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Kurzzusammenfassung 

Im Leistungssport spielen die Belastungssteuerung und Periodisierung von 

physischem Training seit Jahrzehnten eine zentrale Rolle. Während die Erforschung 

dieser Trainingsperiodisierung aus sportwissenschaftlicher Sicht fortschrittlich 

untersucht erscheint, ist die systematische und strukturierte Periodisierung des 

Fertigkeitstrainings zur technisch-taktischen Entwicklung von Sportlern 

untererforscht und selten angewandt. Zusätzlich hierzu erscheint der - im 

professionalisierten Sport stetig an Bedeutung steigende – Kontext des Spezialtrainers 

wissenschaftlich ausgegrenzt. Dieser Trainingskontext stellt die positionsspezifische 

und technisch-taktische Entwicklung von einzelnen Sportlern oder Kleingruppen 

(innerhalb eines Teams) in den Mittelpunkt. Mit der Absicht der Konzeptualisierung 

der ‚Periodisierung des Fertigkeitstrainings im Kontext des Spezialtrainings‘ versucht 

die Dissertation das Verständnis von multidisziplinären Trainingsansätzen und                    

-prinzipien aus den Bereichen der Bewegungswissenschaft, Psychologie und 

Pädagogik zu verbessern. Auf theoretischer Ebene basiert die Dissertation auf den 

Grundlagen des ökologischen Dynamikansatzes (engl. ecological dynamics), einer 

non-linearen Pädagogik (engl. nonlinear pedagogy) und des Constraints-Led 

Approaches. Hierbei werden neue konzeptionelle Modelle 1) zur systematischen 

Periodisierung des Fertigkeitstrainings (genannt ‚PoST‘ Modell); 2) zur Anwendung 

von verbalen und multimodalen Kommunikations- und Coaching-Ansätzen; und 3) 

zur Integration von Spezialtrainern (in Zusammenarbeit mit weiteren Trainern und 

dem ‚Support-Staff‘) in einem ‚Department of Methodology‘ vorgeschlagen. Diese 

konzeptionelle Basis erweitert die multidisziplinäre Literatur im Bereich der 

Periodisierung des Fertigkeitstrainings und bietet zahlreiche akademische, sowie auch 

praktische, Implikationen und Zugänge für zukünftige Forschung. Zur praktischen 

Anwendung eines theoretischen Periodisierungsmodelles und eines Sportler-Umwelt-

zentrierten Trainingsansatzes wird speziell der Kontext des Fußballtorwarttrainers (als 

Spezialtrainer) untersucht. 

Schlüsselwörter: Periodisierung des Fertigkeitstrainings; Spezialtraining; 
Fußballtorwart; Ökologischer Dynamikansatz; Non-lineare Pädagogik; Constraints-
Led Approach 
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Abstract 

Across high-performance sport, the periodisation of physical training has been 

considered critical for athlete performance and development. While benefits of 

training periodisation in physiological training and sports science have long been 

proven, the systematic and structured periodisation of motor skill learning 

programmes for athlete development is seemingly under-researched and not 

commonly applied. With the goal of conceptualising and investigating this latter form 

of ‘skill training periodisation’, based on theoretical tenets of Ecological Dynamics, a 

Nonlinear Pedagogy and the Constraints-Led Approach, this dissertation aims to 

enhance understanding of multidisciplinary motor learning, psychology and pedagogy 

principles. By further transferring these principles to a novel coaching context of 

specialist (role) coaching, reviewed research investigates an emerging trend in high-

performance sport; i.e., the integration of specialist coaching and support staff into 

athlete development programmes. Particularly, the context of specialist goalkeeper 

coaching in association football (soccer) provides a valuable alley for exploration and 

application of models of training periodisation and coaching practice for enhanced 

athlete-centred development. Finally, by introducing three conceptual models for i) 

skill training periodisation (termed ‘PoST’ framework), ii) the application of 

instructional constraints to practice (termed ‘skill training communication model’) and 

iii) specialist coaching integrated into a ‘Department of Methodology’, presented 

research work enhances academic and practical understanding of critical 

psychological and pedagogical principles for individual athlete development and 

future research projects on skill (acquisition) training periodisation and coaching.  

Keywords: Skill Training Periodisation; Specialist Role Coaching; Football 
Goalkeeping; Ecological Dynamics; Nonlinear Pedagogy; Constraints-Led Approach 
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Introduction 

In high-performance sport, the integration of ‘individual development 

coaches’1 and multidisciplinary support personnel into coaching staffs and 

organisational structures displays an established and ongoing trend. Particularly, 

‘specialist role coaches’, such as skill acquisition specialists, rehabilitation coaches or 

goalkeeping coaches in association football (soccer), are employed to focus on the 

role- and position-specific development of single players and sub-units (e.g., the 

defence unit) within a team (see Otte, Millar, & Klatt, 2019b, for more detail on this 

coaching context). Why are these (emerging) specialised coaching positions 

beneficial? Put simply, professional, high-performance sport organisations seek to 

gain the lead by affording athletes “with the opportunity for additional specialised 

training outside whole-team training sessions [in order to …] to address each athlete’s 

role-specific strengths and weaknesses” (Otte, Davids, Millar, & Klatt, 2020a, pp. 

