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Summary

Soccer is one of the most famous sports of the world. One reason for its popularity is the unpre-
dictability of events and match results. With 22 individual players behaving with almost infinite
degrees of freedom while interacting with each other, no playing sequence looks like a previous
one. With the increasing availability of highly accurate tracking data insights into this complex
gameplay can be gained. This data comprises an almost continuous measure of the positions of
all players and the ball. By evaluating this tracking data, particularly the tactical match perfor-
mance of soccer players can be analyzed. Especially, it becomes possible to investigate the off-
ball behavior of players which is neglected in the majority of research in this context. Moreover,
most studies analyzing tactical behavior using tracking data focused on offensive actions such
as passing or shooting. However, soccer is a defensive emphasized team sport (e.g. low score-
board) and defense is at least as important to success as offense. Therefore, this thesis aims
to analyze the tactical match performance during the defensive playing phases (i.e. defensive
play & defensive transition) at the individual level, group level, and team level. Thereby, the
possibilities of tracking data analysis are exploited to identify the factors of successful tactical
behavior of players in defense.

In the theoretical background, this thesis provides a basis for the conducted studies and their
comprehensive discussion. First, epistemological and scientific-philosophical considerations are
made fo reflected on how the findings of this thesis are obtained and how the conclusions are
drawn. Further, this thesis is subsumed in the subject field of sports science to place this work in
the broader context of sports science. Subsequently, the individual complex match performance
in soccer, which is the main subject of interest in this thesis, is theoretically elaborated. In detail,
the main facets of the complex match performance (physical, technical, tactical, psychologi-
cal) and their influencing factors (internal and external factors) are outlined. Building on this
theoretical framework, the appearance of a collaborative team performance consisting of 11
individuals is presented. After presenting the match performance of soccer players, the main ap-
proaches to analyze this performance are described. This includes the subjective video analysis,
the notational analysis, and the spatiotemporal analysis of tracking data. This overview of dif-
ferent types of match analysis provides a theoretical foundation of the methods used in this study
since two types were used as main method to assess the tactical match performance in defense.
Based on the theoretical background, the individual papers of this thesis are presented which
comprise a review and three original studies.

First, the review paper comprehensively summarized the current state of research on spatio-tem-
poral analysis of defensive play using tracking data. Thereby, highly heterogenous approaches
to analyze defensive play in soccer using tracking data were identified.

Second, the first original study of this thesis focused on the defensive pressure characteristics

in the playing phase of defensive play. The analysis of tracking data showed that defensive
\Y

pressure was higher in successful defensive plays compared to unsuccessful defensive plays.
Furthermore, defensive pressure on the ballleading player and on attackers in ball proximity
was higher compared to defensive pressure on all attacking players.

Third, the second original study analyzed rest defense (2 particular group tactic) in the playing
phase of defensive transition. Through the evaluation of the expert interviews, the group tactic
of rest defense was defined. The data analysis indicated that the time to regain possession after
a ball loss is the most important success criterion in defensive transition. Furthermore, the nu-
merical superiority of rest defending players and their space control in deep spaces behind the
defensive-line were identified as important success factors in rest defense.

Fourth, the last original paper analyzed the compact organization of the defending team in the
playing phase of defensive play. Thereby, successful defensive plays revealed a higher com-
pactness of defenders close to the ball and a higher contraction of compactness of the whole
defending team compared to unsuccessful defensive plays.

With the presented findings the relevant success factors of the defensive playing phases can be
derived. Concluding, for successful defensive play it is most important to press the ball-leading
player at the individual level. At the group level, it is also crucial to cover close pass options
by pressurizing the attackers close to the ball and increasing the compactness of defenders
in ball proximity. At the team level, the contraction of compactness is important for successful
defensive play. In contrast to the playing phase of defensive play, it is decisive for rest defense
in the playing phase of defensive transition, to control deep spaces and possible dangerous
counterattackers to be successful and stop opposing counterattacks.

Based on those findings, principles of play were formulated which comprise superordinate
beneficial tactical behavior patterns in the respective playing phases. For instance, press the
ball-leading player and cover close pass options in defensive play, or create numerical superior-
ity in rest defense in defensive transition. Those principles of play enable an effective practical
application of the results of this thesis. This includes, for example, the objective evaluation of
tactical match performances to eventually enhance future match performances to drive success
in defense.

In summary, this thesis presented enhanced match analyses using positional tracking data to

identify success factors in defense and uncode the game of soccer.
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Zusammenfassung

FuBball ist eine der bekanntesten Sportarten der Welt. Ein Grund fir seine Beliebtheit ist die
Unvorhersehbarkeit von Spielereignissen und -ergebnissen. Durch die Anzahl von 22 Spielern
auf dem Feld, die miteinander interagieren und dabei fast unendlich viele Freiheitsgrade nutzen
kénnen, ahnelt keine Spielszene der anderen. Mit der zunehmenden Verfigbarkeit von hoch-
prazisen Positionsdaten lassen sich Einblicke in dieses komplexe Spielgeschehen gewinnen.
Diese Positionsdaten beinhalten die nahezu kontinuierliche Positionen aller Spieler und des
Balls wahrend des gesamten Spiels. Mit ihrer Auswertung kann insbesondere das taktische
Verhalten der FuBballspieler analysiert werden. Gleichzeitig ermdglichen diese Daten die Unter-
suchung des Verhaltens der Spieler, die nicht in direktem Ballbesitz sind (ballfern). Dies wird in
der Mehrzahl der Untersuchungen zur taktischen Spielleistung vernachl@ssigt. Dariber hinaus
konzentrieren sich die meisten Studien, die das taktische Verhalten anhand von Trackingdaten
analysieren, auf offensive Aktionen wie Passe oder Torschisse. Jedoch ist FuBball eine eher
defensiv betonte Mannschaftssportart (z.B. wenige Tore), in der die Defensive fir den Erfolg
einer Mannschaft mindestens genauso entscheidend ist wie die Offensive. Deshalb untersucht
diese Thesis die taktische Spielleistung wahrend der defensiven Spielphasen (d.h. kontrollierte
Defensive & defensives Umschalten) auf den unterschiedlichen Ebenen der taktischen Spielleis-
tung von Individual-, Gruppen- und Mannschaftsebene. Dabei werden die Maglichkeiten der
Positionsdatenanalyse genutzt, um die Faktoren fir ein erfolgreiches taktisches Verhalten der
Spieler in der Defensive zu identifizieren.

Im theoretischen Hintergrund dieser Arbeit werden die Grundlagen fir die durchgefihrten Stu-
dien und deren umfassende Diskussion gelegt. Zundchst werden dabei erkenntnistheoretische
und wissenschaftlich-philosophische Uberlegungen angestellt, um zu reflektieren, wie die Er-
kenntnisse in dieser Thesis gewonnen und die Schlussfolgerungen gezogen werden. Des Wei-
teren wird diese Arbeit in das Fachgebiet der Sportwissenschaft eingeordnet, um sie in einen
breiteren Kontext zu stellen. AnschlieBend wird die individuelle komplexe Sportspielleistung
im FuBball, die in dieser Arbeit zentral ist, theoretisch ausgearbeitet. Im Einzelnen werden
die Hauptkomponenten der komplexen Sportspielleistung eines Spielers (physisch, technisch,
taktisch, psychologisch) und deren Einflussfaktoren (interne und externe Faktoren) dargestellt.
Aufbauend auf diesem theoretischen Konstrukt, wird das Erscheinungsbild einer Mannschafts-
leistung, bestehend aus 11 Individuen, charakterisiert. Nach dieser Darstellung der Sportspiel-
leistung im FuBball werden die wichtigsten Ansatze zur Analyse dieser Leistung beschrieben.
Dazu gehdren die subjektive Videoanalyse, die Notationsanalyse und die rdumlich-zeitliche
Analyse von Positionsdaten. Dieser Uberblick Uber die verschiedenen Arfen der Spielanalyse
liefert eine theoretische Grundlage fir die Methoden, welche in den Studien dieser Arbeit haupt-
sachlich verwendet wurden, um die taktische Spielleistung in der Verteidigung zu untersuchen.

Auf der Grundlage dieses theoretischen Hintergrunds werden die einzelnen Studien dieser The-

\

sis vorgestellt, die ein Review und drei Untersuchungen umfassen.

Dabei wurde zunéchst im Review der aktuelle Stand der Forschung zur rdumlich-zeitlichen Ana-
lyse des Defensivspiels anhand von Positionsdaten umfassend analysiert und zusammengefasst.
Die hierdurch identifizierten Ansdtze zur Analyse des Defensivspiels im FuBball anhand von
Positionsdaten zeigten sich als sehr heterogen.

Darauf aufbauend wurden in der ersten Untersuchung dieser Thesis die Merkmale des defensi-
ven Drucks in der Spielphase der geordneten Defensive analysiert. Dabei wurde ein im Review
identifizierter Analyseansatz zur Berechnung des defensiven Drucks genutzt. Die Ergebnisse
dieser Untersuchung zeigten, dass der Defensivdruck in erfolgreichen defensiven Spielsequen-
zen hdher war als in nicht erfolgreichen. Dariiber hinaus war der Druck auf den ballfihrenden
Spieler und die Angreifer in Ballnghe deutlich hdher als der Druck auf alle angreifenden Spieler.
In der zweiten Untersuchung dieser Thesis wurde die Restverteidigung, eine spezifische Grup-
pentaktik in der Spielphase des defensiven Umschaltens, analysiert. Zunéchst wurde mit Hilfe
von Experteninterviews die Gruppentaktik der Restverteidigung definiert. Darauf aufbauend
ergab die Positionsdatenanalyse, dass die Zeitspanne zur Rickeroberung des Balls nach einem
Ballverlust der wichtigste Erfolgsfaktor im defensiven Umschaltspiel ist. Dariber hinaus zeigten
die Ergebnisse, dass die zahlenmaBige Uberzahl in der Restverteidigung und die Raumkontrolle
in tiefen RGumen hinter der Abwehrkette wichtige Erfolgsfaktoren in der Restverteidigung sind.
In der letzten Untersuchung dieser Thesis wurde die kompakte Organisation der verteidigenden
Mannschaft in der Spielphase der kontrollierten Defensive analysiert. Dabei zeigten die Er-
gebnisse eine héhere Kompaktheit der ballnahen Verteidiger und eine hdhere Kontraktion der
Kompaktheit der gesamten abwehrenden Mannschaft in erfolgreichen Defensivsequenzen im
Vergleich zu erfolglosen.

Aus den vorgestellten Erkenntnissen lassen sich die relevanten Erfolgsfaktoren der defensiven
Spielphasen (kontrollierte Defense & defensives Umschalten) ableiten. Zusammenfassend lasst
sich schlussfolgern, dass es fir eine erfolgreiche kontrollierte Defensive zentral ist, den ballfih-
renden Spieler auf individueller Ebene unter Druck zu setzen. Auf Gruppenebene ist es dariber
hinaus entscheidend, ballnahe Passoptionen abzudecken, indem die Angreifer in Ballndhe unter
Druck gesetzt werden und die Kompaktheit der Verteidiger in Ballnghe erhdht wird. Auf Mann-
schaftsebene ist die Kontraktion der Kompaktheit wichtig fir ein erfolgreiches Defensivspiel. Im
Gegensatz zur Spielphase der kontrollierten Defensive ist es in der Spielphase des defensiven
Umschaltspiels entscheidend fir eine erfolgreiche Restverteidigung, tiefe RGume hinter der Ab-
wehrkette und mégliche gefahrliche Gegenspieler zu kontrollieren, um gegnerische Konter zu
unterbinden.

Basierend auf den prasentierten Erkenntnissen wurden Spielprinzipien formuliert, die iberge-
ordnete und effektive taktische Verhaltensweisen in den jeweiligen Spielphasen darstellen. Dazu
gehdren beispielsweise das Pressen des ballfihrenden Spielers und das Zustellen enger Pass-

optionen in der kontrollierten Defensive oder das Herstellen einer numerischen Uberzahl in der
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1 General Introduction

1.1 Preface

Soccer is the most popular sport in the world (Dvorak et al., 2004) and is played in every nation
around the globe (Reilly & Williams, 2003). This popularity is reflected in the number of 270
million active participants including youth, recreational, and elite soccer players (last FIFA Big
Count 2004) (FIFA, 2007; Kirkendall, 2020). Moreover, the number of those who watch the
elite play continues to increase. For example, there were 1.5 billion spectators of the FIFA World
Cup 2022 final with almost six billion engagements on social media, which makes this final the
biggest single sporting event in the world (FIFA, 2023).

One of the main reasons why this sport enjoys such great popularity is that soccer is always
full of surprises (e.g. underdog wins against opponents of higher leagues in cup competitions).
This is also due to the fact, that to this date, little is known about what yields success and makes
a team win a match. Therefore, this thesis focuses on the characteristics of successful tactical
behavior.

To understand the conditions of the game is a challenging endeavor since soccer is a highly
complex team sport. This complexity starts with the different facets contributing to a match per-
formance of an individual player, including physiological, technical, tactical, and psychological
performance facets (Carling, Reilly, et al., 2008; Sarmento et al., 2014; Weineck, 2007).
Those four facets of match performance interact in every match situation in a soccer match.
For instance, a player makes a high-intensity action such as a sprint with a change of direction
(physical), to get in a position to receive a pass, control it, and execute a pass to a teammate
(technical). This match situation is influenced by the quality of decision-making processes (Arau-
jo et al., 2006) such as anticipation skills (Carling, Reilly, et al., 2008) (psychological), which
results in a specific behavior of the player with a certain effectiveness on the solution of the
match situation (e.g. successful pass) and the achievement of a goal (tactical).

This complex match performance is influenced by contextual factors which include internal fac-
tors (e.g. anthropometry) (Aquino et al., 2020) and external factors (e.g. score-line or crowd-
noise) (Levi & Jackson, 2018; Nevill et al., 2002; Paul et al., 2015). Finally, eleven individual
players interact within their team to contribute to a team'’s performance (Grund, 2012; Rein &
Memmert, 2016). Furthermore, the team interacts with the opposing team (Balagué & Torrents,
2005; Gréhaigne & Godbout, 2014). All these stated interactions lead to a highly complex
team sport in which no playing sequence looks like a previous one and those complex interac-
tions are gradually being disclosed.

Performance analysis in soccer investigates the above-presented dependencies to get insights
info the complex match performance (Mclean et al., 2017). In the last decades, there was

a steady increase in the research on performance analysis of soccer (Mackenzie & Cushi-

on, 2013). With it, physical match performance was prominently analyzed by measuring, for
example, the total running distance, or number of sprints (Altmann et al., 2018; Castellano et
al., 2014). Technical match performance was assessed by analyzing on-ball actions (Rampinini
et al., 2009) such as passing (Rein et al., 2017; Spearman et al., 2017), dribbling (Rowat et
al., 2017), or shooting (Gonzalez-Rodenas et al., 2020). While there is preliminary evidence
that psychological match performance is important in soccer (Abdullah et al., 2016; Krane
& Williams, 2006), this facet has not yet been investigated in depth. Similarly, research on
tactical match performance is also sill in its early stages (Goes, Meerhoff, et al., 2021; Low et
al., 2020). Therefore, this thesis will focus on the assessment of tactical match performance of
soccer players.

Tactical performance describes the behavior of players managing their actions in space and
time (e.g. spatial positioning) to achieve a shared goal (e.g. win a match) by interacting with
the opponent under the constraints of the game conditions (Garganta, 2009; Goes, Meerhoff,
etal., 2021; Gréhaigne et al., 1997; Rein & Memmert, 2016). Those organizational principles
can be differentiated into different levels of tactical performance depending on the number of
players involved (Bisanz & Gerisch, 2013; Carling et al., 2005; Rein & Memmert, 2016). This
includes the behavior of a single player at the individual level, of two or more players at the
group level, and of a whole team at the team level.

With the evolution of player tracking in the last years, this tactical behavior becomes quantifia-
ble in great detail. The resulting spatio-temporal tracking data includes the information about the
exact spatial positioning of every player over the course of a match. The evolutions in this field
have led to higher data accuracy (validity & reliability) (Hoppe et al., 2018; Linke et al., 2018)
and greater availability of tracking data (Goes, Meerhoff, et al., 2021). This development is
accompanied by advancements in computational methods to evaluate the resulting big data sets
(Goes, Meerhoff, et al., 2021; Memmert & Rein, 2018). In contrast to the exclusive analysis of
on-ball actions using event data, positional tracking data enables valuable analyses of off-ball
actions since all players on the pitch are considered. All those factors have contributed to an
increase in studies that analyze tactical performance using tracking data (Goes, Meerhoff, et
al., 2021).

To make use of tracking data and to assess tactical match performance, one has to distinguish
between different playing phases in soccer. Since tactical behavior is goal-oriented, the behavi-
or of players in different playing phases differs depending on the possession of the ball and the
goals of the respective phase. A soccer match can be basically differentiated into the playing
phases of offensive play, defensive play, defensive transition, offensive transition, and set plays
(Bauer et al., 2023; Escher, 2020; Hewitt et al., 2016) (see also figure 2.1, chapter 2.3 Ap-
pearance of Match Performance in Soccer). For example, the main goal of defensive play is to
defend the own goal by preventing the opposing team from scoring or in the best case, regain

the ball (Henseling & Maric, 2018; Moura et al., 2012). This ensues a contraction of players

3
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(i.e. players are moving closer together) to deny space to play for the opposing attacking team
and eventually regain the ball (Castellano et al., 2013; Clemente et al., 2013a; Moura et al.,
2012; Welch et al., 2021). In contrast, the aim of offensive play is to score a goal. Therefore,
players control the ball and interact with each other, most frequently by passing, to create space
and disrupt the opponent (Henseling & Maric, 2018; Moura et al., 2012). This results in an
expansion of offensive players (i.e. players spread out) (Castellano et al., 2013; Clemente et
al., 2013a; Moura et al., 2012; Welch et al., 2021). The transition phases represent the time
intervals of the switch from offense to defense (defensive transition), and vice versa (offensive
transition) (Escher, 2020). Accordingly, the goals of the different playing phases immensely sha-
pe the tactical behavioral patterns of soccer players and should therefore be considered when
analyzing tactical match performance.

In the context of the playing phases, spectators and media predominantly focus on offensive
play by counting goals and assists or valuing spectacular dribblings. This trend is also reflected
in the judgement of players and their match performances. For instance, Fabio Canavarro in
2006, was the last defender who was honored with the Ballon d’Or which awards the best
European soccer player of the year (France Football, 2023). After Canavarro, solely offensive
players have been awarded this prize. This tendency to focus on offensive play is also promi-
nent in soccer research with a multitude of studies analyzing offensive actions such as goal-sco-
ring (Anzer & Bauer, 2021; Lucey et al., 2015) or passing (Power et al., 2017; Szczepanski
& McHale, 2016).

However, soccer in particular is a defensively emphasized team sport (Maneiro et al., 2019). It
is played on a large pitch where comparable long passing streaks (i.e. in contrast to ice-hockey)
(Rollins, 2010) are necessary to achieve scoring opportunities. Furthermore, since in soccer the
ball has to be controlled with the feet (i.e. in contrast to handball or basketball), there occur
high amounts of technical errors. The average success rate of passes, for example, is only about
70 [%)] (Bradley et al., 2011; Redwood-Brown, 2008). Overall, this results in soccer being a
low-scoring game that emphasizes the defense (Maneiro et al., 2019; Vilar et al., 2013). This
reasoning is supported by several studies indicating that defensive variables are at least as
important as offensive variables (Georgievski et al., 2019; Lepschy et al., 2021; Praga et al.,
2023).

Nevertheless, research on defense in soccer is low. Moreover, most studies on defensive behavi-
or solely analyzed event data (Freitas et al., 2023). Event data includes the time and location of
the match actions, mostly on-ball actions such as passes or shots, which only give a few insights
into the tactical behavior in defense where players are not in ball possession. The studies ana-
lyzing defensive play with the use of event data analyzed offensive event data by turning the
variables around (e.g. shots received) (Castellano et al., 2012; Lago-Ballesteros & Lago-Penas,
2010) or counted ball gains which is only the product of a successful defense (Fernandez-Na-

varro et al., 2019; Gréhaigne et al., 2002). The few studies that analyzed positional tracking

4

data only used simple variables that neglect the complexity of the game (e.g. sole analysis of
team centroids or spread) (Low et al., 2018). In conclusion, those previous approaches revea-
led little information about the details of successful tactical behavior in defense (Freitas et al.,
2023). Additionally, research on tactical match performance in defense using the possibilities
of positional tracking data is still pending. With the evaluation of tracking data all players on
the pitch (especially off-ball) can be analyzed and advanced key performance indicators (KPls)
can be computed using the continuous information of their positions to gain detailed knowledge
about successful defending in soccer.

Therefore, the aim of this thesis is to analyze tactical match performance during the defensive
playing phases (defensive play & defensive transition) at the individual level, group level, and
team level exploiting the possibilities of tracking data in a large-scale analysis of the German
Bundesliga. With it, this thesis aims to identify factors of successful tactical behavior of defen-

ders to provide detailed insights into successful defensive tactical match performance.

Introduction



Chapter 1 Success Factors

in Soccer Defense

1.2 Outline

After intfroducing the topic of this thesis, its structure is outlined in the following. This work is
arranged according to the hourglass method (see figure 1.1). In the beginning, the theoretical
background gives a broad overview of the main topic of this thesis, the match analysis in soccer
using positional tracking data to assess defensive tactical behavior. Afterward, the aims and
scope of this work are presented followed by the more narrow main section of this thesis includ-
ing the individual studies that investigate specific parts of successful tactical match performance
in the defensive playing phases (defensive play & defensive transition). In the end, the scope
is again extended with a comprehensive discussion, which summarizes all the information and

concludes the findings of this thesis. This basic structure is depicted in figure 1.1.
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Match Analysis in Soccer based on Positional Tracking Data
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Figure 1.1: Structure of this thesis occordin% fo the hourglass method. The individual papers are
colored according fo their main focus on the level of factical mafch performance analyzed.
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Chapter 1 Introduction:

In the first chapter, the main topics of this thesis are broadly introduced including performance
analysis, the complexity of match performance, or the use of tracking data in match analysis
in soccer. Those topics are raised in light of the analysis of tactical match performance of the
defensive playing phases (defensive play & defensive transition). The scope of the broad entry
is then narrowed to indicate the main research gap of this thesis. Accordingly, the main aims of

this work are formulated.

Chapter 2 Theoretical Background:

Against the background of the topics outlined in the first chapter, the theoretical background to
the content of this thesis will be presented. This chapter is started by defining the epistemological
and theoretical scientific positioning of this thesis. Subsequently, this thesis is subsumed in the
subject field of sports science to place this thesis in a broader context. Afterward, the appear-
ance of the match performance of an individual soccer player and the factors influencing this
match performance are presented in a theoretical framework. Using this framework, the inter-
action of individuals to compose a team performance is discussed. In the end, different types
of match analysis in soccer are outlined. Those methodological approaches of match analysis
are used in this thesis to get insights into the complex match performance in soccer. Overall,
this chapter provides detailed information about the main subject (match performance in soccer)

and the research approaches (types of match analysis) used in this thesis.

Chapter 3 Aims and Scope of this Thesis:
In light of the research gaps outlined in the first chapter and the presented theoretical back-
ground in the second chapter, the aims and scope of this thesis are formulated in the third

chapter.

Chapter 4 Review (Paper I):

The fourth chapter includes the systematic review paper, which was published in an interna-
tional peer-reviewed journal. This review paper (Review (Paper l)) systematically analyzes the
current status of research regarding the analysis of defensive play using positional tracking
data. It considers all levels of tactical play, ranging from individual, over group, to team level
tactical behavior.

Review (Paper I):

Forcher, L., Altmann, S., Forcher, L., Jekauc, D., & Kempe, M. (2022). The use of play-
er fracking data to analyze defensive play in professional soccer — A scoping review. In-
ternational Journal of Sports Science & Coaching, 17 (6), 1567-1592. https://doi.
org/10.1177/17479541221075734

Introduction
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Chapters 5-7 Original Research (Paper IHV):

In chapters five to seven, three original research papers are presented that have been published
in international peer-reviewed journals (Paper Il & IV) or are currently under review (Paper ll).
In those studies (Defensive Pressure (Paper I}, Rest Defense (Paper lll), & Compact Organization
(Paper IV)) the tactical match performance in the defensive playing phases (defensive play & de-
fensive transition) is assessed. With it, sophisticated analysis approaches are used to evaluate
positional tracking data. In all papers, the results are structured according to the different levels
of tactical play (individual, group, & team level) which are analyzed (illustrated in figure 3.1 in
chapter 3 Aims and Scope of this Thesis).

Defensive Pressure (Paper lI):

Forcher, L., Forcher, L., Altmann, S., Jekauc, D., & Kempe, M. (2022). The keys of pressing to
gain the ball — Characteristics of defensive pressure in elite soccer using tracking data. Science
and Medicine in Football, 1-9. https://doi.org/10.1080/24733938.2022.2158213

Rest Defense (Paper llI):

Forcher, L., Altmann, S., Forcher, L., Jekauc, D., & Kempe, M. (2023). The success factors of
rest defense in soccer — A mixed-methods approach of expert interviews, tracking data, and
machine learning. Under review, 1-20.

Compact Organization (Paper 1V):

Forcher, L., Forcher, L., Altmann, S., Jekauc, D., & Kempe, M. (2023). Is a compact or-
ganization important for defensive success in elite soccer? — Analysis based on play-
er tracking data. International Journal of Sports Science & Coaching, 1-12. https://doi.
org/10.1177/17479541231172695

Chapters 8-9 Discussion and Conclusion:

In the end, this thesis is rounded off by a superordinate discussion and conclusion. This includes
a critical, summarizing discussion of the main findings of this thesis at the different levels of
tactical play (individual, group, & team level). Based on those results, principles of play in the
respective playing phases (defensive play & defensive transition) are derived to provide practi-
cal applications of the findings. Furthermore, the limitations of this work are disclosed to point

out future directions.
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2 Theoretical Background

2.1 Theoretical Embedding

This chapter will present how the results of this thesis are obtained from a theoretical point of
view. Thereby it is clarified under which scientific-philosophical point of view and based on
which epistemological position the results are gathered. This reflects on how the conclusions are
drawn in this dissertation.

Accordingly, the scientific-philosophical foundations are led for this dissertation by making epis-
temological considerations. Based on those considerations, the scientific-philosophical position
is presented. With it, the role as a scientist is reflected and the way of knowledge generation
shall be presented. This indicates the process of arriving at facts and presented theories to gen-
erate knowledge.

In general, it can be distinguished between three main epistemological positions (Haag &
Mess, 2010) which describe the way of knowledge generation. They can be positioned on a
continuum, with the phenomenological position between the poles of the hermeneutical and the
empirical position. The hermeneutical position assumes that an individual generates knowledge
through interpretation based on mental abilities (especially understanding). In contrast, the em-
pirical position supposes that one makes unambiguous perceptions due to the perceptual prop-
erty, which are exact and comprehensible. The phenomenological position characterizes an
individual who perceives something and at the same time assigns a meaning to the perception
(interpretation) (Haag & Mess, 2010). According to this division, the epistemological position
of this thesis is empirical as the behavior of soccer players is quantified in empirical studies
evaluating the precise positions of players during a match (i.e. tracking data).

Based on this continuum of knowledge generation there are distinct scientific-philosophical po-
sitions. For instance, subjective idealism, dialectical materialism, critical theory, critical rational-
ism, logical empiricism, and positivism (Haag & Mess, 2010). This thesis can be assigned to
the philosophical position of critical rationalism which is outlined and justified in the following.
The position of critical rationalism assumes that there is nothing absolutely certain and every-
thing has to be examined critically and rationally, because no scientific evidence is finally
true. Therefore, scientific conclusions cannot be finally verified by observation. Conversely,
observations can falsify the conclusions made (Haag & Mess, 2010). To advance science with
falsificationism, a theory, as a speculative and provisional assumption or prediction to explain a
part of reality, is built to overcome the shortcomings of previous theories. These theories are then
rigorously and ruthlessly tested by experimentation and observation. This includes the position
of acceptance of findings as long as they are not falsified and falsifiability is set as a criterion
for good theories (Chalmers, 2007). Overall, this procedure leads to a stepwise increase in the

complexity of a theory.
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Overall, observable facts are the basis for scientific knowledge generation (Chalmers, 2007).
However, facts and knowledge are erroneous and can therefore be subject to correction
(Chalmers, 2007). To continuously expand knowledge, it is most important to provide relevant
knowledge. This can be derived to science, which should ask the ideal question to make an
ideal observation to provide answers to this raised question to eventually arrive at relevant
facts (Chalmers, 2007). According to this idea, no observation can be made completely inde-
pendently since study design is based on theories or prior knowledge to make relevant observa-
tions and contribute to the development of knowledge in a field.

Against the background of the epistemological considerations and the discussed scientific-phil-
osophical position, the procedures of knowledge gain of this dissertation shall be presented.
In the case of this thesis, at first, a theoretical approach about the composition of match perfor-
mance in soccer is presented (see chapter 2.3 Appearance of Match Performance in Soccer).
Afterward, distinct and specific hypotheses for the individual studies are formulated based
on specific parts of this theory (see chapter 3 Aims and Scope of this Thesis). The hypotheses
based on these theories are then examined and subjected to the possibility of falsification by
the individual studies (see chapters 4-7). Within these studies, the tactical behavior of players is
quantified in aggregated variables as a simplification of reality. This selection of performance
indicators is dependent on the scientist. In the end, inferential statistics are used to objectively
quantify the differences between successful and unsuccessful playing sequences (see methods
in chapters 4-7). Those empirical study designs are used to make relevant observations. Those
observations are objective and fallible (Chalmers, 2007). They are objective because they are
traceable due to precise documentation of methods used (Chalmers, 2007) and fallible because
they can be refuted or challenged by new research. In the end, the presented results of obser-
vations are interpreted to draw conclusions (see chapter 8 Discussion). Using this procedure,
the theory and the hypotheses are tested for falsifiability. This interpretation is dependent on the
experience, knowledge, and expectations of the scientist (Chalmers, 2007). As stated above,
perception always encounters the presence of prior knowledge, theories, and expectations.
With the help of conceptual knowledge about tactical behavior in soccer, practical conclusions
are made about the characteristics of successful tactical performance in defense.

After the made epistemological consideration, this chapter concludes with a general classifica-
tion of this thesis to place it within Hopkins’ (2002) research dimensions. This is accomplished to
provide a more comprehensive view of the research endeavor of this work. This thesis analyzes
the behavior of soccer players. Therefore, the nature of the topic is behavioral. The investigated
sample comprises the first half of the 2020/21 season of the German Bundesliga. Accordingly,
the scope of inquiry is the study of a large sample to analyze general occurrences. Thereby,
this thesis aims to make general statements about successful behavior in professional soccer
(population) (Haag & Mess, 2010). The mode of inquiry is the observational investigation of

professional soccer matches in the German Bundesliga without influencing the behavior of play-
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ers. The methods used are mainly quantitative, as the analysis of tactical match performance is
completed using computational methods to evaluate tracking and event data. In this context, a
large variety of quantitative methodological (e.g. synchronization of tracking and event data,
automatic identification of tactical formations) and statistical procedures (e.g. linear mixed mod-
el, machine learning classifier) were used and combined to analyze the tactical match perfor-
mance in the defensive playing phases in great detail. This variety of quantitative methods is
complemented by qualitative expert interviews in paper lll (see chapter 6 Rest Defense). The
data is collected by observation of tactical behavior during the competition (match) and by
interviews with soccer coaches/experts.

The data analysis is numerical-oriented (statistical) (Haag & Mess, 2010) due to the quantitative
nature of data collection and the big data sets used. Big data can be characterized by three
V’s: Volume, Variety, and Velocity (Chen & Lin, 2014; Noor et al., 2015). According to the
big data nature of data sets used in this thesis (see chapter 2.4.3 Spatio-Temporal Analysis
(Tracking Data)), computer technologies are needed to process and evaluate these data sets.
The ideological stance is objective (see above, critical rationalism) and the political stance is
neutral impartial (Hopkins, 2002). Overall, this thesis uses mainly quantitative research. How-
ever, it benefits from including qualitative data-gathering methods in research related to human
behavior (Hopkins, 2002).
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2.2 Subsumption into the Subject Field of Sports Science

In this chapter, the research project of this thesis is placed in the larger context of sports science.
This shall indicate the importance of this work beyond its independent character. With it, the
subject area of sports science is to be described and transferred to the present work.

Sports science in general can be defined as follows:

“The aim of a science of sports is to describe, understand, and explain the sport and people’s
sports practice.” (Gullich & Kriger, 2013)

This can be transferred to this thesis, which comprises an investigation of a specific subsection
of sports practice, in particular match performance in soccer. Thereby, the aim is to describe,
explain, and predict match performance in soccer.

Over the course of time, a multi-layered subject area has developed in sports science based on
a collection of theoretical and thematic fields with several contentrelated and methodological
orientations (Schroder & Dose, 2010). This diversity can be classified into (1) the medical-natural
scientific orientation, including sports medicine, sports biomechanics, training science, exercise
science, or sports informatics, (2) the social-behavioral orientation including sports pedagogy,
sports psychology, or sociology of sports, (3) the economic-political-legal orientation including
sports economics, sports politics, or sports law, and (4) the historical-philosophical orientation
including history of sports, or philosophy of sports. This thesis can be classified in the subject
area of the medical-natural scientific orientation. This is justified by the fact that the individual
papers of this thesis investigate sports performances in soccer using computer science methods
to evaluate big data sets of positional tracking data.

Subsequently, the research project of this thesis shall be described in further detail. On the
continuum between basic research and application-oriented research (Schréder & Dose, 2010)
this thesis is placed near to the application-oriented pole. Thereby, the application-orientation
is reflected in the practical orientation of the investigations and the practical conclusions made,
based on the findings on successful defensive behavior (see chapter 8.2 Practical Application).
However, there are also some characteristics of basic research that are present in this thesis.
In detail, it is theoretically examined what match performance in soccer is composed of (see
chapter 2.3 Appearance of Match Performance in Soccer). Based on this theoretical framework,
hypotheses are formulated which are tested for falsifiability to gain basic knowledge about the
tactical match performance in the defensive playing phases.

Concluding, the practical relevance of the presented research is fundamental to this thesis. Since
sports performance is the subject area of this sports scientific work, practical relevance is one of
its most important aims (Schréder & Dose, 2010). Thereby, it is the key to ensure that research
results are transferred into practice and their implications can be applied there (Schroder &
Dose, 2010). In this context, a theory-guided practice can be seen as an adequate requirement

in terms of knowledge transfer (Haag & Mess, 2010).
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By the investigation of professional soccer players during competition, the investigation of com-
plex sports performance using the match performance data, and the drawing of conclusions

relevant to practice, this thesis has high practical relevance.
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2.3 Appearance of Match Performance in Soccer

This chapter addresses the complex construct of match performance in soccer. It presents a theo-
retical approach that describes how the match performance of soccer players is composed. The
main question that is raised is what actually constitutes performance in a soccer match and how
the various factors of performance interact to influence and determine the outcome of a match
(Mclean et al., 2017). In the first subchapter, the match performance of an individual soccer
player is outlined (see chapter 2.3.1), including the main facets of the match performance of
an individual and the internal and external factors that influence this match performance. In the
second subchapter, it is indicated how the match performance of a team, consisting of several
individuals, evolves (see chapter 2.3.2). Thereby, the interaction of individuals to contribute to
a collaborative team performance is described. Overall, this chapter sets out the match perfor-
mance in soccer in its entirety to form the foundation of this thesis. While this work focuses on the
specific subpart of the tactical match performance in the defensive playing phases, this holistic
theoretical approach of match performance gives a theoretical understanding of performances
during soccer matches. According to this holistic approach of theoretically examining match
performance, considerations are made for all facets of match performance (physical, technical,
psychological, & tactical) and the entire internal and external factors of influence. This builds
a theoretical foundation for this thesis, which is important to increase the understanding of a
player’s individual match performance as well as the interactions within a collaborative team
performance. Both individual and team match performance in soccer are investigated in the
original studies and this thesis can be classified within this theoretical framework. In addition,
this chapter builds the basis for the next chapter, which introduces the types of match analysis as
different ways of gaining insights into this complex match performance (see chapter 2.4 Types

of Match Analysis in Soccer).
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2.3.1 Individual Match Performance

As stated above, this first part will focus on the individual performance of a soccer player
during a match. The main facets of the match performance of an individual soccer player will
be presented and justified. Afterward, the internal and external factors that influence this match
performance will be outlined. Both the main facets and influencing factors of match performance
are theoretically examined and presented using study results. With it, this part aims to improve
the understanding of what constitutes match performance in soccer and what a player’s perfor-
mance looks like in a match. This should allow one to investigate, examine, and improve the
performance in soccer in a targeted manner. Furthermore, as mentioned above, the investiga-
tions and results of this thesis can be categorized in the larger context of this construct of match
performance which increases the overall meaning of the findings.

In this theoretical approach, the individual match performance is derived from Newell’s model
of constraints. According to this model, movements (coordination & control) arise from the inter-
action of the environment, the person, and the task (Newell, 1986). In soccer, the environment
describes external factors of influence such as the situational context (e.g. match venue, score-
line) or the opposing players. The person or, in the case of soccer the player, comprises internal
factors including skills (e.g. passing skill) or anthropometry (e.g. height, muscle fiber distribu-
tion). The task in soccer concerns a match action (e.g. pass), a match situation (e.g. defensive
playing sequence), or the whole match according to the different scales of the task. To clarify
the application of this approach in the use case of soccer, an example of a defending action in
soccer is illustrated. The environmental context could be, for example, the last minute of a match
with a 2:1 lead for the defending team which is playing at home (external factors). The person
in focus could be a central defender of the home team, who is 1.86 [m] tall, has a maximum
velocity of 33 [km/h], and has high technical skills (internal factors). The task that this defender
faces could be an opposing attacker who is dribbling the ball towards the defendants’ goal. The
defender has to pressurize the attacker (task of a single action) to stop this dribble and regain
the ball (task of a match situation) to eventually win the match (task of the whole match).
Accordingly, the accomplishment of the task with the conditions of an individual and under
the influence of the environment then leads to the execution of a movement which can also
be interpreted as match performance. On the pitch in a specific match situation, a player has
many degrees of freedom to perform different movements and behave (Memmert et al., 2017).
For instance, the defender in the above-presented example has almost infinite possibilities to
accomplish the presented task through an action or movement. The resulting movements in
soccer can be structured in different main performance aspects of physical, technical, tactical,
and psychological facets (Carling, Reilly, et al., 2008; Sarmento et al., 2014; Weineck, 2007).
Those facets are described in detail in the next chapter. Overall, the different influencing factors

(e.g. internal & external) and heterogenous tasks presented to a player during a match, com-

18

bined with the different performance facets of resulting movements with a multitude of degrees
of freedom result in a highly complex sports match performance which is assessed in detail in

the following.

2.3.1.1 Main Facets of Match Performance

As aforementioned, the movements of a soccer player result from the processing and solution of
movement tasks a player faces during a match (Hossner et al., 2015). Those movements, which
can be interpreted as performance, can be completed in different dimensions. In the following,
those main facets of match performance in soccer will be presented.

First, movements are executed in a physical manner, such as the velocity of limbs (Altmann et
al., 2021). Second, movements can be characterized in a technical dimension, for instance,
according to the ball control (Rampinini et al., 2009). Third, movements can be interpreted
according to their effectiveness in the achievement of a tactical goal (Goes, Brink, et al., 2021).
Fourth, movements have psychological features of cognitive functions in the planning and exe-
cution of movements (Scharfen & Memmert, 2019). Accordingly, performance can be structured
in four main facets, namely physical, technical, tactical, and psychological facets of match per-
formance (Carling, Reilly, et al., 2008; Sarmento et al., 2014; Weineck, 2007). These facets
are complex in their interaction (Coutts, 2014; Dolci et al., 2020). For example, a physical
movement of a high-velocity sprint with the technical action of dribbling the ball, with the tactical
goal to break the opposing defensive-line, and the fast stimulus processing and anticipation of
the match situation for fast, error-free, and successful movement execution under pressure as
psychological performance. The mentioned main facets will be presented individually in the
next paragraphs.

First, the technical facet of match performance is presented. In general, soccer has the technical
difficulty of controlling the ball with the feet. This results in a large number of technical errors
which is exemplarily indicated by the fact that almost every 6™ pass is incomplete (Power et
al., 2017). Therefore, the technical performance of a soccer player is highly important and the
technical demands during a match are outlined in the following. To assess the technical per-
formance of a soccer player mainly the on-ball actions of players such as passes, dribblings, or
shots are analyzed. Over the course of a match, a player has about 50 to 100 on-ball actions
(Bloomfield et al., 2007; Forcher, Forcher, Jekauc, Woll, et al., 2022). Those include up to 3
dribblings (Forcher, Forcher, Jekauc, Woll, et al., 2022), around 38 passes (most of which
have a length under 39 [m]) (Forcher, Forcher, Jekauc, Woll, et al., 2022), 4 headers (Forcher,
Forcher, Jekauc, Woll, et al., 2022), 10 tacklings (Dellal et al., 2010), and 1.4 shots per match
(Liv et al., 2016). In recent years, there is an increase in the number of passes per match by
up to 40 [%] with a simultaneous increase in the success rate of additional 10 [%] (Barnes et
al., 2014). Concluding, technical match performance plays a fundamental role in soccer and

mainly concerns the on-ball actions of players.
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Secondly, the physical dimension of match performance is outlined. In light of the technical
assessment of on-ball actions, it is evident that soccer is mainly performed without the ball (Ade
et al., 2016). Solely, 1-2 minutes of 90 minutes of playing time, an individual player is in ball
possession (Dellal et al., 2010; Link & Hoernig, 2017). Accordingly, to assess the match per-
formance of a whole match the physical performance is of interest. Physical performance is pre-
dominantly analyzed by the assessment of running distance at different speeds. In detail, soccer
players cover between 10 and 13 [km] during a full match (Sarmento et al., 2014; Stelen et al.,
2005). The physical activity in soccer within this distance can be characterized by intermittent
high-intensity incidents with various intermittent and multilateral movements (Dolci et al., 2020).
Accordingly, players complete between 25 to 50 high-intensity runs per match with a distance
of 300 to 800 [m] (Ade et al., 2016; Ju et al., 2022; Lago-Pefias et al., 2023). Furthermore,
they cover 22-24 [%] of the total running distance over 15 [km/h], 8-9 [%] over 20 [km/h], and
2-3 [%] over 25 [km/h] (Rampinini et al., 2007). However, the typical distinction of running per-
formance in different speed zones does not appropriately consider the physical performance of
other high-intensity actions such as accelerations and decelerations, jumps, or directional chan-
ges (Dolci et al., 2020). With 43 + 8 decelerations and 26 + 5 accelerations per match (Russell
et al., 2016), the number of accelerations and decelerations is several times higher than the
number of high-intensity runs and sprints (Baptista et al., 2018). Overall, players cover about
18 [%] of the total match distance while accelerating or decelerating (> 1 [m/s?]) (Akenhead
et al., 2013). Besides, players turn 726 + 203 during the match, with about 84 [%] of these
turns occurring at an angle between 0° to 90° to the left or right (Bloomfield et al., 2007). This
indicates the non-linear fashion of high-intensity runs. About half of the sprints contain at least
one change of direction or are completed on a curvilinear track (Ade et al., 2016; Fitzpatrick et
al., 2019). Overall, the high-intensity actions are associated with scoring opportunities (Faude
et al., 2012) and goals (Martinez-Herndndez et al., 2022) which indicates their importance.
Further, there is an increase in high-intensity physical activity in matches in the last years (Barnes
et al., 2014; Dolci et al., 2020). Overall, this highlights the increased importance of physical
match performance in soccer.

