vs.1, 3vs.3, etc.) in
research and training should take into account that in order to provide players with
accurately simulated gathering and utilization of information experimental and
training tasks demand the conservation of action fidelity, so as to stimulate
representative (in relation to real match situations) and accurate decisions during the
game (TRAVASSOS et al., 2012).

In relation to the utilization of numerical relations to examine teams'
coordination, researchers should attempt to put this new method to use with
increased sample sizes (higher number of matches) and also to investigate whether
the patterns of coordination that emerge from key events (e.g. creation of goal-
scoring opportunities) are related to those observed during an entire match. Also,
match analysts and/or coaches might use this information to study opponents'
instabilities and to increase the number of goal-scoring opportunities of their own
teams, by exploring the level of uncertainty of numerical relations within the EP-S.

The second paper indicated that the identification of inter-team coordination
patterns through numerical relations might allow detecting how defensive instability
and offensive opportunity emerge from numerical advantage in key sub-areas of
play. In addition, considering that the ability to generate uncertainty in numbers in
sub-areas closer to opponents' goal has been shown to be a potential indicator of
successful performance (VILAR et al., 2013) and that the level of environmental
predictability might contribute to system disorders (DAVIDS; SMITH; MARTIN,
1991), the automatic calculation of Shannon's entropy (SHANNON, 1948)
performed by the computational tool presented in this study appears to be a valuable
resource for the study of once it provides results immediately after the end of the
analyzed frame. Also, the high intra- and inter-operator reliability values and the
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reduced standard error reported in this paper, suggests that researchers and match
analysts might benefit from this analysis tool to provide coaches with more
qualitative information with respect to how patterns of play emerge from players' and
teams' interactions.

Finally, the exploratory paper on match performance analysis aimed to
investigate the patterns of inter-team coordination that emerged from goal-scoring
possessions in open play of the 2014 FIFA® World Cup winner team. Specifically,
we quantified the numerical relations within the effective play-space (EP-S). Results
indicated the German team generates higher uncertainty in sub-areas of play closer to
opponents’ goal (CO and LO) in comparison to less risky sub-areas of play, despite
having displayed numerical inferiority within these sub-areas for most of the time.
The study of Barreira et al. (2015) reported that relative numerical inferiority in the
centre of play increased between 2002 and 2010, and that the actions with numerical
equality and favourable conditions to resume offensive sequences in the lack of
pressure decreased significantly within the same period. Therefore, the findings of
the aforementioned research allow us to infer that the ability to generate numerical
superiority in key areas of the pitch might be an essential feature for optimal
collective performance in soccer. Thus, the competence to generate numerical
uncertainty in vital areas may be a possible explanation (with respect to the tactical
aspects of the game) for the successful results of the German National Team in the
2014 FIFA® World Cup. Nonetheless, the tendencies displayed by our results might
be an important step to uncover the manner through which players deal with
problems related to information within a match, since that according to Gréhaigne,
Bouthier and David (1997), they have to manage certainty, to teammates, and
uncertainty, to opponents. Furthermore, the detection of goal-scoring patterns that go
beyond the analysis of discrete actions could positively contribute to enhance the
quality of training sessions and players' competitive performance. In this respect,
generating numerical uncertainty within sub-areas of play closer to opponent's goal is
possibly a potential indicator of success in goal-scoring possessions. Also, coaches
might benefit from these findings by developing training drills in which players have
to deal with numerical superiority/inferiority, in order to manage uncertainty
optimally (SILVA et al., 2014). Future research should conduct further investigations

to confirm this trend and increase the likelihood of generalizability of these findings.
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By and large, this study provided a solid theoretical background, a reliable
analysis tool and empirical evidence to support the utilization of interpersonal
coordination through the analysis of inter-team relative numerical relations, as a
means to identify emergent patterns of play in goal-scoring possessions. Also, since
player-player and team-team coordination tendencies are likely to adapt to the
performance constraints within the game, the manipulation of numerical relations in
small-sided and conditioned games (SSCGs) during training sessions appears to be a
feasible means to generate shared affordances, so as to support the emergence of
efficient coordinated group and collective behaviours. Last, this study confirm the
implications of recent empirical findings, which support the notion that inter-team
coordination might be described as an emergent process, and therefore ruled by laws
of dynamical systems. Therefore, analysing teams and players' behaviour in the light
of the dynamical systems theory is a suitable approach to unfold and explain

decision-making behaviour at the individual and collective level in soccer.
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