562-563). While the work of these specialist (role) coaches may be constrained in 

terms of various factors (e.g., training time with athletes), the addition of specialised  

staff and coaches displays several advantages from an athlete-centred perspective (see 

Otte et al., 2019b and 2020a, for more detailed discussions). Yet, to date, it remains 

underexplored 1) to what extent research-supported pedagogical training approaches 

are generally applied by specialist coaches; and 2) how contemporary skill training 

theory may work to advance specialist coaches in their endeavours of effectively 

preparing athletes for performance, while also focussing on talent development and 

skill learning. In other words, there appears to be a need for extending academic 

understanding of contemporary skill acquisition principles to specialist coaching 

 
1 Please note, the labels ‘specialised role coach’, ‘specialist coach’ and ‘individual development 
coach’ are all interchangeably used in this written thesis. 
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contexts (see Farrow & Robertson, 2017). These principles are based on 

multidisciplinary concepts drawn from motor learning, sport psychology, sport 

pedagogy, and sport science literature and aim to enhance the conceptualisation of a 

periodisation framework in the context of skill (acquisition) training. The term ‘skill 

training’, for this thesis, defines an athlete’s ability to “seek, explore, discover, 

assemble, and stabilize the coordination of movement patterns” (see Davids, Bennett, 

& Button, 2008, p. 83), and the concept of ‘skill training periodisation’ describes  

systematic and structured “short- and long-term planning to prescribe specific 

workloads and tasks” for athletes (Farrow & Robertson, 2017, p. 1044).	 

Specialist Coaching Context: Football Goalkeeper Training. 

For the purpose of the thesis, it is the specialist coaching context of football 

goalkeeper (GK) training that is explored, analysed and studied. In general, the GK 

role represents a distinct playing position within the team ball sport of football (see 

Otte, Millar, & Klatt, 2019a, 2020c; Rechner & Memmert, 2010). Given the rule that 

only GKs are allowed to use both feet and hands, a wide range of complex technical-

tactical actions, such as “passing over distance, close distance hand-foot reaction 

saves, catching shots on goal, and punching away crosses” encompasses this unique 

playing position (Otte et al., 2019a, pp. 1465). While the GK position is arguably an 

important position within any football team, to date, academic research has only 

occasionally investigated this specialist coaching context. In brief, most studies have 

either examined goalkeeping in light of its physiological characteristics (e.g., Ziv & 

Lidor, 2011) or GKs’ perceptual-cognitive game demands (e.g., Savelsbergh, 

Williams, Van Der Kamp, & Ward, 2002; see Otte et al., 2019a, pp. 1465-1466, for a 

review). Additionally, a lack of investigation into dynamic and football-specific open 

play situations, as opposed to static and rather uncommon penalty kick situations, can 
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be observed (e.g., Lidor, Ziv, & Gershon, 2012). With the goal to extend on scientific 

football GK research, away from studies with limited physiological or perceptual-

cognitive parameters, this thesis examines the topic of ‘skill acquisition training’ (i.e., 

described as training interventions to support athletes’ motor coordination “that [is] 

adaptable to a range of varying performance characteristics”; Davids et al., 2008, p. 

4). Notably, while previous research has investigated skill training approaches and 

methods for outfield football players (e.g., Torrents et al., 2016; Williams & Hodges, 

2005), comparable studies on the specialised playing position of the football GK are 

limited. 

Aims of the Thesis. 

By conceptualising and investigating i) the context of specialist football GK 

coaching, and ii) a research gap on the implementation of more contemporary skill 

training and periodisation theory into coaching practice, the goal of this cumulative 

dissertation is to provide scientific support for both researchers and coaches in 

understanding underlying pedagogical and theoretical principles. Hereof, the 

following sections of this thesis aim to present:  

i) a brief introduction to the theoretical frameworks of Ecological 

Dynamics, a Nonlinear Pedagogy and the Constraints-Led Approach 

that underpin all undertaken research work (Chapter 2);  

ii) an outline of the synopsis including addressed research questions, the 

structure of the thesis and its academic publications (Chapter 3 and 

Appendix);  

iii) summaries of undertaken research work into current football GK 

training (Chapter 4), contemporary skill training structure and 

periodisation in football goalkeeping according to the ‘Periodization of 
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Skill Training’ framework (‘PoST’ framework; Chapter 5), the 

introduction of the ‘skill training communication model’ for (verbal) 

coaching interventions (Chapter 5), and further applied studies building 

upon tenets of the newly proposed ‘PoST’ framework (Chapters 6); and 

iv) theoretical and practical research implications, limitations and 

directions for future research (Chapter 7). 
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Theoretical Framework 

All presented research papers on contemporary skill (acquisition) training are 

underpinned by the theoretical rationale of Ecological Dynamics, allied to principles 

of the Constraints-Led Approach2 (CLA) and of a Nonlinear Pedagogy (NLP). This 

integration of various unified theoretical perspectives allows for a holistic approach 

towards athlete-environment-centred skill development (Davids et al., 2008). 

Ecological Dynamics. 

For team sports like football, sport science research commonly acknowledges 

that performance environments are highly dynamic under constantly changing 

constraints (Araújo & Davids, 2016; Chow, Shuttleworth, Davids, & Araújo, 2020). 