Third, the tactical match performance is considered in detail. Tactical match performance descri-
bes the movement behavior of players during a match according to its effectiveness in achieving
the main goal of winning a match. Besides the superordinate goal to beat the opposing team,
tactical goals can also be defined at finer-grained levels. For example, on the level of single
actions such as the goal of a pass to reach a teammate (Goes et al., 2018; Spearman et al.,
2017) or the goal of an off-ball overlapping run to break the defensive-line (Anzer et al., 2022).
In detail, in soccer, the tactical behavior of players mainly depends on distinct playing phases,
which can generally be divided into offensive play, defensive play, defensive transition, offensi-
ve transition, and set plays (Bauer et al., 2023; Escher, 2020; Hewitt et al., 2016). According

to the goals and conditions in the respective playing phase, the behavior of a player differs (see
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figure 2.1 in chapter 2.3.2 Collaborative Team Performance). The team in ball possession (i.e.
during offensive play) has the goal of scoring. Therefore, players control the ball and interact
with each other while attacking. During an attack, offensive players have a high movement va-
riability to disrupt the opposing defense (Davids et al., 2005) to create open space for aftacking
actions to eventually create scoring opportunities (Castellano et al., 2013). In contrast, the op-
posing team, in defensive play, has the main goal of defending their goal and regaining posses-
sion (Henseling & Maric, 2018; Moura et al., 2012). Therefore, players show a more ordered
and compact movement behavior to deny attacking spaces for the opposing team and thereby
increase the defensive pressure. Those opposing patterns of offense (players move further apart
= expanding) and defense (players move closer together = contracting) lead to the idea of a
contraction-expansion relationship between the offensive and the defensive team (Bartlett et al.,
2012; Moura et al., 2012). This tactical behavior pattern is assessed in detail for defensive play
in the fourth paper of this thesis (see chapter 7 Compact Organization). The transition phases
characterize the time intervals between the mentioned playing phases and describe the switch
from offense to defense (defensive transition), and from defense to offense (offensive transition)
(Escher, 2020). Overall, the tactical performance of players can be investigated in dependen-
ce on the effectiveness with regard to the goal of the playing phase, the match, or the action.
While this chapter provides a holistic theoretical framework of the match performance, the latter
studies of this thesis will focus on the tactical match performance in defense assessing the effec-
tiveness of tactical behavior according to the goals of the defensive playing phases (defensive
play & defensive transition).

Fourth, the psychological facet of match performance is contemplated. Psychological or men-
tal facets of match performance include perceptual skills (Mann et al., 2007), psychological
aspects of decision-making processes (Araujo et al., 2006) such as anticipation skills (Carling,
Reilly, et al., 2008), or personality traits of a player (Carling, Reilly, et al., 2008). The decision-
making process is an integral part of goal-directed behavior. The effectiveness of the move-
ment behavior of players with a certain goal was described as tactical performance before.
In contrast to the tactical facet of movements, the psychological facet describes the speed and
accuracy of decision-making processes which are critical for successful match performance in
soccer (Araujo et al., 2006). Furthermore, cognitive functions have been shown to be important
success factors for elite soccer players (Ehmann et al., 2021; Scharfen & Memmert, 2019). Tho-
se perceptual-cognitive skills such as anticipation and decision-making are also often referred to
as “game intelligence” (A. M. Williams & Hodges, 2005). In detail, perceptual-cognitive skills
are about the identification and intake of information from the environment to filter and integrate
this information with existing knowledge to appropriately select and execute movements (Mann
et al., 2007). Amongst others, they include response accuracy, response time, number of visual
fixations, visual fixation duration, and quiet eye duration (i.e. final fixation on an object prior to

movement execution) (Vickers et al., 2019). Soccer match situations are highly dynamic and the
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way players use those perceptual-cognitive skills has a significant effect on the quality of their
decisions (Ehmann et al., 2021). In detail, it has been shown that sports experts outperform
non-experts in cognitive skills. They show better response accuracy and response time (Mann et
al., 2007) as well as better processing speeds (Voss et al., 2010). Accordingly, they are faster
in picking up perceptual cues (Mann et al., 2007) and in anticipating opponents’ intentions
(Mann et al., 2007). Furthermore, experts show a distinct scanning routine with fewer fixations
of longer duration, including longer quiet eye periods (Mann et al., 2007; Vickers et al., 2019).
This routine allows them to process and filter more information about a match situation per fixa-
tion. Additionally, experts have a comparatively long quiet eye period. Overall, experts allocate
their attention more effectively (Mann et al., 2007). Therefore, soccer players’ performance in
processing the most important information of a match situation is critical. For instance, to visually
track the movements of teammates and opponents simultaneously is a decisive aspect of success
in soccer (Ehmann et al., 2021). Besides perceptual-cognitive skills, the concentration, self-con-
fidence, motivation, and stress management are relevant psychological skill factors for match
performance in soccer (S. de Freitas et al., 2013). Overall, psychological match performance is
multifaceted and of great importance in soccer. It can be decisive how fast a player can process
information and make decisions on the pitch. Therefore, psychological factors of player behavi-
or need to be considered in future work on match performance in soccer.

Concluding, match performance in soccer has four different main facets. Those facets of phy-
sical, technical, tactical, and psychological match performance are influenced by internal and

external factors which are presented in the following two chapters.

2.3.1.2 Internal Factors (Person)

After the presentation of the main facets of the match performance, this chapter focuses on the
internal factors of the individual person that influence a movement and thus the behavior (for the
detailed derivation see chapter 2.3.1 Individual Match Performance). Those internal factors of
the person represent the internal prerequisites of an individual player that influence the match
performance.

While there are several different ways to classify the internal prerequisites of a person this
thesis mainly distinguishes between anthropometry, personality, abilities, and skills. These pre-
requisites describe the basic conditions with which an individual encounters a match situation.
Therefore, their influence on match performance is outlined.

The anthropometry captures the mechanical characteristics of the human body and its parts
(Schwameder et al., 2013) such as the body composition (e.g. muscle, fat mass). Studies revea-
led that this factor influences match performance in different ways. For instance, total body mass
and muscle mass are moderately positively correlated with physical match performance (e.g.
total distance) (Rienzi et al., 2000). Further, somatotype characteristics and body fat percentage

are discriminators between different levels of male soccer players (Slimani & Nikolaidis, 2017).
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However, a recent review indicated that the relationship between anthropometric data and
physical match performance is small (Aquino et al., 2020).

The personality of an individual soccer player also has an impact on his match performance.
The bestknown construct to assess personality are the Big-Five personality factors of extraver-
sion, neuroticism, conscientiousness, openness, and agreeableness (Wilson & Dishman, 2015).
Those personal factors have a share in improving the performance of elite soccer players (Ab-
dullah et al., 2016). In another context, two recent studies found that individual players react
differently, with differences in physical and technical match performance, on the tactical context
they are exposed (tactical position & tactical formation) (Altmann et al., 2021; Forcher, Forcher,
Hartel, Jekauc, et al., 2022). This finding may indicate that physical and technical match per-
formance is depending on the personality of the player. However, this explanatory approach
remains uncertain since this tendency could also be explained by the physical or technical co-
pacities of a player. Besides, mental fatigue (psychobiological state of a person) was shown to
decrease physical performance in players (Van Cutsem et al., 2017).

Besides the influence of the personality, the abilities of an individual soccer player play a major
role regarding the internal factors that influence match performance in soccer. Abilities can be
defined as general, overarching traits forming the basis for the execution of various movement
skills (Burton & Miller, 1998). Exemplary abilities are strength or endurance. In the case of
speed, there is no general overarching ability that can be defined as speed according to Alt-
mann (Altmann, 2020). In contrast, research has tended to take the position that speed-related
actions in soccer are task-specific skills (Altmann, 2020). The expression of abilities (or skills in
the case of speed) can be assessed using diagnostic tests, such as field-based or laboratory-ba-
sed tests. In endurance testing, there is a great variety of procedures including running proto-
cols on a treadmill (e.g. incremental treadmill test) and field-based tests (e.g. Yo-Yo intermittent
recovery test) (Aquino et al., 2020). To assess strength, there are diagnostics such as vertical
jump tests (e.g. countermovement jump) or one-repetition maximum (1-RM) of lower limb muscle
strength (e.g. squat) (Slimani & Nikolaidis, 2017). Diagnostics concerning speed include line-
ar-sprint tests of different length (e.g. 30 [m]) and modifications (e.g. starting length), change-
of-direction sprint tests, or agility tests (Altmann et al., 2019). The expression of abilities in an
individual soccer player has an influence on his match performance. For instance, outcomes of
endurance performance diagnostics (incremental treadmill test, Yo-Yo intermittent recovery test)
were shown to influence physical match performance (Aquino et al., 2020). Further, regarding
strength, muscular power was shown to be of particular importance for achieving high-level
soccer performance (Slimani & Nikolaidis, 2017) with vertical jump height being a key requisite
for professional soccer players (Slimani & Nikolaidis, 2017).

In contrast to abilities, skills can be defined as movement classes of the same form and function
(Altmann, 2020). Soccer skills include passing, shooting, dribbling, heading (Davids et al.,

2000), and speed-related actions (see above). Accordingly, most skills are about controlling the
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ball (on-ball actions). The efficient and effective motor control of skills is highly important to mas-
ter complex match situations under high spatial and temporal pressure in soccer. For instance,
in elite-level soccer, on average, a player has solely two ball contacts to control and pass the
ball per individual ball possession (Dellal et al., 2010). Accordingly, soccer players need to be
skillful when they are on the ball (Dellal et al., 2010). Since there are few ball possessions per
player (on the ball for about 1-2 [min] per match) (Dellal et al., 2010; Link & Hoernig, 2017)
the execution of on-ball skills is one of the most important aspects of soccer performance (Ali,
2011). Furthermore, as stated above, speed-related actions (e.g. change of direction sprint)
are presently considered as skills. It was shown that the peak velocity and repeated-sprint per-
formance are correlated with peak sprint speed during a match (Buchheit et al., 2010) and thus
influence physical match performance. On the other hand, perceptual-cognitive skills influence
match performance in soccer. Better soccer players have higher perceptual and cognitive skills
and thus are able to filter and record the most important information in a match situation (Ali,
2011). Overall, the mastery of skills is essential in coping with match situations and thus influ-
ences match performance in soccer. For example, high skills in receiving and controlling the
ball with one initial ball contact enables the player to deal with increasing defensive pressure
by the direct opposing defender who aims at regaining the ball. A skilled pass with the outside
of the foot can catch the defender off guard and increases the chance of successfully reaching

a feammate.

2.3.1.3 External Factors (Environment)

After discussing the main facets of match performance and the influence of internal factors of a
person on this match performance, this chapter concentrates on the influence of external factors
of the environment on match performance in soccer. The external factors can be distinguished
into four main factors of the situational context, the opponent, the tactical factors, and the social
factors. Those factors not only affect the match performance itself, but also interact within each
other. This chapter presents evidence of the interactions of external factors with match perfor-
mance as well as within the external factors.

The situational context comprises the current situation of the competition. It includes the match
venue, the score-line, the moment of the match (e.g. minute), or across the season (e.g. last
match of the season) (Hewitt et al., 2016). It was shown that the score-line affects the physical
(high-intensity running distance) (Bradley & Noakes, 2013) and technical match performance
(Taylor et al., 2008). Furthermore, the physical, technical, and tactical match performance is
affected by the match venue (Praca et al., 2021; Tucker et al., 2005) with physical (i.e. higher
total distance) and technical match performance (i.e. more passes) tending to increase in home
matches (Praca et al., 2021; Tucker et al., 2005). Furthermore, the situational context also
includes environmental factors such as air pollution. Air pollution has been shown to decrease

a soccer player’s physical match performance (Beavan et al., 2023). Further, the relative air
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humidity and air quality revealed effects on physical and technical match performance (Zhou et
al., 2019). Next to the stated situational context, the quality of the league was shown to have
an influence on the physical and technical match performance of soccer players (Bradley et al.,
2013) with more high-intensity distance covered in higherlevel leagues (O’Donoghue et al.,
2001). Concluding, there are effects of the stated situational variables on soccer match perfor-
mance (Taylor et al., 2008).

Another external factor that influences match performance is the opponent. Similar to the consid-
ered players, the opposing team also has the aim of winning a match. The actions (e.g. position-
ing) of the players of the opposing team have an influence on the behavior and performance of
the considered players of the analyzed team. For example, the tactical formation or the quality
of the opposing team were shown to influence the match performance of the analyzed players.
In detail, during offensive play teams show a higher dispersion of player positioning (e.g. larger
surface area) when playing against weaker teams (Castellano et al., 2013). Accordingly, the
opposition quality affects the tactical match performance (Fernandez-Navarro et al., 2018).
Also, the physical match performance is influenced by the quality of the opposition with an
increase in jogging and walking distance against better teams (Lago et al., 2010). Accordingly,
the opponent is an external factor that influences the match performance of soccer players.
Besides the opponent, also the tactical factors of the own team influence the match performance.
The tactical factors include the tactical formation, the tactical position, or the playing style. The
tactical formation describes the spatial positioning of players on the pitch with different positions
having different tactical tasks. Further, playing style characterizes the behavioral features of a
team that are repeatedly observed over time (e.g. ball possession style) (Fernandez-Navarro
et al., 2016; Fernandez-Navarro, 2018; Forcher, Forcher, Hartel, et al., 2023). The tactical
formation has an effect on the physical match performance. For instance, players in a 4-3-3
formation cover more high-intensity runs compared to players in a 4-4-2 formation (Aquino et
al., 2017). Moreover, players in defensive formations (e.g. 4-5-1) cover 20 [%] more high-inten-
sity runs in defense compared to players in offensive formations (e.g. 4-4-2 and 4-3-3) (Bradley
et al., 2011). Next to the tactical formation, several studies found effects of tactical playing
position on physical and technical match performance (Bloomfield et al., 2007). For instance,
central defenders show the fewest number of dribbles, ball losses, and goal completions (Forch-
er, Forcher, Jekauc, Woll, et al., 2022; Liu et al., 2016). Wide players (wide defenders & wide
midfielders) and central midfielders were shown to cover more total running and high-intensity
distance (Bush et al., 2015; Di Salvo et al., 2006). Attackers and wide players complete the
most sprints during a match (Di Salvo et al., 2006).

When analyzing the influence of tactical factors on match performance, especially the inter-
actions of positional differences in distinct tactical formations yield interesting findings. For
example, defenders in a formation with a back three (e.g. 3-5-2) are physically more demanded

compared to defenders in a formation with four defenders (e.g. 4-3-3) (Forcher, Forcher, Jekauc,
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Woll, et al., 2022). Another interesting finding related to tactical formation was found in anoth-
er recent study, which indicated that an in-game change of the tactical formation can have a
beneficial effect on match performance (e.g. more goal-scoring opportunities, goals) (Forcher,
Forcher, Jekauc, Wasche, et al., 2022). In addition to the influence of tactical formation and
position, the playing style (ball possession style vs. direct play/counter attacking style) was in-
dicated to influence physical and technical match performance (Forcher, Forcher, Hartel, et al.,
2023). Concluding, the tactical factors (i.e. tactical formation or position) influence the match
performance of a soccer player.

Finally, social factors are also an external factor that can influence match performance in soc-
cer. The social factors concern the social framework in which a player behaves including the
social group of a team and the coaching staff. The resulting psycho-sociological team dynam-
ics include the creation of a team, team cohesion, networks of communication, or leadership
styles (Gréhaigne, 2011). The coaching staff is indirectly influencing the match performance
of players, for instance, by motivating them and building their character (Teques et al., 2019).
The influence of social factors is exemplarily indicated by the shortterm increase in the match
performance of a team after a change of the coach (Gémez et al., 2021; Lago-Pefias, 2011).
However, this effect declined after ten matches. In contrast to the coaching staff, the social
group of a team describes the interactions of group members in a social network. This network
is important for successful match performance, which was shown by a correlation between
perceived social cohesion and soccer match performance (Tziner et al., 2003). Furthermore,
teams with high-intensity networks with low centralization are associated with increased match
performance (Grund, 2012).

Overall, there are multiple, different contextual factors influencing match performance to a
different degree which were indicated in this chapter. Moreover, these external factors interact
in a highly complex way which is indicated by a practical example. In preparation for an up-
coming match, a coaching staff (social factors) is developing a match plan selecting a tactical
formation and a playing style (tactical factors) dependent on the strengths and weaknesses of
the opposing team which is a top-quality team (opponent). This match will be played away on
a pitch in difficult conditions due to rainy weather (situational context). All those interdependent
factors will have an influence on the match performance of the soccer players. Also, studies
showed interaction effects of situational variables on match performance. For example, attack-
ers (factical factor) were shown to cover more and central defenders less high-intensity running
in heavily won matches compared to lost ones (score-line) (Bradley & Noakes, 2013). Also,
different effects of the situational context (e.g. score-line, match venue) on playing style (tactical
factor) were found (Fernandez-Navarro, 2018).

In conclusion, to effectively analyze and understand soccer match performance, there is a need
to consider the complex effects of external factors on match performance (Taylor et al., 2008).

Therefore, external factors should be considered, discussed, and controlled (Haag & Mess,
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2010).
Still, it has to be considered that the internal and external factors of influence and the exemplary
study results outlined in this chapter represent excerpts from the literature and cannot be present-

ed comprehensively, as they would go beyond the scope of this thesis.
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2.3.2 Collaborative Team Match Performance

In the previous chapter, a theoretical framework of the individual complex match performance
was presented. This framework includes a detailed consideration of the main facets of match
performance (physical, technical, tactical, psychological), as well as the internal (person) and
external (environment) factors that influence the performance of a player during a match. Based
on that framework of individual match performance in soccer, this chapter will indicate how
individual players interact with each other to create a collaborative team match performance.
In general, each of the 11 players of a team is confronted with different situations during a
match. Each individual copes differently with his individual movement tasks under the influence
of the inherent factors of the individual person and the external factors of the environment. In de-
tail, every player has his own inherent presets of contextual factors. For instance, players have
different internal factors including differences in skills or anthropometry, and different external
factors such as different tactical playing positions. Accordingly, each player controls the match
with his behavior in space and time (McGarry & Franks, 2003). This results in each of the 11
players having a distinctly different individual complex match performance.

Those 11 individual performances contribute to a group performance (subgroup of 2 or more
players within a team) and ultimately to a team performance by interacting with their teammates
within their team (team of 11 players). Consequently, the heterogenous players of a team in-
teract under the constraints of the game (e.g. rules) to achieve a shared goal such as winning
(Balagué et al., 2013; Gréhaigne, 2011; McGarry & Franks, 2003). Due to the interaction of
players within a team, there is an immense increase in the complexity of the match performance
of the team (Balagué et al., 2013). Therefore, continuous new behavior arises due to constantly
changing match situations and contextual factors (Balagué et al., 2013). Besides the interac-
tion within a team, the players of a team also interact with the players of the opposing team
(McGarry & Franks, 2003). This interaction between teams can also be classified into different
levels, ranging from individual level (1 vs. 1, dyads), group level (e.g. 3 vs. 3), to team level
(11 vs. 11).

Following this argumentation, a team’s performance is not just a sum of its individuals (Grund,
2012). It is more about a team of players working together as a unit to interact with the oppo-
nent, not just a collection of 11 individuals (Low et al., 2020).

A theoretical framework that describes the interaction behavior of soccer players within and
between teams is the dynamic system theory (Low et al., 2020). This theory is repeatedly used to
analyze, describe, and explain team behavior in soccer (Low et al., 2020; Welch et al., 2021)
since a lot of characteristics of complex systems also are shown in a soccer match (Low et al.,
2020). The main characteristics of this theory are that individuals and teams behave goal-ori-
ented (Low et al., 2020), that the movements of the players are not independent of each other

because they commonly interact with each other, and that individuals behave interdependent
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(interactions within & between teams), dynamically, and non-inearly (Low et al., 2020). This
is accompanied by constant interactions with and changes in the environment (e.g. changing
match situations) (Low et al., 2020). Thereby, the idea of interactions of interdependent players
in a complex system reduces the complexity of the system as the individual players interact with
one another in larger coalitions of cooperative elements (Balagué et al., 2013) which is often
compared to the behavior in schools of fish (Passos et al., 2011) or flocking birds (Welch et al.,
2021).

This idea reflects the self-organization in complex interacting systems (Gréhaigne & Godbout,
2014; Welch et al., 2021). Despite numerous degrees of freedom that arise in the complex
system of two interacting teams with a sum of 22 individuals, there are different organizations
and orders which are formed over and over again (Balagué et al., 2013). Those collective mo-
tions arise from simple rules of interaction between individuals (Welch et al., 2021). However,
the main difference of soccer to the nature of dynamic complex systems (e.g. flock of birds or
school of fish) is that teams train and plan to maintain a specific playing behavior (e.g. tactical
formation) and apply specific group and individual tactics depending on the context (Welch et
al., 2021).

In soccer, this theory of dynamic systems was used to assess inter team (= between teams) and
intra team (= within teams) behavior of players. For instance, the intra team interactions were
analyzed using distance measures between defender and attacker dyads (= 1 vs. 1) (Headrick
etal., 2012; Laakso et al., 2017), formation lines (Goes, Brink, et al., 2021) or team centroids
(Bartlett et al., 2012). Furthermore, intra-team interaction of subgroups (Goes, Brink, et al.,
2021; Gongalves et al., 2017) was investigated. Some of the findings of those studies are
discussed in the review paper (see chapter 4 Review). Overall, it can be concluded that teams
show quick changes between highly aligned and synchronized movements and unordered
swarm behaviors which are not well aligned with individuals trying to remain part of the group
(Welch et al., 2021). When investigating dynamic systems, an important aspect is to include a
temporal variable within the analysis. This is essential to include the dynamic idea of dynamical
complex systems and assess the behavior of players over a period of time (e.g. a possession).

The characteristic of interaction behavior of players in soccer largely depends on the playing
phase according to the ball possession status. For instance, attacking patterns may influence
the behavior of the defending team. In particular, the positioning of attacking players during an
attack influences the behavior of the defending team (e.g. possibly by a marking behavior of
defenders) (Hewitt et al., 2016). Accordingly, both teams behave in an opposing relationship
(Davids et al., 2005; Gréhaigne et al., 1997) according to the ball possession (i.e. offense &
defense). This tactical behavior of players is oriented to a shared goal. Further elaborated, this
means that differing collective behavior of teams can be identified according to the goal of the
respective playing phase. The playing phases were already presented in detail in the introduc-

tion (see chapter 1.1 Preface). It can be mainly distinguished between offensive play, defensive
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play, defensive transition, offensive transition, and set plays (Bauer et al., 2023; Escher, 2020;
Hewitt et al., 2016). Those playing phases have an influence on the behavior patterns of play-
ers within a team. The playing phases and their influence on the behavior of players within a
team are illustrated in figure 2.1.

There are distinct differences in the tactical behavior of offense and defense. In offense, the at-
tacking team aims to disrupt the ordered state of the system to create scoring opportunities. The
offensive players intend to perturbate the opposing defensive system (McGarry & Franks, 2003)
by passing (Forcher et al., 2021; Goes et al., 2018) or anti-phase (unsynchronized) movements
in relation to the defending team (Goes, Brink, et al., 2021).

In contrast, in defense, a higher proportion of collective ordered team movement behavior can
be detected (Welch et al., 2021). With it, the defensive team aims to close down spaces for the
attacking team to secure their own goal and regain the ball. Those opposing patterns lead to
an expanding positioning of the offensive player to create space and a contraction of defensive
players to close down space which is also known as the contraction-expansion relationship
(Clemente et al., 2013a; Gréhaigne & Godbout, 2014). This relationship is also presented in
detail in the fourth paper of this thesis (see chapter 7 Compact Organization).

The transition phases are characterized by an unstable collective state with more unordered
movement behavior due to the quick change of ball possession. During the defensive transition
immediately affer a ball loss, players try to restore the defensive order to regain control of the
match situation to deny dangerous counterattacks (e.g. with rest defense, which was assessed in
the third paper of this thesis, see chapter é Rest Defense). During offensive transition immediate-
ly after a ball gain, the offensive team tries to control the ball to make use of the unbalanced and

disordered collective state of the defense to create scoring opportunities by counterattacking.
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Playing phases

+ Goal: Control the ball & score goals

+ Behavior: Expansion of compactness,
disrupt/pertubate opposing defensive
organization

+ e.g. anfi-phase movement to break free from

defensive coverage

+ Goal: Control the ball & score goals + Goal: Restore defensive order, regain the
+ Behavior: Secure ball possession or use the Set Pluys ball, & save the own goal

unbalanced & disordered collective state of « Behavior: Fall back or counterpress

the defense * e.g. deny dangerous counterattacks with rest

- e.g. with counterattack defense

» Goal: Regain the ball, & save the own goal

« Behavior: Contraction of compactness,
collective ordered team movement

* e.g. decrease inter-player distances o deny
playing space for opposing offense

Fi%ure 2.1: Playing phases of soccer, characterized by their respective goals and the resulting tacti-
cal behavior of players within a team.

Overall, due to the complexity of the system of 22 individual players in two opposing teams,
the behavior of teams is hardly predictable. Still, the playing phases help to classify behavior
patterns and are highly important to describe and assess collective movement behavior in soc-
cer. This chapter indicated how groups of players of a team behave in a match based on their
individual match performance. This group and team tactical behavior is a main topic of this

work and is assessed in the individual papers of this thesis.
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2.4 Types of Match Analysis in Soccer

After providing a theoretical foundation of the composition of the complex match performance
in soccer, this chapter focuses on the methodological pathways to gain insights into this match
performance. Those types of match analysis are used as central methodology of the investiga-
tions of this thesis to gain insights into the match performance of soccer players. Therefore, this
chapter represents the theoretical foundation of the methodology used in this thesis.

All types of match analysis include the same basic idea of performance analysis to assess actual
performance with the main aim to improve the performance of players (O’'Donoghue, 2015).
Furthermore, there are secondary aims of performance analysis such as rehabilitation or provi-
ding information to the media (O'Donoghue, 2015). Regarding performance analysis, the ana-
lysis of soccer performance has received large attention in sports science. Soccer is by far the
most researched topic in sports research and this research area continues to grow (Kirkendall,
2020; Mclean et al., 2017).

This research on soccer can be conducted from various standing points with different goals.
From a biomechanical point of view, the movement of kicking the ball can be analyzed by ex-
amining the influence of joint angles of the support leg or the posture of the upper body and the
pelvis on the kicking movement (Lees et al., 2010). In turn, from a physiological point of view,
the energy expenditure during a match can be assessed (Dolci et al., 2020). Overall, each
sports science discipline examines the topic of soccer performance with the goal of achieving
a performance outcome that expands knowledge to ultimately improve the performance in the
sports competition (McGarry & Franks, 2003). In this context, the specific field of match ana-
lysis aims at getting insights into the complex match performance of soccer players during the
competition of gameplay. For example, match analysis examines the technical actions on the
ball by individual players (Rowat et al., 2017), the physical performance of players in different
playing positions (Altmann et al., 2021), or the tactical behavior of all 11 players that contribute
to the tactical performance of a team. This thesis focuses on the match analysis of tactical match
performance in the defensive playing phases.

Thereby, the major aim of match analysis is to understand and explain match performances and
eventually predict future match performances. This process then enables one to gain insights into
the requirements for an optimal match performance (Mclean et al., 2017).

Understanding and explaining match performance identifies what makes successful soccer per-
formance in general. This is mainly achieved by postmatch analyses with differences between
practical and scientific applications. In soccer practice, for example, the analysis of past mat-
ches of the own team is conducted by video analyses varying from individual, over group, to
team analyses (Guadagnoli et al., 2002). In science, this thesis serves as an example of a
post-match analysis of 153 matches of the German Bundesliga to identify successful defending

behavior to increase the body of knowledge about tactical behavior in soccer and inform prac-
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titioners. Overall, the main aim of post-match analyses is to give feedback to players. Providing
valuable feedback is one of the most crucial factors in skill acquisition (McGarry & Franks,
2003). Therefore, enhancing feedback processes, for example by objective analyses, is a key
task of a coaching staff in soccer to enhance the performance of their players (Carling, Reilly, et
al., 2008; Hughes & Bartlett, 2002). Furthermore, training regimes can be adjusted based on
the insights gained by understanding and explaining match performance to support an optimal
preparation for the match (Carling, Reilly, et al., 2008). In addition, decision-making processes
can be improved by informed evidence (O'Donoghue, 2015), which, for instance, includes the
decision-making of sports managers (e.g. in team squad planning) (Wiltshire, 2013).

In contrast to understanding and explaining, the prediction of match performance is mainly used
in pre-match preparations. In practice, opponent analyses are conducted prior to a match to
identify the strengths and weaknesses of the opposing team to design a match plan for the up-
coming match. In science, machine learning models are trained to predict future performances
such as the prediction of physical match performance to assess whether a player will achieve a
certain running distance (Dijkhuis et al., 2021). This thesis also includes prediction approaches
to analyze the tactical match performance of players (see chapter 5 Defensive Pressure and
chapter 7 Rest Defense). Overall, patterns from the past are detected that can be used reliably
by the coach or scientist to prescribe behaviors (or strategies) for future competition (McGarry
& Franks, 2003). Increasing knowledge about what will happen in the future can be used as
a competitive advantage in a match. However, predictions always assume that future perfor-
mances can be derived from past performances. In soccer, this is heavily difficult since the match
performance is highly complex (see chapter 2.3 Appearance of Match Performance in Soccer).
For the described use of match analysis (understanding, explaining, & predicting), an increa-
sing amount of data is being collected and new key performance indicators (KPls) are being
developed. The effective use of match analysis depends on the selection of the information that
has value and the way it is applied to enhance performance (Carling, Reilly, et al., 2008).
The latter chapters give an overview of what data is collected using different methods of match
analysis and how we can learn the most of it fo enhance match analysis research to eventually
increase knowledge about the match performance of soccer players.

Generally, the different types of match analysis can be differentiated by their qualitative or
quantitative nature and the resulting types of outcomes. It can be differentiated between the
qualitative approach of subjective video analysis, and the quantitative approaches of notatio-
nal analysis and spatio-temporal analysis of tracking data. In the following these three types of
match analysis are defined, use cases are described, and types of data outcomes are illustrated

to discuss the advantages and limitations of the approaches.
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2.4.1 Subjective Video Analysis

In subjective video analysis, the video footage of a past soccer match is assessed by subjectively
identifying important match situations and behaviors of players. This type of match analysis is
used for understanding and explaining match performance. The outcomes of the analysis are
most offen video scenes that are shown to players for feedback purposes.

It is predominantly used in soccer practice in the daily work of a professional soccer coaching
staff. To indicate this use case, the typical process in professional soccer after a match is illustrat-
ed. At first, a notational analysis (see chapter 2.4.2 Notational Analysis) of the playing phases
is conducted by the coach or the analyst using a notation software that cuts video scenes auto-
matically. This results in a comparably large number of match scenes. Afterward, the subjective
video analysis is used to select specific video footage that is shown to the players to increase
the value of the feedback after a match. Subjective video analysis without the described prior
use of notational analysis is mostly used by soccer teams that may not afford highly expensive
computational notational software to analyze video footage. The resulting video analysis is then
used to highlight the strengths and weaknesses of players or teams to adapt behaviors (Groom
& Cushion, 2004). Overall, there has been very little research on the use of video feedback for
players. Some information about how fo effectively use video feedback to players to enhance
match performance is given in (Groom & Cushion, 2004).

The advantage of this type of analysis is that video is a vigorous medium to evaluate match
performance and inform players in the feedback process (Carling, Reilly, et al., 2008). In this
context, feedback was shown to be an effective tool in skill acquisition (Guadagnoli et al.,
2002). Accordingly, the video enables detailed feedback which is easier to understand for
a player compared to a table of data (Hughes, 2003). Besides the advantages of feedback,
coaches can observe and analyze actions and playing sequences in detail using video footage
of a match to understand and explain what happened on the pitch (Carling, Reilly, et al., 2008).
The procedure of subjective video analyses can also enable realtime analysis during a match.
For example, a match analyst can provide valuable feedback and video scenes to coaches and
players during a match for halftime analysis (O'Donoghue, 2013). Overall, the qualitative anal-
ysis of situations can possibly provide more detailed results and provide reasons for patterns
when analyzed by a skilled analyst. However, as stated previously, soccer is highly complex
which introduces the limitations of this type of analysis.

Due to its complexity, match performance in soccer should be considered as a whole instead
of analyzing solely a small match situation at a time (Gréhaigne et al., 2001) which may not
be achieved by a single subjective analyst. Another main limitation is the subjective approach
of this analyzing type. This results in analyses being highly dependent on the analyst and his
expertise, knowledge, and experience which in turn leads to less objective and systematic (e.g.

structured and comprehensive) analyses (Memmert et al., 2017). Also emotions can affect the
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assessments made from observations (Cohen et al., 2017; Hughes & Franks, 2004). Studies
indicated that subjective observations of coaches are unreliable and inaccurate (James, 2006).
For instance, a study revealed that qualified, experienced coaches’ solely recall 59.2 [%] of
critical events affer a match, even though they outperform non-experts (Laird & Waters, 2008).
Therefore, the improvement of informative feedback based on the subjective selection of video
scenes may be reduced to chance when using this type of analysis (Hughes & Franks, 2004).
Those limitations are accompanied by the fact that this type of analysis is highly time-consuming
since whole matches need to be reviewed by the analyst in comparison to the high performance
of software evaluating spatiotemporal tracking data (Memmert et al., 2017).

Overall, the possibility to review video footage after a match can assist with the erroneous
recall of critical events, as those situations can be replayed. Furthermore, it was shown that
video scenes are helpful in subjectively analyzing the off-ball actions of players after a match as
coaches tend to concentrate on on-ball actions during a match (Groom & Cushion, 2004). How-
ever, personal bias and the effects of emotions can impact subjective video analysis (Carling,
Reilly, et al., 2008). Concluding, while subjective video analysis holds high potential for match
analysis and feedback processes, the limitations of its subjective nature lead the way to the other

two, more objective methods of match analysis.
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2.4.2 Notational Analysis

After the notational analysis has already been briefly mentioned in the previous chapter, it will
now be explained in more detail in the following. In detail, notational analysis describes the
process of defining criteria prior to the analysis. Those criteria are then used to annotate the
defined events during a match (live) or using video recordings of past matches. A practical
example of notational analysis is the permanent record of events (James, 2006), which results
in the so-called event data. Notational event data from the German Bundesliga is used in this
thesis, next to positional tracking data, to assess the tactical match performance of soccer play-
ers. Recently, this type of analysis is increasingly being used which is due to the availability of
high-quality video at cheaper prices and the eased process of the analysis and data collection
using notational software (Carling, Reilly, et al., 2008).

The procedure of a notational analysis typically includes four steps (Carling, Reilly, et al., 2008).
It starts by defining the body of interest to select the type of information gathering. Next, a nota-
tional system (e.g. definition of criteria) is developed. Those criteria most often include the event,
the performer, the position, and the time of the event (Carling, Reilly, et al., 2008). Beyond, the
complexity of the notational system can be extended endlessly (James, 2006). In the following
step, this analysis is checked for its accuracy (e.g. interrater reliability). Finally, the notational
analysis is performed and the results are compiled.

The notational analysis is predominantly used for understanding and explaining match perfor-
mance. It primarily analyzes the movement behavior of players and thus most often assesses the
technical and tactical match performance (Hughes & Franks, 2004). Besides, it is also used in
some prediction approaches for match performance in soccer (Wright et al., 2011). However,
this use case is somehow ineffective, as data collection is highly time-consuming. Therefore,
prediction approaches are most often solely used for scientific purposes to understand the pre-
dictive power of variables and their meaning for successful match performance (e.g. logistic
regression of successful outcomes of defensive play). In contrast, it is primarily not used for the
actual prediction of future events (e.g. live prediction during match play).

In practice, notational analysis is mainly used in the form of computer-based software which
links the statistical information gathered by the notation to the video (Groom & Cushion, 2004).
This procedure is applied by professional match analysts in professional soccer clubs. The result
is most often automatically edited video scenes of the notated events or playing phases. In re-
search, the notational analysis most often results in variable frequencies of tactical or technical
performance depending on the complexity of the individual notation system. Typically, on-ball
actions are analyzed, with the consideration of few players (e.g. notational analysis of shots)
(Wright et al., 2011).

The procedure of notational analysis has several advantages. It is a quantitative approach of

match analysis and, therefore, reveals objective (depending on the quality of the notational sys-
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tem) amounts of statistical data of a match (Carling, Reilly, et al., 2008). This enables quantita-
tive research on match performance in soccer. With it, quantitative insights into the constraints of
the complex match performance can be statistically examined using inferential statistics. Addi-
tionally, notational analyses are more objective compared to subjective video analysis (Hughes
& Franks, 2004). This objective and more unbiased view on match performance can enhance
feedback processes (Hughes, 2003) and decision-making (Carling, Reilly, et al., 2008). For
instance, critical moments of sports performance can be identified more objectively (Hughes
& Franks, 2004). However, the objectivity of the notational system has to be examined which
is highly dependent on the precision of the criteria definitions (James, 2006). In addition, the
notational system and the results are still dependent on the analyst to some degree. Most criteria
still need expert knowledge to produce high interrater reliability in complex notational systems.
This introduces the limitations of notational analyses. The main limitation of most notational ap-
proaches is that they solely scratch the surface of the complex match performance in its entirety.
The majority of notational analyses solely investigate specific subparts of performance (e.g.
on-ball actions) or use unprecise, aggregated features (e.g. simplification of pitch position using
zones) (Carling, Reilly, et al., 2008). Analyses focusing on on-ball actions (e.g. tacklings, drib-
blings, passes) (McGarry & Franks, 2003) most often neglect the context of the match situation
(e.g. off-ball behavior). This context may vary because of the positioning of all other 21 players
on the pitch which have an effect on a specific on-ball action. The missing off-ball information
is especially valuable for tactical analysis of match performance (Carling, Reilly, et al., 2008).
This results in a limited description of a match situation. For instance, in a highly prominent
notational analysis, the tactical behavior of a whole defense is condensed to a single variable
with two expressions (i.e. balanced or unbalanced) (Tenga et al., 2010b). Accordingly, the
explanatory power to increase knowledge about performance remains small which leads to a
limited practical impact of results. Furthermore, notational analyses are highly time-consuming
depending on the complexity of the notational system (Hughes, 2003). In this context, comput-
erized notation has eased the process of notation. This development decreased the workload
in match and video analysis in practice (Carling, Reilly, et al., 2008). Those optimized analysis
processes have led to the possibility of realtime analysis of live match performances, for in-
stance, to perform halftime video analyses. However, notations, especially live notations during
a match, are erroneous as they are conducted by humans (Hughes, 2003). In the end, the video
footage that is used in the notational analysis is depending on the video provider. The number
of camera angles and the size of the image determine the information that can be gathered. For
instance, in videos of tv broadcasting usually not all players are displayed (e.g. due to focus on
on-ball actions or replays of actions).

Overall, the quantitative nature of notational analysis provides several advantages compared
to subjective video analysis. However, the accuracy of the notational system developed should

always be reflected and notations are not always highly objective. In the following, therefore, a
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type of match analysis is presented that takes the weaknesses of notational analysis into account

(e.g. time consuming procedure & objectivity).
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2.4.3 Spatio-Temporal Analysis (Tracking Data)

This chapter provides an overview on spatiotemporal analysis of positional tracking data which
is used as the main type of match analysis in the investigations of this thesis. Combined with no-
tational event data, this type of match analysis is used in this work to provide deep insights into
the tactical match performance of players. This is the reason for a more detailed presentation of
this type of analysis in comparison to the other two types of match analysis already presented.
With the increase in data availability and accuracy of tracking data in recent years, also the
research on match analysis using spatiotemporal analysis to evaluate this type of data has
grown (Goes, Meerhoff, et al., 2021; Memmert & Rein, 2018). This development is also due
to the precise and encompassing nature of tracking data which comprises the exact positions of
all players on the pitch and the ball. Most often the positions are measured two-dimensional in
length and width of the pitch (x- & y-coordinates). Besides, the German Bundesliga introduced a
measure of the third dimension of height for the ball (zcoordinate). The continuous measure of
the positions with a measurement frequency of up to 25 Hz results in timestamped sequences of
locations (Gudmundsson & Horton, 2018).

The evaluation of tracking data in match analysis is used for understanding and explaining
match performance. Furthermore, in contrast to the previous types of match analysis, it is also
frequently used for the prediction of match performance using machine learning (Forcher, Beck-
mann, et al., 2023; Goes et al., 2019). In this case, tracking data enables big data analyses
since the data collection is highly time-efficient (up to a few seconds). In this context, machine
learning methodologies need vast amounts of data points to effectively learn from data, which
is made easier by tracking data.

Generally, the outcomes of spatiotemporal analyses based on tracking data are cumulative
metrics or values that comprise a part of the match performance, namely key performance
indicators (KPls). Additionally, machine learning models most often produce predictive values
as outcomes (e.g. expected goal value, xG). Accordingly, typical outcomes of spatio-temporal
analyses are either KPIs or predictions of match performance.

In practice, this type of match analysis is used to quantify tactical behavior using simple statistics
of KPIs. Moreover, the use of machine learning is increased in practice, for instance, by auto-
matically identifying playing phases (Bauer et al., 2023) to reduce time-consuming notational
analyses of matches or using expected goal models to objectively evaluate scoring opportunities
(Cavus & Biecek, 2022). In research, tracking data is used for the evaluation of physical and
technical match performance and, in particular, to evaluate the tactical behavior of players
(Rein & Memmert, 2016). Thereby, tracking data enables informative analyses of off-ball tacti-
cal behavior which includes the interaction of players within and between teams (Goes, Brink,
et al.,, 2021). In this context, the first paper of this thesis (see chapter 4 Review) provides an

overview of tactical analyzing approaches using spatiotemporal analysis of tracking data in
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soccer research of defensive play. Furthermore, the other three original papers use sophisticated
spatiotemporal analyses of tracking data, showing in-depth insight info tactical match perfor-
mance based on this type of match analysis.

Overall, tracking data can be collected by different measurement systems and technologies
including GPS (Global Positioning System), LPS (Local Positioning System), and multi-camera
tracking systems. The multi-camera tracking system TRACAB (TRACAB, ChyronHego, Melville,
NY, USA), which is used in this thesis to gather tracking data, was developed in the military
industry to guide missiles and is based on image processing technology and enhanced mathe-
matical algorithms (Carling, Reilly, et al., 2008). Such multi-camera systems are generally used
in professional sports like the German Bundesliga or the American National Basketball Associ-
ation (Gudmundsson & Horton, 2018). In addition, most professional soccer teams use device
tracking systems such as GPS as a complementary assessment tool (e.g. in training). LPS sys-
tems, which use Radio-Frequency Identification (RFID), are one of the most expensive assessment
tools, resulting in fewer use cases compared to other tracking systems. In summary, the various
measurement systems have differences in their applicability and cost that determine their appli-
cations. In addition, the systems also bring differences in the accuracy of their measurements.
This accuracy of the measurement systems is central to be able to measure match performance in
soccer accurately. To rely on the results of objective analysis of match performance, for example,
to guide and improve decision-making processes, the evaluation of the accuracy of the system
becomes of great importance (Carling, Reilly, et al., 2008; Drust et al., 2007). GPS systems
show moderate validity (spatial precision of 96 + 49 [cm]) (Linke et al., 2018) and adequate re-
liability (CV between devices: 3.1 — 7.5 [%]) (Hoppe et al., 2018; Scott et al., 2016; Waldron
etal.,, 2011). In contrast, LPS systems appear to have higher validity (spatial precision of 23 =
7 [em]) (Linke et al., 2018) and higher reliability (CV between devices: 0.7 — 5.0 [%]) (Hoppe
et al., 2018). Multi-camera systems display high validity with an accuracy between GPS and
LPS systems (56 + 16 [cm]) (Linke et al., 2018). In this context, the validity of the multi-camera
system TRACAB that was used in this thesis, shows the highest accuracy of tracking systems
(spatial precision of position measurement 0.07 - 0.18 [cm] RMSE) (Linke et al., 2020), and
high reliability in assessing sports performance in soccer (between device reliability of total dis-
tance covered by players: -0.15 + 0.37 [%]) (Linke et al., 2020). Over all measurement systems,
the measurement error increases with the speed of the actions of players (Linke et al., 2018,
2020). While slow movements are assessed with higher accuracy, high-intensity movements
(e.g. sprints, change of direction) are tracked with decreased accuracy. Concluding, the valid-
ity and reliability are highly dependent on the specific measurement system (e.g. of different
companies, see the example of TRACAB) and its measurement frequency (Hoppe et al., 2018).
Overall, the systems indicate a high validity and reliability in recording the positions of players
during the match with differences between different measurement systems. Accordingly, direct

comparisons of systems should be made with caution (Buchheit et al., 2014).
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After explaining what tracking data comprises and how it is measured, the next paragraphs
focus on the evaluation of this data type in the use case of match analysis. With it, advantages
and limitations are discussed. To evaluate tracking data, typically three steps are required in-
cluding the infrastructure to get data, the data storage, and the data processing (Rein & Mem-
mert, 2016).

First, the infrastructure to collect tracking data is important to measure the positions of the play-
ers. The different tracking systems have already been outlined above. According to the afford-
ability due to the cost of the various systems, they are applied in different settings.

Secondly, the resulting amount of data has to be stored, which is a challenging task as the
resulting amount of tracking data is immense and can be described as Big Data. Big Data is
characterized by the so-called three V’s, including volume, variety, and velocity (Chen & Lin,
2014; Noor et al., 2015).

The first V, volume, describes the magnitude of the data (size of the data sef) (Rein & Memmert,
2016). In the case of tracking data, the positions of players are tracked up to 25 times per
second, which sums up to 135,000 positions per player and match resulting in more than three
million locations for all players and the ball (Memmert et al., 2017). The resulting information is
typically stored in xml (extensible markup language) files. This results in a volume of over 300
megabytes per match and over 40 gigabytes for the whole data set used in this thesis. The data
volume even increases with the addition of synchronized event data which is used in the pres-
ent investigations to complement tracking data. To evaluate this volume of data, common data
analysis software (e.g. excel) reaches its limits which makes the use of programming software
essential.