These dynamic environments demand that both teams and individual athletes (e.g., 

football GKs) effectively self-regulate in order to drive performance in competition 

(Davids et al., 2008; Davids, 2015). Underpinned by an Ecological Dynamics 

rationale, self-regulation conceptualises ways in which a player or team perform in 

competition by interacting with and exploiting dynamics of the performance 

environment (e.g., the interaction between attackers, defenders and GKs in football; 

Passos, Araújo, & Davids, 2016). Particularly, embedded interactions between sub-

systems of emotion, cognition, perception and action (as opposed to an isolated break-

down of single component parts; Davids et al., 2008; Gildersleeve, 2019) drive 

athletes’ co-adaptation processes in order to functionally achieve task goals (Otte et 

al., 2020a). Hereof, ‘performer-environment interactions’ become paramount 

(Davids, 2012, 2015; Seifert, Araújo, Komar, & Davids, 2017) and underline a critical 

idea of the advocated theoretical rationale: in order to drive skill learning and support 

 
2 See Papers II and III for more detail on relevant constructs and theory. Notably, all here-presented 
information on theoretical frameworks and concepts is directly drawn from the research publications 
presented as part of this Ph.D. dissertation (e.g., see Otte et al., 2020a, pp.564-566). 
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athletes’ perceptual attunement to relevant invitations for action within the 

environment (i.e., termed ‘affordances’; see Fajen, Riley, & Turvey, 2008), training 

sessions and structures should be representative of the game, allow for variable 

movement solutions and keep the functional coupling of information and action intact 

(Fajen et al., 2008; Pinder, Davids, Renshaw, & Araújo, 2011; Renshaw & Chow, 

2019; Renshaw et al., 2016). In other words, “through adequate training designs that 

holistically integrate the requisite four performance-regulating sub-systems (i.e., 

perception, action, emotion and cognition), (specialist) coaches can provide a fruitful 

platform for athletes to self-organise, harnessing and exploiting system dynamics” 

(Otte et al., 2020a, p. 564; also see Papers II, III & V for more in-depth elaboration of 

these topics).  

Nonlinear Pedagogy. 

At its core, Nonlinear Pedagogy (NLP) is based on the view that learning 

processes can follow rather discontinuous and sudden changes over time (i.e., as 

opposed to predictable and linear progressions; Lee et al., 2014). As motor learning is 

regarded a typically nonlinear process (i.e., constituted of periods of instability 

interspersed with periods of system stability), it is acknowledged that athletes develop 

at different rates and time scales (Phillips, Davids, Renshaw, & Portus, 2010). This 

considered, an Ecological Dynamics perspective on learning provides numerous 

pedagogical notions for individualised athlete and talent development (see Chow, 

2013, for a conceptualisation of various principles); for example, training designs in 

accordance with NLP should focus on:  

1) Game-representative training designs (i.e., training tasks that 

simulate relevant information and constraints and that allow 

athletes to functionally couple perception with actions and achieve 
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game-relevant task goals; Krause et al., 2018). In simple terms, the 

training environment should closely replicate the performance 

environment (e.g., a game of football) in order to allow for players 

to self-regulate and self-organise functional movement solutions 

(Otte et al., 2020a); 

2) task and movement variability to support skill adaptation in 

response to dynamic constraint interactions within the (training 

and/or competition) environment (Seifert et al., 2014). Athletes 

should be challenged and tasked to constantly adapt movement 

solutions and repeatedly solve movement problems in various ways 

(see Bernstein, 1967, for an early and groundbreaking 

conceptualisation); 

3) functional perception-action couplings (i.e., continuous linking of 

perceived information from the dynamic environment with 

(adaptable) movement actions; Davids et al., 2008; Renshaw & 

Chow, 2019). Linked to the aforementioned notion of 

representative training designs, movement solutions should be 

carefully integrated with its context (e.g., perceived affordances for 

passing opportunities present in a football game). Thus, key 

information and constraints resulting from player-environment 

interactions should be kept intact and guide athletes’ choices, 

decisions and movements. In other words, (specialist) coaches 

should “avoid the detriment of endless technical repetition in 

practice and, instead, would highlight the importance of 

environmental information sources to drive perception of action 



THEORETICAL FRAMEWORK_________________________________________ 10 

opportunities in reciprocity to the coordination of movements” 

(Otte et al., 2020a, p. 565); 

4)  hands-off and facilitating coaching approaches to enable athletes 

to search for, explore and optimise effective movement and 

performance behaviour (Renshaw et al., 2016). As presented later 

in Chapter V, the methods coaches use to guide athletes and 

(verbally) provide feedback and instructions become paramount 

when the discovery and self-organisation of performance solutions 

are the aims. Here, especially Papers II and IV will summarise 

current research and provide an outlook on how this principle may 

be applied to skill (acquisition) training (see Otte et al., 2019b; Otte 

et al., 2020b). 

Altogether, the given theoretical outline wishes to allow coaches to implement 

an ‘athlete-environment-centred’ coaching perspective and to establish methodical 

principles of the CLA. 

The Constraints-Led Approach. 

Based on Karl Newell’s work (1985, 1986), the CLA represents a methodology 

towards athlete development that (specialist) coaches may use throughout the 

periodisation and design of skill training sessions and tasks. In brief, the CLA 

emphasises emergent interactions between the constraint categories of: 1) the 

individuum (e.g., individual athlete’s physical or cognitive capacities); 2) the task 

(e.g., temporal constraints like the remaining game time or defending players’ 

interceptive actions that determine an attacking task on goal); and 3) the environment 

(e.g., line markings, crowd noises, pitch and light conditions during a football game; 

Passos et al., 2016; Renshaw & Chow, 2019). While the constant interaction of all 
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three constraint categories promotes athletes’ self-regulated behaviour and the 

perception of relevant information that drives inherent self-organisation tendencies 

(Renshaw, Davids, Phillips, & Kerherve, 2011),  coaches may use this theoretical and 

empirical knowledge by inducing constraint manipulations to their training designs. 

For example, pedagogical principles derived from an NLP (see above) may be 

introduced by “task constraint manipulations and the practice schedule of movement 

tasks” (see the ‘PoST’ framework in Chapter V and Paper II for more detail; Otte et 

al., 2019b, p. 80). In other words, “under varying constraints, athletes learn to 

repeatedly detect opportunities for actions (i.e., affordances), attune to critical 

environmental information sources, and thus, learn to form flexible but stable 

perception-action couplings” (Otte et al., 2020a, p. 566; see also Araújo & Davids, 

2011; Davids et al., 2008). These varying training conditions further aim to challenge 

athletes in terms of finding representative movement solutions and making functional 

decisions and choices to act upon (Renshaw, Davids, Shuttleworth, & Chow, 2009).  

As further elaboration of the constraints-led view on coaching would exceed 

the scope of this presentation, please see relevant literature by leading authors in the 

field (e.g., Renshaw & Chow, 2019; Renshaw, Davids, Newcombe, & Roberts 2019). 
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Outline of Publications included in the Synopsis  

The outline of this cumulative thesis is presented in Table 1 (see below). In 

total, seven peer-reviewed research papers investigate the transfer of contemporary 

skill (acquisition) training theory to the specialist coaching context, with a particular 

focus on football GK training (see Appendix for all paper abstracts). Hereof, all work 

is based on abovementioned theoretical perspectives derived from Ecological 

Dynamics, an NLP and the CLA (e.g., Davids et al., 2008; Chapter 2).  

Table 1 

Publications Included in Synopsis 

 
I. Otte, F.W., Millar, S-K., & Klatt, S. (2019a). How does the 

modern football goalkeeper train? – An exploration of expert 
goalkeeper coaches’ skill training approaches. Journal of Sports 
Sciences. 38(11-12). 1465-1473. doi: 
10.1080/02640414.2019.1643202.  

 
II. Otte, F.W., Millar, S-K., & Klatt, S. (2019b). Skill training 

periodization in ‘specialist’ sports coaching - An introduction of 
the ‘PoST’ framework for skill development. Frontiers in Sports 
and Active Living - Movement Science and Sport Psychology, 
1(61). 77-93. doi: 10.3389/fspor.2019.00061 

 
III. Otte, F.W., Davids, K., Millar, S.-K., & Klatt, S. (2020a). 

Specialist role coaching and skill training periodisation: A football 

goalkeeping case study. International Journal of Sports Science & 
Coaching, 15(4). 562-575. doi: 10.1177/1747954120922548.  

 
IV. Otte, F.W., Davids, K., Millar, S-K., & Klatt, S. (2020b). When 

and how to provide feedback and instructions to athletes? – How 
sport psychology and pedagogy can improve coaching 

interventions to enhance self-regulation in training. Frontiers in 
Psychology - Movement Science and Sport Psychology, 1(1444). 

1-14. doi: 10.3389/fpsyg.2020.01444.  
 
V. Otte, F.W., Rothwell, M., Woods, C., & Davids, K. (2020e). 

Specialist Coaching Integrated into a Department of Methodology 

in Team Sports Organisations. Sports Medicine - Open, 6(55), 1-8. 
doi: 10.1186/s40798-020-00284-5. 

 
VI. Otte, F.W., Millar, S-K., & Klatt, S. (2020c). Ready to perform? 

A qualitative-analytic investigation into professional football 
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goalkeepers’ match warm-ups. International Journal of Sports 
Science & Coaching, 15(3). 324-336. doi: 
10.1177/1747954120909956.  

 
VII. Otte, F.W., Millar, S-K., & Klatt, S. (2020d). What do you hear? 

The effect of stadium noise on football players’ passing 
performances. European Journal of Sport Science, Advance online 

publication. 1-10. doi: 10.1080/17461391.2020.1809714.  
 

 

In order to further illustrate the structural relation between presented research 

work on skill (acquisition) training, Figure 1 (below) presents a graphic overview of 

all research publications included in this thesis. Particularly, Papers II to V (i.e., the 

central segments in Figure 1) represent an integral part of this thesis. By introducing, 

applying and further extending theoretical and conceptual work in form of a novel 

‘Periodization of Skill Training’ framework (‘PoST’ framework), this dissertation 

enhances both academic literature and practical coaching approaches (see more details 

in Chapter 5).  
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Figure 1. Graphic overview of research publications included in the cumulative dissertation (see 
Chapters 4,5, 6 and Appendix). 
 

Additionally, five professional publications (i.e., see i-v) – not included as 

primary performances - have been published during the Ph.D. phase and are presented 

in Table 2. 

Table 2 

Additional Publications not Included in Synopsis 

 

i. Otte, F.W. (2018). Wie sage ich es meinen Spielern?. 
Fussballtraining, 11. 6-15. Retrieved from 

https://philippka.de/ftdigital/ 
 

ii. Otte, F.W. (2018). Ständig ‘Online’ Sein!. Fussballtraining, 12. 
24-29. Retrieved from https://philippka.de/ftdigital/ 

 
iii. Otte, F.W. (2019). The Art & Science Behind Soccer Goalkeeper 

Training. Soccer Journal, 64(7), 42-46. Retrieved from 
https://unitedsoccercoaches.org/soccer-journal-issues/ 
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iv. Otte, F.W. (2020). How does the modern soccer goalkeeper train? 