The second V, variety, refers to the heterogeneity of data (e.g. different data formats and data
sources) (Rein & Memmert, 2016). In this thesis, the different data types of event and tracking
data are evaluated, resulting in several outcome datasets comprising tactical data points of
possessions, matches, and teams.

The third V, velocity, characterizes the data production rate (Noor et al., 2015) which describes
the speed of the generation of novel data (Rein & Memmert, 2016). For instance, the assessed
tracking data of the German Bundesliga is produced in realtime streams during each match.
According to this definition, tracking data is a Big Data problem that rises several challenges in
the last step of data processing.

After collecting and storing tracking data, it can be processed using computational methods.
In general, tracking data must be put into an interpretable form before final data analyses can
be performed. The so-called preprocessing of the analyses in this work included, for example,
a synchronization of timestamps and locations of notational event data and spatio-temporal
tracking data, the alignment of coordinate systems between both data types or the identification
and filtering of possessions. After preprocessing, typically key performance indicators (KPls) that

comprise a specific part of the match performance are computed from tracking data (Hughes
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& Bartleft, 2002). This reduces the complexity of the data since the highly complex raw track-
ing data (x- & y-positions of 23 objects) is hardly interpretable. In this context, the KPIs should
enable an interpretation, otherwise, the practical relevance may be minimal (James, 2006).
Furthermore, KPls should relate to successful performance or a specific outcome to be useful
(Hughes & Bartlett, 2002). This connection to successful performance is one of the focal points
of the papers of this thesis and is discussed in detail in the discussion (see chapter 8.1 Main
Findings). Additionally, KPIs that combine aligned tracking data (spatio-temporal analysis) with
other data sets (such as event data) unveil the most insightful information about match perfor-
mance in soccer. This thesis is an example of how the strengths of tracking and event data can
be combined by matching the objective and accurate information of tracking data with the
detailed information of event data.

After the computation of KPIs, they can be used to statistically examine, report, or visualize
match performance (Rein & Memmert, 2016). In the context of the statistical examination of KPls
based on tracking data, advanced machine learning techniques can be used to gain knowl-
edge about the data. Machine learning describes software that automatically improves through
experience (Jordan & Mitchell, 2015). In the use case of spatiotemporal analysis, KPIs can
be used in prediction models to predict future match performances. Besides, also unstructured
data (such as raw tracking data) can be analyzed using specific machine learning approaches,
such as neural networks (Bauer et al., 2022, 2023). In this context, several problems arise with
the increased use of machine learning in sports science. For instance, possible data leakage
of modeling procedures can increase the chance of making erroneous scientific claims (Gib-
ney, 2022; Kapoor & Narayanan, 2022). In addition, there repeatedly arise problems with
the reproducibility of machine learning studies (Gibney, 2022; Kapoor & Narayanan, 2022).
However, with the application of machine learning methodologies hidden patterns of successful
tactical match performance can be revealed. This can identify crucial variables related to the
success of a team.

Next to the identification of hidden patterns, further advantages of the use of spatiotempo-
ral analysis are introduced in the following. Due to the accuracy of the tracking systems, the
analyses based on tracking data produce highly objective outcomes (Sarmento et al., 2018).
Additionally, the sophisticated evaluation of tracking data enables in-depth analyses of tactical
match performance (Goes et al., 2019; Goes, Meerhoff, et al., 2021). This helps to objectively
quantify the tactical performance in soccer in detail (Memmert et al., 2017). Besides, the spa-
tiotemporal analyses are less time-consuming compared to observational analyses. When a
software to evaluate a certain type of data is completed, it only takes seconds to complete data
analyses for entire matches. Furthermore, in comparison to the other analysis types presented
previously, the analyses are only partly dependent on the analyst since predefined outcomes
can be delivered using automated evaluation software. However, the analysis (e.g. selection

and computing of KPIs) is still based on the knowledge and experience of the analyst. Neverthe-
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less, the significance and importance of the KPIs can be objectively verified by indicating their
connection to successful match performance. This evaluation of KPls can also be done using
machine learning. Accordingly, another strength of spatiotemporal analysis is that the nature
of tracking data (Big Data, see above) enables advanced machine learning analyses. More-
over, the data availability of large sample sizes of tracking data can overcome the limitations
of notational studies of small sample sizes (Coutts, 2014). This leads to a higher generality of
findings based on such large samples. With machine learning approaches to evaluate large
sample sizes of tracking data, patterns in the dependencies of the complex match performance
and ingredients for success may be gained. With the current abundance of data points and
the flood of KPIs, this approach can help to filter the most important information which is key
in today’s match analysis in soccer. The resulting metrics that effectively inform coaches and
their staff with substantial and objective information can enhance analysis and decision-making
processes (Carling, Reilly, et al., 2008; Castellano et al., 2014). For example, highly accurate
predictions of the future can help the coach in pre-match analysis by setting up a match plan for
upcoming matches (McGarry & Franks, 2003). In the end, more detailed analyses of tactical
match performance are possible using spatiotemporal analysis of tracking data (Castellano et
al., 2014). Especially the off-ball behavior of players can be analyzed which is neglected in
most notational analyses focussing on on-ball actions. The spatiotemporal information about all
players (also off-ball) can reveal findings on the tactical behavior of whole teams or groups that
notational analysis is not able to deliver (Sarmento et al., 2018). Overall, the spatialtemporal
relations, which are the key components in team sports (such as soccer) (McGarry & Franks,
2003) can be identified to study the tactical match performance of collective teams in detail
(Low et al., 2020).

Against the raised advantages of spatiotemporal analyses, some limitations should be consid-
ered. The information contained in most fracking data sets is limited. For instance, most tracking
systems do not include measures for the direction of body orientation of players and are only
two-dimensional (excluding height, zcoordinate). Furthermore, all players are recorded in the
same form, without considering their physical appearance (e.g. height). This limits the precision
of the analyses conducted using those data sets. Furthermore, the Big Data nature of complex
tracking data makes the use of computational methods indispensable to be able to gain insights
into the match performance of players.

Few match analysts or sport scientists hold the necessary computational knowledge and skills
(e.g. programming skills) to evaluate this type of data. Therefore, the combination and collab-
oration of sports science and computer science holds high potential to obtain valuable insights
into tracking data (Goes, Meerhoff, et al., 2021; Memmert et al., 2017).

Overall, the outlined potential of spatiotemporal analysis using tracking data makes it one of
the most promising types of match analysis to evaluate tactical match performance in soccer. In

this context, this thesis serves as an example of spatio-temporal match analysis using advanced
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and sophisticated analyses based on tracking data. With it, this work aims to increase knowl-

edge about tactical match performance in soccer with high practice relevance.
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3 Aims and Scope of this Thesis

This chapter builds the transition from the theoretical background to the four papers of this
thesis and the comprehensive discussion of their results. In doing so, the aims of this thesis are
formulated in order to set the scope of this work. With a review of the previous chapters, the
individual papers are placed in the larger context of the theoretical background and, therefore,
their significance is established.

In the theoretical background, the epistemological position of this work was defined and this
work was placed in the context of sports science as the basis of this work and its papers. Fur-
thermore, the appearance of the complex match performance of soccer players was assessed,
analyzing the individual match performance and the composition of a team match performance.
While it has been indicated that match performance in soccer has different main facets (phys-
ical, technical, psychological, & tactical, see chapter 2-3-1 Individual Match Performance),
this thesis will focus on the tactical aspect of match performance. In detail, this tactical match
performance can be divided into different levels depending on the number of players involved:
Individual, group, and team level (see chapter 2.3.2 Collaborative Team Match Performance).
The papers of this thesis will focus on different levels of tactical match performance, which is

illustrated in figure 3.1 and explained in detail for each paper in the following.
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Match Analysis in Soccer based on Positional Tracking Data
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Figure 3.1: Overview of the papers included in this thesis with the illustration of the levels of tactical
match performance investigated in each study (arrows) with individual (green), group (yellow), and
team (red) level analysis.
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Besides the differentiation between different levels of tactical match performance, it was indi-
cated in the theoretical background that the tactical behavior of soccer players differs between
different playing phases (see figure 2.1 in chapter 2.3 Appearance of Match Performance in
Soccer). This thesis focuses on the playing phases of defensive play and defensive transition. For

each paper individually, figure 3.2 illustrates which playing phase is assessed.

Playing phases

Offensive play

Offensive transition Set ol
(after ball gain) J ZURSZ

* Rest Defense - Paper lll

* Review - Paper |

+ Defensive Pressure — Paper Il

+ Compact Organization — Paper
\'

Figure 3.2: lllustration of playing phases in soccer. The papers of this thesis are highlighted accor-
ding o the playing phase which was investigated.

To get insights into this complex match performance of soccer players, the types of match anal-
ysis in soccer were presented, including subjective video analysis, notational analysis, and
spatiotemporal analysis using tracking data. This methodology of match performance analysis
plays an important role in the analysis of tactical performance in the papers included in this
thesis. All papers mainly focus on spatiotemporal analysis of positional tracking data. Further,
the original studies combine this type of match analysis with other analysis types (e.g. notation-
al event data). Which methodology used in the individual papers to assess the tactical match
performance is described in detail in the following paragraphs.

After placing the papers of this thesis within the broader context of the theoretical background
to indicate the scope of this work, the research gap is briefly outlined to derive the general aims
of this thesis.

In the analysis of tactical match performance in soccer, the magnitude of research on defensive
play is low compared to the diverse analyses of offensive play. With recent developments in
the analysis techniques (e.g. positional tracking data), the analysis of tactical behavior, espe-
cially the off-ball behavior of players, becomes possible at a fine-grained level (research gap is

explained in detail in chapter 1.1 Preface). Therefore, this thesis aims (1.) to comprehensively
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review the current state of the literature on spatiotemporal analysis of defensive play using
tracking data, and (2.) to analyze the tactical match performance during the defensive playing
phases (defensive play & defensive transition) at the individual level, group level, and team level
and, thereby, use the possibilities of the spatio-temporal analysis based on positional tracking
data to identify factors of successful tactical behavior of players in the defensive playing phases.
After presenting the overarching scope and aims of this thesis, the following sections outline the

scope of each paper and their respective aims individually.

3.1 Review (Paper |)

With the rapid development of tracking systems in the last years the possibilities to analyze the
tactical match performance of players increased. Against this background, there has been an
increase in the number of studies analyzing defensive play. Therefore, this scoping review com-
prehensively reviews the current state of research on the examination of defensive play using
spatiotemporal analysis based on positional tracking data.

With it, this paper aims (1.) to identify the methodological approaches used to analyze defen-
sive play using spatio-temporal analysis based on positional tracking data, and (2.) to identify
the tactical characteristics of successful defensive play using these approaches.

It focuses on all levels of tactical match performance, ranging from individual, group, to team
level defending behavior in the playing phase of defensive play. Thereby, this paper concen-
trates on spatio-temporal analysis using positional tracking data, since it is the main type of
match analysis to capture the off-ball behavior of players, which is especially valuable to an-
alyze defensive play when the opposing team is in ball possession (further details see chapter
2.4.3 Spatio-Temporal Analysis (Tracking Datal)).

Overall, this study summarizes approaches that are used to analyze defensive play to provide a
basis for subsequent studies and to demonstrate the importance of analyzing defense in soccer,

which has been shown to be highly important to a team’s success (see chapter 1.1 Preface).

3.2 Defensive Pressure (Paper Il)

In the comprehensive review of the first paper (Review (Paper l)), a sophisticated analyzing ap-
proach of individual defensive pressure was identified. This methodological approach includes
the distance, angle, and orientation between defenders and the attacker to assess the individual
defensive pressure on an attacker. This first original study uses this approach to quantify the
defensive pressure on attackers to analyze the defensive play. It aims to examine successful
defending at a possession level by analyzing the space (where) and time (when) characteristics
of defensive pressure.

This paper focuses on the analysis of the defensive pressure of individuals by measuring the in-

dividual defensive pressure exerted by each individual defender. Therefore, tactical behavior is
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measured at the individual level by analyzing the defensive pressure on the ball-leading player.
Furthermore, comprised metrics are derived for group level and team level tactical behavior in
defense. Group level tactical behavior is analyzed by computing defensive pressure on the five
closest attackers to the ball and team level tactical behavior is measured by analyzing defen-
sive pressure on all attacking players. All tactical levels are analyzed in the playing phase of
defensive play.

To measure defensive pressure, spatiotemporal analysis based on positional tracking data of
the German Bundesliga is used. This type of match analysis is accompanied by a notational
analysis of game events. The notational event data is synchronized to the positional tracking
data to enrich the analysis with further detailed information (e.g. selection of deliberate posses-
sions, definition of start/end of a possession).

It is hypothesized that successful defensive plays are characterized by higher defensive pressure
compared to unsuccessful defensive plays at the individual, group, and team level (see chapter
5.3 Defensive Pressure Introduction).

Overall, the analysis of pressing behavior indicates successful tactical behavior to regain the
ball in defense. This approach to analyze defensive pressure shows a sophisticated methodolo-

gy fo analyze tactical behavior in defensive play.

3.3 Rest Defense (Paper lll)

In general, there is a lack of research about the playing phase of defensive transition (i.e. the
tactical behavior of defending players after a ball loss). This is accompanied by a sparse knowl-
edge base about successful tactical match performance at the group level in this playing phase.
Therefore, paper three focuses on the group tactic of rest defense in defensive transition. Rest
defense describes the behavior of the deep defending players after a ball loss to prevent op-
posing counterattacks by securing dangerous areas (e.g. deep areas) or controlling dangerous
counterattackers. Since, to this date, no study concentrated on the group tactic of rest defense
in defensive transition, the first aim of this study is (1.) to use expert knowledge to define rest
defense. Furthermore, this work aims (2.) to identify tactical behavior which is important for the
success of the defensive transition phase regarding rest defense.

This study used a mixed-methods design, in which different quantitative types of match analysis
are combined with qualitative expert-interviews. In detail, similar to the second Paper (Defensive
Pressure (Paper ll)), spatiotemporal analysis is applied as the main type of match analysis. In
this case, the tracking data is used to calculate several KPIs (key performance indicators) that
describe and summarize the tactical behavior during the analyzed match situation (e.g. space
control, defensive pressure). This type of match analysis is enriched with synchronized event
data to identify the match situations of rest defense (i.e. ball loss in the opposing last third, when
the opposing midfielder-line is outplayed, and the ball stays in play). Besides the two types of

match analysis, semi-structured expert interviews were conducted to define rest defense and
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enrich the data analysis with expert knowledge on the subject of rest defense.

In contrast to the other studies, this study focuses on the playing phase of defensive transition.
Furthermore, it exclusively analyzes the group level of tactical match performance as the rest
defense is a group tactic. In detail, the average size of the group of rest defenders (all defenders
in the identified “area of rest defense”, see chapter 6.3 Methods) is 3.70 + 0.76. Accordingly,
the individual and team tactical match performance is not considered.

In the case of this study, no hypotheses were formulated prior to the determination of the subject
of this study. Due to the novelty of this topic, the group tactic of rest defense has to be initially
defined using expert interviews in the first part of this paper.

This study is an example of a mixed-methods study and shows a combination of qualitative and
quantitative research to gain valuable insights into tactical match performance in soccer. There-
fore, this paper demonstrates how to collect and use expert knowledge to enhance an up-to-date

analysis of tactical behavior based on positional tracking data.

3.4 Compact Organization (Paper IV)

The first paper of this thesis (Review (Paper I)) revealed that one of the most important principles
of defensive play at the team level is the compact organization of the defending team. There-
fore, the last study of this thesis aims (1.) to gain insights into the tactical principle of defensive
play: defensive compact organization by investigating the composed parts of this principle of
play: compactness, contraction of compactness, and organization.

This study focuses on the playing phase of defensive play. Thereby, consistent with the previous
original studies, the same types of match analysis are used to assess tactical match perfor-
mance. Spatiotemporal analysis of positional tracking data is used to compute several KPls
(key performance indicators) that describe the compactness, the contraction of compactness,
and the organization of the defending team during defensive play. This analysis is enriched by
synchronized event data based on a notational analysis.

This study concentrates on the group and team levels of tactical match performance while the
individual level is not considered. The compact organization of the whole team (team level) and
of two subgroups (group level: defensive collective close to the ball & defensive collective of
defending- and midfielder-line) is assessed.

It is hypothesized that defending teams show higher compactness, contraction of compactness,
and better organization at the group and team level in successful defensive plays compared to
unsuccessful defensive plays.

This original study indicates how to measure the compact organization as a key tactical prin-
ciple of play in defensive play by exploiting the possibilities of tracking and event data. With
it, it is illustrated what contributes to successful tactical performance in defense at a group and

team level.
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4 Review (Paper |) 4.2 Highlights
4.1 Abstract e The approaches to analyze defensive play in soccer using tracking data are highly
heterogenous.

The analysis of tracking data in tactical match analysis is a topic of rising interest, as more
detailed insights into performance structure in soccer can be obtained compared to traditional e Most promising approaches to analyze defensive play are the analysis of defensive
(e.g. notational) analyses. Compared to the variety and detailed analyses of offensive play, the pressure (at the individual level) and the quantification of compact organization (at the
number of studies analyzing the defensive play is low. However, in recent years, an increasing group & team level).
number of studies investigating defensive play have been published, so it seems useful to pro-
vide an overview of the current state of research in this area. Therefore, this study aims to iden- e Successful defensive play is characterized by high defensive pressure (at the individual
tify the approaches that have been used to analyze the defensive play in professional soccer level), interteam and intrateam synchronization as well as a balanced defense (at the
using player tracking data and to reveal the findings on successful defensive play. group level), and the contraction of organization (at the team level).

A systematic literature search of electronic databases (PubMed (n=604), Web of Science
(n=593), and SPORTDiscuss (n=872)) was conducted according to the PRISMA extension for
Scoping Reviews (PRISMA-ScR). Studies that were included used tracking data of professional
adult male soccer and analyzed defensive play. The result is a total of 23 studies that were
analyzed in detail using the standardized quality assessment checklist for systematic reviews in
sports science. The synthesis of results was carried out descriptively by organizing the results
into different levels of tactical play (individual level, group level, team level).

All included studies were of good methodological quality. The approaches to investigate de-
fensive play using tracking data are highly heterogeneous (e.g. analysis of defensive pressure,
analysis of synchronization, behavioral analyses, ball recoveries). Successful defensive play is
characterized by high pressure at the individual level, by high interteam and intra-team synchro-
nization and balanced defense at the group level, and by a compact coordinated organization
at the team level.

By summarizing the state of research on defensive play in soccer using sophisticated analysis
approaches that showcase the possibilities of tracking data, this study provides an important

foundation for future research in this area.

Key words: soccer, football, match analysis, defensive play, tracking data, position data
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4.3 Introduction

Match analysis in soccer has been in the focus of interest for the scientific community and
coaches for more than seventy years (Rein & Memmert, 2016). The majority of publications in
science and practice are based on notational analysis, which typically identifies the who, what,
where, and when of key match events (Vilar et al., 2013). While this approach provides a basis
for quantitative match analysis, it provides little information about the interactions within and
between teams (Herold et al., 2019). In contrast, recent reviews highlight the benefits of the use
of tracking data (Memmert & Rein, 2018; Goes, Meerhoff, et al., 2021) to achieve this. The
tracking data include the positions of all players on the pitch and the ball using multiple mea-
surement fechniques like multiple camera tracking systems, global positioning systems (GPS), or
radiofrequency identification (RFID) (Gudmundsson & Horton, 2018). The use of tracking data
helps to produce more complex and reliable performance metrics compared to traditional anal-
yses (Link et al., 2016; Szczepanski & McHale, 2016) and take the opponent interaction more
precisely into account (Gréhaigne et al., 1997). This is crucial to evaluate the performance in
soccer and improves the validity of new performance indicators (Tenga et al., 2010b) that can
help to understand the dynamics of the game and the underlying factors of success. This illus-
trates the importance of tracking data for match analysis in soccer.

Earlier research using tracking data focused on the physical performance of soccer players
(Carling, Bloomfield, et al., 2008; Moura et al., 2012). However, in recent years, the analy-
sis of tactical performance with player tracking data received more attention, predominantly
investigating the offensive play (Fernandes et al., 2020) focusing on actions from the attacking
team’s perspective (Hewitt et al., 2016). These offensive and defensive soccer tactics can be
divided into different levels: Individual tactics, group tactics, and team tactics (Rein & Memmert,
2016). This classification is used to structure the findings in this paper in order to provide a struc-
tured overview of the contributions to the different levels of individual, group and team tactics.
Subjects of interest in attacking play in soccer on an individual level were the evaluation of pass-
es (Chawla et al., 2017; Goes et al., 2018; Gudmundsson & Wolle, 2012; Rein et al., 2017;
Spearman et al., 2017), shots on goal (e.g. expected goals) (Goes et al., 2019), the danger
of every attacking action (Link et al., 2016), or the space control of offensive players (Taki &
Hasegawa, 2000). On a team level the organization on the pitch was investigated (Moura et
al., 2013),

In contrast, there is a lack of a comparable multitude of defensive analyses (Toda et al., 2021).
Some studies already draw attention to the importance of defensive actions (e.g. ball recovery)
as a starting point of the offensive phase (Maneiro et al., 2019; Winter et al., 2017). However,
various authors support the idea that soccer has a primarily defensive focus as it is played on
a larger pitch with the difficulty of controlling the ball with the feet resulting in low numbers of
scored goals compared to other team sports (Maneiro et al., 2019; Vilar et al., 2013). This
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idea can be supported by the results of Lepschy et al. (2021) and Georgievski et al. (2019) both
showing that most of the critical success factors in soccer are defensive actions. Furthermore,
Winter et al. (2017) mentioned the behavior after the loss of possession to be important for suc-
cess and Bosca et al. (2009) reported that it is more important to improve defensive rather than
offensive efficiency to be successful. Accordingly, Vilar et al. (2013) strengthened the idea of the
defensive characteristic of soccer by detecting the numerical superiority of defensive players to
offensive players in sub-areas closer to the own goal. This illustrates the importance of defense
in soccer and that it is essential to focus more on defensive match analysis.

However, the majority of studies evaluating defensive play use simple match statistics (e.g.
tacklings, fouls, interceptions, yellow & red cards) or inverted offensive statistics (e.g. goals
conceded, shots against) to analyze defensive play (Gavido et al., 2020; Hirotsu & Wright,
2003; Lepschy et al., 2020). With the lack of quantity and quality (e.g. percentage of ball
possession reveals little information about the actual match) of the used defensive statistics (Toda
et al., 2021) those studies are not able to portray the complexity of defensive play in a highly
dynamic team sport like soccer.

However, in recent years, there is a rising number of studies that investigated defensive play
using tracking data in a sophisticated way (Matsuoka et al., 2020; Santos & Lago-Penas, 2019;
Stéckl et al., 2021).The novelty of this topic leads to a high diversity in study designs missing
a common basis as starting point of the research. Those heterogeneous studies investigated dif-
ferent aspects of defensive play (e.g. defensive pressure, synchronization, ball recoveries) and
use different analyzing approaches (e.g. use of performance indicators, use of computational
models) to extract important information out of tracking data. Following the PRISMA guidelines’
extension for scoping reviews (PRISMA-ScR) (Tricco et al., 2018), where a scoping review
is characterized as a summary of a body of knowledge that is heterogeneous in methods, it
appears meaningful to summarize the variety and nature of the evidence in the analysis of de-
fensive play using tracking data in a scoping review to build a basis for future research in this
area (Tricco et al., 2018).

Therefore, the aim of this study is twofold. First, this study aims to discover the approaches used
for the analysis of defensive play at different tactical levels (individual level, group level, team
level) in professional soccer using tracking data. Secondly, this study aims to reveal the findings
about successful defensive play at different tactical levels (individual level, group level, team
level) that have been obtained by analyzing defensive play in professional soccer using player
tracking data.

To the best of the authors’ knowledge, this study is the first to summarize the contributions to

defensive analysis in professional soccer with up-to-date analysis methods (using tracking data).
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4.4 Methods

4.4.1 Study Design / Search Strategy

The scoping review was conducted according to the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Tricco
et al., 2018) and the guidelines for performing systematic reviews in sports science (Rico-Gon-
zélez et al., 2021). It was preregistered on open science foundation (osf.io) (DOI 10.17605/
OSF.I0/29MWZ).

The literature search was conducted on 06/02/2021 using the following electronic databases:
PubMed, Web of Science, and SPORTDiscuss. Every database was examined with the following
combination of keywords in the same structure of code lines:

(“defensive” OR “defense” OR “defence” OR “defending”) AND (“soccer” OR “football”)
AND (“performance analysis” OR “game analysis” OR “match analysis” OR “match analytics”
OR “game performance” OR “match performance” OR “observation” OR “sports analytics” OR
“team sports evaluation”)

In addition, a secondary literature scan was executed by examining the reference lists of retrie-
ved full-text articles to identify additional articles not identified by the initial search.

The exclusion and inclusion criteria for the decision on the inclusion of a study in this review are

depicted in table 4.1.

Table 4.1: Eligibility criteria.

Criteria Inclusion criteria Exclusion criteria
Population - Studies in professional adult male | - Studies in other sports than soccer
soccer Le.g. futsal, beach soccer, handball,
asketball, american football)
- Studies in other than profes-sional
level (e.g. amateur soccer)
- Studies in other than adult male
soccer (e.g. woman soccer, youth
soccer)
Analysis - Analysis of defensive play in 11 vs | - Analysis of small sided games
11 matches (SSGs)
- Analysis of open play situations - Analysis of dead ball situations (set
piecesi/
Data - Studies using spatiotemporal tra- | - Studies using other data than tra-
cking data cking data (e.g. notational dcﬁczl1
- Studies analyzing simple match sta-
tistics (e.lg. yellow/red cards, conce-
ded goals)
Study design - No restrictions with regard to study
design
Other - Studies written in English - Not available in English
- Studies published in a peerrevie- | - Not published in a peerreviewed
wed journal journal
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4.4.2 Data Extraction

After the initial literature search, the study selection consisted of four phases as shown in figure
4.1. The first phase consisted of the removal of duplicates. In the second phase, the abstract
screening was conducted. Thereafter, the full texts of the remaining studies were screened. The
aforementioned inclusion and exclusion criteria were applied to the inclusion and exclusion
of studies in the second and third phases. The selection process from phase one to three was
conducted by the first author of this review (LF). The final decision of inclusion of all remaining
studies was discussed with two additional experienced researchers (MK, SA, LF). In the fourth
phase, the full texts included in this review were assessed and data were extracted using a
Microsoft Excel 2016 spreadsheet (Microsoft Corporation, Redmond, Washington, USA) con-
taining the following information: Sample size (league, season), study design (performance
indicator), defensive performance analysis, main results, quality assessment (see table 4.2).
The items study design and defensive performance analysis account for main aim of this review
about the data analyzing approaches to analyze defensive play and represent the primary
outcome. The item main findings shows the outcomes for the secondary aim of this study about
the findings on effective defensive play.

In addition, the connection to success in every study was detected and shown in the main results
as this connection to success is highly important to validate and examine the actual significance
of the new processing approaches evaluating position data (Memmert & Rein, 2018). To pro-
vide a structure to this heterogeneous body of knowledge, all included studies are divided into
the different levels of tactical defensive play (individual level, group level, team level) according
to the work of Rein and Memmert (2016). Furthermore, all studies that did not fit the above
classification because they used measures at different levels of tactical play were assigned to
the mixed approaches section. This subdivision was determined by the first author (LF) and two

experienced researchers (MK & SA).

4.4.3 Quality Assessment

The quality of the included studies was assessed using the standardized quality assessment
checklist provided by the authors of the Guidelines for performing systematic reviews in sports
science (Rico-Gonzdlez et al., 2021). Of the 23 items of this checklist examining the overall
quality of sport science articles, 20 items were identified as applicable for this review and were
used for the assessment. Two items of technology used were excluded because no technology
guidelines were used in the considered studies and one item of method regarding dropouts
was excluded because dropouts are not expected in studies using tracking data of professional
soccer matches. Each item could be answered either yes or no, with a score of 1 for yes and
0 for no. The total score was obtained by summing these scores across all items. Following

the procedure of similar quality assessments (Faber et al., 2015), the final scores were rated
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as: low methodological quality for final scores below 50 [%] (final score: 1-9 of 20), good
methodological quality for final scores between 50-75 [%] (final score: 10-15 of 20), excellent
methodological quality for final scores over 76 [%] (final score: 16-20 of 20).

A risk of bias assessment across the included studies was not applied because it is not applica-

ble to the expected heterogeneity of studies in scoping reviews (Tricco et al., 2018).
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4.5 Results

4.5.1 Search Results

The initial literature search resulted in a total of 2,072 records (PubMed n=604, Web of Science
n=593, & SPORTDiscuss n=872) of which 4 records were added through the scan of secondary
literature. In phase one, 792 duplicates were removed. The following title and abstract screen-
ing (phase two), using the inclusion and exclusion criteria, excluded 1,168 records for different
reasons (see figure 4.1). The full texts of the remaining 109 records (full texts of 5 records could
not be retrieved) were screened also using the defined inclusion and exclusion criteria (phase

three). Finally, a total of 23 studies were included in this review.

[ Identification of studies ]
N\ ~N s N
Records identified from: Records
Overall (n = 2072) removed
S Thereof: before
k] SPORTDiscuss (n = 872) _,| screening:
& PubMed (n = 604) Duplicate
';:: Web of Science (n = 593) records
T Records identified through other removed
sources (n = 5) (n=792) ~ N
L ) Reasons for exclusion:
— h g Not in English (n = 38)
— i e N No adult male soccer (n = 55)
No professional soccer (n = 616)
f ) Records No sophisticated analysis of
Records screened (n = 1282) | excluded —»| defensive play in 11 vs 11
L ) (n=1168) matches (n = 380)
No use of tracking data (n = 21)
" Studies using small sided games (n
| -5
E’ bt oval N Reports not \_ J
£ Reports sought for retrieval (n = 114) retrieved
g (n=23) e N
a
. Reasons for exclusion:
No adult male soccer (n = 2)
No professional soccer (n = 4)
No sophisticated analysis of
[ Reports assessed for eligibility (n = 109) } > i‘i;lz:e(npfﬁ Z; s 11
No use of tracking data (n = 45)
Studies analyzing simple match
— statistics (n = 21)
O
- g J
3
2 [ Studies included in review (n = 23) 1
£
-/
Figure 4.1: Literature search results.
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4.5.2 Quality Assessment

(see table 4.2). Beyond that, 14 studies reached excellent methodological quality (76-100 [%];
4.5.3 Sample Characteristics

final score: 16-20 of 20).

The study characteristics are depicted in table 4.2. All included studies were published after
2011 with the most studies being published in 2017 (n = 5) and 2021 (n = 4). The number of
published studies increased from 8 between 20122016 to 15 between 2017-2021.

The studies had an average sample size of 145 matches. The majority of 15 studies used less
Most analyses were carried out using data from the big European soccer leagues. There were
five investigations in Spanish La Liga, three in English Premier League, three in Dutch Eredivisie,
and two in German Bundesliga. Furthermore, there were nine studies using data from other
Leagues (e.g. 3x Eredivisie, 2x Japanese J1 league) and four studies where no specific league

All studies reached at least good methodological quality (50-75 [%]; final score: 10-15 of 20)

was mentioned and therefore remained unknown.

than 30 matches as a sample.

studies used data providers such as ChyronHego, AMISCO, TRACAB, OPTA, STATS, or Pro-

Tracking data measurement systems were predominantly provided by tracking companies. 14
Zone. Three studies used their own camera systems with transformations and calculations return-

ing tracking data. The tracking systems of six studies remained unknown.
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Study Sample  size | Study design (performance indicator) Defensive  perfor- | Main results QA
(league, season) mance analysis
lik et al. | 64 matches (of | Validation of Dangerousity by comparing the Dangerousity values fo | Two defensive variables in | Validity: 15
(2016) German Bundesliga, | the evaluation by semi-professional football coaches in 100 match | Dangerousity: 3. Pressure | - Dangerousity quantification is in the same range as human observers (20)
season 2014/15) | scenarios. Exemplary game analysis based on the Dangerousity cal- | that is put on the player by | Dangerousity:
culations. the opponent, 4. Density of | - Dangerousity shows higher correlation with betting odds compared to other key performance indicators
(Dangerousity: 1. Position of the ball, 2. Ball control, 3. Pressure that | opponent players in front of | - The derived metrics of Dangerousity (Action Value, Performance, Dominance) portray the match per-
is put on the player by the opponent, 4. Density of opponent players | the goal formance more accurate than traditional performance indicators (e.g. ball possession, shots, fackles, pass
in front of the goal) rates) because they better rule out effects of chance
Relation fo success:
- Yes: Success is defined with betting odds
Szczepanski | 760 matches (of | Development of passing model, calculating various predictions and | Defensive pressure on pas- | Validity: 16
&  McHale | English ~ Premier | esfimating the passing ability of players. ser (proxied with variables: | - The passing model shows a better fit to the logistic regression model of the end result compared to simple | (20)
(2016) league,  seasons | (Passing ability model: Based on the probability of a pass being suc- | origin of the pass, time | completion rate of passes
2006,/07 & | cessul since the previous pass & | Game analysis:
2007,/08) Variables: fime since the previous pass & the pass number in the | pass number, game fime, | - Headed passes are less accurate compared to passes played by foot and further have negative effects on
current sequence of passes for that team, game time, type of pass, | action followed a duel, | the following pass
action followed a duel, player is at his home ground, players” average | player's average position), | - Passes are more likely to be accurate when played immediately after a ball recovery
posifion) defensive pressure on pass | - The complefion probability of a pass is about 76% for half of the passes and 90% for a quarter of the
receiver (proxied with vari- | passes
ables: infended destination | - Only about a quarter of the passes are more likely to be unsuccessful than to be successful
of the pass, fime since the | Relation fo success:
previous pass & pass num- | - Yes: Success is defined with game outcome (logistic regression)
ber, game time)
Group level
Behavioral analyses
Costellano & | 655 matches (of | Division of all teams into four groups using the end table of the season: | Height of defense (distance | - Higher ranked teams of BBVA performed better than the other three groups (for almost all variables) 19
Casamichana | Spanish BBVA (first- | top 10 teams in BBVA, bottom 10 teams in BBVA, fop 10 teams in | between the furthestback | - In variables width and depth of play and height of defense lower ranked teams of BBVA performed | (20)
(2015) division) & Adelante | Adelante Leagues, bottom 12 teams in Adelante Leagues. Analysis of | defender and the defended | significantly better than higher ranked teams of Adelante League
league  (second- | differences between the four groups. goal) - Teams in top half of BBVA league positioned their players closer o the opponents” goal compared to
division),  season | (Width, depth, height of defense, total running distance covered by teams in the bottom half
2013/14) team, centre kicks, shots at goal, comer Kicks, tofal passes made, & - Defense line of teams in top half of BBVA was closer to their own goal than that of both groups of
percentage of successful passes) Adelante league
Relation to success:
- Yes: Success is defined with end result of the season (fop feams, bottom teams) and different leagues
(st and 2nd division)
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Study Sample  size | Study design (performance indicator) Defensive  perfor- | Main results QA
(league, season) mance analysis
Numerical superiority
Vilar et al. | 1 match (of English | Characterizing the pattems emerging from player interactions in dif- | Numerical superiority of | - Teams place more players than their opponents in sub-areas closer to their own goal 14
(2013) Premier League, sea- | ferent sub-areas of the field. Investigating the stability and instability | defense in defensive sub- | - Teams rarely place more players than their opponents in sub-areas more distant from their own goal (20)
son 2010/11) originating primarily in local numerical superiority by examining how | areas - Sub-areas in the center of the field had a higher importance compared to the wings
teams place their players on the field during the game (collective offen- - Most frequent patterns of coordination were +1-player numerical superiorifies measured in the center-back
sive and defensive performance). Identification of key sub-areas of play sub-areas (imporfance of stabilizing and securing these defensive regions)
that are important to stability and instability of a team. - The winning team maintains higher defensive stability while concurrently risks more players to offensive
(Numerical superiority in sub-areas of the field) sub-areas of field in comparison to the losing team
Relation fo success:
- No: Only end result of one game is considered and analyzed (no calculations)
Analysis of offense with opponent inferaction (density & opponent number)
Lago-Bal- | 12 matches (of one | Analysis of effects of different (offensive, defensive and situational) | Opponent number (Num- | OF all considered possessions, 33.4% produced score-hox possessions, 52.5% achieved progression, and | 16
lesteros et al. | professional Spanish | variables on score box possessions of one soccer team. ber of defending players | 14.1% did not reach any progression (20)
(2012) soccer feam, season | (Offensive: duration, starting zone, team possession type, pass num- | located between the ball | - Direct attacks and counterattacks are three times more effective than elaborate attacks (in achieving o
2009/10) ber, players in possession, and passing options, and their goal), score-hox possession)
defensive: opponent number, and defensive pressure, defensive pressure (distan- | - Attacks ar more successful when starting from middle pitch zones and playing against less than six
situational: match location, quality of opposition, and match status) | ce between the player with | defending players compared to atfacks starfing in defensive pitch zones and against a balanced defense
the ball and a direct pres- | - No differences in the possession outcome were found for defensive pressure
sing opponent player(s)) | Relation fo success:
- Yes: Score hox possession is defined as success criterion
lik et al | 64 matches (of | Validation of Dangerousity by comparing the Dangerousity values fo the | Two defensive variables in | Validity: 15
(2016) German Bundesliga, | evaluation by semi-professional football coaches in 100 match scenari- | Dangerousity: 3. Pressure | - Dangerousity quantification is in the same range as human observers (20)
season 2014/15) | os. Exemplary game analysis based on the Dangerousity calculations. | that is put on the player | Dangerousity:
(Dangerousity: 1. Position of the ball, 2. Ball control, 3. Pressure that | by the opponent, 4. Den- | - Dangerousity shows higher correlation with betting odds compared to other key performance indicators
is put on the player by the opponent, 4. Density of opponent players | sity of opponent players in | - The derived metrics of Dangerousity (Action Value, Performance, Dominance) portray the match per-
in front of the goal) front of the goal formance more accurate than traditional performance indicators (e.g. ball possession, shots, fackles, pass
rates) because they better rule out effects of chance
Relation to success:
- Yes: Success s defined with betting odds
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Study Sample  size | Study design (performance indicator) Defensive performance | Main results QA
(league, season) analysis
Welch et al. | 2 matches (of Nor- | Determination of the durations spend in each observed form of col- | Collective behavior in defen- | - Teams form polar and swarm collective states and switch between those collective states through direct | 17
(2021) way Eliteserien, in | lective state during each phase of play (atfacking, defending, or | ding phase (order parameter: | and relatively fast transitions (20)
2013 (season un- | outof-play). Investigation of global analysis, collective movement | polarization & angular mo- | - With well aligned motion with polar nature teams achieve higher average group speeds
known)) analysis by game phase, and collective stafe transifions. mentum, mean group speed, | - In the defensive phases of play the collective movement is more ordered, compact (i.e. lower surface
(Collective behavior/state (order parameter: polarization & angular | feam surfuce area) area, high level of collective order) and faster moving in contrast fo the attacking and out-of-play phases
momentum, mean group speed, team surface area)) Relation to success:
-No
Synchronization
Frencken et | 1 match (of Champi- | Calculation of longitudinal and lateral inter-team distances for both | Inferteam distances  (dis- | - High inferteam interactions of teams are discovered in both halves (strongest in longitudinal compared | 16
al. (2012) | ons League, season | halves. Identification of critical match periods (periods of high va- | tance between longitudinal | to lateral direction) (20)
2008,/09) riability of interteam distances over a moving 3-second window). | and lateral team centroids) | - Interteam distances are minimally related fo critical match events (variability threshold was exceeded
(Inferteam distances (distance between longitudinal and lateral | (changes in inferteam dis- | before three of sixteen witical match events (goals, goal scoring opportunities))
team centroids) tance might reflect changes | - The identified match periods with high variability of inter-team distances were predominantly (93%) con-
in team pressure or switches | nected with collective defensive pressure on the opponents (defending players moving forward to pressurize
between atfacking and defen- | players of the attacking team)
sive pressure) Relation to success:
- Yes/No: Relation to ritical match events (e.g. goals and goal-scoring opportunifies), but no analysis or
consideration of performance,/success
Ball recoveries
Fernandez- | 10 matches (of Spa- | Clustering of general defensive behaviors used by teams based | Defensive quantitative variab- | Defensive playing styles: 20
Navarro et al. | nish La Liga, season | on different quantitative defensive variables. Examination of the | les: Distance from the least | - Defense close to the own goal, mid-positioned defense with less intense pressure to attacking players, | (20)
(2019) 2010/11) influence of categorial variables on this defensive behavior and the | advanced outfield defender | mid-positioned defense with more infense pressure, high-pressure defense
defensive outcome. to his goal line, durafion of | Influence of categorial variables:
(Categorical variables: Team analyzed, match status, venue, quality | defensive pieces of play ini- | - Defensive play was effected by match status and quality of opposition
of opposition, match period tiated in the opposing half, | - Teams winning recovered more balls in pitch zones closer to their own goal
Quantitative variables: Distance from the least advanced outfield | distance between the player | - Teams losing recovered more balls in pitch zones closer to the opponents” goal
defender to his goal line when defending teams gained the ball, | in possession of the ball to | - The weaker the quality of the opponent the more balls are recovered in advanced zones of the pitch
distance between the player in possession of the ball fo the nec- | the nearest defender, length | Relation fo success:
rest defender, length of the last pass that attacking teams made | of the lost pass that attacking | - Yes/No: Influence of context variable match status is considered (winning, losing, drawing), but solely
when conceded possession of the ball to defending feams, number | teams made when conceded | descriptive analysis of defending behavior according to match status
of passes made before defending teams gained the ball, duration | possession of the ball to the
of defensive pieces of play, outcome of defensive pieces of play, | analyzed team, number of
outcome of offensive pieces of play following ball gains) passes made by attacking
teams before analyzed teams
gained the ball
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Study Sample  size | Study design (performance indicator) Defensive performance | Main results QA
(league, season) analysis
Mixed approaches (individual, group, & team level)
Computational models
Matsuoka et | 2 matches (of Jupa- | Construction of defensive items (variables) via qualitative analysis | 24 variables of defensive play | Defensive playing styles: 14
nese J1-Lleague, in | (causal structure was extracted by soccer specialists using the Delphi - Set defense (maintain defensive organization), control defense (restrict and guide the opponent’s offence | (20)
2016 (season un- | method and the causaleffect analysis). Successful defensive play move), and concentration defense (increase player density around the ball)
known)) was defined as ball gain and unsuccessful defensive play was de- Model:
fined as a play that failed to gain the ball. Set of split value to - Fourteen valid items (of all 24 items) are selected by evaluating item characteristics of soccer defensive
differentiate between successful and unsuccessful defensive play tactical play items (unidimensionality of items, reliability, validity)
by classification binary free to reveal success criteria of defensive - Ability score of soccer defensive tactical play is significantly higher in successful defensive play (with ball
tactical play. gain) compared fo unsuccessful defensive plays (without ball gain)
(24 variables of defensive play) - The introduced ability score is a valid measurement of defensive play
Relation to success:
- Yes: Success of a defensive play was defined (successful: ball gain, unsuccessful: other than ball gain)
Toda et al. | 45 matches (of | Validation of the classifier (VDEP) by comparing the prediction of | VDEP (but no specific perfor- | - The VDEP method predicts true positives of events correctly 25
(2021) Japanese J1-league, | true events compared to existing classifiers. Examination of the rela- | mance indicators) - The VDEP value shows moderate correlation to the season outcome (winning points) (20)
in 2019 (season un- | tionship between VDEP and the team performance in actual matches - The introduced model can be a consistent indicator to evaluate both attacks (after the ball recovery) and
known)) and during a season. Demonstrating of examples of game evaluation defense itself (prevention of being attacked and the ball recovery)
or complete season evaluation of a team. Relation fo success:
(Valuating Defense by Estimating Probabilities (VDEP) evaluates the - Yes: Success s defined with season outcome (VDEP method correlated with season outcome)
potential increase in the number of ball recoveries and the potential
decrease in the number of effective attacks with 73 variables (not
all included variables are clearly sfated))
Prediction models
le et al | 100 matches (of | Automatic identification of the tactical formation (player role align- | Defensive ghosting (predic- | - The ghosting model is able to maintain solid defensive formation and structure 10
(2017) professional  soccer | ment). Use of recurrent neural networks and a popular deep-learning | tion of defending behavior) | - The average level of deviation from the actual defending behavior across all players and teams is compa- | (20)
league (league un- | tool to learn the fine-grained behavior model for each role in the ratively low (~4 meters)
known), season un- | tactical formation for each time step. Prediction of motion pattems - The total expected goal value coming from different ghosting styles is highly comrelated with the overall
known) of the league average team or of a particular team. number of goals conceded in reality
(Defensive ghosting (prediction of defending behavior)) Relation fo success:
- Yes/No: Expected goals is defined as success criterion. Relationships between ghosfing models and resul
ting expected goal values are discussed.
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4.5.4 Main Findings

A summary of all included studies is provided in table 4.2. A summary of the approaches used

to analyze defensive play using tracking data is depicted in table 4.3 and a summary of fin-

dings on successful defensive play is presented in table 4.4.

Table 4.3: Approaches used to analyze defensive play using tracking data.

Level of tacti- | Analyzing ap- | Explanation Metrics used Aim of analysis
cal play proach
Individual level Defensive pressure | - The magnitude of pressure exerted from | - Pressure on ball (Andrienko et al., | - Quantification of the space o atto-
(see figure 4.2, d) | all pressers on the pressure target 2017) cker has to perform actions
- Andrienko et al. (2017) used the distance | - Pressure on opponents (Andrienko et | - Quantification of the influence of
and the direction of the closest defender(s) | al., 2017) defenders on the attackers
to the pressure farget
Group level Numerical superiority | - Difference in the number of players bet- | - Numerical superiority in subareas of the | - Measurement of pitch areas where
ween both teams in the same subarea of | pitch (Vilor et al., 2013) a team is more dominant
the pitch - Measurement of pitch areas where
a feam has a higher probability for
gaining the ball or maintain ball
possession
Behavioral analysis | - Analysis of the defensive behavior of | - Positioning of defensive ling (Castellano | - Analysis of subgroups (e.g. defen-
(see figure 4.2, ©) subgroups & Casamichana, 2015) sive line)
- Tuctical posifion while defending &
defensive play area (Clemente et al.,
2016)
Synchronization - Synchronous behavior is characterized by | - Infrateam  synchronization on dyad | - Analysis of the synchronization of
(see figure 4.2, ) players moving in the same direction with | level (pairings of two players) (Folgado | movement behavior of subgroups
the same speed and the same acceleration | et al., 2018) - Identification of coordination pat-
- Inteream subgroup interactions (Goes | terns of subgroups
etal, 2021)
Team level Behavioral analysis | - Analysis of the defensive behavior of the | - Centroids, surfuce area, spread of full | - Analysis of the whole team
whole team team (Bartlett et al., 2012; Clemente et
al,, 2013; Moura et al., 2012)
- Polarization and angular momentum
(Welch et al., 2021)
Synchronization - Synchronous behavior is characterized by | - Interteam distances of centroids of | - Analysis of the synchronization of
(see figure 4.2, b) players moving in the same direction with | both teams (Frencken et al., 2012) movement behavior of the whole
the same speed and the same acceleration team
- |dentification of coordination pat-
terns of the whole feam
Ball recovery - The goal of defending play is to regain | - Ball recoveries (Fenandez-Navarro et | - Analysis of the goal of defensive
the ball from the opponent, also called ball | al., 2019; Santos et al., 2017; Santos | play (fo regain the ball)
recovery & Lago-Penas, 2019)
Mixed approaches | Computational  mo- | - Use of computational methods to develop | - Ability score of soccer defensive tactical | - Identification of hidden patterns in
dels a model about defensive play play (Matsuoka et l., 2020) unstructured data
- Valuating Defense by Estimating Proba-
bilifies (VDEP) (Toda et al., 2021)
Prediction models - Use of computational methods to predict | - Defensive ghosting (Le et al., 2017) | - Predictions of defensive behavior
defensive play - XReceiver, xThreat, xPass (Stockl et
al., 2021)
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Every level of tactical play (individual level, group level, team level, mixed approaches) is struc-

tured in the following way. First, the details of the approaches to analyze defensive play are

presented to account for the first research question to give an overview of the heterogeneous

study approaches. Second, it is shown whether the approaches were presented in connection to

success, which is important to show the actual significance of the new processing approaches

and substantial for the interpretation of the results which are presented third in every section.

Both the second and third paragraphs account for the second research question of this paper

about the findings on successful defensive play.

Due to the heterogeneous study designs of the included papers, the results are only comparable

with each other to a limited extend and are therefore only presented if applicable.

Table 4.4: Main findings of successful defensive play.

Level of tacti-

Analyzing ap-

Finding

cal play proach
Individual level Defensive pressure - Successful defensive plays are characterized by high defensive pressure (on the ball & on the attackers)
(Andrienko et al., 2017)
Group level Numerical superiority | - Teams place more players than their opponents in sub-areas closer to their own goal
- Teams rarely place more players than their opponents in sub-areas more distant from their own goal
- Winning teams maintain higher defensive stability while concurrently risk more players to offensive sub-areas of field compared
to losing teams
(Vilor et al., 2013)
Synchronization - Winning teams show more infra-feam synchronization on dyade level (2 players) compared to losing teams
(Folgado et al., 2018)
- Defenders on the attacking team and attackers on the defending team show a decreased inter-feam synchronization in
successful attacks
(Goes et al., 2021)
Positioning of defen- | - Better teams position their defensive-line further up the pitch
siveine (Castellano et al., 2012)
Number of defenders | - Attacks are less successful when starting in defensive pitch zones and playing against more than five defenders (balanced
defense)
(Lago-Ballesteros et al., 2012)
Team level Synchronization - Slightly a-synchronous behavior on a team-level especially in the longitudinal direction during successful attacks
(Goes et al., 2021)
Contraction expansion | - Contraction of players during defensive play (out of ball possession) and expansion of players during offensive play (in ball
relationship possession)
-> Support of contraction expansion relationship
(Clemente et al., 2013; Moura et al., 2012; Welch et al., 2021)
- Teams present a stronger contraction (smaller surface area and spread) in successful defending play sequences compared fo
unsuccessful ones
(Moura et al., 2012)
Influence of categorial | - Teams recover more balls closer to their own goal when winning (compared to even scores or losing), playing away (compared
variables to playing at home), and playing against a stronger opponent (compared o weaker opponents)

(Femandez-Navarro et al., 2019; Santos et al., 2017; Santos & Lago-Penas, 2019)
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4.5.4.1 Individual Level

Five studies investigated defensive play at an individual level. All studies used defensive pres-
sure (on the ball and on the opponents) to investigate defensive play. Andrienko et al. (2017)
developed a method to quantify pressure with two different pressure measures (1. pressure on
the ball, 2. pressure on the attacking players) based on the idea that pressing is the magnitude
of pressure exerted from all pressers on a pressure target (visualized in figure 4.2, d). This study
was the only one to focus solely on the analysis of defensive pressure. In contrast, the other
four studies analyzed offensive play considering defensive pressure as a variable of opponent
interaction. Goes et al. (2021) used the pressure model of Andrienko et al. (2017) among
other variables to evaluate passing ability, Szczepanski and McHale (2016) only proxied the
pressure on the passer and receiver (without giving exact calculations) also evaluating passing
ability. Both Lago-Ballesteros et al. (2012) and Link et al. (2016) used similar approaches to
Andrienko et al. (2017) by measuring the distance to attackers and the pressure on the ball
leading player, respectively.

Regarding the investigation in connection to success Szczepanski & McHale (2016) and Link
et al. (2016) used the end result as success criterion at a match level. At a possession level,
Lago-Ballesteros et al. (2012) defined the success of an attack as score box possession and
Andrienko et al. (2017) defined the success of defensive play as ball possession regain, ball
going out of play, or ball turning away from the defended goal. In contrast, Goes et al. (2021)
did not consider success in their investigation.

With regards to the findings to defensive play, Andrienko et al. (2017) showed that the mean
pressure values during a whole match were notably lower than the pressure values during suc-
cessful defensive play (Andrienko et al., 2017). This difference was evident for pressure on the
ball as well as for pressure on the attacking players. The authors also found that the pressure is
higher in areas close to the ball (0 - 15 [m] from the ball) compared to areas further away from
the ball. The other four studies taking the opponent interaction of defensive pressure into account

did not aim to reveal outcomes for defensive play and therefore did not present relevant results.

4.5.4.2 Group Level

At a group level, seven studies analyzed defensive play. The used approaches include beha-
vioral analyses (Castellano & Casamichana, 2015; Clemente et al., 2016), synchronization
(Folgado et al., 2018; Goes, Brink, et al., 2021), analysis of numerical superiority (Vilar et al.,
2013), and analysis of offense including the density of players behind the ball as opponent in-
teraction. In behavioral analyses, Castellano and Casamichana (2015) investigated the height
of the defensive-line (visualized in figure 4.2, c) and Clemente et al. (2016) used the tactical
formation to define the defensive area of play. To evaluate synchronization (interaction) between
or within teams, Goes et al. (2021) assessed the intra-team and interteam synchronization of
subgroups (defensive-, midfield-, & attacking-line) and Folgado et al. (2018) investigated the int-
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ra-feam movement synchronization at dyad level (pairings of 2 players) (visualized in figure 4.2,
a). Vilar et al. (2013) investigated numerical superiority in dynamical sub-areas of the pitch. The
other two studies explored offensive play considering the opponent interaction as the number
of defensive players still able to defend an approaching attack. While one study defined this as
density of defensive players (Link et al., 2016) another referred to the term as opponent number
(Lago-Ballesteros et al., 2012).

Six of the seven studies analyzing defensive play at a group level investigated their approa-
ches in connection to success. Castellano and Casamichana (2015) used the end result of a
season. At the match level, the end result (Clemente et al., 2016; Folgado et al., 2018; Link et
al., 2016) was used as success criteria. At the possession level, the success of an attack was
defined by the score box possession (Lago-Ballesteros et al., 2012) and with a spatiotemporal
tool determining the probability of an attack resulting in a scoring opportunity (Goes, Brink, et
al., 2021). Solely Vilar et al. (2013) did not consider success in their investigation.

Regarding the results of the studies, group level behavioral analysis of defensive play revealed
that stronger teams positioned their defensive-line further up the field compared to weaker teams
(Castellano & Casamichana, 2015). Additionally, greater defensive pressure occurred in the
midfield region, compared to attacking and defensive regions (Clemente et al., 2016). Looking
at the synchronization at a group level, successful attacks are characterized by a decreased
inferteam synchronization between the defenders of the attacking team and attackers of the
defending team (Goes, Brink, et al., 2021). Furthermore, Folgado et al. (2018) revealed that
losing teams tend to have lower interteam synchronization compared to winning teams and that
defensive dyads (pairings of two players) are more synchronized than offensive dyads. Vilar et
al. (2013) found that soccer teams place more players than their opponents in areas closer to
their own goal, especially in the center-back sub-areas of play. Furthermore, their analysis revea-
led that winning teams were able to risk more players in sub-areas closer to the opponents’ goal
(forward areas) while concurrently maintaining higher stability in sub-areas closer to their own
goal (defensive areas) compared to the losing team. Taking the opponent interaction info ac-
count, solely one study showed results regarding defensive play. Lago-Ballesteros et al. (2012)
indicated that attacks are more successful when playing against less than six defending players

compared to attacks against a balanced defense (six or more defenders).

4.5.4.3 Team Level

Nine studies analyzed defensive play at a team level. The approaches used to analyze de-
fensive play in this tactical level were the investigation of ball recoveries (Fernandez-Navarro
et al., 2019; Santos et al., 2017; Santos & Lago-Penas, 2019), behavioral analyses (Bartlett
et al., 2012; Clemente et al., 2013b; Moura et al., 2012; Welch et al., 2021), analyses of
synchronization (Frencken et al., 2012), and analyses of offense with the defensive organi-

zation as a measure of opponent interaction (Goes et al., 2018). All three studies exploring
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ball recoveries focused on the influence of situational variables (match status, match location,
or quality of opponent) on the ball recoveries (Fernandez-Navarro et al., 2019; Santos et al.,
2017; Santos & Lago-Penas, 2019). Investigations focusing on defending behavior at a team
level used collective metrics of the full team to describe the movement of players on the field, e.g.
team centroids, coverage area, spread (Bartlett et al., 2012; Clemente et al., 2013b; Moura et
al., 2012). Solely Welch et al. (2021) used other order measures to investigate team behavior
(polarization and angular momentum). Frencken et al. (2012) assessed the interteam distances
between the team centroids to measure synchronization of opposing teams (visualized in figure
4.2, b). Analyzing passing effectiveness Goes et al. (2018) calculated the defensive disruptive-
ness following a pass using measures to describe the defensive organization (centroids, surface
area, and spread).

Regarding the connection to success, solely Bartlett et al. (2012) and Moura et al. (2012) de-
fined success at a possession level with attack outcomes (e.g. shot on goal). Additionally, four
studies partially considered the relation to success, for example by investigating the influence of
match status on measurements without the discussing effectiveness (Fernandez-Navarro et al.,
2019; Frencken et al., 2012; Santos et al., 2017; Santos & Lago-Penas, 2019). The remaining
three studies did not consider success in their investigations (Clemente et al., 2013b; Goes et
al., 2018; Welch et al., 2021).

Regarding the results on defensive play, the studies on ball recoveries show that teams gain
more balls closer to their own goal when playing away (vs playing at home), winning (vs losing
or drawing), and playing against a stronger opponent (vs weaker opponent), and vice-versa
(Fernandez-Navarro et al., 2019; Santos et al., 2017; Santos & Lago-Penas, 2019). Solely
Santos and Lago-Pefias (2019) could not find an effect of match location on ball recovery situa-
tions. Investigating defensive behavior, Moura et al. (2012) showed that in ball possession, the
coverage area and the spread increase compared to sequences of play without ball possession
(contraction-expansion relationship). They also identified that in successful defensive plays, the
teams showed smaller coverage areas and spreads compared to unsuccessful defensive plays
(Moura et al., 2012). Clemente et al. (2013b) also found a decreasing trend in dispersion
and coverage measures of teams without ball possession (contraction-expansion relationship).
Welch et al. (2021) showed that the movement of players in the defensive phase is more
ordered and compact (supporting the contraction-expansion relationship) and faster-moving
compared to the other phases of play. In contrast, Bartlett et al. (2012) could not find evidence
supporting the mentioned contraction-expansion relationship. Furthermore, they could identify
only a few critical events (e.g. shots, goals) by analyzing the interactions of team centroids.
Similarly, Frencken et al. (2012) reported that interteam distances of the opposing teams are
rarely related to critical match events (e.g. scoring opportunities, goals). However, those critical
match periods identified by interteam distances were associated with collective defensive ac-

tions (e.g. pressurize players of the attacking team) (Frencken et al., 2012). Goes et al. (2018)
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did not discuss results regarding defensive play.

4.5.4.4 Mixed Approaches

Four studies using a combination of individual, group, and team tactical variables and were
assigned to this section. The used approaches were computational models (Matsuoka et al.,
2020; Toda et al., 2021) and prediction models (Le et al., 2017; Stéckl et al., 2021). Re-
garding the computational models, Matsuoka et al. (2020) introduced a model of defensive
tactical play and Toda et al. (2021) presented a model called Valuating Defense by Estimating
Probabilities estimating the probability of a ball gain. Predicting defensive play, Le et al. (2017)
demonstrated a realtime prediction of defending behavior using team or league average beha-
vior predictions (ghosting) and Stéckl et al. (2021) used different predictions (xPass, xReceiver,
xThreat) to measure the defending teams’ ability to disrupt the oppositions attacking strategy
and to detect high-level defensive concepts (e.g. ball or man orientated defense).

To measure their models in connection to success, Toda et al. (2021) used the season outcome
and Matsuoka et al. (2020) defined success of defensive play as gain of ball possession. Stockl
et al. (2021) only partially took success into account and Le et al. (2017) did not consider the
effects of success at all.

Concerning the findings of the included studies, Matsuoka et al. (2020) identified three sub-
defensive tactical types of play, which were set defense (maintaining defensive organization),
concentration defense (increasing player density around the ball), and control defense (res-
tricting or guiding the attacking play). Furthermore, they demonstrated that their model shows
higher values for successful defensive play (ball gain) compared to unsuccessful (no ball gain)
defensive play (Matsuoka et al., 2020). Toda et al. (2021) found that the distance of the closest
defender to the ball had the highest impact on their model and the values calculated from this
had a moderate positive correlation with the season outcome, defined as winning points. Le et
al. (2017) focused on the characteristics of their predictions and showed that their movement
predictions for the players can maintain solid defensive formation and therefore can quantify,
analyze and compare defending behavior on a fine-grained level. By analyzing a single-match
situation they showed that the ghosting model of a good defense reduced the expected goal
value from around 70 [%] (of the actual sequence where the analyzed team conceded a goal)
to around 40 [%] (Le et al., 2017). Similarly, Stockl et al. (2021) demonstrated that their predic-
tions were able to create a compact visual representation of the teams’ defensive performance.
Moreover, the single-match analysis using the predictions could show how one team’s defense
was able to negate the offensive actions of the other team’s forwards (e.g. striker’s probability

of receiving a pass was below average).
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Figure 4.2: Visualization of exemplary key performance indicators:

a: Visualization of infrateam synchronization on dyad level (Folgado et al., 2018), with perfect

sg/lnd)]ronous movement behavior at the top (red) and asynchronous movement behavior at the Eoﬁom
uel.

- Visualization of inferfeam movement synchronization of opposing teams’ centroids (Frencken ef
al., 2012), with perfect synchronous movement behavior at the bottom and asynchronous movement
behavior at the top.

c: Visualization oﬁhe measurement of the height of the defensive-line (blue] (Castellano & Casami-
cht}n}m(n, 5}015) respectively, with high defensive-line on the left (blue] and deep defensiveline af the
rignt (red).

d:g\/isuohzoﬂon of the measurement of defensive pressure (Andrienko et al., 2017): Two defending
players (black) exerting defensive pressure on an attacking player (blue) with the threat direction
fowards the goal (red arrow).

80

4.6 Discussion

The aim of this scoping review was twofold. First, we aimed to explore the approaches used to
analyze defensive play in professional soccer using player tracking data. Secondly, we wanted
to reveal the findings about successful defensive play using those approaches.

Following the aims, the discussion is structured as follows. First, the approaches analyzing de-
fensive play are discussed in the different levels of tactical play (individual, group, team level)
to account for the first research question. Second, the findings on successful defensive play are
presented in the same structure to answer the second research question. Then, overlapping limit-
ations of included studies are discussed and future directions are derived accordingly. Finally,

practical implications of the results of this review are exemplified.

4.6.1 Approaches

The approaches used to analyze defensive play are widespread. The range of approaches is
depicted in table 4.3. The analysis of defensive pressure appears to be an informative indica-
tor of defensive play. While the analysis of synchronization and defending behavior provide
information about the defending process, the investigations on ball recoveries focused on the
moment of a ball gain and did not consider the course of the defensive play. Both computational
and prediction models include promising data processing approaches that can reveal hidden

information about unstructured data but do not provide practice-relevant information.

4.6.1.1 Individual Level

The only approach used to analyze defensive play at the individual level was defensive pressure
(visualized in figure 4.2, d). However, the results of Andrienko et al. (Andrienko et al., 2017)
indicate that this defensive pressure is a substantial part of successful defending. Also, the wi-
despread use of defensive pressure as an opponent interaction in the analysis of offensive play
indicates the awareness of the importance of defensive pressure in soccer (Goes, Schwarz, et
al., 2021; Lago-Ballesteros et al., 2012; Link et al., 2016; Szczepanski & McHale, 2016).
Therefore, the analysis of defensive pressure is a promising performance indicator for defensive

play that should be further investigated.
4.6.1.2 Group Level

The analysis of defending behavior at the group level is more informative compared to team
interactions (Frencken et al., 2012; Goes, Brink, et al., 2021), as the measurement of team
interactions might be too simplistic for the portray of complex match situations. This is especially
true to the analysis of defending behavior and synchronization. Both approaches can reveal
important information about the defending process on a fine-grained level. However, the be-

havioral approaches on a group level (height of the defensive-line & defensive playing areq)
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in particular are very simplistic and reveal very litle information about defensive tactical play.

The analysis of numerical superiority, which describes the placement of players in defined areas
of the pitch, is related to the approach of measuring the density of players behind the ball who
are still able to defend an approaching attack. Both measures are very simple measurement
techniques that help to analyze the tactics of defensive play. However, due to their simplicity,
they cannot reveal detailed information about the spatial relation of players to each other, so

the information gain using these approaches remains low.

4.6.1.3 Team Level

The approaches to analyze defensive play at the team level were diverse. Three studies focused
on the influence of situational variables on ball recoveries. As ball recoveries are one of the
main goals of defensive play (next to prevent goals of opponents), they can provide important
information about defensive playing tactics. However, they merely consider the moment of
the ball recovery (outcome of defensive play) and not consider the whole defending process,
although Fernandez-Navarro et al. (2019) used some variables related to the whole defensive
play. Furthermore, all three studies focused on the influence of situational variables and not on
the tactics of successful defensive play. Therefore, litlle information can be obtained about the
tactics of the defending process.

The approaches to analyze defending behavior and synchronization at the team level, as men-
tioned before, are expected to provide fewer insights compared to the analysis at the group
level. However, both approaches (analysis of synchronization and behavior) help to analyze the
team’s spatial organization on the pitch. Accordingly, Goes et al. (2018) introduced the quan-
tification of defensive organization in a sophisticated way analyzing passing effectiveness. This
quantification of defensive organization, which is crucial for successful defensive play (Moura et

al., 2012), holds great potential for future research in defensive play at the team level.

4.6.1.4 Mixed Approaches

Both the computational models and the prediction models used a vast amount of variables at
different levels of tactical play (e.g. individual parameters, group parameters, team parame-
ters). In both approaches, the computational data processing methods help to extract the most
important information from the great amount of unstructured data. This procedure can help to
identify hidden patterns in the data and provide new insights in the constraints of successful
defensive play from a computational perspective. To reveal this information the studies need to
report all included parameters and discuss the resulting weights of the individual parameters.
This is crucial for other researchers and practitioners to retrace the data processing and to
gain practice-relevant information. However, it is the weighting of individual parameters that is
largely lacking, severely limiting the usefulness of these approaches. Therefore, computational

models and prediction models can help to deal with the huge amount of unstructured tracking
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data and to reveal hidden patterns but fail to reveal practice-relevant results, which needs to be

addressed in the future.

4.6.2 Successful Defensive Play

The results on successful defensive play are depicted in table 4.4. Successful defensive play is
characterized by high defensive pressure on the ball and on the opponents. With more players
behind the ball and numerical superiority in areas closer to the own goal, the amount of spatial
defensive pressure increases which is also related to successful defensive plays. Furthermore,
success in defensive play is indicated by the contraction of the team’s organization. Ultimately,

a higher interteam and intra-team synchronization is a good indicator for successful defensive
play.
4.6.2.1 Individual Level

The main findings on successful defensive play at the individual level are that successful defensi-
ve plays are characterized by high defensive pressure (on the ball & on the attackers) (Andrien-
ko et al., 2017).

There is a big research potential in this area, as the mentioned studies using the opponent inter-
action of defensive pressure did not discuss results regarding defensive play and Andrienko et
al. (2017) only exemplarily showed the measurement of pressure using a small sample size (4
matches). The conditions of pressure, team differences depending on different tactics, and the

how/when/where of efficient defensive pressure need to be addressed in the future.

4.6.2.2 Group Level

The main findings of successful group tactical defensive play are as follows. Winning teams
maintain higher defensive stability (numerical superiority) while concurrently risking more indi-
vidual players to offensive sub-areas of the field compared to losing teams (Vilar et al., 2013).
Furthermore, attacks are less successful when played against a balanced defense (more than
five defenders) (Lago-Ballesteros et al., 2012) and better teams position their defensive-line
further up the pitch (Castellano et al., 2012). Furthermore, intra-team as well as interteam syn-
chronization of defensive players is an important factor of successful defensive play (Folgado et
al., 2018; Goes, Brink, et al., 2021).

As teams place more players than their opponents in sub-areas closer to their own goal (Vilar et
al., 2013), the spatial and temporal pressure on the opponents in those areas rises due fo this
numerical superiority. Therefore, those findings describe the tendency of teams applying higher
defensive pressure on opponents when they are closer to their goal and indicate the importance
of defensive pressure.

The findings of Lago-Ballesteros et al. (2012) that attacks are less successful when played against

more than five defenders are supported by the work of Castellano et al. (2012), who identified
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the fewest offensive players when a team won compared to a draw or loss. This higher number
of defending players is also considered in the study of Link et al. (2016) taking the density of
defenders in front of the ball into account. However, Link et al. (2016) revealed no results regar-
ding successful defensive play.

The finding of higher placement of the defensive-line in better teams compared to weaker teams
indicates a high pressing playing style applied by better teams. This defensive tactical playing
style, where teams try to quickly regain the ball in areas closer to the opponents’ goal to control
the match or to achieve scoring opportunities is therefore associated with success.

Regarding the synchronization during defensive play winning teams show more intra-team syn-
chronization on dyad level (2 players) compared to losing teams (Folgado et al., 2018) and
defenders on the attacking team and attackers on the defending team show a decreased inter-
team synchronization in successful attacks (Goes, Brink, et al., 2021).

Overall, the positioning of defensive players and their synchronization is important for the suc-

cess of defensive play.

4.6.2.3 Team Level

At a team tactical level, the main finding is that in successful defensive plays teams present a
stronger contraction compared to unsuccessful defensive plays (Moura et al., 2012).

Three studies showed this contraction of players in defensive playing phases (players moving
closer together) compared to an expansion in offensive playing phases (players diverge) (Cle-
mente et al., 2013b; Moura et al., 2012; Welch et al., 2021). This indicates the defensive
principle to close gaps between defenders, thus narrowing the possible space for attackers in
order to prevent the opponent from creating scoring opportunities. This contraction-expansion
relationship depending on ball possession was not found in one study (Bartlett et al., 2012).
However, in this context, solely one study focused on the connection to success and revealed
that the contraction is stronger in successful defensive play (Moura et al., 2012). The measu-
rement of defensive organization on the pitch in the context of success needs to be addressed
in the future as the contraction of the organization during defensive play is indicated to be a
highly important performance indicator for defensive success. The presented approaches show
possibilities for how team tactical variables can be used to quantify this defensive organization.
Team level analysis of ball recoveries revealed that defensive play is affected by situational
variables but provides litlle information about successful defensive play. Teams recover more
balls closer to their own goal when winning (vs losing or drawing), playing away (vs playing at
home), and playing against a stronger opponent (vs weaker opponents) (Fernandez-Navarro et
al., 2019; Santos et al., 2017; Santos & Lago-Penas, 2019). This highlights that teams adapt
their defending playing style to contextual factors. For example, winning teams tend to defend
in areas closer to their own goal and focus on quick counter-attacking after ball gains in order

to save the score.
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Another finding is that the interteam synchronization (short distances between team centroids)
is not clearly related to critical match events (e.g. shots, goals) (Bartlett et al., 2012; Frencken
et al., 2012). Rather, it is evident that those moments of exceptional interactions indicate high

defensive pressure (Frencken et al., 2012).

4.6.2.4 Mixed Approaches

The findings on successful defensive play of the mixed approaches were sparse. Both the com-
putational models and the prediction models focused on the model characteristics and the results
regarding their model. For example, Matsuoka et al. (2020) showed that their model indicates
higher values in successful defensive play (ball gain) compared to unsuccessful defensive plays
(without ball gain). Solely Toda et al. (2021) reported a resulting weighting of parameters and
found that the distance of the closest defender to the ball had the highest impact on their model.
This distance can be interpreted as defensive pressure on the ball and once again shows the
importance of this defensive performance indicator. This example points out that the weighting
of individual parameters can contribute to the understanding of the models and can provide

insights into the measurement of defensive play to increase their practical value.

4.6.3 Limitations and Future Directions

The majority of the studies included in this review used insufficiently small sample sizes (fewer
than 30 matches). The highly dynamic team sport soccer leads to a great variability of perfor-
mance indicators and in this context smaller sample sizes lead to a diminished overall generality
of results (Sarmento et al., 2014). Furthermore, almost half of the studies did not investigate
their approaches in connection to success. This is important to show the actual significance and
importance of the developed performance indicators or processing approaches. Both limitations
lead to a diminished general validity of the results. Those studies taking the connection to suc-
cess info account defined success at different levels (season, match, possession level). Thereby,
the analysis of success at a possession level can reveal the most fine-grained insights into tactical
play because it is subject to the slightest effects of chance compared to match or season level.
Depending on the study design the definition of success at a match level can be informative as
well. The analysis of success at a season level can only provide rough insights into tactical play
as the conditions of an attacking or defending sequence cannot be viewed. Therefore, the ad-
vantages of the different levels of success analyzed in the different studies should be considered
in future investigations.

Accordingly, it is important to investigate the whole defending process and not just a snapshot
of a playing situation, e.g. a ball recovery situation. To increase the practical relevance, it is
important to find performance-determining factors of defensive play. Yet, most studies lack the
practice-oriented discussion of results, so that the practical relevance of most publications re-

mains low.
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However, with the possibilities of the evaluation of tracking data, these issues can be counte-
racted. The availability of large amounts of data from competitive matches at the professional
level (e.g. German Bundesliga, British Premier League) and the possibility of time-saving and
fine-grained analysis compared to traditional (e.g. notational) analysis methods indicates an
interesting potential for future match analysis. In this context, it should be noted that most of
the studies included in this review used tracking data from tracking companies. This shows that
researchers in soccer using tracking data rely on tracking companies to measure and to provide
the tracking data.

Overall, the approaches and study designs shown in this review are very heterogeneous and
build various starting points for future research. These future investigations should use sophisti-
cated data processing approaches and focus on practice-orientated discussion and usability of
their results. Future research in defensive play using tracking data should focus on the following:
1. The conditions of defensive pressure. Team differences depending on different tactics and the
how/when/where of efficient defensive pressure.

2. Quantification of the compact organization during defensive play in connection to success.
3. The practice-oriented evaluation and discussion of results to increase the practical impact of

introduced approaches evaluating tracking data.

4.6.4 Practical Implications

The usage of new analyzing approaches in soccer, such as the evaluation of tracking data, has
the potential to provide new insights into the performance structure of defensive play. Yet, there
is a widespread lack of implementation in practice of this new analytic approach about per-
formance in soccer. Therefore, the next section shows examples of how the gained information
of this review can impact practice.

The results of this review on successful defensive play referring to the second research question
are summarized in table 4.4. Those findings can help practitioners (e.g. coaches, analysts,
managers) in designing match tactics, planning training content, or analyzing opponents. In
this context, the connection of the used approaches of the different studies to success (e.g. end
result of a match) is important. Solely studies that discuss their results in connection to success
can reveal findings of successful tactics in soccer and draw conclusions of the success factors
in soccer. This is highly important for the practical impact of the results in this research area.
Subsequently, some examples how to use the results of this review are presented in more detfail.
The purpose of defensive play is to protect the own goal and recover the ball (Matsuoka et al.,
2020). This ball recovery is impacted by situational variables (match status, match location,
quality of opponent). Therefore, practitioners should bear these situational variables in mind
when analyzing match performance (Fernandez-Navarro et al., 2019).

Successful defensive play is characterized by applying high pressure on attackers (Andrienko

etal., 2017) and attaining a coordinated compact team organization. This contraction of orga-
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nization in defensive playing phases (Folgado et al., 2018; Moura et al., 2012; Santos et al.,
2017; Santos & Lago-Penas, 2019; Welch et al., 2021) is important to minimize the space for
the attacking team to advance their attack and thereby enable the defenders to quickly put pres-
sure on the attackers after a ball move. Furthermore, the intra-team synchronization is important
for defensive success (Folgado et al., 2018; Goes, Brink, et al., 2021). Therefore, these tactics
should be considered by coaches, experts, and analysts.

Findings like these can impact the game of soccer if discussed in a practical manner and imple-

mented by practitioners.
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4.7 Conclusion

Overall, the approaches used to analyze defensive play were highly heterogeneous ranging
from the analysis of ball recoveries to computational models. Most promising approaches to
analyze defensive play were the analysis of defensive pressure and the quantification of defen-
sive compact organization. The findings on successful defensive play using those approaches
were that successful defensive play at the individual level is characterized by high defensive
pressure. At the group level, interteam and intrateam synchronization as well as a balanced
defense are important for successful defensive play. At the team level, the contraction of the
spatial organization is important for success.

In general, defensive play is highly important for success in soccer (Georgievski et al., 2019;
Lepschy et al., 2021). However, so far it has received less attention compared to offensive play.
This review highlights the importance of defensive play and builds a basis for future research
in this area. Furthermore, it presents important aspects that should be taken into account when
conducting research in this area (e.g. sample size, connection to success, practical discussion
of results). In conclusion, there are various starting points for future research on the analysis of
defensive play in soccer using the possibilities of tracking data to improve the understanding of

defensive play.
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5.1 Abstract

e The results of this study indicate that defensive pressure is a valuable key performance

Recently, the availability of big amounts of data enables analysts to dive deeper into the cons- indicator for defensive play.

traints of performance in various team sports. While offensive analyses in soccer have been ex-

tensively conducted, the evaluation of defensive performance is underrepresented in this sport. * Defensive pressure is higher in successful defensive plays (ball gain) compared to un-

Hence, the aim of this study was to analyze successful defensive playing phases by investigating successful defensive plays (no ball gain).
the space and time characteristics of defensive pressure.

Therefore, tracking and event data of 153 matches of the German Bundesliga (second half of e Over all defensive plays, defensive pressure on attackers close fo the ball {pressure on

2020/21 season) were assessed. Defensive pressure was measured in the last 10 seconds of the ballleading player, five players closest to the ball) is higher compared to defensive

a defensive playing sequence (time characteristic) and it was distinguished between pressure pressure on all attacking players.
on the ballcarrier, pressure on the group (5 attackers closest to the ball), and pressure on the

whole team (space characteristic). A linear mixed model was applied to evaluate the effect of *  Over all defensive plays, defensive pressure increases with the course of a defensive

success of a defensive play (ball gain), space characteristic, and time characteristic on defen- play and is the highest at the end of a defensive play.
sive pressure.

Defensive pressure is higher in successful defensive plays (14.47 + 16.82 [%]) compared to

unsuccessful defensive plays (12.87 + 15.31 [%]). The characteristics show that defensive pres-

sure is higher in areas closer to the ball (space characteristic) and the closer the measurement

is to the end of a defensive play (time characteristic), which is especially true for successful

defensive plays.

Defensive pressure is a valuable key performance indicator for defensive play. Further, this study

shows that there is an association between the pressing of the ball-carrier and areas close to the

ball with the success of defensive play.

Key words: football, team sports, match analysis, performance analysis, tracking data, defensi-

ve behavior, machine learning
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5.3 Introduction

The importance of detailed match analyses in all team sports has increased over the last years.
In soccer, most analyses have focused on the offensive play by evaluating scoring opportunities
(e.g. expected goals) (Rathke, 2017) and attacking tactics (Goes et al., 2018; Szczepanski &
McHale, 2016). Furthermore, the majority of analyses focus solely on goal scoring (Gonzalez-
Rodenas et al., 2019; Kempe & Memmert, 2018), which are rare events that neglect most of
the dynamics of the game (Duarte et al., 2013). However, in addition to attacking play, there
are three other phases of play: defensive play, defensive transition (after losing the ball), & of-
fensive transition (after gaining the ball). As there is a lack of a comparable number of studies
focusing on defensive analyses, there exits an imbalance between offensive and defensive key
performance indicators (Forcher, Altmann, Forcher, Jekauc, et al., 2022). This imbalance leads
to (offensive) biased match analyses and biased modeling of match performance as defending
play is mostly not considered (Radke et al., 2021).

However, the importance of defense in soccer is repeatedly pointed out in various research
(Georgievski et al., 2019; Lepschy et al., 2021). Soccer in general, could even be characte-
rized as a primary defensive team sport (compared to e.g. handball or basketball) due to the
increased difficulty in controlling the ball (by playing with ones feet) and the relative large pitch,
resulting in few scoring opportunities per match (Maneiro et al., 2019; Vilar et al., 2013).
According to its importance, there are first studies that analysed defensive play. Most of them
focussed on the characteristics of ball recoveries (e.g. zones or type of ball recoveries) (Almeida
et al., 2014; Barreira et al., 2014; Santos et al., 2017). In contrast, Grehaigne et al. (2002)
analysed not solely the situation of a ball recovery but also focussed on the defensive behavior
that lead to ball recoveries. They found that, to regain the ball, the defense should be in a block
between the attacker and their own goal, in numerical superiority, and the defenders should
have a higher velocity compared to the ball leading or receiving attacker. Low et al. (2021)
investigated the collective defending behavior of two different defending formations (4-4-2 &
5-3-2) in an experimental approach calculating the dispersion, width, length of the team, and
inter-line distances. They were able to show that 5-3-2 has a smaller team dispersion and inter-
line distances and therefore is a more conservative defending formation. Next to the analysis
of different defensive formations, Fernandez-Navarro et al. (2016) analysed defensive (& of-
fensive) playing styles using the pitch zone of the achieved ball gains in defense amongst other
variables. In another study, Low et al. (2021) also assessed defensive playing styles. Using an
experimental approach, they compared two defending playing styles (high pressing & deep
defending) using the performance indicators team dispersion, width, length, interteam distan-
ce, trial duration, distance to nearest opponent, space control gain, and individual area. They
could show that high pressing is more demanding compared to deep defending.

Furthermore, defensive tactics like the above stated high-intensity pressing (during the defensive
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playing phase), counter-pressing (during the defensive transition phase) to regain the ball as
starting point for fast counter attacking (during the offensive transition phase) (Harper et al.,
2021; Nassis et al., 2020) are considered the most important tactical concepts in how the
defensive game will be played in the future.

As these concepts illustrate, (defensive) pressure is generally associated with defensive perfor-
mance. Therefore, a suitable starting point for the evaluation of defensive play is the investiga-
tion of defensive pressure. Defensive pressure is defined as spatial pressure that a defending
player exerts on an attacking player to prevent the actions the attacker is able to make. Defen-
sive pressure is a substantial part of defending (Andrienko et al., 2017; Link et al., 2016) and
offers the possibility to analyze single players and actions.

There have been first rudimental approaches to measure defensive pressure in recent years.
While Tenga et al. (2010b) used a notational approach that solely differentiates between loose,
mixed, and tight pressure, Fernandez-Navarro et al. (2019) used the distance between the play-
er in ball possession to the nearest defender to quantify defensive pressure. Tenga et al. (2010b)
could show that significantly fewer goals were scored against a “tight” defensive pressure (6.2
[%]) compared to “mixed” (13.3 [%]) or “loose” pressure (7.4 [%]). In contrast, Fernadez-Na-
varro et al. (2019) solely revealed differences in the exertion of pressure depending on the
playing style without providing results about the effectiveness of different pressing behavior of
defending players.

Therefore, those approaches did not adequately quantify defensive pressure in detail and to a
comparable scale.

In comparison, Andrienko et al. (2017) introduced a more sophisticated metric to analyze
defensive pressure using the distance, the angle, and the orientation between defenders and
the attackers. While this study only exemplarily showed the validity of this metric using a small
sample size (4 matches), Herold et al. (2022) recently validated this measurement approach to
quantify defensive pressure by comparing match scenes selected by experts based on a detec-
ted pressure change (e.g. break away from the opponent by changing direction) to the results
of the pressure measurement approach.

To this day, Andrienko and colleagues’ pressure metric was used in several other investigations
primarily evaluating offensive play. Radke et al. (2021) used this approach to analyze puck
possessions in Ice Hockey and Goes et al. (2021) used it to analyze passing effectiveness in
soccer. Moreover, other defensive pressure computations were used to evaluate passing (Szcze-
panski & McHale, 2016) and the danger of an attack (Link et al., 2016). All these investigations
analyzed offensive play and used defensive pressure as an opponent interaction in order fo rate
the quality of an attack.

However, investigations of defensive pressure to evaluate defensive play are still pending (For-
cher, Altmann, Forcher, Jekauc, et al., 2022). Furthermore, the detailed characteristics (where,

when, and how) of successful defensive pressure remain unknown so far.
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In general, the knowledge about space and time patterns of specific performance variables in
soccer are low, due to a lack of analyses at a possession level compared to match level (Low et
al., 2020). Most analyses at a match level fail to portray the complex nature of soccer by provi-
ding solely cumulative metrics of a whole match, thereby missing effects of single possessions or
single actions (Dufour et al., 2017; Lepschy et al., 2020). In contrast, analyses at a possession
level investigate consecutive actions or the time course of single possessions. They consider the
high variability of single possessions in soccer as every single possession looks considerably dif-
ferent due to the use of the foot to control the ball causing a high rate of technical errors. Hence,
those analyses can reveal insights about interactions and key findings on a more fine-grained
level. Those specific and detailed results enable coaches, players and managers to make the
right decisions on more informative metrics.

Furthermore, the analysis of tracking data enables more time-efficient, and in-depth analyses
(Goes etal., 2019; Power et al., 2017), e.g. taking the complex interactions between opposing
teams info account (Folgado et al., 2018; Frencken et al., 2012). The opportunity to take the
exact positions of all players and the ball into account to analyze specific events (e.g. passes)
make more detailed analyses possible.

Therefore, the aim of this study is to analyze the characteristics of successful defending at a
possession level by analyzing the space (where) and time (when) characteristics of defensive
pressure using tracking data. Our main hypothesis was that successful defensive plays show

higher defensive pressure compared to unsuccessful defensive plays.
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5.4 Methods

The study was conducted according to the guidelines of the Declaration of Helsinki, and appro-
ved by the local ethics committee (Human and Business Sciences Institute, Saarland University,
Germany, identification number: 22-02, 10 January 2022).

5.4.1 Data

We used an observational study design, analyzing tracking data and event data of 153 mat-
ches of the 2020/21 season of German Bundesliga (all matches of the second half of this
season after the winter break). The tracking data composed the positions of all 22 players and
the ball recorded by a semi-automatic optical tracking system (TRACAB, ChyronHego, Melville,
NY, USA) that measures the X- and Y-coordinates of all players and the ball with a sampling
frequency of 25 Hz. This multicamera tracking system was found to be a valid technology for
soccer specific performance analyses (Linke et al., 2020).

The associated event data was manually collected by Sportec Solutions (Sportec Solutions AG,
Ismaning, Germany) on basis of the definition catalog of the German Soccer League (DFL) (DFL,
2014).

Both tracking data and event data were imported in Python 3.8 and data processing, data ana-
lyses, and data visualization were conducted using the NumPy, Pandas, Math, and Matplotlib
libraries.

5.4.2 Synchronization

Due to the manual event tagging by the official data provider of the German Bundesliga (Spor-
tec Solutions AG, Ismaning, Germany) on basis of the definition catalog of the German Soccer
League (DFL) (DFL, 2014), a synchronization of events with tracking data was essential to ef-
fectively combine both data types. Before the actual data analysis, we therefore identified the
matching time-point (frame) of tracking data for every event (pass, tackling, efc.) of the event

data using an algorithmn.

5.4.3 Success of Defensive Plays

All ball possessions of both teams were identified using the event data. A ball possession started
with a team starting a ball possession (e.g. throw-in) or gaining control over the ball (e.g. after
a pass interception) and ended whenever the opponent gained control over the ball again,
there was a stoppage of play (foul, offside, goal, final whistle), or the ball went out of play (ball
out of bounds) (Goes et al., 2018). To investigate the characteristics of defensive pressure, we
focussed on deliberate possessions only (possessions in which several deliberate actions were
conducted). Therefore, based on previous studies, we selected possessions with a minimum du-
ration of 5 seconds and a minimum of three consecutive passes (Forcher et al., 2021).
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To differentiate between successful and unsuccessful defensive plays, we used the attacking
outcome of an opponents’ attack. The ultimate goal of defensive play, besides defending the
own goal, is to gain the ball possession. Therefore, and in accordance with other investigations
of defensive play (Bartlett et al., 2012; Matsuoka et al., 2020), we classified possessions as
successful defensive plays that ended in a ball gain of the defending team (1. Ball claiming,
2. Tackling with possession change). All other possessions that did not end in a ball gain were
classified as unsuccessful (e.g., possessions that ended in a shot on goal of the attacking team,
that ended with the ball going out of play, and that ended in a stoppage of play like a foul,
offside, or the final whistle).

5.4.4 Defensive Pressure

To quantify defensive pressure we used an improved defensive pressure model of Herold et al.
(2022) that is based on Andrienko and colleagues’ pressure model (Andrienko et al., 2017)
that was used in several studies (Goes, Schwarz, et al., 2021; Radke et al., 2021). The basis
of the model is an elliptical (pressure) area around the attacking player (see Equation (1) &
(2)). This elliptical area is shaped around the attacker who is oriented to a threat direction (see
figure 5.1). The threat direction describes the orientation of the ellipse, which is always oriented
towards the goal of the defending team. The outer boundary of this area is the closest behind
the attacker (opposite direction of the threat direction, Dback) and is the farthest away in front of
the attacker (exact direction of the threat direction, Dfront). This shape is justified by the difficulty
of exerting pressure on the attacker when the defender is placed behind him.