– A summary of recent research findings. Soccer Journal, 65(4), 
28-29. Retrieved from https://unitedsoccercoaches.org/soccer-

journal-issues/ 
 

v. Otte, F.W., Millar, S-K., & Klatt, S. (2020). Individualtraining in 
Teamsportarten - Das ‚PoST‘ Modell zur Periodisierung von 

Fertigkeitstraining. Leistungssport, 4, 36-41. Retrieved from: 
https://leistungssport.net/aktuelle-ausgabe/ 

 

 

Research Questions. 

Given the aforementioned lack of research in the context of specialist 

goalkeeping in regard to skill acquisition and refinement training, all presented 

research publications relate back to one overarching question: “How could 

contemporary skill (acquisition) training theory conceptually support applied 

goalkeeper training approaches and training periodisation?”. For adequate 

investigation of this multifaceted question, Table 3 (below) displays three research 

questions that this thesis aims to answer. 
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Table 3 

Research Questions Addressed in the Thesis 

 

Research Question 
 

 
Addressed in 

 

1. How does football goalkeeper skill  

(acquisition) training practice currently look? 

 

2      a.  How could contemporary skill (acquisition) 

training theory conceptually support skill 

training periodisation and communication 

approaches in specialist coaching contexts?  
 

        b.  How could football goalkeeper skill 

(acquisition) training benefit from conceptual 

skill training periodisation work? 
 

3.   What roles do performance (preparation) and 

skill (adaptability) training play within applied 

training periodisation? 

 
 

 
 
 
 

 
 

 
 

 

  
1 Qualitative Study 
in Paper I 

 
 

 
3 Conceptual 

Papers (Papers II, 
IV & V) 

 

 
2 Case Studies 
(Papers  III & V) 

 
 

 
 

1 Systematic 
Observation plus 

Qualitative Study 
in Paper VI, and 1 

Experimental 
Study in Paper VII 
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Current Goalkeeper Skill Training Approaches (Paper I) 
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Current Goalkeeper Skill Training Approaches 

With the aim of answering the first research question of  “How does goalkeeper 

skill (acquisition) training practice currently look?”, the initial research study explored 

fifteen expert football GK coaches’ ideas, views and approaches towards modern GK-

specific training. Particularly, the intention was to investigate current GK training 

methods and structures that expert coaches tend to apply; this was in order to draw 

comparisons to tenets of contemporary motor learning and training theory. Titled as 

‘How does the modern football goalkeeper train? – An exploration of expert 

goalkeeper coaches’ skill training approaches’, the research paper was published in 

the Journal of Sports Sciences in July 2019; for more information, please see the paper 

abstract below. 

Paper I - Abstract 

“The football goalkeeper position arguably represents a unique role within the 
team sport. Despite its highly complex skill demands, research on football 
goalkeeping has only sporadically examined the position within isolated and 
limited parameters. In particular, there is limited literature on “modern” skill 
acquisition training methods and approaches within the field of goalkeeper 
training. In a cross-cultural study with fifteen expert goalkeeper coaches, 
researchers here examined the overarching research question of “how does the 
modern football goalkeeper train?”. Semi-structured interviews explored 
expert coaches’ views on critical skills for performance in goalkeeping and the 
training approaches used to develop these critical skills. Results indicate that 
four skill sets are considered essential by goalkeeper coaches, these are: 
decision-making skills, athleticism, mentality, and technical skills. In terms of 
developing these skills in goalkeeper-specific training, the majority of expert 
coaches apply a similar microstructure to training sessions. This structure 
involves a steady progression from simple to complex training tasks, where for 
large parts, isolated technical training appears to be prioritised over a holistic 
training approach that integrates technical skills and perceptual-cognitive 
components (e.g., decision making). Scientific and practical recommendations 
for researchers and practitioners in the field of football goalkeeper coaching 
are provided.” (Otte et al., 2019a, p. 1465) 

Full reference: Otte, F.W., Millar, S-K., and Klatt, S. (2019). How does the 
modern football goalkeeper train? – An exploration of expert goalkeeper 
coaches’ skill training approaches. Journal of Sports Sciences, 38(11-
12). 1465-1473. doi:10.1080/02640414.2019.1643202.  
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Synthesis - Findings on Current GK Skill Training Approaches 

As displayed in the paper abstract and the original article, research findings 

clearly indicate common trends in football GK training that provide answers for 

Research Question 1 (i.e., how does football goalkeeper skill (acquisition) training 

practice currently look?) 

Answer to Research Question 1. 

In terms of developing critical GK-specific skills (i.e., termed “decision-

making skills, athleticism, mentality and technical skills”; Otte et al., 2019a, p. 1465), 

most interviewed coaches structure their training sessions in similar ways. While 

training designs use a linear and progressive structure to individual GK sessions, these 

training sessions are often driven by coaches’ highly ‘idealised technical images’ (i.e., 

GK coaches following a detailed image of how a technical movement should be 

executed). Given coaches’ aspiration to teach athletes an ideal movement technique, 

there was little surprise that the study found isolated technical training (i.e., notably 

the fourth most important GK skill mentioned by coaches) to outweigh complex 

training parts that include decision making (i.e., “the most significant skill component 

for every top-level GK”, as mentioned by the coaches; Otte et al., 2019a, p. 1468). 