According fo the updated model of Herold et al. (2022), the size of the elliptical pressure area
decreases with the decreasing distance from the attacker to the defendants’ goal (GoalDis, see
Equation (3). Additionally, the reduction of the size of the pressure area is accelerated in case
an attacker enters the penalty box (see GoalDis). This improved model is based on the idea that
the closer the ball gets to the goal, the closer a defender has to be to an attacker to deny space
for shooting or passing actions, which is especially true for on ball actions in the penalty area.
This updated approach was recently validated by Herold et al. (2022).

Defensive pressure increases from 0% to 100%, the closer a defender gets to the attacker inside
this defined pressure area (with distance = d) and depending on the angle between them (see
Equation (3)). We determined the speed of pressure increase (from O [%] to 100 [%]) inside the
defined pressure area with q = 1.75 (see Equation (5)). This value was validated with expert
judgements and real data experiments in a previous study by Andrienko et al. (2017). Moreo-
ver, we determined the threat direction as the direction between the attacking player and the

middle of the attacked goal. A visualization of the described quantification is depicted in figure

5.1
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(1) =D+ Py -
(2) z=(1-cosa)/2
(3) D,.,= 9-0.05* (105 - GoalDis)
(4) Dbock = Dfront * (]/3)

(5) Pr=(1-d/L)a * 100 [%]

L 2 Shape of the pressure area

D) (z+0.32) /1.3

a 2 Angle between defender and attacker

D, 2 Length of pressure area in front of attacker (in threat direction)

D, 2 Length of pressure area behind attacker (in opposite direction to threat direction)
GoalDis 2 Distance of the player in ball possession to the goal, if attacker enters penalty box
(GoalDis = GoalDis/2) to further decrease the pressure area)

Pr 2 Pressure value in [%)]

d 2 Distance from defender to attacker

q 2 Speed of pressure increase from O to 100 [%] inside the pressure area

defensive pressure

width [m]
o

defensive pressure [%]
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Figure 5.1: Defensive pressure quantification (at GoalDis = 105 [m], resulting in D, = 9 [m] and

Dy.= 3 [m]) with threat direction (grey arrow) and elliptical pressure area around the attacker (blue
point] with rising pressure values from 0-100 [%] (red).

To investigate the characteristics (time & space) of defensive pressure we used the described
pressure quantification as follows. To apply for the space characteristics of defensive pressure
we calculated the defensive pressure on the ball (pressure on the ball-carrying player), defensive

pressure on the group (mean pressure on the five attackers closest to the ball), and defensive
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pressure on the team (mean pressure on the whole attacking team). To account for the time char-
acteristics of defensive pressure, we quantified the described pressure metrics for every second
of the last 10 seconds of an attack.

5.4.5 Statistics

A linear mixed model (LMM) with defensive pressure as dependent variable was conducted
using the statsmodels library in Python 3.8.

We applied a general modelling strategy according to previous investigations (Fernandez-Na-
varro et al., 2018), where we started with the simplest model and stepwise added fixed and
random effects to gradually increase the complexity of the model. Therefore, we started with an
intercept only model, where only the dependent variable was considered. Afterwards, we ad-
ded additional fixed (e.g. success of defensive play) and random effects (e.g. random intercept
for possessions) to the model to increase model complexity. We deducted the model comparison
after each increase of model complexity using the Akaike information criterion (AIC), with lower
values representing a better model (Akaike, 1998). Consequently, the final model was chosen
according to lower values of AIC and significant effect of variables. For model fitting we used
restricted maximum likelihood (REML) estimation. The level of significance was set to p < 0.05.
To statistically examine the influence of success of defensive play and the space and time cha-
racteristics of defensive pressure on the magnitude of defensive pressure, success of defensive
play (successful/unsuccessful), space (pressure on the ball/pressure on the group/pressure on
the team), and time (repeated measure: 11 measurement time-points of the last 10 seconds of a
defensive play) were used as fixed effects.

The grouping variable possession was considered as a random effect, allowing a random inter-
cept for every single possession in the data set. Furthermore, a random effect of time was used
to allow a random slope over the 11 time-points for every possession.

Additionally, the longitudinal field position of the ball-carrier (x-position in [m]) was used as
co-variable, with x-position of O representing the longitudinal positions on the defending team’s
goal line (close to the goal) and x-position of 105 representing the longitudinal position on
the attacking team’s goal line (far away from the goal). This co-variable was applied because
tactical patterns are dependent on the field position and it is expected that more pressure is put
on players when the ball is close to the defendants’ goal (small value of x-position) compared

to situations where the ball is far away (large value of x-position) from the defendants’ goal.
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5.5 Results

Within the 153 included matches a total of 16,151 deliberate plays were observed. Thereof,
2,599 (16.1 [%]) plays were classified as successful defensive plays (with ball gain), with a
mean duration of 21.70 (+ 13.15) seconds and allowing an average of 6.44 (+ 3.90) oppo-
nents’ passes. In comparison, 13,552 (83.9 [%]) plays were classified as unsuccessful defensive
plays (no ball gain) with a shorter average duration of 19.78 (+ 13.34) seconds and 6.60 (+
4.17) allowed passes of the opponent.

The results of the linear mixed model with defensive pressure as dependent variable are de-

picted in table 5.1. The results of defensive pressure characteristics are depicted in figure 5.2.

defensive pressure

Em successful
70 M unsuccessful
—
o
=
=
60 -
st
3 -
3 50
)]
o
[}]
2 30
L]
c
2]
u—20~
o]
O' T 1 1 11
o o o L NN N M m mM = = W o ow o M~ o~ @ @ @ L= T - T - ] o o o
I Il [ Il u I n I Il I Il u Il u Il n I I u Il Il Il Il [ Il ] I u [ Il 'ﬁ‘ 'I'I' 'ﬁ‘
W W ® ®WW®W ®WWW WE® ®WaeE® T EE W eRw @wWwW ®WEw ﬁﬁi‘i%%%
= o = a = a = o = o = o = a = o = o = o
535 285 2¢§f 2g; 2gf 3§z 2i; 23z 3I; 2IF 39
E B ™ C B = € 5 * € @ = £ B+ € B = € &= € @mo* C o= € ome= =B g
OI:C 0:2 Dl:c OI:C Q‘:C 0:C Dl:c OI:C ch D:c gou
g ® ps e ¢gs?® @gs o wps @ wgs 2 wpgsg S @5 @ ws 2 g5 2 8§
gt Zes g2egs Fetg Fegs zef el zpE el 2eps 55
25322 2537 #5353 Bs532 Bs5s3 @253 BSs3z 253 Bsgzag B53 z2@pk
2 8y 2 @8 g & 4w 28w g 289 &3¢ 289w 28w 24w 5z a0
i o 2 & g 2 i g & &z 2 i g ¥ a g 2 i g 2 i o 2 & g 2 i g 2 gng
g = & a = a = a e & = a = a = a a = -

Figure 5.2: Mean and standard deviation of defensive pressure for successful defensive plays (blue|
and unsuccessful defensive plays (red) at the measurement ﬂme—poimscjﬂme characteristics) from right
fo left (with t=0 being the end of a defensive play) and distinguished between the pressure on %e
ball, on the group, and on the team [space characteristics).

5.5.1 Success of defensive play

Successful defensive plays showed higher average defensive pressure (14.47 + 16.82 [%])
compared to unsuccessful defensive plays (12.87 + 15.31[%]). Accordingly, in the linear mixed
model unsuccessful defensive plays had a significant negative effect (B =-8.39, p < 0.001) on

defensive pressure as dependent variable.

101

Paper I



Chapter 5

Success Factors in Soccer Defense

5.5.2 Time Characteristics

The average defensive pressure peaked at the end of a defensive play (=0, 20.37 + 20.42
[%]) and became gradually smaller from 1 to 5 seconds before the end of a defensive play (t=1,
14.94 £ 16.30 [%]; t=2, 13.92 + 15.56 [%]; t=3, 12.96 + 14.81 [%]; t=4, 12.37 + 14.70
[%]). However, the average defensive pressure levelled off at between 11 [%] and 12 [%] from
5 to 10 seconds before the end of a defensive play (=5, 11.92 + 14.36 [%]; t=6, 11.61 =
14.21 [%]; 1=7, 11.46 = 14.22 [%]; 1=8, 11.31 = 14.24 [%]; 1=9, 11.30 = 14.19 [%]; =10,
11.21 = 14.18 [%]).

Accordingly, the linear mixed model shows a significant negative effect of time (B =-1.95, p <
0.001) which indicates the decrease of defensive pressure with measurement time-points further

away from the end of a defensive play.

5.5.3) Space Characteristics (defensive pressure on the ball, on the group, & on the
team

In relation to space, it can be observed that the average defensive pressure on the ball was the
highest (16.61 + 23.89 [%]) compared to defensive pressure on the group (12.75 = 10.01
[%]). Average defensive pressure on the team was comparatively the lowest (10.03 + 5.94 [%]).
In accordance, the linear mixed model showed a significant negative effect for defensive pres-
sure on the group (B =-14.17, p < 0.001) and a larger significant negative effect for defensive
pressure on the team (B=-19.80, p < 0.001).

5.5.4 Interactions

Both triple interactions (Success*Time*Space) showed significant negative weights (0.95 < B <
-1.10, p < 0.001), indicating that defensive pressure is smaller in unsuccessful defensive plays
(compared to successful defensive plays), the further away the measurement time-point is to the
end of a defensive play, and the further away the measurement is to the ball.

In contrast, all dual interactions (Success*Time, Success*Space, & Time* Space) showed smaller
significant positive weights (1.06 < B < 8.89, p < 0.001).

5.5.5 Longitudinal Field Position (co-variable)

The longitudinal field position of the ball-carrier contributes significantly to the modelling of
defensive pressure, showing a negative weight (B =-0.12, p < 0.001). Accordingly, defensive
pressure increases with smaller distances from the ball-carrier to the goal line of the defendants’

goal.
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Table 5.1: Results of the linear mixed model with defensive pressure as dependent variable. The
coefficients of the effects (B), the standard error (SE), the 95 [%] confidence interval and the z- and
according pvalues are presented. Further, it is distinguished between fixed effects (success of de-
fensive play, time characteristics, space characterisfics, & x-position of ballcarrier) their interactions,
and rondo)m effects (random intercept for every possession, random slope over the 11 measurement
fime-points).

E [se [os[%la |z [p
fixed effects
Infercept 35.1 0.26 34.59 35.6 135.13 <0.001
Success (unsuccessful) -8.39 0.27 -8.92 -7.85 -30.69 <0.001
Time -1.95 0.04 -2.03 -1.87 -49.19 <0.001
Space (pressure on the group) -14.17 0.21 -14.59 -13.76 -66.83 <0.001
Space (pressure on the feam) -19.8 0.21 -20.21 -19.38 -93.34 <0.001
X-Posifion .12 0.01 0.13 .12 -58.18 <0.001
fixed effects (interactions)
Success (unsuccessful) *Time 1.06 0.04 0.97 1.14 24.64 <0.001
Success (unsuccessful) *Space (pressure on the group) 7.38 0.23 6.92 7.83 31.81 <0.001
Success (unsuccessful)*Space (pressure on the feam) 8.89 0.23 8.44 9.34 38.35 <0.001
Time*Space (pressure on the group) 1.66 0.04 1.59 1.73 45.25 <0.001
Time*Space (pressure on the team) 2.12 0.04 2.05 2.19 57.96 <0.001
Success (unsuccessful) *Time*Space (pressure on the group) -0.95 0.04 -1.03 -0.87 -23.62 <0.001
Success (unsuccessful) *Time*Space (pressure on the team) -1 0.04 1.7 -1.02 -27.3 <0.001
random effects
Possessions (random infercept) 99.9 0.1
Time (random slope) 2.14 0.01
R? 0.24
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5.6 Discussion

The aim of the current study was to investigate the characteristics of successful defending in
soccer by exploring the space and time characteristics of defensive pressure at a possession
level. This is the first study that analyzes the detailed characteristics (space & time) of defensive
pressure over the course of a possession. Overall, the results indicate that defensive pressure is
higher in successful defensive plays compared to unsuccessful defensive plays. Further, the in-
vestigated characteristics of defensive pressure indicate that defensive pressure increases during
the course of a defensive play and is higher in areas closer to the ball.

The general results of this current study are in line with findings of earlier research as, for exam-
ple, the discovered average duration of defensive playing sequences (=20 [s]) is comparable
to the results of Casal et al. (2016), who found that 89.8 [%] of defensive plays in FIFA World
Cup 2010 in South Africa lasted between 0 and 30 seconds. Similarly, Vogelbein et al. (2014)
reported that teams need 10 to 14 seconds to recover the ball, assessing data of German
Bundesliga season 2010/11. This slightly shorter average durations of defensive plays in this
investigation can be traced back to the sharp inclusion criteria of deliberate attacks (minimum
of 3 passes & minimum of 5 seconds) in the current study that excluded short possessions. In
the same way, the average of about 6.5 allowed opponents’ passes in the in the present study
are similar to findings of Forcher et al. (Forcher et al., 2021) who identified an average of 5
to 7 passes in successful attacks in Dutch Eredivisie season 2018/19 using the same inclusion
criteria for deliberate attacks. Following this argumentation, the general results of defensive
plays show that the data used for the current investigation is comparable to other data of other
competitions and seasons. Concluding, the following results can be interpreted with a greater
generality.

In this context, it is noteworthy that this study did not find differences between the pressure be-
havior of different teams as the use of teams as nesting group in the linear mixed model did not
improve the model. This can also be traced back in the exclusion of short attacks and thereby
diminished possible effects of playing styles of different team (Fernandez-Navarro et al., 2019).
The following sections comprise the results regarding the characteristics of success of defensive
play in relation to time and space. Our main analysis did confirm our initial hypothesis sho-
wing that successful defensive plays show higher defensive pressure compared to unsuccessful
defensive plays. This is in line with the findings of Andrienko et al. (2017) who used a similar
methodology to measure defensive pressure in four matches of Borussia Dortmund in German
Bundesliga 2015/16 season. They showed that the pressure values during successful defensive
plays are higher than average pressure values during a whole match (Andrienko et al., 2017).
Based on those identified association it can be concluded that higher defensive pressure may
increase the chance to (re)gain the ball and accordingly defensive pressure is an important per-

formance indicator of defensive play.
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Besides the success also time had a significant influence on defensive pressure. Defensive pres-
sure increases with the course of defensive play and is the highest at the end of a defensive
play. However, the descriptive analysis shows that the changes of defensive pressure further
away from the end of a defensive play (more than 5 seconds) are marginal (6 [%] increase of
pressure from t=10 to t=5, see figure 5.2). Those findings indicate that the rise of defensive pres-
sure leads to the end of a defensive play (70% increase of pressure from t=5 to t=0). However,
this could also be interpreted vice-versa: Increasing defensive pressure over a certain threshold
(e.g. over 30 [%] of defensive pressure on the ball) leads to the termination of an attack and
therefore to the end of a defensive play. In contrast, another explanation for the increase of
defensive pressure towards the end of a possession could be that proceeding opposing attacks
tend to come closer to the opponent’s goal. This could lead to increased pressure due to the
accumulation of players in front of their own goal. This relationship of increasing defensive
pressure depending on the pitch position is taken into account by the x-position of the attacker
which has a small influence on the prediction of the magnitude of defensive pressure, which will
be analysed below.

The space characteristic reveals that defensive pressure is higher in areas closer to the ball.
Pressure on the ball shows the highest pressure values, followed by pressure on the group, while
pressure on the team shows the lowest pressure values. Comparably, Andrienko et al. (2017)
found that defensive pressure is higher in areas close to the ball (0-15 [m] from the ball) compa-
red to areas further away from the ball. Accordingly, defensive pressure measured in near ball
areas (and especially on the ball-carrier) are important and informative performance indicators.
In comparison, defensive pressure on all attacking players (pressure on the team) seems not very
insightful.

In the light of the results of the single effects discussed above, the interactions of all three vao-
riables (success, time, space) yield the most interesting outcomes of this investigation. The triple
interactions (success*time*space) indicate that the closer the measurement time-point is to the
end of a defensive play, the closer the measurement is to the ball and in successful defensive
plays (compared to unsuccessful) the higher is defensive pressure. Summarizing these found
associations, one can conclude that to win the ball, it may be important to pressurize the ball
leading player and near ball areas (pressurize attackers close to the ball to cover possible pas-
sing options) and increase this pressure towards the end of a defensive play to cause ball gains.
Moreover, the longitudinal field position of the ball-carrier (x-position) showed a significant con-
tribution to the LMM. In the measurement methods of defensive pressure, with the pressure area
getting smaller around the attacker the closer the attacker proceeds towards the defendants’
goal (see 5.4.4 Defensive pressure), this influence was already taken into account. Still, it can
be shown that defensive pressure slightly increases with attacker getting closer towards the
defendants’ goal. This could be due to the accumulation of players in front of their own goal to

prevent opposing scoring opportunities which was indicated before. However, the small B-value
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(-0.12) indicates that this influence is marginal. Especially in the defendant’s half of the pitch
(x-position < 52.5 [m]) the change of defensive pressure is negligible small (< 6.3 [%]). There-
fore, the tactical characteristics of defensive pressure in the defendants’ half are not severely
dependant on the longitudinal ball position.

After discussing the results of the current investigation, there a several practical applications that
can be derived. For practitioners, the revealed associations indicate that for the success of a de-
fensive play it may most important to pressurize the ball-carrier. However, the significant effects
of pressure on the group show that it may also important to pressurize possible passing options
for the attackers to win the ball. The time characteristic shows practitioners that higher pressure
might lead to ball losses of the opponents. Overall, the results indicate that defensive pressure is
a valuable key performance indicator for defensive play and, therefore, can help coaches and
analysts to evaluate defensive performances (Goes, Meerhoff, et al., 2021; Memmert & Raabe,

2019; Rein & Memmert, 2016).

5.6.1 Limitations and Future Directions

To enable an objective interpretation of the results discussed above, the main strengths and i-
mitations of this study should be noted. The first weakness of this study is the focus on deliberate
attacks (minimum of five seconds & three passes). This approach leads to the exclusion of short
possessions. Therefore, our findings are only representative for deliberate attacks. However,
this procedure of filtering specific attacking types helps to identify meaningful results without
mixing and blurring effects. Additionally, the investigation of only one performance indicator of
defensive play does not depict all aspects of defending (e.g. compact organization, numerical
superiority). For instance, Grehaigne et al. (2002) showed that numerical superiority is import-
ant fo regain possession in defensive play. A higher numerical superiority could lead to a higher
defensive pressure, since more defenders are in close proximity to the attackers. Future investi-
gations about more defensive indicators and their relationships with each other could provide
deeper knowledge about the success criterions of defensive play.

Furthermore, one can argue that the use of ball gains as the only success criterion of defensive
play is another weakness, because other attacking results (e.g. ball going out of play, offside)
could be defined as successful defensive plays as well as they prevent the opponent from sco-
ring. However, this study design was chosen to investigate the ultimate goal of defending to
gain the ball.

The disregard of the influence of contextual factors (e.g. playing style, match status, venue,
quality of opposition) is another weakness of this study as those factors were shown to influen-
ce the characteristics of defensive play (Almeida et al., 2014; Santos et al., 2017). However,
this procedure of the exclusion of contextual factors was chosen to provide general knowledge
about defensive pressure during defensive play valid for different teams with different playing

styles or at different match status. However, further studies should investigate the differences
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resulting from the influences of the contextual factors to provide scientifically validated findings
also for specific individual cases (e.g. playing with a high pressing playing style, at home, and
against a strong opponent).

Finally, since this is an exploratory study, no causality of the relationships found can be verified.
Therefore, future studies should examine the causality of those associations in confirmation
studies.

In contrast, the indication of the importance of defensive pressure by showing the connection
to success (higher pressure in defensive plays with ball gain) is a major strength of this study.
Furthermore, this study is the first to show defensive pressure characteristics assessing a large
sample size (153 matches). Lastly, the approach of performance analysis at a possession level
reveals insights on a finer-grained level compared to analyses at match level or season level
(Barnes et al., 2014; Bush et al., 2015).

Accordingly, future research should focus on a wider range of aspects of defending and indi-
cate the importance of new performance indicators by using similar study designs with large

sample sizes and evaluating their connection to success.
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5.7 Conclusion

Overall, this study investigated the characteristics of defensive pressure in connection to the suc-
cess of a defensive play at a possession level. The results show that defensive pressure is higher
in successful defensive plays compared to unsuccessful defensive plays. Therefore, defensive
pressure is a valuable key performance indicator for defensive play. Furthermore, our findings
suggest that, if the causality of these found associations will be confirmed, it may be important
to pressurize both the ballleading player and ball near areas and to increase this pressure
towards the end of a defensive play to gain the ball.

This study infroduced new insights into the dependencies of defensive play (defensive pressure
in this case) using a large sample size and indicating representative results. By showing the
connection of the investigated defensive performance indicator with the success of a defensive
play, this study showcases an approach to identify valuable performance indicators of defensive

play and indicate their importance in the highly complex team sport soccer.
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6 Rest Defense (Paper lll) 6.2 Highlights
6.1 Abstract e Combination of qualitative expert interviews and up-to-date quantitative data analysis
using tracking data and machine learning revealed insightful results of successful tacti-

While the tactical behavior of soccer players differs between specific phases of play (offensive cal behavior in defensive transition in soccer.
play, defensive play, offensive transition, defensive transition), little is known about successful
behavior of players during defensive transition. Therefore, this study aims to analyze the group e According to experts, rest defense can be defined as behavior of the deepest defending
tactic of rest defense in defensive transition. players during ball possession with the goal to prevent an opposing counterattack after
A mixed-methods approach was used, involving both qualitative and quantitative analysis. Se- a ball loss during defensive transition.
mi-structured expert interviews with seven professional soccer coaches were conducted to define
rest defense. In the quantitative analysis, several KPls were calculated, based on tracking and e To be successful in defensive transition, players in rest defense should control deep
event data of 153 matches of the 2020/21 German Bundesliga season, to predict the success spaces and dangerous counterattackers to successfully prevent dangerous opposing
of rest defense situations in a machine learning approach. counterattacks.
The qualitative interviews indicated that rest defense can be defined as the positioning of the
deepest defenders during ball possession to prevent an opposing counterattack after a ball loss. e Most important success criterion in defensive transition is to regain possession after a
The final machine learning model showed satisfactory prediction performance of the success of ball loss as quickly as possible to stop an opponent’s counterattack in the early stages.

rest defense (Accuracy: 0.97, Precision: 0.73, f1-Score: 0.64, AUC: 0.60).

Analysis of the individual KPIs revealed insights into successful behavior of players in rest de-
fense, including controlling deep spaces and dangerous counterattackers. The study concludes
regaining possession as fast as possible after a ball loss is the most important success factor in

defensive transition.

Key words: team sports, performance analysis, tactics, defensive play, football
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6.3 Introduction

In soccer practice it is well known that a single attack can make the difference between victory
and defeat. Especially when one team seems to dominate the other, but fails to take the lead,
the other team waits for a decisive counterattack after gaining possession. This is why the safe-
guarding of possible counterattacks plays such a large role in deciding matches, which will be
examined in detail in this study.

While soccer performance can be analyzed in the sub-areas of physical, technical, psycho-
logical, and tactical performance (Hohmann, 1983; Weineck, 2007), this study will assess the
tactical behavior of soccer players in the outlined match situation. In doing so, the increasing
amount of data collected, especially during matches, allows to get deeper insights into the com-
plex performance structure in soccer (Forcher, Altmann, Forcher, Jekauc, et al., 2022; Goes,
Meerhoff, et al., 2021).

In the context of the growing amount of data being collected, the continuously measured spatio-
temporal tracking data of all players on the pitch enables researchers and practitioners to ana-
lyze the tactical movement behavior in soccer in particular (Forcher, Altmann, Forcher, Jekauc,
et al., 2022; Goes, Meerhoff, et al., 2021).

The tactical behavior of the players differs depending on the playing phase of the match and
their respective goals. Accordingly, the match situations can be divided into four distinct playing
phases (offensive play, defensive play, defensive transition, offensive transition) which occur
in sequence depending on the course of the game (Fernandez-Navarro, 2018; Hewitt et al.,
2016). In offensive play, a team controls the ball with the goal of attacking the opponent’s goal
to eventually score. In defensive play, a team organizes itself to prevent the opposing team in
ball possession from scoring and, in the best case, to regain the ball. The transition phases
describe the switch between offensive and defensive playing phases after losing the ball (defen-
sive transition) or gaining the ball (offensive transition). Consequently, there are differences in
behavior of players depending on the playing phase of the match, which should be taken into
account when analyzing tactical performance.

Compared to the other playing phases, offensive play has recently received the most attention
from practitioners, the media, and soccer research. In detail, studies have predominantly inves-
tigated offensive on-the-ball actions such as shots (Anzer & Bauer, 2021; Lucey et al., 2015;
Rathke, 2017) or passes (Chawla et al., 2017; Power et al., 2017; Szczepanski & McHale,
2016). However, tracking data is particularly valuable for analyzing defensive play, as players’
behavior off the ball is recorded and can thus be analyzed. Furthermore, defensive play has
been revealed to be at least as important for a team’s success as offensive play (Georgievski et
al., 2019; Lepschy et al., 2021). Consequently, the number of studies analyzing defensive play
has increased (Forcher, Altmann, Forcher, Jekauc, et al., 2022). For instance, defensive pres-

sure has been assessed to analyze defensive play (Bojinov & Bornn, 2016; Forcher, Forcher,
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Altmann, Jekauc, et al., 2022; Merckx et al., 2021).

Next to offensive and defensive playing phases, the transition playing phases have been shown
to be highly important for success in soccer. Several studies have indicated that short transitions
after a ball gain/ball loss have the greatest probability to end in a scored/conceded goal (Gon-
zalez-Rodenas et al., 2015; Lago-Ballesteros et al., 2012; Tenga et al., 2010b). One reason
for these effects is the increased vulnerability of an unbalanced defense after losing the ball
(Gonzalez-Rodenas et al., 2015; Tenga et al., 2010b).

As most studies focussed on the offensive transition there is little research about the defensive
transition playing phase. Therefore, this study investigates the players’ behavior in defensive
transition.

Defensive transition describes the behavior of players after losing the ball to restore the defen-
sive organization and thus reach the defensive phase of the match (Baver & Anzer, 2021).
The main goal of this playing phase is to prevent an opponent’s counterattack by securing
dangerous pitch areas and, if possible, to achieve a direct regain of the ball by increasing
the defensive pressure in ball proximity (DFB-Akademie, 2022). While the defensive behavior
of high pressure in close ball proximity after a ball loss is known as counter-pressing (Bauer &
Anzer, 2021; Fernandez-Navarro, 2018), the behavior of players behind the ball protecting
dangerous pitch areas is often referred to as rest defense (DFB-Akademie, 2022).

As stated earlier, there has been little research on defensive transition in soccer. Nevertheless,
two studies have examined defensive transitions in general (Casal et al., 2016; Vogelbein et
al., 2014) and one study investigated the specific group tactical behavior of counter-pressing
(Bauer & Anzer, 2021). Vogelbein et al. (2014) analyzed the time it took for a defending team
to recover a ball (so-called defensive reaction time) in 306 German Bundesliga matches. They
found that top teams recovered the ball faster in defensive transition compared to other teams.
Similarly, Casal et al. (2016) showed that the duration of the defensive transition is a valuable
key performance indicator for defensive transition. In detail, they predicted the success of the
defensive transitions of eight matches of UEFA World Cup 2010 using a notational approach
(Casal et al., 2016). Concluding, while these studies provide some initial approaches to analy-
ze defensive transitions, their methodological approach does not allow for a detailed analysis
of the tactical behavior of defending players (e.g. specific pressing behavior of defending
players).

In contrast, approaching defensive transition in more detail, Bauer and Anzer (2021) automati-
cally identified counter-pressing situations and identified crucial variables for the effectiveness of
defensive transitions by analyzing over 4000 matches of the German Bundesliga. For instance,
their results revealed that having four or more players behind the ball is important to the success
of a defensive transition. This study is a great example of how the use of player tracking data
to get insights info the tactical behavior of players during the defensive transition phase and on

the specific group-level counter-pressing in areas close fo the ball.
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Overall, the detailed knowledge of player behavior in defensive transition is still limited. Espe-
cially, none of the abovementioned studies analyzed the group tactical behavior of the players
that are not in ball proximity with the task to save their own goal by controlling dangerous areas
to deny fast counterattacks. As mentioned above, this tactical principle can be referred to as rest
defense in practice. However, there is no generally accepted definition of rest defense in soccer.
Accordingly, the aims of this study are (i) to define rest defense as tactical behavior at a group
level and (ii) to identify crucial variables (tactical measures) that are important for the success of
the defensive transition phase regarding rest defense.

To achieve this goal, we will use a mixed-methods approach via interviews and an observatio-
nal study. Using expert interviews, we aim to establish a clear definition of the term rest defense
and variables that characterize it. In a second step, we will use this information to analyze data
of professional soccer matches to identify the determinants of successful rest defense using state-

of-the-art analytics (tracking data and machine learning).
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6.4 Expert Interview

6.4.1 Methods

This expert interview was conducted according to the guidelines of the Declaration of Helsinki
and approved by the local ethics committee (Karlsruhe Institute of Technology, Germany, 21.
January 2022).

6.4.1.1 Participants

Seven professional soccer coaches were interviewed as experts. They were included according
to the following inclusion criteria. To be included in this study, experts had to:

(1) have at least four years of practical experience in a professional soccer club (first division or
national team) as a head coach, assistant coach, or match analyst,

(2) hold a UEFA soccer coaching license (at least a UEFA B license),

(3) and work as a coach at the time of the interview or have worked as a coach within the last
year.

On average, the considered experts were 36.48 (+ 4.48) years old and in sum had 74.75
years of coaching experience in a professional soccer club. Three experts held a UEFA B- or
Adlicense, respectively, and one expert held a UEFA Pro license.

For the recruitment of the experts, the authors’ contacts to German Bundesliga clubs and the
German Football Association (DFB) were used to contact the experts directly. Of the eight con-
tacted experts, one dropped out.

Theoretical sampling was used. Accordingly, the sample size was determined based on the
knowledge gained by the inclusion of additional participants (Bldbaum et al., 2014). There-
fore, we stopped expanding the sample when we could no longer expect to gain additional

information.

6.4.1.2 Procedures

To gain information about rest defense, we used a semi-structured expert interview. The gui-
deline for the interview was developed by the main author (LeaF) according to Blébaum et al.
(2014) and Helfferich et al. (2019). The guideline was then discussed with the four co-authors
(LeoF, SA, MK, DJ) and adapted if deemed necessary. Finally, the guideline consisted of:

(1) basic personal information request before the start of the interview,

(2) one icebreaker question at the start of the interview,

(3) three entry-level questions about rest defense in general,

(4) and eight questions about detailed information on rest defense (e.g. goals, characteristics,
success) (please see appendix 1).

Prior to the interview, each participant was provided with a privacy policy document and
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participant information regarding the procedures of this study and was then asked to provide
informed consent. The interviews were conducted in individual one-to-one conversations and
were conducted online via video call or in person. The interviewer remained the same for each

expert interview, which lasted on average 15.45 (+ 1.56) minutes.

6.4.1.3 Analysis

The interviews were audio recorded. Afterward, since the goal of expert interviews was to
collect objective information, the interviews were transcribed using the following procedures
(Blobaum et al., 2014):

(1) Conversation pauses, body language or other non-verbal signals were not documented,

(2) the interview was grammatically corrected (e.g. dialect),

(3) and sentences were summarized according to the meaning structure of the statement (e.g.
repetitions in direct succession are not reported) and put into grammatically correct order.

A qualitative content analysis according to Mayring was conducted on the basis of the tran-
scripts (Mayring, 2022). This approach integrates quantitative and qualitative analysis met-
hods. First, deductive categories are built according to the topics of the interview (e.g. goals of
rest defense). Next, as the largest unit of analysis, the answer to a question was determined.
Afterwards, inductive subcategories were formed based on the analysis units and according to
the deductive categories. In the end, all analysis steps were summarized in a reduction table
including the number of the interview, page, line, question, category (deductive), and subcate-
gory (inductive) (please see appendix 2). This table was then used to count the frequencies of a

cerfain subcategories in each category.

6.4.2 Results

The results of the expert interviews are presented in table 6.1.

According to the experts, the goal of rest defense is to prevent opponent’s counterattacks by
securing dangerous areas (e.g. deep areas) or controlling dangerous attackers and to regain
the ball. Players proceed into the rest defense when they no longer have tasks in the attack.
This happens, for example, in match situations where the ball is controlled in the attacking third
or when the defending midfielder-line is overplayed. Accordingly, the players in rest defense
position themselves during the attack (i.e. offensive play). However, rest defense only comes into
play when the ball is lost and the team is in defensive transition.

Which players are involved in rest defense depends on the tactical formation (e.g. 3-4-3), the
opponent (e.g. number of strikers of the opposing team), and the match situation (e.g. ball posi-
tion). In general, the central defenders, wide defenders (both also referred to as defensive-line),
and central midfielders are most often involved in rest defense.

The most stated tactical approach of rest defense was man-to-man defense. The majority situa-

tions (+1 & +2 majority) were also identified, with the differentiation of the tactical approach
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(sandwich: defenders in front and behind the attacker, flat: all defenders behind the attacker).

Table 6.1: Results of expert interviews.

Category

Subcategory

Quantity

Goal of rest defense

Prevent opposing counterattacks

Safe deep areas

Regain of the ball

Control dangerous players for counterattack

Enable counter-pressing

Nlwlselses|lo

Safe own goal

Prevent opposing scoring opportunity

Safe dangerous areas

Safe areas far from the ball (weakside)

Slow down opposing counterattack

Playing phase of rest defense

Offensive play (in ball possession)

- after the midfielder line is overplayed & players do not longer have a task in attacking play
- when ballis in opposing attacking third and players are no pass option

- when the ball is on opposing half or opposing attacking third

- when the ball is not in the last line or ball is in attacking third

Defensive fransifion

- affer a ball loss

- until the opposing attack is finished (e.g. ball out of play, shot on goal)
- until the first pass of the opposing team fter the ball loss

Players involved in rest defense

Dependencies:

- Dependent on the match situation (e.g. ball position)
- Dependent on the opponent

- Dependent on the tactical formation

Tactical position,/role:

- Central defenders

- Central midfielder

- Wide defender

(on the weakside)

(solely with a back four formation)
- Goalkeeper

~ ~ ~

Defensive line

~ | r~

Penultimate line

All players not involved in offensive play

4 players

Tactics of rest defense

Manto-man coverage

+1 majority:
- sandwich
-flot

SESRaN B

+2 majority

Space defending: 3+1 (diamond)

[ECH BEC)

Space defending: 2+3 (trapezium)

-1 (outmumbered)
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Successful /unsuccessful rest defense
(outcome)

Best:
- Ball regain

Good:

- Ball out of play

- Delay counterattack

- Foul

(in harmless situation (e.g. opposing half))

Okay:

- Foul

- Opposing switch of attacking side
- Stop opposing attack

Worst:

- Opposing scoring opportunity

- Opposing goal

- Being overployed

- Successful opposing deep pass on the deepest attacker

—_ — w
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6.5 Observational Study

6.5.1 Methods

This data analysis was conducted according to the guidelines of the Declaration of Helsinki and
approved by the local ethics committee (Human and Business Sciences Institute, Saarland Uni-
versity, Germany, identification number: 22-02, 10 January 2022).

6.5.1.1 Data

An observational study design (post-event) was used for this analysis. Tracking and event data
from 153 matches of the 2020/21 German Bundesliga season were analyzed.

The tracking data include the positions of all 22 players on the pitch and the ball. The X- and
Y-coordinates are tracked by a semi-automatic multi-camera tracking system (TRACAB, Chyron-
Hego, Melville, NY, USA) with a sampling frequency of 25 Hz. Recently, this technology was
found to be valid for the analysis of soccer-specific performance (Linke et al., 2020).

The event data are annotated based on the official match data catalog of the German Soccer
League (DFL) (DFL, 2014) by Sportec Solutions (Sportec Solutions AG, Ismaning, Germany). This

catalog defines over 30 events with more than 100 attributes (Bauver & Anzer, 2021).

6.5.1.2 Data processing

All data processing, visualization, and statistical analysis were performed in Python 3.8 using
the NumPy, Pandas, Math, Matplotlib, SciPy, SHAP, and scikitlearn libraries.

First, the tracking and event data were synchronized. Due to inaccuracies in the manual anno-
tation of event data the timestamps and origins of events vary from the tracking data. To effecti-
vely combine both types of data, we used a synchronization algorithm that has been shown to
provide high accuracy in matching the events of event data with the exact time frame of tracking
data (Forcher, Forcher, Altmann, et al., 2023).

Second, the tactical formation of a team (e.g. 4-4-2) and the individual tactical positions of play-
ers (e.g. central defender, wide midfielder) were identified. For the tactical formation, offensive
and defensive formations were differentiated depending on the ball possession of the teams
(Bialkowski et al., 2016). Further, we defined the tactical formation for three time windows: first
half (0-45 [min]), first interval of second half (45-62.5 [min]), and second interval of second
half (62.5-90 [min]). Those time windows were used to account for in-game formation changes.
It has been shown that 95 [%] of in-game formation changes during the match occurred in the
second half (Forcher, Preine, Forcher, Wasche, et al., 2022). Overall, following this procedure
we collected six formations per team per match. We used a formation descriptor based on a
KMeans clustering algorithm to cluster the mean longitudinal x-positions of ouffield players (ex-

cluding the goalkeeper) for the considered time window (e.g. in ball possession and first half)
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into three formation lines (e.g. 4-3-3) (Goes, Brink, et al., 2021). To define the tactical position,
we used the vertical y-positions of players to discriminate between wide and central positions
resulting in the following seven possible tactical positions (goalkeeper, central/wide defender,

central/wide midfielder, central/wide striker).

6.5.1.3 Rest Defense Situations & Success

To identify rest defense situations, we used the information from the expert interviews (see sec-
tion 6.4 Expert Interview). Accordingly, we identified ball possession changes while the ball
stayed in play and the ball-gaining team had a minimum of one intentional action on the ball
using the event data. This procedure was chosen to exclude unintentional ball possessions by
the ball-gaining team (such as ball deflections) where no rest defense match situation occurs.
Furthermore, we focused on ball possession changes in the opposing attacking third when the
opposing midfielder-line was overplayed (using the mean x-position of the midfielder-line & the
x-position of the ball) utilizing the tracking data (see section 6.4.2 Results: Playing phase of rest
defense).

To assess rest defense we considered all players (attackers and defenders) located in the area
ten meters in front of the defender closest to the own goal line (see figure 6.1).

Furthermore, to define the success of a defensive transition situation we applied the results of
the expert interview (please see section 6.4.2 Results: Successful/unsuccessful rest defense (out-
come)). In detail, to focus on the effects of defensive transition, we considered only opposing
ball possessions after a considered change of possession with a maximum duration of twelve
seconds (Baver & Anzer, 2021). Accordingly, successful rest defense situations were defined
as a ball regain in the following twelve seconds after the identified ball loss. Unsuccessful rest
defense situations were defined as an opposing shot on goal in the following twelve seconds
after an identified ball loss. All other results of an opposing counterattack (e.g. ball out of play,
stoppage of play) were not considered, because according to the expert interview they could

not be clearly assigned to either successful or unsuccessful rest defense.

6.5.1.4 Variables

All variables used to analyze the rest defense situation were measured in the identified moment
of a considered ball possession change. This moment of a ball loss was identified as the most
important situation of rest defending behavior, as it characterizes the change from the offensive
playing phase to the defensive transition. Both of which were indicated in the expert interviews
as defining phases of the rest defense (see expert-interview: Playing phase of rest defense).

First, the tactical positions of players in the considered area of rest defense (ten meters in front
of the deepest defender, see figure 6.1) were considered. This procedure was conducted to
investigate whether this approach identified the players with the tactical position, which was

also indicated by the experts in the expert interviews (see expert-interview: Players involved in

122

rest defense).

Second, the number of defenders, the number of attackers, and the numerical superiority of the
defending team in the defined rest defense area were analysed.

Third, the marking of attackers in this area was analyzed.

Thereby, the defensive pressure on attackers (mean, min) was measured from 0-100 [%] using a
pressure model of Andrienko et al. (2017) that was expanded by Herold et al. (2022). Further,
the closest distance of the defenders to the attackers [m] (mean, max) was determined.

Fourth, the spatial formation of the rest defending players (defenders in the area of rest defense)
was measured using the surface area [m2] (area of the convex hull) (Moura et al., 2012), the
width and length of the surface area [m], and spread [m] (square root of the sum of squared
standard deviation from their average position (centroid)) (Bartlett et al., 2012; Bourbousson et
al., 2010 (see figure 6.1).

Fifth, the height of the rest defense was computed by calculating the distance of the deepest
defender to the team’s own goal-line [m].

Sixth, the space control of both teams from the area of rest defense to the defendants’ goal line
was calculated using Voronoi diagrams (absolute [m2] & relative [%]) (see figure 6.1).

Finally, the duration of the rest defending situation (defensive transition), the number of passes,

and the number of actions (e.g. tacklings) of the opponent’s counterattack were measured.

6.5.1.5 Statistics

We deployed several classifiers to best solve our binary problem (successful vs unsuccessful) to
predict the success of a rest defense situation (defensive transition). Accordingly, we used logis-
tic regression (ridge regression, elastic net regularization), Random Forest Classifier, Gradient
Boosting, XGBoost Classifier, and AdaBoost Classifier and used a traintestsplit of 70 [%] and
30 [%], respectively.

To evaluate the performance of the prediction models we calculated the Accuracy, Precision,
f1-Score, and Area Under the Curve (AUC). Since our dataset is unbalanced (97 [%] successful

& 3 [%] unsuccessful), we used f1-Score for model optimization. To gain insights into the depen-

dencies of the prediction we computed Shapley values for the final model.
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The spatial formation of the rest defending players resulted in a surface area of 85.98 + 60.09
[m?] which was 7.35 + 1.92 [m] long and 28.21 + 7.43 [m] wide. The spread was 13.93 +

2.86 [m], on average.
On average, the rest defense was positioned 43.56 + 10.00 [m] ahead of their own goal line.
60 - The mean distance of the closest defender to the attackers was 5.08 + 2.23 [m] and the longest
distance from a defender to the attackers was 6.89 + 4.19 [m]. This resulted in a mean pressure
e . . on the attacking players of 6.66 + 12.59 [%] and a minimum pressure of 2.77 + 11.09 [%)].
Z 40 - ’ . The space control of the attacking team from the area of rest defense to the defendants’ goal line
S . . was 390 £ 299.99 [m?] resulting in a ratio of 11.51 + 9.82 [%] relative to the defensive team.
2 .
- .. The results of the classifiers predicting the success of rest defense situations are shown in table
[@] . 1
= . . 6.2. Furthermore, the final model (AdaBoost Classifier (excluding distance variables)) with the
20 A - . .
best prediction performance (based on f1-Score) was chosen for further analysis. For this model,
. Shap values were computed which are depicted in figure 6.2.
T \ Table 6.2: Results of models predicting the success of rest defending situations [successful /unsuccess-
0 ful rest defense).
' T T j : T Classifier Number of | Accuracy | Precision |f1-Score | AUC
0 20 40 60 80 100 features
pitch length [m] Logistic regression (ridge regression regularization) 17 0.87 0.56 0.57 0.76
Fi?ure 6.1: lllustration of an identified rest defense situation with the blue team ?oinin the ball Logisic regression (elastic nt regularization) 7 0.82 054 0.54 0.4
(black) and the red team losing the ball in the attacking third with the opposing midtielderline being Random Forest Classifier 17 0.84 0.55 0.5 078
overplayed. The considered area of rest defense is shown in grey (ten mefers in front of the deepest P— : 0 00 00 5
defenderg, the surface area of rest defending players is depicted with grey lines, and the space radient Boosfing 7 7 A 4 S
control of the teams in the rest defending playing area is depicted in blue and red, respectively. XGBoost Classifier 17 0.92 059 062 075
AdaBoost Classifier 17 0.96 0.63 0.61 0.60
6.5.2 Results AdaBoost Classifier (excluding distance variables) 15 0.97 0.73 0.64 0.60

Overall, we identified n = 2951 rest defense situations. 2425 of them were classified as suc-
cessful and 75 were classified as unsuccessful which were considered for the prediction model.
451 match situations did not result in a ball regain or a shot on goal and therefore were not
considered (e.g. ball out of play, see methods section: Rest defense situations & success).