More specifically, when unfolding the composition of an hour-long GK training 

session, the majority of coaches “spend at least 50% – and often even up to 60–70% 

– of their training session time on predictable technical GK work” (p. 1471). 

This finding stands in contrast to the aforementioned GK skills that coaches 

stated to be most important for any GK to make it at the top football level. Particularly, 

due to most practitioners mentioning “decision-making skills to represent the most 

vital skill set for elite-level GKs” (p. 1471), the training time split with a (heavy) focus 
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on isolated technical training presents a conflicting finding (see the original article for 

an in-depth discussion).  

Critical Evaluation of Research Findings. 

As rather ‘traditional’ coaching approaches (e.g., Williams & Hodges, 2005) 

seemingly have significant impact on current GK training practice, this thesis is driven 

by the goal of investigating and proposing ‘modern’ training approaches, based on a 

constraints-led view on skill (acquisition) training (e.g., Renshaw et al., 2019); these 

‘modern’ skill training approaches emphasise aforementioned principles of Ecological 

Dynamics and an NLP (Button et al., 2020; Chow et al., 2020). In more detail, it is the 

notion of holistically integrating various “performance-regulating sub-systems (i.e., 

perception, action, emotion and cognition)” that underlines a contemporary and 

ecological skill training approach (Otte et al., 2020a, p. 564; Davids, 2012, 2015; see 

Chapter 2). In turn, emphasising the importance of the nonlinear integration of critical 

GK-specific skills (i.e., decision making; athleticism; mentality; and GK-specific 

movement technique) into each section of the training session structure displays an 

important concern of this thesis.  

Based on presented exploratory findings of Paper I, the following chapters and 

sections will build upon these insights and aim to implement a distinct view on how 

(GK) skill training could look according to contemporary motor learning, sport 

science, psychology, and pedagogy literature. 

 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 5 

Contemporary Skill Training Periodisation in Football Goalkeeping (Papers II 

- V) 
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Contemporary Skill Training Periodisation in Specialist Football Goalkeeper 

Coaching 

With the aim of answering Parts A and B of the second research question (i.e., 

a) how could contemporary skill (acquisition) training theory conceptually support 

skill training periodisation and communication approaches in specialist coaching 

contexts?; and b) how could football goalkeeper skill (acquisition) training benefit 

from conceptual skill training periodisation work?), four papers examined 

contemporary skill acquisition training theory and its application to the specialist 

coaching context. While aforementioned research results from Paper I aided in 

comparing current GK coaching practice with research-supported skill training theory, 

Papers II to V may be considered to be the core of the dissertation. Notably, the range 

of here-presented research papers refers back to the abovementioned goal of this 

thesis: to implement and advocate a distinct view on how (GK) skill training could 

look according to contemporary motor learning, sport science, psychology, and 

pedagogy literature (Button et al., 2020).  

The ‘Periodization of Skill Training’ framework (Paper II) 

By introducing a novel Periodization of Skill Training framework (‘PoST’ 

framework), this publication aspires to “provide theory-driven challenges and 

practically-applicable tools for coaches to systematically plan and adjust task 

constraints in individualized training with skilled athletes” (Otte et al., 2019b, p. 2). 

In extension of Farrow and Robertson’s (2017) work on skill acquisition periodisation 

(i.e., termed ‘SAP’ framework), the ‘PoST’ framework revisits critical skill training 

principles, such as representative learning designs (e.g., Renshaw & Chow, 2019), 

movement (in)stability (e.g., Seifert et al.,  2017), task constraint manipulations (e.g., 

Correia et al., 2019), and movement task schedules in practice (e.g., Buszard et al., 
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2017). Hereof, Paper II, titled “Skill Training Periodization in “Specialist” Sports 

Coaching—An Introduction of the “PoST” Framework for Skill Development”, aims 

to synthesise the conceptual view on skill training periodisation and practically apply 

it to specialist coaching and football GK training (see abstract below). This position 

paper was published online in Frontiers of Sports and Active Living – Section 

Movement Science and Sport Psychology in November 2019.  

Paper II - Abstract 

“Across sports and movement science, training periodization has been 

recognized as key for athlete development and performance. While 

periodization with regard to physiology has a proven history, the structuring 

and periodization of motor learning and skill development is seemingly less 

researched and practiced. Despite the existence of numerous theoretical 

accounts underpinning skill acquisition training and more recently emerging 

periodization models, a cohesive framework to practically support coaches in 

the context of “specialist coaching” appears to be needed. The use of 

“specialist coaches” for individualized, one-on-one or small group trainings 

displays a growing trend in team ball sports. Despite limiting the replication 

of game-representative environments (i.e., by constraining the number of 

involved athletes in training), “specialist coaches” in performance sport 

constantly aim to achieve marginal gains and refinements in athlete 

development. In order to support these “specialist coaches” and fill a research 

gap on skill training periodization, the current paper seeks to review and 

transfer contemporary skill acquisition training theory (driven by the 

constraints-led approach) into a practically-applicable “Periodization of Skill 

Training” framework (“PoST” framework). This framework provides valuable 

conceptual and practical support for “specialist coaches” in performance sport; 

which will in turn, enhance, and refine adaptive movement variability for sport 

skills and manipulate skill training environments (i.e., over the course of 

macro- and micro-cycles, and for the planning of single training sessions). 

Practical examples from soccer goalkeeping (i.e., a “specialist coaching” 

context, often constrained to a small number of players in the training 

environment) will underline the proposed framework.” (Otte et al., 2019b, p. 

77) 

 

Full reference: Otte, F.W., Millar, S., & Klatt, S. (2019). Skill training 

periodization in ‘specialist’ sports coaching - An introduction of the ‘PoST’ 

framework for skill development. Frontiers in Sports and Active Living - 
Movement Science and Sport Psychology, 1(61). 77-93.  

doi:10.3389/fspor.2019.00061 
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To provide more detail, Figure 2 (below) presents the graphic illustration of 

the ‘PoST’ framework that targets skill training periodisation in specialist coaching 

contexts (adapted from Otte et al., 2019b). Hereof, the x- and y-axes may be 

highlighted in terms of individualised planning for training sessions on the macro-

level (i.e., over the time span of several months), the micro-level (i.e., over a full 

training week), or single training sessions. First, the x-axis presents three distinctive 

skill development stages that are termed “Coordination Training, Skill Adaptability 

Training, and Performance Training” (Otte et al., 2019b, p. 88; also see Newell, 1985, 

1986, for original stages of skill coordination, control and optimisation that were 

partially adapted). Second, two y-axes illustrate focus areas to be considered when 

planning and designing skill training sessions tailored towards specific athlete’s needs; 

these areas consider the level of information or ‘task complexity’ (e.g., Farrow & 

Robertson, 2017) and  the level of ‘game-representativeness’ (see Pinder et al., 2011; 

Krause et al., 2018, 2019). As a more in-depth discourse of all skill training stages and 

focus areas would go beyond the limits of this presentation, please see the original 

(open-access) article.  
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Figure 2. The ‘Periodization of Skill Training’ framework including its three skill training stages (i.e., 
‘Coordination Training’; ‘Skill Adaptability Training’; and ‘Performance Training’) and the skill 
training focus areas of ‘Level of Task Complexity’ and ‘Level of Game-Representativeness’ (adopted 
from Otte, Millar, & Klatt, 2019b). 

 

Application of the ‘PoST’ framework to football goalkeeper training (Paper III) 

In addition to abovementioned conceptual work (i.e., Paper II), a third 

publication further elaborated on ideas proposed in the framework (see abstract 

below). In detail, Paper III, titled “Specialist Role Coaching and Skill Training 

Periodisation: A Football Goalkeeping Case Study”, presents a case study. Here, 

theoretical ideas and principles included in the conceptual ‘PoST’ framework are 

employed in football GK training over the span of a full professional season (find the 

original article, published in 2020, in the International Journal of Sports Science and 

Coaching). 

Paper III – Abstract 

“In sports like association football, professional teams are increasingly 

devoting resources to the role-based development of individual athletes and 

sub-groups. By employing ‘specialist coaches’ into athlete-support structures, 

clubs aim to facilitate individualised athlete training programs to enhance 

performance preparation as well as skill learning and talent development. Here, 
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we discuss how contemporary pedagogical training approaches, like Nonlinear 

Pedagogy (NLP) and the Constraints-Led Approach (CLA), can enhance 

effectiveness of specialist role-based athlete development programs to 

facilitate performance functionality. We argue the need for a model of 

specialist role-based coaching practice in high performance sports 

organisations, based on a unified theoretical rationale, such as ecological 

dynamics. To exemplify the nature of specialist role-based coaching, a case 

study addresses how NLP and CLA are being used for training professional 

football goalkeepers in an U23 years age group. Integrating key concepts from 

ecological dynamics, allied to principles of NLP and the CLA, common skill 

training principles for specialist role coaches are highlighted. These illustrate 

the use of the recently-introduced ‘Periodization of Skill Training’ framework 

(‘PoST’) for specialist role coaching, practically exemplifying a way to 

harness opportunities for performance enhancement and individualised talent 

development in the football goalkeeping context.” (Otte et al., 2020a, p. 562) 

Full reference: Otte, F.W., Davids, K., Millar, S.-K., & Klatt, S. (2020). 

Specialist role coaching and skill training periodisation: A football 

goalkeeping case study. International Journal of Sports Science & Coaching, 

15(4). 562-575. doi: 10.1177/1747954120922548. 

 

Coaching intervention methods in specialist coaching – an extension of the 

‘PoST’ framework (Paper IV) 

Expanding on conceptual ideas from the ‘PoST’ framework, Paper IV 

introduces a model for communication and verbal coaching interventions within skill 

training environments (i.e., termed “skill training communication model”; Otte et al., 

2020b, p. 1). Based on a theoretical rationale driven by an Ecological Dynamics 

perspective, “practice is seen as a search for functional performance solutions and 

augmented feedback is outlined as instructional constraints to guide athletes’ self-

regulation of action in practice” (Otte et al., 2020b, p. 1; see Newell, 1991; Newell & 

Ranganathan, 2010; Pacheco, Lafe, & Newell, 2019). Hereof, an important task for 

sport coaches is to guide athletes’ search for and attention towards relevant 

affordances and the use of instructional (verbal) constraints may effectively support 

these activities (Newell, 1986); this, in particular, is done by supporting athletes in 

“[searching for and] learning to attend to informational variables of the task and 
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modifying actions in terms of informational variables” (Pacheco et al., 2019, p. 3). 