The tactical playing positions identified in the area of rest defense were 70.1 [%] central defend-
ers (n=6459), 13.4 [%] wide defenders (n=1227), 9.5 [%] central midfielders (n=866), 5.9 [%]
wide midfielders (n=541), and 0.2 [%] wide strikers (n=19). The identified attackers in the area
of rest defense were 78.5 [%] central strikers (n=3520), 8.3 [%] central midfielders (n=370),
6.5 % wide strikers (n=291), 5.2 [%] wide midfielders (n=234), 1.0 [%] central defenders
(n=46), and 0.5 [%] wide defenders (n=23).

On average, the opponent’s counterattack after the ball loss lasted 10.92 + 0.61 [s], had 6.41
+ 1.50 actions, and 3.55 = 1.29 passes.

In the moment of the considered possession change, we identified 3.70 + 0.76 defenders and

2.01 + 0.93 attackers in the area of rest defense, resulting in a defensive numerical superiority
of 1.69 = 1.00.
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6.6 Discussion

The aim of this study was twofold. First, we conducted expert interviews with professional soc-
cer coaches to define rest defense as a group tactic in soccer. Second, based on the gained
knowledge of the interviews, we developed a data analysis to identify critical variables that are
important to the success of rest defense in defensive transition.

This mixed-methods approach of qualitative and quantitative methods is a prime example of
how to gain detailed insights into the conditions of tactical behavior in soccer. The cornerstone
is laid by qualitative expert interviews, the gained knowledge from which is then used for a
differentiated quantitative and state-of-the-art analysis in connection to success of the respective
playing phase.

Moreover, to logically structure the findings of this mixed-methods study, the discussion begins
with a definition of rest defense based on the qualitative study. Next, the quantitative analysis
is discussed in light of comparable research on defensive transition in soccer. The findings on
rest defense are then transferred to indicate practical applications. Finally, the limitations of our
approach are discussed to point out future research areas.

According to the results of the qualitative interviews, rest defense is defined as the positioning
of the deepest defending players (usually last line & central midfielder) in own ball possession,
when the players have no more task in attacking play (the ball is in the attacking third / the
opponent’s midfielder-line is overplayed). The rest defending players control deep spaces and
potentially dangerous counterattacking players for the possibility of a ball loss to prevent oppo-
sing counterattacks or, in the best case, to quickly regain the ball in defensive transition.
Having defined rest defense based on the qualitative approach, we proceed to the quantitative
approach used in this study. To illustrate its quality, we provide some general information. The
approach to detect rest defense situations identified players with the same tactical positions as
those named by the experts as being involved in rest defense, as indicated by a high degree
of agreement (93 [%] defensive-line & central midfielder). Accordingly, this approach using the
area of rest defense seems to be valid for identifying rest defense situations and rest defending
players.

The machine learning approach to predict the success of defensive transitions using information
about rest defending players showed satisfactory predictive performance. Our final model (Ada-
Boost (excluding distance variables)) outperformed the previous approach to model the success
of defensive transition by Casal et al. (2016), which showed an accuracy of 0.58 (our model:
0.97). In comparison to Bauer and Anzer’s (2021) prediction of defensive transition success,
our model showed a comparable prediction performance (Precision: 0.72 (our model: 0.73),
f1-Score: 0.67 (our model: 0.64)), however, poorer performance in distinguishing between
the classes (AUC: 0.87 (our model: 0.60)). Their analysis included information of all players

involved in defensive transition, also the behavior of defending players in ball proximity. Re-
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cent studies on defensive behavior in soccer showed that especially the behavior of players in
close ball proximity is important for defensive success (Forcher, Forcher, Altmann, Jekauc, et al.,
2022). In contrast, our study used predominantly information about the rest defending players
who are not in ball proximity in the moment of a ball loss. Therefore, this study especially indica-
tes the importance of players in rest defense (not neccessarily in ball proximity) for the defensive
success in defensive transition.

After demonstrating the quality of our approach, the prediction model is discussed by evaluating
each variable according fo its value for the prediction. The most important variable in the predic-
tion of rest defense situations during defensive transition was the duration of opposing counterat-
tacks. The analysis of SHAP values (see figure 6.2) suggests that a decrease in the duration of
counterattacks increases the probability of successful rest defense. This finding is supported by
the results of Casal et al. (2016) and Vogelbein et al. (2014), both of which found that the time
to recover the ball in defensive transition is an important indicator of successful performance.
Furthermore, Bauer and Anzer (2021) indicated that the chance of conceding a goal is greatly
increased if the ball is not regained within five seconds. Overall, this supports the conclusion
that regaining the ball quickly increases the success of the defensive transition by giving the
counterattacking team less opportunity to build their attack and deny their actions early.
Moreover, the prediction model yielded further insights that support the conclusion that dura-
tion is a critical success factor for defensive transition. In detail, the number of actions and the
number of passes of the opposing counterattack were also highly important for the prediction
(2nd and 3rd most important variables, see figure 6.2). While the number of actions showed
a similar distribution as the duration of the counterattack (fewer opposing actions increase the
probability of success of rest defense), the number of passes showed an opposite trend. This
opposing trend could be due to high correlation between the variables pass number, number
of actions, and the duration of the counterattacks which could have influenced the results of the
prediction model. To sum up, the time it takes a defending team to recover the ball after a ball
loss is a crucial success factor in defensive transition.

Besides, the height of the rest defense was the 4th most important variable for the prediction
of rest defense success. With it, the distribution of SHAP values in figure 6.2 suggests that a
deeper rest defense (closer to the own goal line) is beneficial for the success of rest defense. A
possible reason for this is the smaller space behind the defense, which decreases the chance
for an opposing counterattack to play in behind this deep rest defense. Following this ideq, the
deep spaces could be better secured by the rest defending players. This is in line with the stated
primary goals of rest defense by experts, to safe deep spaces (see table 6.1: Goal of rest de-
fense). Additionally, this is an interesting finding when comparing the stated ideas to the group
tactic of counter-pressing after a ball loss (in defensive transition). If a team aims to counter-press
deep in the opposing attacking third after a ball loss one could argue that it is helpful that the

last line is also high up the pitch to decrease the space for the counterattacking team to play
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and increase the pressure on the opponents. However, our result suggests kind of an opposing
trend where it seems to be helpful for the success of defensive transition that the rest defending
players are closer to their own goal. This might be a perfect example of risk and reward in a
particular match phase in soccer, where opposite tactical behaviors can have both benefit and
risk depending on the goal to be achieved (e.g. defensive-line moved high up the pitch to enhan-
ce counter-pressing, which is assumed to decrease the performance of rest defense). Summing
up, the effects of a deeper rest defense enhancing the success in defensive transition should be
analyzed in the combination of counter-pressing in ball proximity.

Furthermore, the variable numerical superiority was the 5th most important variable in our
prediction with a higher defensive numerical superiority suggesting an increase in the success
of rest defense. This finding is supported by the results of Bauer and Anzer (2021) who indi-
cated that it is beneficial for the success in defensive transition when four or more players are
behind the ball after a ball loss. This seems intuitive, as more defenders can more easily cont-
rol possible counterattacking players and dangerous spaces (e.g. deep spaces). On average,
we determined defensive majority of + 1.7 (+ 1) defenders in the rest defense area. With the
present study design, however, no conclusions can be drawn to the tactical positioning of rest
defending players (e.g. flat or sandwich, see expert interview: Tactics of rest defense). However,
the variables number of defenders and attackers are less important for the prediction as they are
partly already mapped in the superiority measure.

The 6th most important variable for defensive success in rest defense was the ratio of space
control of attacking players with respect to the defenders in the area of rest defense to the de-
fendants’ goal line (see figure 6.1). In detail, the SHAP values indicate that a low space control
of the attacking team enhances defensive success in rest defense. By denying space control of
the attackers, the defenders control dangerous counterattackers and deep spaces. Therefore,
the metric space control appears to optimally quantify the idea of controlling deep spaces and
areas around counterattackers. Both principles were stated to be highly important goals for ex-
perts in rest defense (see expert interview: Goals of rest defense). However, the results of outliers
with extremely high space control of attackers seem to be counterintuitive, suggesting a positive
effect on rest defense success (see SHAP values in figure 6.2). A possible explanation for this
pattern could be counterattackers standing behind the rest defenders (in offside), which would
increase the space control tremendously, but decrease the chance of a successful counterattack
as they cannot legally intervene in the match situation.

The spatial formation of the rest defense was partially important for the prediction of success
in rest defense (7th — 10th most important variables for prediction, see figure 6.2). The trend
of SHAP values indicates that lower values of spread, surface area, length, and width of rest
defending players (higher compactness) are advantageous for success of rest defense.

Finally, defensive pressure showed only a weak predictive performance for rest defense success

in comparison to the other metrics in the present study. In contrast to our findings, it was previ-
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ously shown to be a good indicator for defensive success (Forcher, Forcher, Altmann, Jekauc, et
al., 2022). This could be due to the other variables (such as space control) that might represent
the metric of defensive pressure with other measurement approaches (e.g. high defensive pres-
sure possibly results from large space control). However, higher pressure on the attackers (to
deny their actions) in the rest defense area (see figure 6.1) seems to increase the probability of

a successful transition.

6.6.1 Practical Application

The present study provides valuable information that can be practically applied in various cir-
cumstances. Specifically, the findings can be utilized in training sessions to focus on the tactical
components that have been identified as critical success factors in rest defense. This, in turn,
can improve the overall performance of players in this particular group tactic. Coaches are
advised to emphasize the positioning of rest defending players to control deep spaces and
potential counterattackers by marking them. Additionally, the rest defense should maintain a
high level of compactness while allowing defenders to control opposing attackers within the rest
defense area. Defensive majority situations may be advantageous as they offer greater control
over space around attackers, thus reducing their actions. Ultimately, the defending team should
strive to minimize the opponent’s actions following ball loss to regain possession as quickly as
possible. In conclusion, the principles of play outlined in this study can enhance coaches’ under-
standing of the key aspects of rest defense.

Furthermore, the presented variables used in the quantitative study can be applied to objec-
tively analyze the performance of rest defense during defensive transitions in post-match, live,
or opponent analysis. Thereby, the presented prediction model can be applied to evaluate
each individual match situation of rest defense by analyzing the identified patterns. Finally, this
analysis can help the coaching staff to assess which specific parts of the tactical behavior were
beneficial in a specific match situation and what should be adjusted to enhance success of the

defensive fransition.

6.6.2 Limitations and Future Research

In addition to the practical implications discussed earlier, the current study has certain limitati-
ons. Firstly, our analysis of successful outcomes of defensive transition was limited to ball gains,
despite other outcomes, such as the ball going out of play, also being potentially successful.
Secondly, we only examined a specific group tactic (rest defense) in defensive transition, without
taking into account the interactions among all eleven players, which can impact the team perfor-
mance. Future research should focus on combining rest defense with counter-pressing to explore
multiple group tactics in defensive transition and their risk and reward trade-offs. Thirdly, our

dataset was highly unbalanced, with only 3% of defensive transitions leading to an opposing
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shot on goal, which may have influenced our results. However, our large dataset and optimiza-
tion of the machine learning approach using the f1-Score helped mitigate this issue. Fourthly,
the metric used to quantify pitch control (Voronoi diagrams) was a basic approach that did not
account for player orientation and speed. Future studies could explore advanced methods for
quantifying space control, given the significance of this factor in defensive transition. Lastly, our
study only analyzed rest defense in the crucial moment of ball loss, simplifying player behavior.
However, expert interviews suggested that player behavior in rest defense is essential in both
offensive and defensive transition playing phases. Therefore, future research could examine the

behavior of players in rest defense immediately before and after losing possession of the ball.
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6.7 Conclusion

This study showed how to combine qualitative and quantitative research in soccer, and how to
use expert knowledge to enhance an up-to-date analysis of tactical behavior. With it, we pre-
sented practically important knowledge about how to behave in rest defense. Concluding, rest
defense is defined as behavior of the deepest defenders during ball possession with the goal to
prevent an opposing counterattack after a ball loss during defensive transition. Our results sug-
gest that rest defending players should control deep spaces and dangerous counterattackers to
successfully prevent a fast opposing counterattack. This could allow the defensive team to regain
possession as quickly as possible in defensive transition to stop an opponent’s counterattack in

the early stages, which was shown to be most important for success in defensive transition.
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7 Compact Organization (Paper 1V) 7.2 Highlights

7.1 Abstract

e Successful defensive plays are characterized by higher compactness in areas close to

The interest in tactical analysis in soccer has increased in the latest years, especially with the the ball {represented by the 5 defenders closest to the ball) to pressurize the attacking

growing availability of player tracking data. With it, the defending team’s compact organiza- player in control of the ball and close pass options.

tion, which is considered by practitioners to be an important factor in defense, was repeatedly

examined. However, the connection between this defensive principle of play and the defending *  In contrast, no evidence is found that the compaciness of the whole defending team is

success remains unclear. Therefore, this study aims to investigate the relation of the principle of related fo the success of a defensive play.

play defensive compact organization to the success of the defense.

Based on tracking and event data of 153 matches of the German Bundesliga (season 2020/21), »  Allelite soccer teams studied show a good compact organization in defense across ll

the compaciness [surface area, spread of the team, and of defending subgroups) and the or- defensive plays considered, exemplified by small inter-line distances (& distance def-

mid = 10.22 + 3.76 [m]) and a small surface area of the defending team (& surface
area = 792.54 + 227.24 [m?)).

ganization (distances between formation lines) of the defending team were compared between
successful and unsuccessful defensive plays.
There were almost no differences in the compactness of the whole team, and the organizational

measures between successful and unsuccessful defensive plays. The defending subgroup of * Analyzing the distances between the formation lines, no differences are found between

five defenders closest to the ball showed a higher compactness (smaller surface area & smaller successful and unsuccessful defensive plays.
spread) in successful defensive plays compared to unsuccessful ones (0.08 <d < -0.16).

Our results indicate that the compactness of players in areas close to the ball seems crucial for

defensive success. However, the compact organization of the entire team does not seem import-

ant to regain the ball in defense.

Key words: soccer, defense, compact organization, principle of play, tracking data, perfor-

mance analysis, tactics
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7.3 Introduction

Due to the development of spatio-temporal tracking data of high resolution, the analysis of tac-
tical performance enjoys growing interest. This analysis of tracking data enables researchers to
investigate complex interactions between all players to understand the emerging patterns of the
game (Low, Rein, Schwab, et al., 2021).

These investigations mostly focused on offensive play with a tendency to analyze on-ball actions
such as shots (e.g. expected goals) (Rathke, 2017) or passes (Goes, Schwarz, et al., 2021).
However, soccer is a low scoring game (Wright et al., 2011), which is also reflected in practice,
where coaches often spend more time teaching defensive principles.

Accordingly, several studies have emphasized the importance of defensive play, with defensive
variables considered at least as important as offensive variables (Georgievski et al., 2019;
Lepschy et al., 2021). Furthermore, a recent review (Forcher, Altmann, Forcher, Jekauc, et al.,
2022) showed that there is an increasing number of studies on defensive play. Still, studies on
cooperative defending of the entire team (at a team-level) or subgroups (at a group-level) are
sparse. Therefore, this study will investigate if specific measures of cooperative defending at
a team- and group-level (organization and compactness) differ between successful and unsuc-
cessful defensive plays. It is noteworthy that the tactical behavior of players in team sports can
be distinguished into the behavior of the whole team (team-level), the behavior of a subgroup
consisting of at least two players (group-level), and the behavior of single players (individual-
level) (Forcher, Altmann, Forcher, Jekauc, et al., 2022).

The collective behavior of soccer players can be analyzed using the dynamic system theory,
which states that both teams behave in an opposing relationship (Davids et al., 2005) depen-
ding on the ball possession. The players of the defending team coordinate their actions to pre-
vent the opponent from scoring and eventually regain possession. In contrast, the players of the
attacking team coordinate their actions towards maintaining possession and achieving scoring
opportunities to eventually score. Accordingly, there are differences in the characteristics of the
movement behavior of players between these different match phases.

While the offensive team is characterized by high movement variability to disrupt the opposing
organization (Davids et al., 2005) and create open space for passing options or scoring op-
portunities (Castellano et al., 2013), the defending team is characterized by more ordered and
compact movement behavior. These characteristics result in the players of the attacking team
moving further apart (expanding), while the players of the defending team move closer together
(contracting), which is also referred to as the contraction-expansion relationship between the
attacking and defending teams (Bartlett et al., 2012; Moura et al., 2012).

The contraction-expansion relationship was found by four of five individual studies analyzing
tracking data of professional soccer players in official 11 vs. 11 matches (Castellano et al.,
2013; Clemente et al., 2013a; Moura et al., 2012; Welch et al., 2021). To quantify the com-
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pactness of a team they used the surface area (Castellano et al., 2013; Clemente et al., 2013q;
Moura et al., 2012; Welch et al., 2021), the spread (Clemente et al., 2013a; Moura et al.,
2012), the width and length (Castellano et al., 2013), and the effective area of play of a team
(Clemente et al., 2013aq). Solely one study found no proof of the defending team contracting
while the attacking team expanding using surface area and spread measures (Bartlett et al.,
2012).

While the aforementioned studies described collective defending behavior in general, only two
studies related their analysis of compact defending to performance (successful vs. unsuccessful
defending). Moura et al. (2012) found a higher compactness (represented by smaller surface
area & spread) of defending players in the last moment of a successful defensive play (tackle)
compared to the last moment of an unsuccessful defensive play (shot on goal). In contrast, Bart-
lett et al. (2012) found no effects in the average spread and surface area over a possession
between successful (tackle or other possession regain) and unsuccessful (shot on goal) defensive
plays. Given these contradicting results, the importance of defensive compactness to defensive
success remains unclear.

The above-presented knowledge can be summarized in one tactical principle: defensive com-
pact organization (DFB, 2016). A tactical principle of play describes the superordinate and
general behavioral patterns in solving problems that arise in specific playing phases (e.g. offen-
se, defense) (Costa et al., 2009; Ouellette, 2004). With it, the specific behavior of the players
is caused to optimally achieve the goals in the respective playing phase (Costa et al., 2009;
Ouellette, 2004). However, principles of play could be associated with particular playing styles
(e.g. deep defending) and little is known about which principles of play are connected to suc-
cess and therefore are beneficial.

The tactical principle of play defensive compact organization (DFB, 2016) can be defined
by three main parts: compactness, contraction of compactness, and organization within this
compactness. While compactness describes the current spatial proximity of players of a team
at a given time point (which was investigated by the mentioned studies above), the contraction
of compactness describes the change of compactness over a time period (Costa et al., 2009).
High compactness represents players in close proximity to each other (e.g. small surface area)
and a high contraction is defined as a process of players moving closer together thus increasing
the compactness (e.g. decreasing size of surface area). In contrast, the organization describes
the formation and coordination of players within this compactness (e.g. distances between
formation lines) with players in different positions having different tasks (tactical formation). A
structured organization makes it harder for the opposing team to play within or through this
compact organization and eventually achieve dangerous goal scoring opportunities.

This defensive compact organization is characterized by players maintaining an optimal and
small distance between each other (Castellano et al., 2013), precise structure in the spatial or

tactical formation (e.g. small distances between formation lines), and clear distribution of tasks
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between the different playing positions or groups (e.g. central midfielders prevent central pas-
ses, wide midfielders push the ball-carrying player to the outside of the pitch).

In summary, as mentioned above the knowledge about this tactical principle of play remains
unclear, as one study showed that increased compactness is connected to defensive success and
one study did not find this result. However, as both studies solely investigated the compactness
of a team at a given time point, the aspects of contraction of compactness and organization are
not captured. This limits the outcomes regarding the detailed knowledge about this tactical prin-
ciple of defensive play. Furthermore, both studies examined fewer than eleven matches, which
is a very small sample size that makes it difficult to generalize the results. Further, both studies
solely used two measures to describe the teams’ compactness at a team level (surface area &
spread) without considering the group level. It can be argued that it is necessary to include more
variables (e.g. distance between formation lines) and also variables on the group-level enabling
one to get more informative insights into defensive play.

Therefore, the aim of this study is to gain more detailed insights into the tactical principle of
defensive play: defensive compact organization, exploring the differences of compactness, con-
traction of compactness, and organization at a team- and a group-level between the successful
and unsuccessful defensive plays using a large sample size.

We hypothesized that successful defensive plays show higher compactness (e.g. smaller surface
area) and higher contraction of compactness and better organization (e.g. smaller distances

between formation lines) compared to unsuccessful defensive plays.
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7.4 Methods

This study was approved by the local ethics committee (Human and Business Sciences Institute,
Saarland University, Germany, identification number: 22-02, 10 January 2022) and all proce-

dures were conducted in accordance with the guidelines of the Declaration of Helsinki.

7.4.1 Data

We used an observational and explorative study design in which tracking data and event data
of all 153 matches of the second half of the German Bundesliga season 2020/21 were inclu-
ded.

The tracking data was officially collected with a semi-automatic multi-camera system (TRACAB,
ChyronHego, Melville, NY, USA) which has a sampling frequency of 25 Hz. Thereby the X-
(length) and Y-coordinates (width) of all players on the pitch and the ball are collected in meters
[m]. In addition, the Z-coordinate (height) for the ball is measured. All positions are tracked on a
standardized pitch with 68 meters of pitch width (on the y-axis) and 105 meters of pitch length
(on the x-axis) with the bottom left corner of the pitch representing the origin of the coordinate
system. This tracking system was found to be a valid measurement technique to analyze soccer-
specific performance (Linke et al., 2020).

The associated event data was officially annotated by Sportec Solutions (Sportec Solutions AG,
Ismaning, Germany) using a manual tagging based on the definition catalog of the German
Soccer League (DFL) (DFL, 2014).

Both data sets (tracking & event data) were imported to Python 3.8 and all data processing,
visualization, and statistical analysis were accomplished using the NumPy, pandas, math, SciPy,

scikitlearn, and Matplotlib libraries.

7.4.2 Data Processing

7.4.2.1 Synchronization of Tracking and Event Data

Due to the manual annotation of event data (human inaccuracy), the raised timestamps and ori-
gins of events vary from the automatically raised tracking data, and a synchronization of both
data types is necessary to combine both data types. Therefore, we determined the matching
time-point (frame) of tracking data for every event (pass, tackling, etc.) of the event data. To
achieve this, we defined a search time window of eight seconds before to eight seconds after
the tagged time-point of an event in the event data. For every resulting time-point (frame) of
tracking data in this time window, we calculated the distance between the involved player(s)
to the ball (distance of player(s) to the ball) and their distance to the tagged origin of an event
in the event data (distance of player(s) & ball to event origin). The distance of player(s) to the

ball was weighted ten times over the distance of player(s) and ball to the event origin because
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deviations were expected in the manually tagged event origin. The searched time-point (frame)
was identified using the smallest value that resulted from the described calculations.

In a partial sample of 50 events, our algorithm was able to reach an almost perfect agreement
with the observed event time of an experienced match analyst in soccer (intraclass correlation
coefficient: > 0.99, p < 0.001) (Landis & Koch, 1977). The average deviation between both
raters (match analyst & algorithm) was detected to be 0.081 seconds with a RMSE of 0.21

[sec]. Therefore, we are able to effectively combine both data types.

7.4.2.2 Success of Defensive Plays

All ball possessions were identified based on the event data. A possession started at the moment
a team gained control over the ball and ended at the moment the opposing team regained the
ball, the ball went out of play, or there was a stoppage of play (e.g. foul). Thereby, it is assumed
that the team that performs active actions on the ball (e.g. pass, won tackling) is in ball control.
This study concentrated on deliberate (intentional) possessions to exclude the effects of undeli-
berate possession, such as short possessions in which solely one player deflects or blocks the
ball. Further, we excluded short possessions since these phases could possibly be assigned to
the playing phase of defensive transition. However, this study concentrated on the effects of the
playing phase of defensive play. Therefore, in accordance with previous studies (Forcher et al.,
2021; Forcher, Forcher, Altmann, Jekauc, et al., 2022), we exclusively included possessions
that had a minimum of three consecutive passes and a minimum duration of five seconds.
Furthermore, as a team’s defending style changes with the number of players involved (e.g.
after player dismissals) (Badiella et al., 2022; Carling & Bloomfield, 2010; Chowdhury, 2015;
Lago-Pefias et al., 2016), we excluded all match situations in which a regular 11vs11 was not
detected (e.g. red cards, injured players who are treated outside the pitch) to avoid biasing the
results.

The success of a defensive play was defined by the outcome of possession and in line with pre-
vious studies (Bartlett et al., 2012; Forcher, Forcher, Altmann, Jekauc, et al., 2022; Matsuoka
et al., 2020). As the ultimate goal of defending is to gain the ball (Forcher, Forcher, Altmann,
Jekauc, et al., 2022; Moura et al., 2012), besides preventing opponents’ scoring opportunities,
all possessions in which the defending team gained the ball in open play were defined as a
successful defensive play. All other outcomes were classified as unsuccessful defensive play (e.g.

shot on goal, stoppage of play).

7.4.3 Tactical Formation

To determine the tactical formation of a team, we used an approach that has already been used
to identify formation lines (Forcher et al., 2021; Goes, Brink, et al., 2021; Shaw & Glickman,
2019). However, we expanded this approach by an increasing number of time windows and

a dynamic assignment of players to account for in-game formation changes (Forcher, Preine,
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Forcher, Wasche, et al., 2022) and substitutions. We defined two tactical formations (one de-
fending formation & one attacking formation) for each of the two teams over a ranging window
of 15 minutes (resulting in six defending and six attacking formations for every team per match).
This approach was chosen to account for tactical formation changes during the match (Forcher,
Forcher, Jekauc, Wasche, et al., 2022) and the differences between offensive and defensive
formations (Praca et al., 2022). The tactical formation was identified using the average x-po-
sitions of all players of a team which were clustered in three formation lines (defending-line,
midfielder-line, attacking-line) using a K-Means unsupervised clustering algorithm. The goalkee-
per was also identified, but not assigned to one of the three formation lines. This procedure for
identifying subgroups was shown to be adequate (Goes, Brink, et al., 2021).

Afterward, we dynamically assigned the players of each team to the formation lines for every
individual possession to account for dynamical changes in the formation (e.g. a winger switches

with a full back for one possession).

7.4.4 Variables

7.4.4.1 Team Variables

The compactness of a team was defined on the basis of previous investigations to measure team
compactness and was operationalized by the measures of surface area and spread of the whole
team (excluding the goalkeeper). The surface area of all outfield players (excluding the goal-
keeper) (Bartlett et al., 2012; Castellano et al., 2013; Frencken et al., 2011) was calculated
using the area of the convex hull (Moura et al., 2012) (see figure 7.1). The spread of all outfield
players was calculated using the sum of the squared standard deviation from their average
position (feam centroid) (Bartlett et al., 2012; Bourbousson et al., 2010) (see figure 7.1). The
teams’ length (distance in the longitudinal direction of the pitch) and teams’ width (distance in
the lateral direction of the pitch) of the surface area were also calculated (Castellano et al.,

2013; Folgado et al., 2014; Low, Rein, Schwab, et al., 2021).

team variables team variables
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Figure 7.1: Team variables with team spread on the left and team surface area on the right.
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7.4.4.2 Defensive Collective (Subgroup) Variables

Further, we quantified the compactness of two subgroups, both referred to as defensive collec-
tive (DC). To operationalize the compactness of the subgroups we used the measures of surface
area and spread of the players assigned to the particular subgroup. This procedure was done
because the analysis of movement behavior of subgroups was shown to give greater insights
into coordination dynamics compared to team-level analysis (Bartlett et al., 2012; Goes, Brink,
et al., 2021; Low, Rein, Schwab, et al., 2021).

We expected that strikers are mostly not decisive in defending compactness (e.g. a team can still
maintain compactness even though a striker stays in front after he is outplayed, as many strikers
seem to be not defensively active when outplayed). Therefore, we defined the first defensive
collective (“DC defender & midfielder”) as all outfield players assigned to the defending-line and
the midfielder-line (all outfield players except the attackers) using the identified tactical formation
(see 7.4.3 Tactical formation).

As previously shown, it is important to pressurize areas close to the ball to gain the ball (Forch-
er, Forcher, Altmann, Jekauc, et al., 2022). Therefore, we have defined the second defensive
collective, which comprises the five defenders closest to the ball (“DC ball nearness”).

For both defensive collective variables, the surface area and the spread were calculated as

described above (see 7.4.4.1 Team variables, see figure 7.2).

defensive collective variables formation lines
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pitch length [m] pitch length [m]

Figﬁre 7.2: Defensive collective variables on the left and distances between formation lines on the
right.

7.4.4.3 Distances between Formation Lines

To operationalize the organization within a defending team, we measured the distances be-
tween the centroids of the three formation lines (see Figure 2) identified using the formation
descriptor (defending-line, midfielderline, & attacking-line, see 2.2.3). Inter-line distances were
used in several other studies (Goes, Brink, et al., 2021; Goncalves et al., 2014; Low, Rein,
Raabe, et al., 2021; Low, Rein, Schwab, et al., 2021).
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For all computed variables we quantified different measures to account for the differences be-
tween the compactness of a defending team, the organization of a defending team, and the
contraction of a defending team (defined in the introduction).

To quantify the compactness of the defending team (operationalized by team variables & de-
fensive collective variables) and the organization of a defending team (operationalized by
distances between formation lines), the average over a possession (mean), the last local max-
imum of a possession (max), the ensuing minimum (min), and the last moment of a possession
(last moment) were measured. The measurement time points were determined by 2 experienced
match analysts in soccer.

To account for the contraction of a defending team, two contraction measures for every variable
were computed using the difference between the start of a possession and the end of a posses-
sion (contraction startend), and the difference between the last local maximum of a possession

and the ensuing minimum of a possession (contraction max-min).

7.4.5 Statistics

To explore the defensive compact organization, a one-way ANOVA was conducted between
successful and unsuccessful defensive plays for every measure (mean, max, min, last moment,
contraction (start-end), contraction (max-min)) of every variable (team, DC lines, DC ball near-
ness, distance between formation lines) (Ross & Willson, 2017). Prior, we checked for homo-
geneity of variances and normal distribution. Levene’s test for homogeneity of variances was
performed and if significant the correction was used. Due fo the size of the sample investigated
(n > 5000), the normal distribution was checked visually (Ghasemi & Zahediasl, 2012). Furt
hermore, the Bonferroni-Holm correction was used to avoid alpha error.

As effect size, Cohen’s d was determined with d < 0.5 representing a small effect, 0.5 <d < 0.8
representing a medium effect, and d > 0.8 representing a large effect (Cohen, 1988).

The significance level was set to p < 0.05.
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7.5 Results

Overall, 2889 (18.3 [%)]) defensive plays were classified as successful and 12899 (81.7 [%])
were classified as unsuccessful. The results are structured according to the aim of this study and,
therefore, are differentiated into the facets of the tactical principle of play defensive compact
organization: compactness, the contraction of compactness, and the organization of the de-
fending team.

The descriptive statistics of the results and the outcomes of all comparisons are depicted in table

7.1

7.5.1 Compactness

7.5.1.1 Team

Regarding the compactness of the whole defending team, almost all measures showed no sig-
nificant differences between successful and unsuccessful defensive plays, such as surface area
(mean, max, min, last moment), spread (mean, max, min, last moment), length of the surface
area (mean, max, min, last moment), and width of the surface area (mean, max, min, last mo-
ment). Solely the surface area (d = 0.11) and the width of the surface area (d = 0.08) of the
whole team were significantly larger at the last moment of successful defensive plays compared

to unsuccessful defensive plays showing small effect sizes.

7.5.1.2 Defensive collective (“DC defender & midfielder”)

On average, there were 7.12 + 0.99 players assigned to the DC defender & midfielder.

For the compactness of the DC defender & midfielder, we found a larger surface area at the last
moment of successful defensive plays in comparison to unsuccessful defensive plays (d = 0.11).
Accordingly, we also found a larger spread of the DC defender & midfielder at the last moment
(d = 0.09) and the maximum (d = 0.08) of successful defensive plays compared to unsuccessful
ones.

For all other compactness measures (max, min) DC defender & midfielder there were no signifi-

cant differences between successful and unsuccessful defensive plays.

7.5.1.3 Defensive collective (“DC ball nearness”)

In contrast, for the DC ball nearness, we found a significantly smaller surface area (mean, max,
min, last moment) in successful defensive plays compared to unsuccessful ones (0.08 < d <
-0.16). In line, we found a smaller spread (mean, max, min) of the DC ball nearness in success-
ful defensive plays compared to unsuccessful defensive plays (-0.07 < d < -0.14). Solely the
spread of the collective showed no differences in the last moment of a possession.

Furthermore, we found smaller surface area values and spread values for the DC ball nearness
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(surface area @ = 195.70 + 72.97 [m?]) compared to the corresponding values of the DC de-
fender & midfielder (surface area & = 395.24 + 182.26 [m?]).

7.5.2 Contraction of Compaciness

For the first contraction measure between the start and the end of a possession (contraction
start-end), there were no significant differences between successful and unsuccessful defensive
plays for all variables.

For the second contraction measure between the last maximum and following minimum of a
possession (contraction max-min), we found a higher contraction of the surface area and the
spread in successful defensive plays compared to unsuccessful defensive plays for the whole
team (0.09 < d < 0.12), and the DC defender & midfielder (0.11 < d < 0.14). Additionally,
the contraction (max-min) of the distances between the formation lines def-att and def-mid were
higher in successful defensive plays compared to unsuccessful ones (d = 0.09). All other variab-
les (DC ball nearness, width and length of surface area team, and distance between formation

lines mid-att) showed no significant difference in this contraction measure (0.204 < p < 0.999).

7.5.3 Organization

Regarding the distances between the formation lines (defensive-, midfielder-, and attacking-i-
ne), no significant differences were found between successful defensive plays and unsuccessful
defensive plays for every combination (def-mid, mid-att, & def-att).

The distance between the defensive-line and midfielder-line (def-mid) was smaller (& = 10.17 =
3.87 [m]) compared to the distance between the midfielder-line and attacker-line (mid-att) (& =
13.21 £ 4.21 [m]) (F = 4479.22, p < 0.001, d =-0.75).
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Table 7.1: Descriptive statistics and comparisons between successful and unsuccessful defensive
plays of team variables, defensive collective variables, and distances between formation lines (red:
significant differences with positive effect sizes = larger values in successful defensive plays compa-
red to unsuccessful defensive plays, green: significant differences with negative effect sizes = smaller
values in successful defensive plays compared to unsuccessful defensive plays).

Variables successful unsuccessful ANOVA
Mean SD Mean SD F p (Bonferroni-Holm correction) | Cohen's d
mean 79254 | 227.24 779.06 | 233.42 7.94 0.214 0.06
| mox 876.87 | 306.03 865.63 | 300.84 3.28 >0.999 0.04
g | min 711.85 | 263.25 717.15 | 275.80 0.89 >0.999 .02
E_’ last moment 799.36 | 302.78 761.18 | 284.66 2945 | <0.001
2 contraction (startend) | 28.32 386.32 42.22 349.24 3.59 >0.999 -0.04
contraction (max-min) | 165.03 187.57 148.47 | 179.97 19.66 | <0.001
mean 2542.25 | 682.10 2507.33 | 702.67 5.89 0.61 0.05
max 2890.47 | 937.32 2837.43 | 922.39 7.76 0.225 0.06
_% min 2317.78 | 835.27 234142 | 868.33 1.77 >0.999 .03
g’_ last moment 2589.05 | 940.38 2531.73 | 9141 9.18 0.115 0.06
contraction (startend) | 64.78 1212.45 56.05 1119.56 | 0.14 >0.999 0.01
E contraction (max-min) | 572.69 632.78 496.01 | 598.69 37.91 | <0.001 -
2 mean 32.49 8.69 32.22 9.16 2.09 >0.999 0.03
max 35.46 10.66 34.94 10.94 5.27 0.824 0.05
E min 31.07 9.65 30.87 10.25 0.94 >0.999 0.02
E’ last moment 34.07 9.56 33.65 10.27 4.01 >0.999 0.04
contraction (startend) | -0.44 11.34 047 10.87 0.02 >0.999 0.00
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-62 2 contraction (startend) | 61.95 286.61 75.89 260.94 6.49 0.444
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contraction (max-min) | 393.80 | 598.90 473.39 | 578.84 46.46 | <0.001

N
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:: 2 contraction (startend) | 50.32 158.75 41.36 153.65 7.93 0.214 0.06
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contraction (max-min) | 393.80 | 439.34 400.04 | 423.97 0.50 >0.999 0.01

mean 10.22 376 10.16 3.89 0.55 >0.999 0.02

E | max 11.61 5.17 11.37 5.12 494 0.974 0.05

E min 8.39 4.68 8.48 479 0.82 >0.999 .02

_z last moment 9.71 51 9.37 5.08 10.61 | 0.054 0.07

:-E contraction (startend) | 1.16 6.50 1.32 6.05 1.66 >0.999 -0.03
contraction (max-min) | 3.22 3.64 2.90 3.30 21.80 | <0.001 -

mean 13.30 47 13.19 4 1.57 >0.999 0.03
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mean 23.50 5.88 2333 6.05 1.81 >0.999 0.03

'E | mox 26.01 1.7 25.68 7.80 4.38 >0.999 0.04

:3 min 21.70 7.16 2179 7.4 0.33 >0.999 -0.01
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é contraction (startend) | -0.02 9.14 .16 8.64 0.56 >0.999 0.02
conraction (max-min) | 4.31 4.88 3.88 4.57 19.78 | <0.001 -

149



Chapter 7

Success Factors in Soccer Defense

7.6 Discussion

This explorative study aimed to gain more detailed knowledge about the distinctive parts of the
tactical principle of play defensive compact organization in connection to defensive success.
Overall, this study showed that for defensive success it seems to be important that a subgroup
of defending players close to the ball form higher compactness to gain the ball. In contrast to
the importance given by practitioners to the compact organization of the entire defending team,
this team compactness did not show a connection to the success of a defensive play in this study.
The analysis of the defensive organization showed that the attacking-line is more distant from
the rest of the defending team compared to the proximity of defensive- and midfielder-line.
However, the organization measures did not differentiate between successful and unsuccessful
defensive plays.

Overall, the differences found between successful and unsuccessful defending in this study are
small indicated by the comparatively small effect sizes (0.16 < d < 0.14). This could be due to
the complexity of the team sport soccer with 11 vs. 11 matches, where 22 individual players in-
fluence each match situation. Ultimately, no possession is similar to a previous one, which leads
to a great dispersion of values. Nevertheless, these small effect sizes are comparable to other
studies in this context (Forcher et al., 2021; Forcher, Forcher, Altmann, Jekauc, et al., 2022)
and are therefore meaningful. Further, since the compact organization is only a small subset

of a team’s tactical behavior in defense, its importance is made clear by the differences found.

7.6.1 Compactness

The compactness of the whole defending team predominantly showed no differences between
successful and unsuccessful defensive plays. This result is consistent with the findings of Bartlett
et al. (2012), who found no differences in the compactness of a defending team between suc-
cessful and unsuccessful defensive plays over the average of an opposing possession. Beyond
that, our results partially indicated that the defending team shows even lower compactness
(e.g. larger spread of players) in the last moment of successful defensive plays compared to
unsuccessful ones. This outcome is in contrast o the results of Moura et al. (2012) who identified
higher compactness (e.g. smaller surface area) of successful defensive plays in the last moment
of an attack. However, the current results do not show a clear relation between the compactness
of the whole defending team and defensive success.

The compactness of the defending subgroup excluding the strikers (“DC defense & midfield”)
showed similar results to the whole defending team, suggesting no relation to the success of a
defensive play. In difference to all other results, the defensive collective that included the five
nearest defenders to the ball (“DC ball nearness”) showed contrary results. The compactness of
the DC ball nearness was higher (e.g. smaller surface area) in successful defensive plays for al-

most every variable showing the comparably largest effect sizes in this investigation (d >-0.16).
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Taking these results into account, the defending team should potentially show high compactness
(e.g. small spread) in areas close to the ball to increase the potential to gain the ball. This fin-
ding shows the importance of the defending behavior in areas close to the ball to pressurize the
attacking player in control of the ball and close pass options in ball proximity. This principle of
pressurizing areas close to the ball is supported by an earlier study that showed that it is more
important for defensive success to pressurize areas close to the ball compared to pressurizing all
opposing attackers (Forcher, Forcher, Altmann, Jekauc, et al., 2022). Additionally, the players
that are not in direct ball proximity protect dangerous pitch areas further away from the ball
(pitch areas behind the defensive-line = deep spaces, pitch half opposing to the ball possession
= weakside) to prevent the opposing team to overplay the pressured areas close to the ball and
achieve the other goal of defensive play: protect the own goal. This tactical interpretation is
supported by the analysis of an actual exemplary match situation in figure 7.3.

Accordingly, our initial hypothesis that successful defensive plays show higher compactness
(e.g. smaller surface area & spread) can solely be confirmed for a subgroup of defenders in
areas close to the ball.

Summarizing these results, it seems to be important for the success of a defensive play to not
solely form high compactness of the entire defense but to create an optimal degree of com-
pactness. This allows the defending team to control the space within its” organization without
allowing opposing passes through it while also controlling other dangerous pitch areas (e.g.
deep spaces or weak side, see above). Therefore, our results suggest that soccer teams should
create an optimal defensive compact organization for the whole defending team and increase

the compactness in ball proximity to increase the chance of being successful in defensive play.

7.6.2 Contraction of Compactness

For the contraction of compactness, which describes the change of compactness over a time pe-
riod, this study showed first evidence supporting the idea that a higher contraction is connected
to defensive success.

The contraction of compactness (contraction max-min) of the whole team (surface area & spread),
the defensive collective consisting of defenders and midfielders (surface area & spread), as well
as the distance between the defending line and the other two formation lines (dis-def-mid &
dis-def-att) was higher in successful defensive plays. Therefore, one could argue that a rebuild
of compactness (whole team & defender, and midfielder collective) is important to regain the
ball. With it, we can confirm our initial hypothesis, where we expected a higher contraction of
compactness in successful defensive plays (for max-min contraction). However, since contraction
could be shaped by temporal and spatial characteristics and the time window of the contrac-
tion variables was not controlled this result is solely a first indication of the influence of spatial
contraction.

Therefore, future studies should investigate this performance indicator of rebuilding of a com-
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pact organization by contracting in more detail and by considering both temporal and spatial

confraction.
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7.6.3 Organization

Concerning the defensive organization, quantified by the distances between the formation lines,
the results revealed that the defensive-line and the midfielder-line are closer to each other (& =
10.22 + 3.76 [m]) compared to the distance of the attacking-line to the rest of the team (& =
13.30 + 4.22 [m]). This supports our initial idea that the defensive compact organization is not
decisively shaped by the position of the attackers (e.g. attackers might not take part in the de-
fending play when they are overplayed). However, we found no differences in the organization
patterns between successful and unsuccessful defensive plays. Accordingly, it can be concluded
that the distances between the formation lines, in the discovered range of very small inter-line
distances (10 - 13 [m]), seem not decisive for the success of a defensive play. These discovered
very small inter-line distances (10 - 13 [m]) could indicate that all teams in German Bundesliga
are able to create and maintain a good organization in defense. However, it could be expected
that increasing inter-line distances above the discovered range (> 15 [m], e.g. in lower-quality
leagues) could lead to more unsuccessful defensive plays as the areas inside the defending
organization increase which should be assessed in future studies. In the end, this could lead to
a disrupted organization allowing for more dangerous opponent passes and dribblings within
that organization, which was previously shown to be important for attacking success (Goes et

al., 2018).

7.6.4 Limitations and Future Directions

The procedures of this study have led to some limitations. First, this study focussed solely on de-
liberate possessions excluding short attacks. Therefore, the results are exclusively representative
for possessions longer than five seconds. This methodology was chosen to exclude unintentional
actions as well as short defensive transitions (in which other tactical behavior of players is ex-
pected) which allows identifying tactical patterns representative of the defensive playing phase.
Second, this study did not assess the influence of contextual variables (e.g. playing style, venue,
match status, quality of teams) which have been shown to influence tactical behavior in defen-
sive play (Almeida et al., 2014; Santos et al., 2017). In detail, we did not include information
about different teams with different tactical formations and different playing styles in our study.
Though, Low et al. (Low, Rein, Schwab, et al., 2021) showed in a first experimental approach
that there is no difference in the defensive compactness between two different tactical formati-
ons. Furthermore, an earlier study found no clear differences in defending behavior between
different teams, however, analyzing a distinctly different defensive principle of play defensive
pressure (Forcher, Forcher, Altmann, Jekauc, et al., 2022). Nonetheless, contrasting defending
playing styles (e.g. deep defending or high pressing) have different principles of play that have
been shown to influence the compactness of a team (Low, Rein, Raabe, et al., 2021). For instan-

ce, high pressing to achieve ball gains close to the opposing goal leads to a larger team length
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(Low, Rein, Raabe, et al., 2021) (= smaller compactness) as the attacking-line is pressuring the
ball carrying opposing defenders deep in the opposing half. However, the procedure of this
study leads to a greater overall generality of the results that can be applied to every defending
playing style for different teams at different match statuses. Still, future studies should investigate
the mentioned differences (e.g. playing styles) to gain more detailed knowledge complementing

the current findings.
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7.7 Conclusion

Summing up, creating high compactness of defenders in areas close to the ball (e.g. smaller sur-
face area) seems to be crucial for defensive success. In addition, we found preliminary evidence
that a higher contraction of compactness (for the whole team & the defender and midfielder
collective) could be beneficial for defensive success. In contrast to the importance given by
practitioners to the compact organization of the entire team in defense, we found no evidence
that a higher compactness in the whole defending team (e.g. smaller surface area and spread)
and a better organization (smaller inter-line distances) would increase the probability to gain
the ball in defensive play.

Overall, we showed that the group-level defending in areas close to the ball is more important
than the whole defending team concerning the defensive compact organization. Furthermore,
rebuilding a compact organization (operationalized using contraction variables) appears to be
a meaningful performance indicator whose connection with defensive success was suggested
by our results.

Those findings are of significant interest to coaches and practitioners. For instance, the results
can be applied fo training regimes where subgroups of the defending team need to put pressure
on the opposing ball carrier by increasing the compactness in those areas. Furthermore, the
provided information can assist match analysts to be able to evaluate the defensive performance
in more detail. For instance, in matches analysts should check the compactness of defenders in

ball proximity and the contraction of compactness of the whole team.
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8 General Discussion

With the increase in the accuracy in tracking technologies (Linke et al., 2020) and the increase
in the availability of tracking data, the developments in the match analysis of tactical match
performance have accelerated. This has led to an increase in sports science studies analyzing
match performance using positional tracking data (Goes, Meerhoff, et al., 2021; Low et al.,
2020; Mackenzie & Cushion, 2013). Thereby, the accurate positional tracking data enables
in-depth analyses of the tactical match performance. For instance, especially, the off-ball beha-
vior of players can be investigated (for detailed discussion about this type of match analysis see
chapter 2.4.3 Spatio-Temporal Analysis (Tracking Datal)).

The tactical match performance shows differences in the playing behavior of soccer players
depending on the playing phase (see chapter 2.3.1.1 Main Facets of Match Performance).
While offensive tactical behavior has been studied frequently, there is a lack of comparable
variety in analysis approaches and knowledge in the analysis of defense. In addition, most
studies that analyze tactical match performance lack a connection to success. However, it is
highly important to analyze the goal-directed tactical behavior with regard to its effectiveness
to identify the characteristics of successful behavior in the respective playing phases. Therefore,
the aims of this thesis are (1.) to comprehensively review the current state of the literature on
spatiotemporal analysis of defensive play using tracking data, and (2.) to analyze the tactical
match performance during the defensive playing phases (defensive play & defensive transition)
at the individual level, group level, and team level and, thereby, use the possibilities of spatio-
temporal analysis based on positional tracking data to identify factors of successful tactical
behavior of players in the defensive playing phases. This thesis is one of the first comprehensive
works that investigates the defensive playing phases exploiting the possibilities of tracking data
and focusing on tactical match performance at all levels of tactical play from individual, over
group, to team level.

In order to pursue those objectives, this chapter discusses the summarized results of the pre-
sented empirical studies (see chapters 4-7). These empirical studies present accurate and com-
prehensible findings interpreted by clear perceptions (epistemological position is empirical,
see chapter 2.1 Theoretical Embedding). Additionally, in the comprehensive discussion, the
hypotheses formulated prior to the studies are exposed to the possibility of falsification in each
chapter of the main findings (see chapter 8.1 Main Findings). This ultimately serves to provide
valuable knowledge about successful tactical behavior in defensive playing phases (scientific-
philosophical position of falsificationism, see chapter 2.1 Theoretical Embedding).

Since this thesis focuses on the tactical match performance of soccer players in the defensive
playing phases (further details see chapter 2.3 Appearance of Match Performance in Soccer),
the discussion is started by a comprehensive discussion of the main findings of this thesis dif-

ferentiated in the different levels of tactical match performance of individual, group, and team
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level. Afterward, the practical impact of the findings on defensive play is discussed by defining
principles of play that are associated with successful tactical match performance in the respec-
tive playing phases. This practical application of empirical findings is highly important for this
sports scientific work since one of the goals of sports science is to apply the knowledge gained
in practice (see chapter 2.2 Subsumption into the Subject Field of Sports Science). In the end,
the limitations of this thesis are reflected which introduces future perspectives of the research in
match analysis using tracking data to assess tactical match performance in defense.

In addition to the original research presented in this thesis (Paper HV), it is noteworthy that there
are several other publicated original studies and collaborative works on the topic of match ana-
lysis in soccer. This includes one original study about defending behavior (Forcher, Beckmann,
et al., 2023), one original study about offensive passing behavior (Forcher et al., 2021), and
six collaborative studies about tactical factors (e.g. tactical formation & position) in connection
to the match performance in soccer (Forcher, Forcher, Hartel, et al., 2023; Forcher, Forcher,
Hartel, Jekauc, et al., 2022; Forcher, Forcher, Jekauc, Woll, et al., 2022; Forcher, Forcher,
Jekauc, Wasche, et al., 2022; Forcher, Forcher, Wasche, Jekauc, et al., 2022; Forcher, Preine,
Forcher, Wasche, et al., 2022).
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8.1 Main Findings

In this chapter, the main findings of this thesis are comprehensively discussed. Besides, it also
presents important overarching arguments about the methodology of this thesis. This provides
an understanding of the fundamental methodological procedures, which distinguish this work
from comparable scientific research. Against this background, the main findings on tactical
defensive match performance are discussed which are differentiated into the levels of tactical
play: individual, group, and team level. Those subchapters will summarize the findings of the
review and of the original studies that were examined in the respective level of tactical play. The
levels that were analyzed in each individual paper were also illustrated in figure 3.1 in chapter
3 Aims and Scope of this Thesis.

Several overarching methodological aspects differentiate this thesis form comparable work
about tactical match performance in soccer. Those aspects represent the methodological con-
ception of the empirical studies examined in this thesis to generate relevant findings about suc-
cessful tactical behavior in soccer and are outlined in the following.

One highly important aspect of this thesis that should be acknowledged is its variety of heterog-
enous analysis methods (e.g. different types of match analysis, see chapter 2.4 Types of Match
Analysis in Soccer) and its diversity in statistical methods used (e.g. linear mixed model or su-
pervised machine learning classifiers). The heterogenous types of analysis methods used in this
thesis were combined and mutually enriched to provide deeper insights into the tactical match
performance of soccer players. This primarily includes the combination of two types of match
analysis, namely notational analysis and spatiotemporal analysis. While the studies of this
thesis focused on the evaluation of tracking data using spatiotemporal analysis, the procedures
were enriched using event data which was collected with a notational analysis (e.g. to select the
studied match situations). This combination of objective and accurate tracking data (Linke et al.,
2020) with the detailed information of event data enables detailed, thorough, and comprehen-
sive analyses of successful tactical behavior in soccer. However, this comes with the difficulty of
synchronizing the different data types which introduces a main strength of this work. With the
effective synchronization of event data with tracking data in this thesis the major drawback of
erroneous notational analysis due to human error is diminished. The synchronization procedure
is described in detail in chapter 7 (see 7.4.2.1 Synchronization of Tracking and Event Data).
Next to the combination of the two quantitative types of match analysis, also qualitative expert
interviews were conducted to extract tactical knowledge from professional soccer coaches. This
variety in the combination of different sources of information provides an insightful novel and
comprehensive way to analyze tactical match performance in soccer.

This mix of methods to analyze match performance in this thesis is accompanied by a highly het-
erogenous diversity in statistical analyzing methodologies of the resulting data. This includes the

computation of a linear mixed model in the first original study (see chapter 5 Defensive Pressure)
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or the training of several different machine learning classifiers (e.g. Random Forest, XGBoost)
in the last original study of this thesis (see chapter 6 Rest Defense). This diversity allows a com-
prehensive view on the effects of successful tactical behavior in the defensive playing phases.
Using those heterogeneous methods, the tactical match performance in soccer is analyzed in
its whole. Thereby, this thesis investigates all levels of tactical match performance, which range
from individual tactical behavior, over the tactical behavior of a group of players, to the behav-
ior of a whole team. With it, a comprehensive view of tactical behavior in the defensive playing
phases can be gained which enables the discussion of detailed findings on a fine-grained level.
Another overarching methodological aspect that is crucial to all findings in this thesis, is the re-
lationship of tactical behavior to success. In general, the tactical behavior of players is goal-ori-
ented and, therefore, tactical behavior should be analyzed in the context of its effectiveness
on the achievement of a given goal (see chapter 2.3.1.1 Main Facets of Match Performance).
However, most studies that analyze tactical behavior lack this connection of tactical perfor-
mance to success. For instance, almost half of the studies analyzed in the review paper of this
thesis (see chapter 4 Review) did not investigate their approaches in connection to success (=
11 of 23). Furthermore, only 2 of all 23 studies analyzed defensive tactical behavior in relation
to the particular goals of the defensive playing phases (e.g. ball gain). Though, this connection
to success is important to demonstrate the actual significance of the analyzing approaches and
substantial for the interpretation of the results with regard to the effectiveness of goal-oriented
tactical behavior. Therefore, the original studies of this thesis focused on this connection of
tactical behavior to success which is one of the main strengths of this thesis. Overall, the connec-
tion of tactical behavioral variables to success enables the investigation of the effectiveness of
tactical behavior that goes beyond the mere description of what happens on the field. This also
allows to draw specific assumptions about effective behavior that can be applied in practice
(see chapter 8.2 Practical Application).

A fourth overarching methodological aspect of this work is its characteristic of a large-scale
analysis. The original studies each assessed 153 matches of elite-level match data of the Ger-
man Bundesliga. This sample significantly exceeds the small sample size of most comparable
analyses in this field. For instance, the presented review revealed that two thirds of all consid-
ered studies (15 of 23) used less than 30 matches as a sample. Further, soccer match perfor-
mance is highly variable (O'Donoghue, 2004). Therefore, small samples may not accurately
collect information about general performance patterns. By investigating this large sample size
of 18 teams playing against each other once, this thesis can reveal representative results of a
typical match performance.

The evaluation of such a large sample size combined with the Big Data nature of tracking
data (see 2.4.3 Spatio-Temporal Analysis (tracking data)) entails the challenge of requiring
computational methods to process the match data. Therefore, this thesis applied computational

methods (e.g. python) and machine learning (e.g. identification of team formation in chapter
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7 Compact Organization, or prediction of successful rest defense in chapter 6 Rest Defense) to
analyze the tactical match performance of players. Nevertheless, the application of machine
learning in performance and match analysis comes with chances and risks which are briefly
outlined. Those computational methods can reveal quantitative and objective information (e.g.
predictions) to complement decision-making processes (e.g. about team tactics (Anzer et al.,
2022) or substitutions (Dijkhuis et al., 2021)). Furthermore, this objective information can be
used to analyze identified success factors of tactical match performance to possibly enhance
player performances (e.g. identification of success factors in chapter 6 Rest Defense). Moreover,
the application of machine learning can identify hidden patterns in highly complex systems (Rein
& Memmert, 2016) such as soccer match performance (see chapter 2.3 Appearance of Match
Performance in Soccer). However, the application of machine learning also comes with risks.
For instance, the possibility of data leakage in modeling (Gibney, 2022; Kapoor & Narayanan,
2022) can cause problems in the model outcomes. Therefore, the separation of dependent and
independent variables (e.g. no blending of information) is highly important concerning scien-
tific claims made based on the results of the machine learning approaches. Further, machine
learning models have the risk of reproducing human decisions that are subjective and biased.
Artificial intelligence that is trained on data that involves human decisions (e.g. selection of
players for the squad or substitutions) holds high risks of copying tendencies of human deci-
sions. In contrast, if the artificial intelligence is trained on objective success criteria (e.g. ball
gains in defense) there is a lower risk, as the prediction maps objective success in the target
variable (for example see chapter 7 Rest Defense). Overall, the accuracy of developed machine
learning models is often overestimated. For instance, the expected goal model of the German
Bundesliga, which is presented in television broadcasting, is interpreted as an objective metric
by spectators that perfectly describes scoring opportunities in their entirety. However, the model
solely correctly predicts about 20 [%] of all goals scored (Anzer & Bauer, 2021). Following this
example, all machine learning models have a varying but existing degree of uncertainty. This
should be considered especially in soccer, where the complexity of match performance is high
and no passage of play looks like a previous one. In the end, machine learning is often seen
as a black box which questions its use in science for the advancement of knowledge. However,
the insights gained into a machine learning model depend on the prediction algorithm. With
explainable Al methods, such as SHAP values (see chapter 7 Rest Defense) the explainability
of models is increased which provides insights into the machine learning models (e.g. feature
importances) (Marcilio & Eler, 2020). Overall, the quality of quantitative analyses (e.g. pre-
dictions of a specific machine learning model) is highly dependent on the quality of the input
data. Concluding, in the case of this thesis, the accuracy of tracking data allows for deep and
objective insights into tactical match performance of soccer (Linke et al., 2020).

The last overarching issue that should be acknowledged is the magnitudes of effect sizes that

were identified in empirical studies of this thesis. The identified effect sizes in the differences
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between successful and unsuccessful tactical behavior in the defensive playing phases were
found to be small (e.g. small effects of Cohen’s d < 0.5 in chapter 7 Compact Organization).
Even though their magnitude is small, the effect sizes are comparable to other studies about
tactical match performance in soccer (Forcher et al., 2021; Goes, Brink, et al., 2021). The small
magnitude of effect sizes can be traced back to the complexity of the team sport soccer (indi-
vidual complex performance, & interactions within and between teams) and the many degrees
of freedom in the movements of the 22 individual players. This results in high variability in the
resulting tactical behavior of players with a large distribution of resulting values (e.g. defensive
pressure). Therefore, found patterns have a large variance which results in decreased effect siz-
es. Furthermore, each of the original studies of this thesis solely analyzed a small subset of the
tactical match performance in defense (e.g. defensive pressure in chapter 5 or compact organi-
zation in chapter 7). Therefore, the effects of the small subsets of the whole match performance
found on the effectiveness of overall successful tactical behavior in the respective playing phase
are highly meaningful. Those small differences in the tactical behavior of soccer players that is
related to success can be seen as an important factor in the game of chance (Aoki et al., 2017).
Against the presented background of overarching methodological aspects of this work, the
findings on the different levels of tactical match performance (individual, group, & team level)

are outlined in the following.
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8.1.1 Individual Level

This chapter comprehensively discusses the findings of this thesis on tactical match performance
at the individual level. First, the main findings are summarized, followed by the results of the
review discussing the analyzing approaches to analyze defensive play at the individual level.
In the end, the results of successful individual tactical behavior in defensive play are discussed
including the results of the first original study about defensive pressure.
The following bullet points summarize the findings on tactical match performance in defensive
play at the individual level. They are structured according to the approaches used to analyze
defensive play and the main findings on tactical match performance.
. Analysis approaches at the individual level:
o Defensive pressure to analyze tactical behavior at the individual level is a
valuable key performance indicator for defense
. Findings on defensive play at the individual level:
o Defensive pressure is higher in successful defensive plays compared to
unsuccessful defensive plays
o To press the ball-leading player is highly important to regain the ball in
defensive play
The presented review (see chapter 4 Review) solely identified one methodological approach,
namely defensive pressure, to analyze defensive tactical behavior at the individual level. De-
fensive pressure measures the magnitude of pressure exerted by all pressers (= defenders) on
the pressure target (= attacker). In detail, the computation includes the distance and the angle
between the defender and the attacker depending on the direction to the defendants’ goal (see
chapter 5.4.4 Defensive Pressure). Even though it is the only individual measure, defensive
pressure is one of the most used variables to assess defensive behavior (Andrienko et al., 2017;
Goes, Schwarz, et al., 2021; Herold et al., 2022; Lago-Ballesteros et al., 2012; Link et al.,
2016; Szczepanski & McHale, 2016). However, solely one of the studies that used defensive
pressure focused on the analysis of defensive play while all other five studies used defensive
pressure as a variable of opponent interaction to assess offensive play.
Therefore, the first original paper (see chapter 5 Defensive Pressure) used this metric to investi-
gate the space and time characteristics of successful defensive pressure in defensive play. This
analysis was completed at a possession level by investigating the differences between successful
and unsuccessful defensive plays attributed by the outcome of a playing sequence (i.e. ball
gain vs. other than ball gain, e.g. opposing shot at goal). This analysis at a possession level
allows for more detailed analyses compared to match level or event level analyses. Match level
analyses are highly influenced by the randomness of the final outcomes in a low-scoring game
such as soccer (Brechot & Flepp, 2020; Gauriot & Page, 2019; Wunderlich et al., 2021).

Furthermore, the connection of a specific tactical behavior within a playing sequence to the
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outcome of a whole match is only weak and therefore no direct conclusion on effective behavior
can be drawn (Freitas et al., 2023). In contrast, event level analyses may not account for the
contribution of a single action to the achievement of the goal of the playing phase, which usually
requires several actions to achieve success (e.g. a series of passes to score a goal). The pre-
sented study at a possession level addressed those issues by analyzing individual possessions
with a series of actions that are meaningfully related and less influenced by chance compared
to match level analyses.

The findings of this study indicated that defensive pressure is higher in successful defensive plays
compared to unsuccessful defensive plays. Consequently, decreasing the distance to the pressed
attacker or improving the angle to pressure the attacker (e.g. standing directly between the atta-
cker and the own goal) can possibly increase the chance to regain the ball in defense. This fin-
ding is in line with the results of Andrienko et al. (2017) who revealed that successful defensive
plays are characterized by higher defensive pressure (on the ball & on the attackers) analyzing
the same pressure metric. Accordingly, defensive pressure can map successful defending and,
therefore, is a valuable key performance indicator for defensive play. Moreover, in accordance
with the results of Andrienko et al., the presented study could indicate that defensive pressure
on the ball-leading player was higher (pressure on the ball 16.61 + 23.89 [%]) compared to
areas further away from the ball (e.g. pressure on the team: 10.03 = 5.94 [%)]). This difference
was shown to be greater for successful defensive plays compared to unsuccessful ones. Accor-
dingly, for successful defending it seems most important to pressurize the ball-leading player to
terminate the opposing attack.

Besides, there are several other studies on defensive pressure to assess tactical match perfor-
mance. For instance, a notational analysis of Szczepanski (2008) that roughly differentiated
between pressured and not pressured attackers showed that pressing an opposing attacker
decreases the possibility of an opposing score. Further, Robberechts (2019) and Merckx et
al. (2021) presented a risk-reward model of defensive pressing by computing the probability
of regaining the ball and the risk of leaving the defensive structure. While defensive pressure
on the ballleading player was used as one feature in the prediction approach, both studies
focussed on the performance of the computational approach and did not present insights about
individual features (e.g. feature importance or feature interpretation). Therefore, no conclusions
on effective tactical defensive behavior can be drawn. Similarly, the other five studies that as-
sessed defensive pressure as a variable of opponent interaction to investigate tactical behavior
in offensive play (e.g. passing) (Goes, Schwarz, et al., 2021; Herold et al., 2022; Lago-Bal-
lesteros et al., 2012; Link et al., 2016; Szczepanski & McHale, 2016) did not present results
on defensive behavior.

Overall, it can be concluded that successful defensive plays are characterized by higher defen-
sive pressure at the individual level (e.g. defensive pressure on the ball-leading player). Therefo-

re, the hypothesis that successful defensive plays show higher defensive pressure compared to
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unsuccessful defensive plays can be confirmed at the individual level (see chapter 3.2 Defensive
Pressure).

Accordingly, the defensive pressure metric that was used in the original study based on the
approach of Andrienko et al. (2017) allows to effectively analyze the individual defensive be-
havior of players. Therefore, detailed insights into defensive tactics at the individual level can
be provided, such as the importance of pressing the ball-leading player for defensive success.
Beyond the individual assessment of defensive pressure, this thesis also used this metric to ana-
lyze defending behavior at the group level, by analyzing the mean pressure on the five closest
attackers to the ball, or at the team level, analyzing the mean pressure on the whole attacking

team. Both ideas are presented in the next chapters.
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8.1.2 Group Level

After discussing the aspects of individual successful defending, this chapter focuses on the tac-
tical match performance of collective groups of players in defense. Thereby, groups of players
are considered that represent a collective of at least 2 players.

All three original studies of this thesis investigated variables that comprise tactical behavior
at a group level. Two of them investigated the playing phase of defensive play (see chapter 5
Defensive Pressure & chapter 7 Compact Organization) and one focused on a specific group
tactic in the playing phase of defensive transition (see chapter 6 Rest Defense). Due to the dis-
tinctly different characteristics (e.g. match conditions & goals) of the playing phases different
tactical behavior of players is expected (see figure 2.1 in chapter 2.3.2 Collective Team Match
Performance). Consequently, the discussion will analyze those two playing phases separately.
In detail, this chapter is started with presenting the main findings of this thesis at the group lev-
el. Afterward, the results of the review are presented by introducing the approaches that were
used to assess the tactical match performance in defense at the group level. This is followed by
a comprehensive discussion of the findings on successful tactical behavior at the group level
differentiated by the playing phases. Thereby, the findings of the three original studies of this
thesis regarding group level defending are discussed comprehensively.

The results of tactical match performance in defensive play and defensive transition at the group
level are summarized in the following bullet points. They are structured according to the ap-
proaches used to analyze defensive behavior at the group level and the findings on successful

tactical match performance in both defending playing phases (i.e. defensive play & defensive

transition).
J Analysis approaches at the group level:

o The approaches to analyze tactical behavior in defense at a group level are
highly heterogenous, ranging from the analysis of positional measures of
subgroups of players (compactness, numerical superiority, or interline
distances) to the analysis of synchronization of subgroups (intra- & inter-team)

. Findings on defensive play at the group level:

o Successful defensive plays are characterized by higher defensive pressure on
the attackers close to the ball and higher compactness of the defenders in ball
proximity

J Findings on defensive transition at the group level:

o To regain the ball as quickly as possible is crucial for the success of defensive
transition

o Rest defending players should control deep spaces and potentially dangerous

counterattackers to be successful

The review that was presented in this thesis identified highly heterogeneous approaches to
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analyze defending behavior of groups of players. Those approaches include the analysis of
numerical superiority in subareas of the pitch (Vilar et al., 2013), the positioning of the defen-
sive-lline (Castellano & Casamichana, 2015), and the determination of the defensive playing
area (Clemente et al., 2016). Further, several studies analyzed group level defending behavior
by assessing the extent of synchronization of subgroups within a team (Folgado et al., 2018)
and between teams (Goes, Brink, et al., 2021). Those analyses measured the synchronization
of dyads (pairings of players) or centroids of formation lines (e.g. midfielderline). The results of
the review regarding successful defending will be discussed in the light of the original studies
in the following.

After outlining the different analysis approaches, the tactical match performance of subgroups in
the playing phase of defensive play is of interest. The first original study of this thesis analyzed
defensive pressure characteristics in defensive play and was presented in the previous chapter.
Next to the analysis of individual defending this study also assessed tactical behavior at the
group level. This defensive behavior was examined by measuring the defensive pressure on the
five attackers closest to the ball (= pressure on the group). The results indicated that the defensive
pressure on the group was higher in successful defensive plays compared to unsuccessful ones.
Consequently, defensive pressure on attackers in areas close to the ball should be higher to be
successful in defensive play. This pressing behavior of the subgroup of defenders closes down
near pass options around the ballleading player. With it, the effective pressing of the ball-lead-
ing player is supported by denying an easy escape from the pressing situation with a short pass
to a close teammate. However, the mean pressure values on the group of five attackers closest
to the ball (12.75 + 10.01 [%]) were significantly smaller than the pressure on the ball carrier
(16.61 + 23.89 [%], B =-14.17, p < 0.001). Therefore, the results suggest that for defensive
success it is most important o pressurize the ball-leading player, followed by the pressure on the
group of attackers close to the ball. Still, the initial hypothesis with higher defensive pressure ex-
pected in successful defensive plays can be confirmed for the group level of defensive pressure
in areas close to the ball (see chapter 3.2 Defensive Pressure).

The other original study of this thesis that focused on the playing phase of defensive play and
analyzed tactical match performance at the group level assessed the compact organization of
the defending team (see chapter 7 Compact Organization). Similar to the previous study about
defensive pressure, this study analyzed the differences between successful and unsuccessful
defensive plays. In this study, three main parts of the defensive compact organization were
investigated including the compactness, contraction of compactness, and organization within
this compactness (for a detailed discussion about those three parts see chapter 7.3 Introduc-
tion (Compact Organization)). Regarding the organization this study indicated that the defen-
sivelline and midfielder-line are spatially positioned closer to each other (defmid: & = 10.17
+ 3.87 [m]) compared to the distances to the attackerline (mid-att: & = 13.21 + 4.21 [m]) (d

= -0.75). However, no differences were found between this organizational measure (inter-line
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distances) between successful and unsuccessful defensive plays. In two experimental studies Low
et al. (2021; 2021) found comparable magnitudes of inter-line distances within the defending
team (around 10-15 [m]) by investigating the differences in defensive tactical behavior between
different defensive playing styles (deep defending vs. high press) and different tactical forma-
tions (4-4-2 vs. 5-3-2). However, Low et al. (2021; 2021) did not indicate effects of those orga-
nizational measures on defensive success. According to this state of research, the hypothesis of
a better organization in successful defensive plays has to be falsified for the measure of inter-line
distances (see chapter 3.4 Compact Organization).

Next to the organization of the defending team, the fourth original study about compact orga-
nization in defense did also analyze the compactness of two defending subgroups. Regarding
the compactness (surface area & spread), the subgroup of players belonging to the defend-
ing- and midfielderline (“DC defense & midfield”) showed no differences between successful
and unsuccessful defensive plays. In contrast, the compactness of the defensive collective of
defenders in ball proximity (“DC ball nearness”) was higher (e.g. smaller surface area) in suc-
cessful defensive plays (d > -0.16) compared to unsuccessful ones. This finding suggests that
higher compactness in areas close to the ball is beneficial for defensive success. This higher
compactness of the subgroup of players close to the ball might generate a numerical superiority
in those areas which could assist in pressurizing the ball-leading player and covering close pass
options fo achieve a ball gain. In this context, Vilar et al. (2013) found that winning teams show
a higher numerical superiority in defense to maintain defensive stability. Furthermore, in a com-
prehensive study, it was shown that numerical superiority in areas close to the ball (i.e. 10 [m]
and 20 [m] around the ball) is a crucial indicator for defensive success (Forcher, Beckmann, et
al., 2023). A possible explanation approach for those findings could be the tactical behavior of
players on the far side of the ball (e.g. full back on the pitch side opposing to the ball position)
or in the last line (e.g. central defender) which are not in ball proximity. In detail, those players
aim to protect the weakside (= opposing to the ball position) and the deep spaces behind the
defensive-line to cover possible dangerous areas and to prevent the opposing team to overplay
the pressured areas close to the ball (see figure 7.3. chapter 7.6 Discussion (Compact Orga-
nization)). According to the findings, the initial hypothesis that successful defensive plays show
higher compactness can solely be confirmed for the subgroup of defenders in areas close to the
ball. For the subgroup of players in the defensive- and midfielder-line this hypothesis has to be
rejected (see chapter 3.4 Compact Organization).

Besides the organization within the defending team and the compactness of the defending sub-
groups, also the contraction of compactness of those subgroups was investigated by the fourth
original study about compact organization in defensive play. The results showed that successful
defensive plays are characterized by a higher contraction of compactness of the subgroup of
defenders and midfielders (“DC defense & midfield”). This spatial contraction of compactness

over a time period may support to increase the spatial and temporal pressure on the attackers
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to regain the ball in defensive play. In contrast, no significant effects were found for the contrac-
tion of compactness for the other subgroup of defenders in ball proximity (“DC ball nearness”).
Therefore, the initial hypothesis of the contraction of compactness to be higher in successful de-
fensive plays compared to unsuccessful ones can be confirmed for the “DC defense & midfield”
and has to be rejected for the “DC ball nearness” (see chapter 3.4 Compact Organization).
Overall, the results of both studies on the playing phase of defensive play (defensive pressure
& compact organization) potentially are highly related to each other. For example, the increase
of compactness around the ball may entail a higher defensive pressure on attackers in ball
proximity. Combining both studies’ results it can be concluded that the tactical behavior of the
subgroup of defenders in areas close to the ball is highly important for the success of a defensive
playing phase.

Contrary to the analysis of tactical match performance in defensive play, the second original
study of this thesis focused on the playing phase of defensive transition after a ball loss (see
chapter 6 Rest Defense). In detail, the group tactic of rest defense was assessed. According to
the conducted expert interviews, rest defense can be defined as the positioning of the deepest
defending players (usually last line & central midfielder) in own ball possession, when the players
have no more task in attacking play (i.e. when the ball is in the attacking third / the opponent’s
midfielder-line is overplayed). The rest defending players control deep spaces and potentially
dangerous counterattacking players for the possibility of a ball loss to prevent opposing counter-
attacks or, in the best case, to quickly regain the ball in defensive transition. Since the presented
study is the first investigation on the specific group tactic of rest defense the results are discussed
in the light of studies that investigated defensive transition in general or focused on other group
tactics in defensive transition such as counter-pressing. The analysis of the input features of the
machine learning model that was trained to predict the success of the defensive transition in the
present study showed that it is most important for success in the defensive transition to reduce the
duration of the opposing counterattack. Thus, to regain the ball quickly after a ball loss increas-
es the success of the defensive transition by giving the counterattacking team less opportunity
to build their attack by denying their actions early. Moreover, with the ball possession change
(i.e. ball gain or ball loss) the tasks of the two teams change instantly from defending the own
goal towards controlling the ball to attack the opposing goal, and vice versa. In this case, the
teams are disorganized for a short moment. This unstable situation can be used by the team in
defensive transition to quickly regain the ball without allowing the opposing team to proceed to
the own goal which can be decisive in a match. This finding is supported by Casal et al. (2016)
and Vogelbein et al. (2014), who both identified the time to recover the ball after a ball loss
as an important indicator of successful performance in defensive transition. Furthermore, Bauer
and Anzer (2021) revealed that the chance of conceding a goal is greatly increased if the ball
is not regained within five seconds after a ball loss. Concluding, to quickly regain the ball after

a ball loss is a main success factor of the playing phase of defensive transition.
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Besides this assumption about fast possession regains in defensive transition in general, there
are several findings on the specific group tactic of rest defense. Most importantly, the results of
the presented original study in defensive transition suggested that a higher defensive numerical
superiority increases the success of rest defense. In this regard, Bauer and Anzer (2021) indicat-
ed that it is beneficial for successful defensive transition when four or more players are behind
the ball after a ball loss. They analyzed counter-pressing which is a different group tactic (i.e.
refers to a different tactical goal of a subgroup of players) in defensive transition compared to
rest defense. In detail, counter-pressing describes the behavior of defending players in ball prox-
imity immediately after a ball loss to regain the ball as fast as possible. Therefore, the results are
only partially comparable to the findings of the original study about rest defense which should
be noted.

On average in the presented study of this thesis, a defensive numerical superiority of +1.7 (£ 1)
defenders in the rest defense area |i.e. difference between the number of attackers and defend-
ers 10 [m] in front of the deepest defender) was identified. Comparably, Vilar et al. (2013) also
found +1 player superiorities in the center-back sub-areas of defense which can be interpreted
as rest defense area. This numerical superiority of defenders in rest defense enables them to
control possible counterattackers and dangerous spaces (e.g. deep spaces) more effectively.
With it, the defense can be described as more balanced which has been shown to be important
to reduce the effectiveness of counterattacks (Tenga et al., 2010b). For instance, another study
demonstrated that attacks are less successful when played against more than five defenders (La-
go-Ballesteros et al., 2012). In this regard, the space control of rest defending players was also
shown to be crucial for rest defense to be successful in defensive transition. By denying space
control of the attackers, the defenders control dangerous counterattackers and deep spaces. By
placing more defenders in the area of rest defense, the space control of rest defending players
can possibly be increased. In conclusion, those results suggest that rest defending players should
control deep spaces and dangerous counterattackers to successfully prevent a fast opposing
counterattack. This tactical behavior can assist in a fast possession regain to stop an opponent’s
counterattack in the early stages which is most important for success in defensive transition.
Overall, the analysis of subgroup tactical match performance in the defending playing phases
revealed detailed and comprehensive results. The studies showed that specific group behaviors
can be effectively identified using summarized KPIs (e.g. defensive pressure on the group, or
space control of rest defending players). In comparison to team level analyses (e.g. centroids of
the full team, see following chapter 8.1.3 Team Level), the assessment of tactical match perfor-
mance of subgroups provides more in-depth information (Goes, Brink, et al., 2021). This is es-
pecially indicated by the set of effects of subgroup variables associated with successful tactical
match performance in the defensive playing phases.

Subsequently to the presented discussion of group level defending, the following chapter will

present the findings of this thesis on tactical match performance at the team level.
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8.1.3 Team Level

Following the comprehensive discussion of group level defending behavior, this chapter focus-
es on the team level of tactical match performance. In contrast to the previous chapters about
individual and group defending behavior, the tactical match performance of all players of the
defending team is considered in the following.
At the beginning, the main findings of this thesis at the team level are summarized followed
by the presentation of approaches to analyze the defensive tactical match performance of the
whole team. In the end, the original studies about defensive pressure and compact organization
regarding their findings on the tactical performance at the team level are presented. In contrast
to the previous chapter, this chapter focuses solely on the playing phase of defensive play since
both original studies assessed the tactical match performance of the defending team in this play-
ing phase. Those results are comprehensively discussed with comparable research regarding
the effectiveness of defending behavior at the team level.
Below, the main findings of tactical match performance in defensive play at the team level are
presented in bullet points. They are differentiated in the approaches used to analyze team level
tactical behavior and the findings on successful defensive play at the team level.
J Analysis approaches at the team level:

o The approaches to analyze defensive play at the team level are heterogenous

and include organizational measures of the whole team (e.g. surface area &

spread), the analysis of interteam synchronization, or the analysis of ball

recoveries
o Findings on defensive play at the team level:
o Successful defensive plays show a higher contraction of compactness (e.g.

decrease in surface area) of the defending team compared to unsuccessful
defensive plays
o There is no evidence that a higher compactness (e.g. smaller surface area) of
the whole defending team or a higher defensive pressure on all attackers would
increase defensive success
The review paper identified several different approaches to analyze tactical match performance
in defense at the team level. Several studies analyzed the influence of contextual variables (e.g.
match venue, match status) on ball recoveries (Fernandez-Navarro et al., 2019; Santos et al.,
2017; Santos & Lago-Penas, 2019). Further, one study analyzed interteam synchronization
using the centroids of both teams (Frencken et al., 2012). Besides, most studies analyzed the
organization of the whole defending team using comprised performance indicators such as the
centroid, the surface areaq, the spread (Bartlett et al., 2012; Clemente et al., 2013a; Moura et
al., 2012), or the polarization and angular momentum of the team (Welch et al., 2021). Con-

cluding, there are heterogenous approaches to analyze defending behavior at the team level
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with the majority of studies investigating the organization of the defense.

Those comprised team metrics (e.g. surface area, spread) were used in the last original study
of this thesis to analyze the principle of a compact organization in defensive play (see chapter
7 Compact Organization). With it, the organizational measures (e.g. surface area, spread)
were used to analyze successful defending behavior at the team level. As explained before,
this presented study differentiated between the main three parts of the principle of compact
organization (compactness, contraction of compactness, & organization). Since the defensive
organization was assessed using subgroup measures (inter-line distances) solely compactness
and contraction of compactness were examined with team level variables.

Regarding compactness, this original study found no evidence suggesting that higher compact-
ness of the whole defending team would increase success in defensive play. Those results are
in line with the findings of Bartlett et al. (2012). However, Moura et al. (2012) found a higher
compactness (e.g. smaller surface area) of successful defensive plays compared to unsuccessful
ones in the last moment of an opposing attack. According fo those contrary results, the rela-
tionship between the compactness of the entire defending team and success in defensive play
remains questionable. Therefore, the initial hypothesis of higher defensive compactness of the
whole team in successful defensive plays compared to unsuccessful ones cannot be verified and
must be further examined in future studies to draw a clear conclusion (see chapter 3.4 Compact
Organization). In contrast to compactness, the present study indicated that the contraction of
compactness of the whole defending team was higher in successful defensive plays compared
to unsuccessful ones (0.09 < d < 0.12) . Therefore, the rebuild of compactness seems to be
important to regain the ball which confirms the initial hypothesis of a higher contraction of
compactness in successful defensive plays (see chapter 3.4 Compact Organization). Overall,
the organizational analysis of the tactical behavior of the defending team can be classified
in the contraction-expansion relationship between the tactical positioning of the offensive and
the defensive team (Clemente et al., 2013a; Moura et al., 2012; Welch et al., 2021). Briefly
summarized, this relationship is about the attacking team expanding to create space while the
defending team is contracting to reduce the playing space (further details see chapter 2.3.2
Collaborative Team Match Performance). The presented findings of the last original study indi-
cated that it seems to be beneficial for defensive success to increase compactness over a time
period (contraction of compactness). However, it remains doubtful that higher compactness of
the defending team alone would drive defensive success.

In the same way, the second original study of this thesis (see chapter 5 Defensive Pressure) which
assessed defensive pressure found only minimal differences between the magnitude of defensive

pressure on the whole aftacking team between successful and unsuccessful defensive plays.

+

Furthermore, the pressure on the team showed the lowest values of defensive pressure (10.03

5.94 [%]) compared to the pressure on the ballleading player at the individual level (16.61

H+

23.89 [%]) and the pressure on the five attackers closest to the ball at the group level (12.75

H+
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10.01 [%], B =-19.80, p < 0.001). Consequently, the defensive pressure on all attacking play-
ers at the team level seems to have a marginal effect for defensive success. In comparison to the
individual pressure on the ball-leading player and group pressure on the attackers in ball prox-
imity, the initial hypothesis of higher defensive pressure in successful defensive plays compared
to unsuccessful ones has to be rejected at the team level (see chapter 3.2 Defensive Pressure).
The presented results at the team level can be complemented by two studies analyzing inter-team
synchronization. Goes et al. (Goes, Brink, et al., 2021) found a slightly a-synchronous behavior
on a team-level, especially in the longitudinal direction in successful attacks. When interpreted
conversely, one could conclude that the defensive team should maintain a synchronous behavior
at the team level with regard to the opposing team to may increase defensive success. Besides,
Frencken et al. (2012) solely indicated a minimal relation between interteam distances and
critical match events. Based on those minimal effects it remains uncertain whether a higher
inferteam synchronization at the team level can be beneficial for defensive success. Over all
study results regarding the team level, for instance, the compactness of the whole defending
team and the defensive pressure on all attackers, the effects on the success of defensive play
were marginal.

This could be traced back to the goal of players who are not in direct ball proximity, which
was explained in detail in the previous chapter. Those defenders aim to control dangerous
spaces further away from the ball (e.g. deep spaces or weak side) without directly pressurizing
attackers in those areas or increasing the overall compactness of a team. Therefore, it can be
concluded that the tactical behavior of defenders who are not in direct ball proximity needs to
be examined with further investigation approaches. For instance, the defenders’ pitch control in
the aforementioned spaces could be of interest (e.g. space control of deep spaces behind the
defensive-line).

In the end, all levels of tactical match performance in defense depend on each other (individual,
group, & team level). For example, the contraction of compactness of the whole defending team
(team level) may increase the compactness of players close to the ball (group level), which might
lead to a player being positioned in ball proximity to individually pressurize the ball-leading
player (individual level). Still, based on the effects found in the different levels, individual and
group level analyses showed more insights compared to team level analyses.

In conclusion, the results of the presented studies indicate that group and individual levels
showed more decisive results regarding beneficial tactical behavior for successful defensive
play (e.g. defensive pressure on the ball-leading player, defensive compactness in areas close to
the ball). In comparison, there were only small indicators for successful defense at a team level

(solely contraction of compactness).
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8.2 Practical Applications

This chapter builds the transition from the discussion of the findings of this thesis to their practical
application. The findings on the tactical match performance in the defensive playing phases
that were presented in the previous chapters will be transferred to draw practical conclusions
with value for soccer coaches or analysts. This transfer of findings to their practical relevance
is one of the most important aims for sports scientific research (Schréder & Dose, 2010) (see
chapter 2.2 Subsumption into the Subject Field of Sports Science). Therefore, it is crucial for this
sports scientific work with its predominant applicational orientation to interpret the results of this
thesis in a practice-relevant way to enable an application in practice (Schréder & Dose, 2010).
Accordingly, this chapter shifts the orientation from the discussion of the findings of this thesis
towards their transfer into practice.

In this chapter principles of play are formulated based on the most important findings about tac-
tical match performance in defense. They are constructed to build the gap from theory to practi-
ce by increasing the usefulness and meaningfulness of this sports scientific thesis. This procedure
aims at a theory-guided practice which can be seen as an adequate requirement in terms of
knowledge transfer (Haag & Mess, 2010). This reduction of the research-practitioner gap (Drust
& Green, 2013; Mclean et al., 2017) is a widespread lack of comparable performance analy-
ses (Wright et al., 2017) which is especially true for match analyses using tracking data.

This chapter starts with a brief definition of principles of play in soccer. With it, their advantages
are presented to justify the procedure. Subsequently, the principles of play based on the findings
of this thesis are formulated. They are differentiated between the separate playing phases of
defensive play and defensive transition. In the end, this chapter closes by outlining how those
principles of play can be applied in practice.

In general, principles of play can be defined as general and superordinate principles of tactical
behavior that, dependant on the match context, are advantageous in solving match situations
in soccer (Costa et al., 2009; Hewitt et al., 2016; Ouellette, 2004). In this thesis, the context
that moderates the expression of the principles of play is a particular playing phase (such as
defensive play or defensive transition). Accordingly, different general beneficial behavior is
expected in different playing phases according to the respective goals in this phase (see figure
2.1 in chapter 2.3 Appearance of Match Performance in Soccer). Thus, the principles of play
formulated in this thesis describe and comprise the advantageous tactical behavior to optimally
achieve the goals in the respective playing phase. Concluding, this chapter summarizes the
findings of this thesis in principles of play depending on the playing phase.

This procedure of translating the presented findings into principles of play has several advan-
tages that make their application in practice effective. Since they are based on the findings of
the original studies in this thesis, the principles have been illustrated to be related to successful

match performance in the defensive playing phases. Therefore, their significance is scientifically
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indicated. Furthermore, the characteristics of the original studies of this thesis are highly import-
ant o increase the value of the formulated principles of play, including the large sample size, the
use of up-to-date analysis methods based on tracking data, and the connection to success. The
characteristic of a large-scale analysis allows for more general conclusions about tactical match
performance. The use of spatiotemporal analysis using tracking data enables to gain detailed
insights into successful tactical behavior patterns. The connection to success in this thesis is es-
sential to be able to derivate principles of play. This allows to reveal findings of successful tactics
and draw conclusions of the success factors in soccer. Therefore, the formulated principles of
play hold a high general validity and can enhance coaches’ understanding of the key aspects
of tactical behavior in the defensive playing phases (Mackenzie & Cushion, 2013).

After describing the meaning of principle of plays in general, the principles of play derived of
the findings of this thesis are formulated in the following and are illustrated in figure 8.1. They
are differentiated between the playing phases of defensive play and defensive transition. This
distinction is due to different tactical behavior which is expected due to different match conditi-
ons (e.g. player positioning) and goals of the respective playing phase (see figure 2.1 chapter

2.3 Appearance of Match Performance in Soccer).

Principles of play
according to playing phase

Offensive play
* Regain the ball as fast as
possible!
fonsi " + In Rest defense:
o e;s:vs 1|1°"5,'1'°" Set plays + Create numerical superiority!
(after ball gain) J « Control and pressurize

dangerous counterattackers!
+ Control deep spaces!

* Press the ball-leading player!

« Cover close pass options!

« Create compactness close to the

ball!

Figure 8.1: Principles of play Gccordin% fo the p|oyin%phoses of defensive play and defensive tran-
rom f fi

sifion. The principles are derived f e findings of the original studies of this thesis.
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8.2.1 Principles of Defensive Play

In the following, the principles of play in the playing phase of defensive play are derived from
the results of the presented original studies (see chapters 5 & 7 Papers Il & V).

J Press the ball-leading player!

The main finding of the first original study of this thesis indicated that in defensive play it is most
important to pressurize the ball-leading player to regain the ball (see chapter 5 Defensive Pres-
sure). In detail, this defensive pressure on the opposing attacker in control of the ball increases
the spatial and temporal pressure for this attacker which reduces the space and time for actions
on the ball. This can force the attacker to make technical mistakes and enables the defending
team to regain the ball. Without pressing the ball-leading player the attacker in control of the
ball can proceed to dangerous pitch zones (e.g. dribble in front of the goal to create a dange-

rous scoring opportunity).

o Cover close pass options!

In addition, the results of this first original study showed that is seems crucial for success in de-
fensive play to cover close pass options by pressurizing the five closest attackers to the ball (see
chapter 5 Defensive Pressure). In this context, two other studies indicated that numerical super-
iority around the ball is an important success criterion in defensive play (Forcher, Beckmann, et
al., 2023; Gréhaigne et al., 2002). Due to this numerical superiority, close pass options can be
covered more effectively (e.g. by covering passing lanes or double coverage). With successfully
covering close pass options, the defense can effectively put pressure on the ball-leading player
and can intercept played passes. Moreover, if a pass cannot be intercepted directly, the pass
receiver can be put under direct pressure shortly after the pass reception without allowing the

attacker to control the ball.

J Create compactness close to the balll

The main finding of the last original study of this thesis showed that it is most important for the
compact organization of the defense to create compactness in areas close to the ball (appro-
ximately 15 [m] around the ball) to be successful in defensive play (see chapter 7 Compact
Organization). This compactness in areas close to the ball enables the defenders to quickly put
pressure on the attackers after a ball move. Thereby, the compactness around the ball increases
temporal and spatial pressure on the ball-leading player by simultaneously increasing the cover-
age of close pass options. Combining those tactical behavior patterns in defense can increase

the chances of gaining the ball in defensive play.
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8.2.2 Principles of Defensive Transition

The main findings of the second original study of this thesis are comprised in principles of play
of the playing phase defensive transition (see chapter 6 Paper lll). They are differentiated in a
general principle of play for defensive transition and three principles of play especially for the

group tactic of rest defense in defensive transition.

In defensive transition in general:

J Regain the ball as fast as possible!

In accordance with previous studies (Bauer & Anzer, 2021; Casal et al., 2016; Vogelbein et
al., 2014) the results of the original paper (see chapter 6 Rest Defense) indicated that it is most
important for success in defensive transition to regain the ball as fast as possible. Denying the
actions of the counterattacking team early after their ball gain gives them less opportunity to
build their attack.

In group tactic of rest defense in defensive transition:

o Create numerical superiority!

The results of the original study about rest defense (chapter é Rest Defense) showed that it is
highly important for the success of rest defense after a ball loss to create numerical superiority
in the area of rest defense (i.e. 10 [m] in front of the last defender). This numerical superiority
facilitates the rest defending players to achieve the other two principles of play in rest defense to
pressurize dangerous counterattackers and control deep spaces. Overall, this tactical behavior

pattern can contribute to stop dangerous opposing counterattacks more effectively.

. Control and pressurize dangerous counterattackers!

Further, the results of this study about rest defense in defensive transition (see chapter é Rest
Defense) showed that it is important to control possible dangerous counterattackers placed close
to the own goal. By controlling the space around those attackers through advantageous positio-
ning (e.g. by placing one defender behind and before the attacker, “sandwich rest defense”,
see chapter 6.4 Expert Interview) one of the main goals of rest defense, to prevent opposing
counterattacks, can be achieved more successfully. Besides the advantageous positioning, the
possible counterattackers can be controlled by directly pressuring them with reducing the spa-
tial distance to them. This tactical behavior can assist in denying their actions such as a pass
reception. Overall, by controlling dangerous counterattackers the rest defense ensures that the
opposing team is not able to play a direct pass to a counterattacking player close to the defen-
dants’ goal. Therefore, a possible dangerous counterattack (fast and direct transition) can be

controlled.
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J Control deep spaces!

Additionally, to be successful in rest defense and prevent an opposing counterattack after a ball
loss the presented study indicated that the rest defending players should control deep spaces
behind the last defender. A characteristic of the rest defense is that the space behind the last
defender is usually large since the own attack prior to the ball loss is often developed far in the
opponent’s half. Those areas behind the last defender (deep spaces) are unoccupied since the
defenders control this space by taking advantage of the offside rule (see figure 6.1 in chapter
6.5 Observational Study). However, those deep spaces are dangerous since they are in front
of the own goal and can be exploited by the counterattackers with a deep run. Therefore, rest
defending player should secure those deep spaces by positioning themselves behind a possible
dangerous counterattacker. This tactical positioning of rest defenders closer to the own goal to
control deep spaces results in the opponent not being able to easily penetrate these dangerous

spaces in order to create goalthreatening actions in front of the own goal.

8.2.3 Application of Principles of Play in Practice

After the formulation of the principles of play derived from the main findings of this thesis, the
next paragraph presents use cases of those principles in practice.

The principles of tactical behavior in the defensive playing phases can be applied in the ana-
lysis of match performance in soccer. For instance, the metrics (e.g. defensive pressure, or space
control) connected to those principles of play (e.g. press the ball-leading player, or control deep
spaces) can be used to objectively analyze match performance of players and teams. Using
this information the own team can be analyzed. For example, post-match analysis to assess and
evaluate the match performance of the own players and the own team can benefit from objec-
tive information granted using those metrics. This objective information about tactical match
performance which was shown to be connected to success can possibly improve the feedback
processes in professional soccer (e.g. make feedback processes more reliable). Another exam-
ple could be the use case of live-analysis to analyze the current tactical match performance to
adjust tactics to possibly enhance success of the own team. Therefore, the presented principles
of play can enhance the coaching process with information gained by performance analysis
(Wright et al., 2017).

Next to the use of the principles of play and their associated metrics to analyze the own team,
the principles and metrics can be used to analyze the opponent. For instance, they can assist in
the pre-match analysis to identify defensive strengths and weaknesses of upcoming opponents
to design specific match tactics.

Additionally, the principles of play can be used in training sessions, for example, to plan trai-
ning regimes to eventually enhance the tactical behavior in the defending playing phases. Those
training regimes can possibly benefit from the scientific validated principles of play and their

relation to success in matches. With focus on the tactical principles of play that have been iden-
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tified as critical success factors in the defensive playing phases the tactical match performance
of players can possibly be enhanced.

Overall, practical use cases of the defined principles of play and the metrics presented to objec-
tively quantify tactical match performance in the defensive playing phases include the analysis
of the own team, the opposing team, and their application in training. In the end, the use of
the findings of this thesis can possibly assist in the enhancement of performance of players to

increase success in the defensive playing phases.
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8.3 Limitations and Future Directions

This thesis also features some limitations that should be noted when interpreting the findings of
the presented review and the original studies. At the beginning of this chapter, those limitations
are outlined. Against this background, future directions of research and match analysis in gen-
eral are derived at the end of this chapter.

Overall, there is a lack of comparable research in the analysis of tactical match performance
in the defensive playing phases. Therefore, the comprehensive discussion of the findings of this
thesis with other literature is only possible to a limited extent. With few comparable research on
the analysis of defensive play with sophisticated analyzing methods such as the analysis of posi-
tional tracking data, the results of this thesis cannot be compared with other studies extensively.
For instance, only 23 studies were included in the review presented in this thesis which assessed
this topic (see chapter 4 Review). Moreover, most of the considered studies in this review either
analyzed defensive play from an offensive point of view (i.e. defense as opponent interaction)
without presenting results concerning the tactical behavior of defense or analyzed defensive
play without the consideration of success. Accordingly, few conclusions can be drawn about
successful tactical behavior in defense. Thus, a comparative and overarching discussion of in-
sights info successful tactical behavior in defense is limited. Therefore, most of the associations
of successful tactical match performance in defense found in this thesis need to be confirmed in
the future. In this context, it should be noted that the original studies of this thesis were explor-
atory studies. Accordingly, the relations found with successful tactical match performance do
not prove causality. Therefore, future research on successful tactical match performance in the
defensive playing phases should examine the causality of the presented findings.

Another limitation of the original studies of this thesis is the small consideration of contextual
factors. While the second original study (see chapter 5 Defensive Pressure) considered the influ-
ence of individual teams and the longitudinal field position of the ball as contextual factors on
the defensive pressure characteristics, the other two original studies hardly considered contextu-
al factors. However, those contextual factors (e.g. internal and external factors of match perfor-
mance) were indicated to have an impact on soccer match performance (see chapter 2.3.1.1
Internal Factors (Person) and 2.3.1.2 External Factors (Environment)). Therefore, it seems mean-
ingful for match analysis to contextualize results or control for the influence of contextual factors
(Haag & Mess, 2010). In general, there is a trade-off between experimental control (e.g. for
contextual factors), for instance in the studies of Low et al. (2021; 2021), and ecological va-
lidity in sports performance analysis (O'Donoghue, 2015). In this context, this thesis analyzed
actual match performances of competitive matches at the highest level and, therefore, features
a high ecological validity (O'Donoghue, 2015).

Moreover, by investigating a large sample size (of an entire half of a season) every team has

a match-up with every other team competing in this league (i.e. external factor: opponent).
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Furthermore, every team has the same amount of home and away matches match (i.e. external
factor: match venue). Since the data analysis was done over all match situations of the whole
data set, the influence of contextual factors was expected to decrease. Further, this thesis aimed
to provide generally valid and applicable results which can be interpreted independently of
context and thus are generalizable over all contextual situations. For instance, the results aimed
at being valid for different teams, with different playing styles, tactical formations, or individual
skilled players. As opposed to assessing overriding contextual factors (e.g. score-line, match
venue), the presented studies focused on providing context to the specific match situations that
were examined to assess the tactical behavior in defense. For instance, the rest defense was
assessed in match situations after a ball loss in the opposing half with the opposing midfield-
erline being overplayed. Those strong restriction criteria of the analyzed match situations allow
to specifically analyze the tactical behavior in specific playing phases without blurring results.
In addition, there are some exemplary studies that did not find an influence on specific contex-
tual factors on match performance. For instance, several studies found that there are no differ-
ences of the successful defending behavior between different teams. This is suggested by the
results of the first original study of this thesis (see chapter 5 Defensive Pressure) which found no
effects of the individual teams on the spatial and temporal characteristics of defensive pressure.
In a comparable study, the quality of teams did not influence the characteristics of successful
defending (Forcher, Beckmann, et al., 2023). Moreover, this study revealed it is rather the case
that higher quality teams more often achieve beneficial tactical situations (e.g. more often pres-
surize the ballleading player). Accordingly, more successful teams create successful defensive
situations more often and, therefore, are more successful while the characteristics of successful
tactical match performance in defense do not vary between teams. In the end, the disregard of
most contextual factors is a limitation of this thesis that should be noted (e.g. external factors:
playing style, match status, venue, quality of opposition, or internal factors: skills of individual
players). Therefore, future studies should focus on the influence of contextual factors on the iden-
tified results concerning successful defensive performance (e.g. principles of play). To provide
more detailed insights an examination of specific cases (e.g. playing against a strong opponent
or leading/trailing) could complement the presented findings.

Next to the few possibilities to compare the study results of this work and the little consideration
of contextual factors, this thesis mainly focussed on ball gains as a success criterion of the
defense. However, there are two main goals in defensive play. In detail, the defending team
aims to defend the own goal by preventing the opposing team from scoring and to regain the
ball. In accordance with this thesis, most studies on defensive play focussed on ball gains as
the main success criterion in defense (Bartlett et al., 2012; Matsuoka et al., 2020) (see chapter
4.5.4 Main Findings (Review)). On the other hand, focusing on the other main goal of defense,
to secure the own goal, could potentially blur the results of successful defending (Freitas et al.,

2023). For instance, the attacking team is may becoming most decisive compared to the de-
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fense when scoring or goals (which are offensive attributes) are considered as success criterion.
Furthermore, shots at goal or goal themselves are rare events in a match and the randomness in
soccer is especially high for scoring which is indicated by the poor prediction quality of goals
of only about 20 [%] (Anzer & Bauer, 2021). Therefore, and based on previous research on
tactical match performance in defense, ball gains of the defending team were used to attribute
successful defensive plays and defensive transitions. It was expected that most ball gains result
from successful tactical behavior in defense. Still, there are several other outcomes of playing
sequences that can be attributed to a successful defense (e.g. pressurizing the opponent to play
the ball out of play) which should be investigated in upcoming approaches.

One approach to overcome this limitation and comprehensively assess both main goals of the
defending team, to regain the ball and save the own goal, could be risk-reward models. In
detail, the creation of high pressure on the opponent or playing high pressing to achieve a fast
regain of possession as a reward might also come with the risk of being overplayed (e.g. when
pressing performance is poor) which increases the chance of conceding a goal. This trade-off
between the reward of a ball gain in defense and the risk to concede a goal could be an ex-
citing approach to analyze tactical match performance in defense. An exemplary approach to
assess risk and reward in defense was implemented by Robberechts (2019). However, this study
focused on the performance of the prediction models rather than revealing practical relevant
information which is one of the reasons why this promising approach did not reveal insights
about successful defensive tactical behavior.

In the end, there are two minor limitations that should be noted when interpreting the presented
results. The original studies of this thesis were conducted using tracking and event data of the
German Bundesliga. Therefore, the results are only meaningful for comparable samples in elite
soccer (e.g. other professional soccer leagues). Furthermore, the complexity of match perfor-
mance (see chapter 2.3 Appearance of Match Performance in Soccer) is reduced by comprising
the tactical behavior in key performance indicators (e.g. defensive pressure) in specific match
situations (e.g. defensive playing sequences) (Mackenzie & Cushion, 2013). This is a reduction
of the complexity of match performance and should be noted when interpreting the results of
this thesis.

The presented limitations point the way for future investigations in this research area. Future
studies could use the presented methods or findings to study other topics in match analysis in
soccer. In this way, the feedback process between coaches and players could be analyzed us-
ing the gained objective information about tactical match performance (Mackenzie & Cushion,
2013). The results could also be applied in intervention studies to assess the effectiveness of
tactical training regimes derived from the current findings. This also includes the analysis of per-
formance enhancements based on objective analyses of tactical match performance in defense
such as opponent analysis or player recruitment. Thereby, the outcomes could be compared to

the results of subjective video analyses to analyze the effectiveness of different types of match

183

General Discussion



Chapter 8 Success Factors in Soccer Defense General Discussion

analysis. understanding of tactical match performance will increase in the future.
Besides those applications of the findings, future research should focus more on the defensive
part of tactical match performance in soccer. For instance, in a review about performance anal-
ysis in sport, of 60 studies considered, solely 6 articles were identified that included defensive
variables (Mackenzie & Cushion, 2013). All of those articles still focused on offensive play
while considering the defense as opponent interaction (e.g. balance of defense to study score-
box possession (Tenga et al., 2010a)). The same tendency was found in the presented review
in this thesis. Half of the 23 studies identified, assessed defense only as opponent interaction
to analyze offensive play. However, the off-ball behavior of players in the defensive playing
phases is crucial for understanding the game of soccer to eventually enhance the tactical match
performance in soccer. Therefore, future research should focus more on the defensive side of the
game and this thesis has shown its importance.

Besides, there are some relevant trends in match analysis in soccer. While most studies in match
analysis in soccer focus on physical and technical actions, there is a need for more analyses of
the tactical aspect of match performance (Sarmento et al., 2018). In this context, this thesis is
an example of a tactical analysis. This analysis of tactical match performance in soccer should
develop from a description of tactical behavior towards a prediction of performance (Sarmento
et al., 2018). This could help to understand the ingredients for successful match performance.
Therefore, future studies in match analysis should take this thesis as an example to analyze tac-
tical match performance in connection to the success of the respective playing phase to provide
meaningful results. Moreover, further machine learning prediction approaches can be used to
identify hidden patterns in the tactical match performance that drive success.

In this context, machine learning and big data analysis will increase their importance in the
analysis of match performance in soccer. With the evaluation of big data sets of positional track-
ing data, in-depth analyses of tactical behavior can be performed. Though, those big data sets
come with challenges in the computational methods needed to process and evaluate those data
sources. Therefore, collaborations of sports science and computer science (Goes, Meerhoff, et
al., 2021; Rein & Memmert, 2016) should bridge gaps between sports scientific research and
computational analysis methods to provide practice-relevant results. Those collaborations could
provide guidance for non-experts in computational methods and could lead away from a meth-
od-oriented to a content-oriented focus of research in this field.

Overall, exciting times are ahead for tactical match analysis in soccer. More and more data
is becoming available with higher accuracy than ever before. Furthermore, new developments
in the near future could add more detailed information to tracking data such as the orientation
of players or more individual information about player appearances (e.g. height, constitution
of athletes). With this information, more detailed insights can be gained into the match perfor-
mance. With a growing computational background in sports science (e.g. with more coopera-

tion between sports and computer science) causing a stronger multi-disciplinary approach the
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9 Conclusion

This thesis analyzed the tactical match performance in elite soccer combining sports science
research and computational evaluation methods. In detail, the defensive playing phases (i.e.
defensive play & defensive transition) were examined evaluating positional tracking data. With
it, the components of successful tactical behavior in the defensive playing phases were investiga-
ted. Moreover, the tactical match performance in those playing phases was assessed at different
levels of tactical play from individual, over group, to team level.

Summarizing the results for the playing phase of defensive play, the behavior of defenders in
pitch areas close to the ball was identified as crucial for defensive success. For instance, higher
defensive pressure on the ball-leading player and the attackers close to the ball and a higher
compactness of defenders in ball proximity were identified as success factors in defensive play.
Furthermore, the contraction of compactness to create higher defensive pressure seems also
important. Concluding, it is decisive to pressurize the ballleading player and cover close pass
options to regain the ball in defensive play.

In the playing phase of defensive transition after a ball loss, the quick regain of possession was
identified as the most important success factor. Further, for the group tactics of rest defense in
defensive transition the numerical superiority of the rest defending players and their pitch con-
trol were identified as success factors. Concluding, rest defending players should control deep
spaces behind the defending-line and control potential dangerous counterattackers to deny
counterattacks as fast as possible to be successful.

Overall, the results of this thesis indicated that the analysis of individual and group level de-
fensive behavior was more insightful compared to team level analyses. In detail, successful
defending was more decisively shaped by individual (e.g. defensive pressure on the ball-lea-
ding player) and group level defending (e.g. defensive pressure and defensive compactness in
areas close to the ball) compared to team level behavior (e.g. no influence of compactness of
the whole defending team on defensive success).

To increase the practical impact of this work, the results of this thesis were used to formulate
general principles of play for the defensive playing phases. In detail, this includes principles of
play such as “press the ball-leading player” in defensive play, or “create numerical superiority”
in rest defense during defensive transition. Those principles derived from the findings of this
thesis can enhance coaches’ understanding of the key aspects of tactical behavior and provide
useful guidance for practitioners. Since the principles are based on the results of this thesis their
significance and connection to successful match performance is scientifically indicated. Overall,
this enables an effective application of the results of this work in practice (e.g. objective analysis
of tactical match performance).

In conclusion, this thesis presented enhanced match analyses using positional tracking data to

uncode the game of soccer. In this way, the success factors of soccer defense were identified
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by analyzing past match performances. Those success factors enable objective quantifications
of player performances in the present and could assist in improving future match performances.
Therefore, this thesis presents a pathway to learn from the past to create the present and evolve

in the future.
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Appendix 1: Paper lll Rest Defense Supplement 1: Inferview guidelines expert interview.
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rior Interview:

Zhou, C., Hopkins, W. G., Mao, W., Calvo, A. L., & Liu, H. (2019). Match Performance of Soccer Teams - informed consent, privacy policy, participant information

. . — . . - Basic information:
in the Chinese Super League—Effects of Situational and Environmental Factors. International aSICI_n:g:alon

Journal of Environmental Research and Public Health, 16(21), 1-13. https://doi.org/10.3390/ - Type of coaching license
- Coaching experience (years, team, league, role)
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Expert Interview Guidelines Rest Defense

Interview Start (Ice-Breaker Questions):
- What led you to become a soccer coach/ soccer analyst?
- What coaching experience do you have in professional soccer (years, team, league, role)?

Questions:

Open questions to start the conversation:

1.1 What is your experience with rest defense?

1.2 What do you understand by the term rest defense?

1.3 From your perspective, how would you describe rest defense?

Follow-up questions if not answered before:
Objective:
2.1 In your opinion, what is the goal of rest defense?

Characteristics:

2.2 In your view, when does the rest defense occur? When does it come into play? How long does the rest
defense action last? (temporal: playing phase)

Difference: When is rest defense coached, when does it come into play?

2.3 Which players do you think are involved in the rest defense? (spatial: number of players, position group)
2.4 In your opinion, how should the rest defense be positioned on the pitch? (spatial: positioning)

Tactics:
2.5 Do you know tactical approaches in rest defense?
2.6 What tactical variations do you use in rest defense?

Success:

2.7 In your opinion, what is important to be effective/successful in rest defense (also compared to an unsuc-
cessful/ineffective rest defense)?

Difference: success based on the result of the rest defense, success based on behavior of the players in-
volved in the rest defense.

Definition:
2.8 How would you define rest defense?
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Appendix 2: Paper lll Rest Defense Supplement 2: Reduction table.
Interview | Page | Line(s) | Quote Category | Subcategory
1 1 25 gegnerischen Konterspieler konfrollieren, um einen Konter zu verhindern. Goal - Control dangerous players for counter attack
- Prevent opposing counter attacks
2 6 1922 | Es bringt mir relativ wenig, wenn die Innenverteidiger in Uberzahl stehen, beispielsweise zwei gegen eins gegen einen gegnerischen Stirmer, aber | Goal - Control dangerous players for counter attack
du hast am Strafraum im Riickraum keinen Zugriff beispielsweise auf den gegnerischen Zehner. Dieser wird dann nach Ballverlust angespielt, kann - Prevent opposing counter attacks
aufdrehen und der Konfer liuft - Regain of the ball
2 7 56 Aus meiner Sicht ist es das Ziel, dass du einen schnellen Gegenangriff unterbindest und dass du nach Ballverlust maglichst schnell wieder in Ballbesitz
kommst.
3 10 89 In dem Moment muss die Restverteidigung so organisiert werden, dass kein schnelles Umschaltspiel des Gegners nach Ballgewinn méglich ist. Goal - Prevent opposing counter attacks
3 1 47 Einerseits musst du immer die Tiefe sichern, um letztendlich den Gegner nicht zu seinem Tor kommen zu lassen. Aber das Andere ist auch, einen hohem - Prevent opposing scoing opporfunify
. ) TR . o N - Safe deep areas
Ballgewinn zu erzielen. Also, dass man den Gegner gar nicht in einen richtigen Ballbesitz kommen ldsst und direkt wieder hoch den Ball zuriickgewinnt, )
) : : - Regain the ball
um dann dort selbst direkt weiterzuspielen
4 13 31-36 | Das Eine ist eine Sicherung von torgefdhrlichen Riumen, je nachdem wo man den Ball auf dem Spielfeld gerade hat. Das Zweite ist eine Sicherung von | Goal - Control dangerous players for counter attack
Tiefe, je nachdem wo man den Ball gerade auf dem Spielfeld hat. Und das Dritte ist eine Sicherung des ballfernen Raumes, der fiir mich auch noch in die - Safe dangerous areas
- Restverteidigung reinfiill. Diese drei Rdume zu sichem und gegen gefhrliche Gegner in diesen Rdumen abzusicher. Das ist fiir mich Restverteidigung. - Safe deep areas
..m 4 14 27-33 | Ich wirde also zusammentassen: Tiefe sichem, torgefdhrliche Riume sichern, potenziell gefihrliche Gegenspieler kontrollieren. Dieser letzte Punkt - Safe oreas fu from the bl (eokside
M heit, um die bessere Position kimpfen, beziglich der Tiefe, gefihrliche Rdume und eventuelle Passwege auf diese Spieler zustellen. Das dritte Thema
= bei der Restverteidigung st auch immer eine Sicherung gegen eine Verlagerung. Eigentlich ist hier das Ziel, den Verlagerungsspieler des Gegners zu
= kontrollieren. Dabei kann ich entweder bei einem Pass an ihn heranriicken oder sogar den Passweg auf ihn schon zustellen.
(3=
5 17 3536 | Ich verstehe unter dem Begriff Restverteidigung die finale Absicherung in vorletzter und letzter Linie in diversen Spielsituationen. Goal - Safe deep areas
5 19 11-18 | Fir mich ist es die Konterabsicherung und die Kontergefahr zu reduzieren. Auch im Wechsel der Spielphase und der Ballbesitzphase eine gewisse ~Prevent opposing SEa_ olocks
- . . . e " ; - Enable counter pressing
Grundstruktur zu haben und friihzeitig den Gegner zu storen, um in das Gegenpressing zu gehen. Wenn ich eine gute Restverteidigung habe, eine gute Sowd ; —
Raumaufteilung und Positionierung und damit eine Bindung zu Gegenspieler, sodass ich dann direkt und frishzeitig ins Gegenpressing gehen kann. Um 0w down opposing counter ariad
die Momente, die ich in dieser ungeordneten Situation habe auch zu nutzen. Falls nicht ist eben die Grundstruktur in der Absicherung da, um als Block
70 fallen, um den jeweiligen Spielem, die schon dberspielt sind, die Maglichkeit zu geben ruhiger in ihre Grundposition zu kommen.
6 21 3336 | Fiir mich ist Restverteidigung kurz gesagt, die Absicherung eines Konfers. Kurz zusammengefasst. Die Absicherung eines Konters mit einer gewissen | Goal - Safe deep areas
Anzahl von Spielern in einer gewissen Zone, die eine gewisse Anzahl gegnerischer Spieler konfrollieren sol. - Prevent opposing counter attacks
6 21 41 Gut, das bestmagliche Ziel ist natiirlich, dass wir in die Balleroberung kommen. ~Rogeintheball
7 26 9-11 Ja, das wichtigste natiirlich zur Torverteidigung. Das heift, das eigene Tor muss immer gesichert sein. Zum anderen aber auch das Thema Gegenpressing | Goal - Safe own goal
spielt bei mir eine groBie Rolle was das Spiel angeht. Ich méche jederzeit Zugriff haben nach Ballverlust. - Enble counter pressing
7 26 1317 | Genau, deshalb sage ich auch, es geht um jede Spielphase. Restverteidigung ist nicht nur dann wichtig, wenn der Gegner den Ball gewinnt. Das heift, ~Regain of the bl
in eigenem Ballbesitz muss ich mich schon so posifionieren, dass ich zum einen nach Ballverlust das Tor verteidigen kann bzw. Zugriff habe im Gegen-
pressing. Das unmittelbare erfolgreiche Gegenpressing wiire nafirlich die beste Art das eigene Tor zu verteidigen.
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Interview | Page | Line(s) | Quote Category | Subcategory
6 22 47 Gut, die Spielphase ist immer auf den eigenen Ballbesitz bezogen. Die Definition ist ja bei jedem anders. Deshalb sowohl Spielaufbau, umschalten nach | Playing | - Offensive play (in ball possession)
Ballgewinn, die Umschaltphose nach Ballgewinn, also Ballbesitz und Standards mit eigenem Ballbesifz. Dort hat es nailich den gréften Schwerpunkt, | phase - Defensive transition, after a ball loss
hat aber auch Uberlappungspunkte im Umschalten nach Ballverlust.
rm 7 25 42-43 | Ichverstehe unter Restverteidigung im Prinzip die Positionierung der Spieler die am ndhesten zu unserem eigenen Tor sind eigentlich zu jedem Zeitpunkt | Playing | - Offensive play (in ball possession), after the
= des Spiels. phase midfielder line is overplayed & players do not
= |7 26 21-22 | Aber ich gehe natiirlich schon von dem Moment aus in dem wir den Ball haben und dem Fall, dass wir den Ball im vorderen Drittel haben E_.ca _a,a. 0 tosk ___.azs_m_é ply, when bol
8 is in opposing attacking third and players are
= no pass option
£ - Defensive transition, after a ball loss
= |7 28 1-6 Nein, also fir mich geht es darum: Die Restverteidigung beginnt fiir mich dann, wenn wir quasi im Spielaufbau die erste Linie des Gegners Uberspielt
haben. Ab diesem Zeitpunkt achte ich extrem darauf, was meine ballfernen Spieler machen. Das heifit, ich méchte dann nicht, dass zu viele Spiler zu
breit positioniert sind. Sonder es geht in diesem Moment dann schon um ein Einriicken, um dann einerseits fir die Offensivaktion Richtung Tor anspiek
bar zu sein, torgefahrlich zu werden, bzw. dann auch Zugriff zu haben auf einen Gegner, um den Gegenangriff maglichst zu unterbinden.
1 1 24 Spieler der hintersten Reihe Players in- | - Dependant on the opponent
volved - Defensive line
- " ! ) ) - ) - Central defenders
1 1 34-36 | wenn ich zum Beispiel als Innenverteidiger oder als Ballferner Sechser keine Aufgabe mehr im Angriffsspiel habe, zum Beispiel ls Verlagerungsspieler, - Centrol midfelder
dann gehe ich in eine Restverteidigung Wide defenders
1 2 12 Das finde ich tofal schwierig zu definieren und auch extrem gegnerabhéingig. - 4 players
1 2 1820 | in der Regel die beiden Innenverteidiger, ein Sechser und dann die AuBenverteidiger, was stark davon abhiingig, was die GuBeren Mittelfeldspieler oder
- die duBeren Stirmer des Gegners machen.
rm 1 2 20-22 | Wir hatten schon Spiele, in denen wir drei Spieler in der letzten Reihe und einen davor zur Restverteidigung hatten.
|2 6 1419 | Gerade wenn du Ballbesitz im Angriffsdrittel hast, dass die Innenverteidiger nicht abschalten, sondern das Bewusstsein haben, ich habe jetzt noch eine | Players in- | - Central defenders
= Aufgabe, auch wenn ich nicht anspielbar und bin und niemanden binde. In dem Fall muss ich frotzdem schauen, wer ist der gefihrlichste Umschalt- | volved - Central midfielder
= spieler. Das gilt nicht nur fir die Innenverteidiger, sondem das gilt auch fir die Spieler, die jetzt nicht unmittelbar in ballndhe mit einbezogen sind und - Wide defender (weakside)
m eine der anderen Aufgaben erfiillen. - All players that are not involved in offensive
=2 6 30-35 | Eskann, wie in dem skizzierten Beispiel, mal ein Sechser sein. Es sind aber natiirlich vorrangig die Innenverteidiger, aber es kann auch mal der ballferne ploy "
= A S S : . .. P - Dependant on the ball position
uBenverteidiger sein, der dann einriicken muss und den Gegenspieler, der in dem Moment fir ballfern steht, aber nach Ballverlust auch ein gefihrlicher Dependant on th X
Umschaltspieler sein kann, wenn er diagonal angespielt wird. Ich finde es ist immer abhiingig von der Posifion des Balles und von der Positionierung der ependant on The oppone
gegnerischen Mannschaft, welche Spieler beteiligt sind.
3 10 3329 | Jo, dlso grundstzlich sind die Innenverteidiger der Houptbestandteil der Restverteidigung. Eigentlich sind zusiitzlich immer noch ein AuBenverteidiger | Players in- | - Central defenders
oder/und ein Sechser beteiligt, je nachdem wie du spielst. Wenn du mit Doppelsechs spielst, missen nicht beide in der Restverteidigung sein. Aber | volved - Central midfielder
wenn du mit nur einem Sechser und zwei Achtern spielst, dann st der eine Sechser auch Teil der Restverteidigung. Plus, wenn du dber den Fliigel - Wide defender (weakside)
angreifst und hinten mit einer 4er Ketter spielst, dass der ballferne AuBenverteidiger nicht mit hochschiebt. Wenn du mit einer 3er Kette spielst ist es - Dependant on the tactical formation
nafirlich nochmal etwas anderes.
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Interview | Page | Line(s) | Quote Category | Subcategory
1 2 2223 | Aber wir hatten auch schon Spiele, in denen wir nur eins gegen eins ganz hinfen standen und der Rest unserer Mannschaft hat sich offensiv mit beteiligt. | Tactics - Man-to-man coverage
1 2 34 Eine mutige Restverteidigung ist teilweise eins gegen eins, feilweise sogar Unterzahl. ”u_ﬁw__:“__““ﬁaae
1 2 3839 | Das ist fiir mich mutig, also eins gegen eins bzw. sogar -1. - +2 majority
1 2 43 Dass wir plus eins oder vielleicht sogar plus zwei stehen, also mit zwei Spieler in Uberzahl.
2 ) 3845 | Viele sagen ja plus eins, dass du in der Abwehr plus eins hast. Aber auch hier ist wieder die Frage: wie ordnest du es im Endeffekt an? Du kannst mit | Tactics -+1 majority (sandwich)
wei Innenverteidigem gegen einen Stiirmer stehen. Dann ist aber auch die Frage, wie stehst du gegen diese Spieler. Stehst du parallel hinter dem -+1 majority (flat)
Stirmer oder sagst du einer davor und einer dahinter, damit die Ablage auch nicht méglich ist. Ich kenne es so, dass man es lassisch plus eins ldst, - Man-to-man coverage
aber mit einer klaren Aufgabenverteilung. Einer davor, um die Ablage zu verhindern und einer dahinter, um ablaufen zu kannen. Man kann aber auch
sage, wenn man es sehr mutig spielen mdchte, dass man eins gegen eins spielt
2 7 36:37 | Also klar, du kannst sagen du spielst eins gegen eins, dann erhdhst du das Risiko. Du hast aber den Vorteil, dass du einen Spieler mit vorne reinbringen
2 kannst.
ulm 3 10 1012 | Wennich aus meiner Erfahrung spreche, dann hatte ich Trainer, die gesagt haben, dass in der Restverteidigung das Stellen eines 1 gegen 1 kein Problem | Tactics - Man-to-man coverage
m ist. Dann hatte ich wiederum Trainer, die mindestens plus eins oder sogar plus zwei stehen wollen. - +1 majority (sandwich)
£13 10 2022 | la, aktuell haben wir in den ersten Spielen unter Xavi Alonso héufig mit einer 3-er Kette gespielt. Dabei hatten wir eigentlich immer eine 3 plus 1 MN sgkoﬂz ding: 3+1 (diamond)
= Restverteidigung. Wobei wir dann auch sagen, es muss nicht immer 3 plus 1 sein. Wenn der Gegner beispielsweise nur einen Stiirmer vome ldsst, dann pace defending. 5+ tdiamon
kannen wir auch 2 gegen 1 stehen und der Rest kann weiter vorschieben.
3 10 2327 | Also wir wollen schon plus 1 stehen aktuell. Es gab bei Peter Bosz beispielsweise eine andere Variante. Er hat immer gesagt, er méchte in der Restver-
teidigung im Sandwich stehen, das heift der Stirmer steht zwischen den beiden Verteidigern. Also ein Verteidiger dahinter und einer davor. Fir einen
abgefangenen Ball, dass der vordere Verteidiger den Ball attackieren kann und der Andere sichert halt die Tiefe.
4 15 14 Ich wilrde, wenn méglich eine Plus Eins Regel aufstellen. Das heiftt, dass wir auf der letzten Linie Mann gegen Mann spielen, aber jeweils immer die -+1 majority (sandwich)
bessere Position haben in Richtung Tiefe und torgefihrliche Riume. Der Plus Eins Spieler kann dann vor den anderen Spielem versuchen Passwege zu -+1 majority (flat)
schlieBen. Das wire meine takiische Variante. - Man-to-man coverage
4 15 1217 | Es gibt also noch die Maglichkeit plus eins in einer anderen Variante. Also, dass du auf der letzten Linie plus eins hast und eher mit dem Pass heran zu
riicken und gar nicht den Passweg zusellst, sondern mit einem Spieler mehr die Tiefe sicherst. Es gibt auch Plus Einhalb Varianten. Dabei ist der Spieler,
der auch Ankerspieler oder Verlagerungsspieler ist, ein bisschen in der Restverteidigung mit dabei. Er kann also dazukommen, wenn der erste Pass
gespielt wurde. s gibt natiirlich auch Mann gegen Mann Varianten in denen man in Gelichzahl eine Restverteidigung stellt.
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Ksobaymaqng | AsoBiayn)y ajonp | (s)oury | abng | marasaquy
Interview | Page | Line(s) | Quote Category | Subcategory
1 3 1921 | Also das Vorausdenken, das Spiel mit dem Deckungsschatten und das Spiel mit dem Balldruck. Das finde ich ist die grdBte Erfolgsformel bei der Rest- | Successful | - Distance to opposing counter attackers/ dan-
5 verteidigung. Wenn du wirklich erkennst, wann ist Druck drauf. rest defen- | gerous players
E se (charac- | - Pressure on attackers
< teristics) | - Space control
£ Safeguarding
m 6 23 2832 | Ju, also Abstand zu dem Gegenspieler st glaube ich immer ein Thema. Wenn man Gber Anschlussverhalten oder Gegnerbindung spricht, was héufig in | Successful | - one player safes the deep space & pressures
= der Resterteidigung fillt, ist Abstand ein elementares Thema. Natirlich dann auch Druckverhalten in gewissen Zonen, aber auch die Raumkontrolle in | rest defen- | the attacker from behind to deny a turn of the
B gewissen Bereichen. Dann hast du eher diese Absicherung davor oder dahinter, bei der dann auch zum Torhiiter reinspielt. se (charac- | attacker
3 teristics) - one player positioned before or besides the
g attacker fo deny a pass towards the attacker
m or to regain the ball
<
2|7 27 3540 | Ich habe geme Einen dahinter und Einen davor. Im Endeffekt Zugriff sollte in der Regel der Spieler haben, der vor oder neben dem Gegner steht. Der | Successful
g Spieler der dahinter steht sollte eher sichem, bzw. dafir sorgen, dass der Gegner den Ball dann nicht ganz in Ruhe annehmen kann bzw. auf gar keinen | rest  defen-
e Fall aufdrehen kann. Einer hat also diesen sicheren Part und der Andere hat dann eher den akfiven Balleroberungspart. Wenn eben der Spieler der | se (charac-
daneben oder davor steht es schafft sogar vor dem Gegner an den Ball zu kommen, dann wire es natirlich ideal. terisfics)
1 3 33 Die erfolgreichste Restverteidigung ist die direkte Ballrickeroberung. Successful | - Best: Ball regain
1 3 38 Der Worst case wire, dass der Gegner durchbricht und zu einem Abschluss auf unser Tor kommt st dofors | - Good: E Clanrnc, %._ﬁ.z of opposing .a.
(outcome) | tack, foul in harmless position (e.g. opposing
1 3 41-44 | Auch eine erfolgreiche Restverteidigung ist die Aktion, wenn sie den Angriff des Gegners unterbindet. Durch das Kldren des Balls, oder das Lenken half) (prevent opposing attack)
= des Gegners in eine Spur, um wieder hinter den Ball kommen zu kbnnen. Dadurch kdnnen wir wieder in die Ordnung kommen. Das kann selbst im - Worst: Opposing shot on goal
m schlimmsten Fall ein Foul in einer Position, die weiter vom Tor entfert ist, sein.
Jm\ 2 7 56 Aus meiner Sicht ist es das Ziel, dass du einen schnellen Gegenangriff unterbindest und dass du nach Ballverlust maglichst schnell wieder in Ballbesitz | Successful | - Best: Ball regain
rm kommst. rest defense | - Good: slow down opposing counter atfack
= |2 7 10-14 | lch konnte mir vorstellen, dass wenn du es schaffst, dass die gegnerische Mannschaft schon mal nicht den ersten Pass tief spielen kann und vielleicht (outcome) | (prevent desp posses)
8 ) ; . . ; - Okay: Foul
= auch nicht den zweiten oder dritten. Das du es schaffst den Gegenangriff zu verlangsamen, dass nicht die maximale Dynamik entstehen kann. Da hast )
= A . - Worst: Successful opposing deep pass on
2 du aus meiner Sicht auch schon viel gewonnen.
g deepest attacker
2|2 7 17 Ich finde es (ein Foul) besser als in einen Konter zu laufen.
=
£ |2 7 1920 | lch finde, wenn es die gegnerische Mannschaft schafft den fiefsten Punkt anzuspielen und du es dann nicht schaffst Druck auf diesen Gegner auszuiiben,
g dann hast du vorher etwas falsch gemacht.
3 11 21-24 | Das Ziel war natiirlich wieder hoch den Ball zu gewinnen, um dann weiterzuspielen. Aber genau das Gegenteil ist dann eingetreten. Union spielt lang | Successful | - Best: Ball regain
und Jonathan Tah st schlecht positioniert und rutscht sogar noch weg und Kevin Behrens lduft durch und wir verlieren damit in der 88. Minute 1:0. | rest defense | - Okay: Stop opposing atfack
3 11 3234 | Wenn du vielleicht fiefer stehst ist das primdre Ziel den gegnerischen Angriff zu stoppen, indem du viele Spieler hinter den Ball bekommst, um das (outcome) | - Worst opposing goo
Tempo des gegnerischen Angriffs rauszunehmen.
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Interview | Page | Line(s) | Quote Category | Subcategory
6 23 68 Gut, der worst case ist das Gegentor. Das muss immer als worst case gesehen werden, dann kannst du ja die Schritte zuriick gehen. Wenn du ins Detail | Successful | - Best: Ball regain
reingehst, dass der Gegner nach deren Ballgewinn einfach kontrolliert den Angriff vortragen kann, bis zum eigenen Tor. rest defense | - Good: Ball out of play, foul
L } outcome) | - Worst: Opposing goal, opposing scoring o
6 23 12 Dann wieder in eigenen Ballbesitz zu kommen. ( ) Y- Lpposing god, opposing SCoring op-
portunity
- wir ein Foul X iven Tou , wei ul unndtig war. u uch ein bi r unterbinden,
g1l6 23 1620 | Wenn wir ein Foul begehen, kann es negativen Touch haben, weil das Foul unnétig war. Das Foul kann aber auch ein bisschen den Konter unterbinden
£ dadurch eher einen positiven Bezug haben. Grundsitzlich ist es schwierig zu bewerten, aber ein Ausball oder eine Unterbindung von einem Konter st
= eher mal Positiv zu sehen, anstatt dass der Gegner ins lefzte Drittel kommt oder zum Tor und zum Abschluss kommt.
D
w
3 - , wie gesagt ich will permanent Zugri n Gegner. Das heifit, wenn der Gegner i sitz , will ich del 1 moglichst schne uccesstul | - Best: Ball regai
S|7 75 I tich will permanent Zugriff haben auf den Gegner. Das heifit, wenn der Gegner in Ballbesitz kommt, will ich den Gegner mdglichst schmell | Successful | - Best: Ball regain
3 so unter Druck setzen, dass wir den Ball wieder zuriickgewinnen. Das heiBt, im Prinzip, habe ich gerade Gegenpressing definiert, worum es bei mir | rest defense | - Good: Ball out of play (by opponent), den
=
8 auch geht, wenn es um Restverteidigung geht. Wenn ich das jetzt auf die Spieler der letzten Reihe beziehe, dann sollten sie so Zugiff auf ihre Gegner | (outcome) | opposing fast counter attack (rebuild defensive
= haben, dass diese den Ball nicht bekommen. block)
“w
2 I ) ) ; o - Okay,/Bad: Foul
g\|7 27 1215 | Der worst case wiire natirlich das der Gegner den Ball so bekommt, dass er unmittelbar eine Torchance hat. Das heift, das ich es in diesem Moment Wors: Opposing scring opporiniy /oppc
a nicht schaffe ihn bei der Ballannahme so zu stdren oder zu stellen, dass er den Ball nach hinten spielen muss oder er nach auBen weggedringt wird. g qodl PposIng scoring opp P
= . o
= Sondemn wenn er eben zum Torabschluss kommt oder im schlimmsten Fall zum Torerfolg kommt. 00
2
w L. . . . . . o, . . . . . . .
a7 27 2131 | la, Foulspiel idealerweise vermeiden. Es gibt sicherlich Situationen, da ist es nicht zu vermieden, da muss ich mal Foul spielen. Aber gerade, wenn wir
g
3 iber Restverteidigung sprechen, da sind dann nicht mehr allzu viele Spieler hinter dem Ball, da méchte ich natilich Foulspiele vermeiden, da wir entwe-
der in unmittelbarer Torndhe sind oder eben dann auch eine gelbe Karte oder sogar eine rote Karte zur Konsequenz hat. Deshalb Foulspiel idealerweise
vermeiden. Das heift, in solchen Situationen, wenn maglich, immer aus einer Gleichzahl eine Uberzahl machen. Das heifit, einfach die Verteidigungs-
aktion sichern oder zum Doppeln kommen. Wenn der Gegner es schafft den Ball in den eigenen Reihen zu halten, aber nicht nach vorne spielen kann ist
das ein Teilerfolg. Das heift, wenn der Gegner den Ball ins Aus spielt wire es dann wieder ein Ballgewinn fir uns, das heifit es wre auch in Ordnung.
Am ligbsten wiirde ich aber den Ballgewinn haben um den Ball im Spiel zu halten, um direkt wieder nach vorne spielen zu kénnen, wenn es méglich ist.
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