Following this rationale, it appears to be critical for coaches to employ a 

comprehensive practice model, which supports verbal coaching interventions and 

communication with athletes. In response to this call for conceptual work on practice 

models, the advocated skill training communication model investigates methods for 

“when, how, and why to provide what verbal information to athletes” (Otte et al., 

2020b, p. 2; see abstract below). 

Paper IV – Abstract 

“In specialist sports coaching, the type and manner of augmented information 

that the coach chooses to use in communicating and training with individual 

athletes can have a significant impact on skill development and performance. 

Informed by insights from psychology, pedagogy, and sport science, this 

position paper presents a practitioner-based approach in response to the 

overarching question: When, why, and how could coaches provide information 

to athletes during coaching interventions? In an ecological dynamics rationale, 

practice is seen as a search for functional performance solutions and 

augmented feedback is outlined as instructional constraints to guide athletes’ 

self-regulation of action in practice. Using the exemplar of team sports, we 

present a skill training communication model for practical application in the 

context of the role of a specialist coach, using a constraints-led approach. 

Further based on principles of nonlinear pedagogy, and using the recently 

introduced ‘Periodization of Skill Training’ (‘PoST’) framework, the proposed 

model aims to support practitioners’ understanding of the pedagogical 

constraints of feedback and instruction during practice. In detail, the ‘PoST’ 

framework’s three skill development and training stages work to 1) directly 

impact constraint manipulations in practice designs; and 2) indirectly affect 

coaches’ choices of external (coach-induced) information. In turn, these guide 

practitioners on how to and when to apply different verbal instruction 

methodologies and aims to support the design of effective skill learning 

environments. Finally, several practical guidelines in regard to sports coaches’ 

feedback and instruction processes are proposed.” (Otte et al., 2020b, p. 1)  

 

Full reference: Otte, F.W., Davids, K., Millar, S-K., and Klatt, S. (2020). 

When and how to provide feedback and instructions to athletes? – How sport 

psychology and pedagogy can improve coaching interventions to enhance self-

regulation in training. Frontiers in Psychology - Movement Science and Sport 
Psychology, 1(1444). 1-14. doi: 10.3389/fpsyg.2020.01444.  
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In more detail, the skill training communication model is based on three skill 

trainings stages, as introduced in the ‘PoST’ framework’ (i.e., ‘Coordination 

Training’; ‘Skill Adaptability Training’; and ‘Performance Training’; Otte et al., 

2019b). The model aims to provide coaches with a contemporary view on using 

instructional constraints for athletes in various developmental and learning phases. 

Figure 3 presents the communication model that was published in Frontiers in 

Psychology in 2020 (for the original publication and more detail on the model, please 

find the open-access article online). 

 

 

Figure 3. “The Skill Training Communication Model in specialist sports coaching” for guiding coaches 
on when, why and how to apply particular coaching intervention approaches during (skill) training 
(adopted from Otte et al., 2020b, p. 5). 

 

Specialist coaching integrated into a Department of Methodology (Paper V) 

Fabian Otte
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In response to the proposed arguments on the growing importance for 

organisational integration of specialist coaches (see Papers II, III & IV above), an 

opinion piece in Paper V aims to conceptually establish opportunities for these coaches 

to effectively collaborate and co-design training environments with other important 

parties, such as senior coaching and support staff. Here, the paper, driven by an 

Ecological Dynamics rationale, proposes “how specialist coaching can be situated in 

a ‘Department of Methodology’ in high-performance team sports organisations” (Otte 

et al., 2020e, p. 2; see abstract below). 

Paper V – Abstract 

“With increasing resources in sports organisations being allocated to 

development and preparation of individual athletes and sub-groups with 

specialist performance roles, the work of coaches, specialist role coaches and 

support staff needs to be functionally and coherently integrated. This 

integration of sport science support and coaching can be administered by staff 

in a Department of Methodology (DoM). Particularly, in this paper we propose 

how specialist role coaching can be situated in a DoM, presenting a model 

advocating effective functioning in high-performance team sports 

organisations. Using principles of ecological dynamics, we provide a rationale 

for a functional methodology for the design of practice tasks in a DoM that 

views learners as wayfinders, self-regulating their way through competitive 

performance environments. This rationale for athlete self-regulation in practice 

could improve athlete performance by enhancing problem-solving, 

engagement with constraints of learning designs, and supporting better 

attunement to contextual information abundant in a competitive environment. 

Finally, by introducing this unified and multidisciplinary DoM, specialist role 

coaches, team coaches and sport science support staff, within the 

organisational structure, can collaboratively debate and co-design 

individualised athlete training programs to enrich skill adaptability and 

performance functionality. To underline these contentions, three high-

performance sport coaching case studies from Australian football; goalkeeping 

in (Association) Football and Rugby League are presented.” (Otte et al., 2020e, 

p. 1) 

Full reference: Otte, F.W., Rothwell, M., Woods, C., & Davids, K. (2020). 

Specialist Coaching Integrated into a Department of Methodology in Team 

Sports Organisations. Sports Medicine - Open, 6(55), 1-8. doi: 

10.1186/s40798-020-00284-5.  
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In detail, Figure 4 presents the Department of Methodology model that was 

published in Sports Medicine- Open in November 2020. This conceptual model is 

further underlined by three case studies drawn from specialist coaching in Australian 

Football, football (soccer) goalkeeping and Rugby League. 

 

 

 
Figure 4. “A Department of Methodology model integrating the work of specialist (role) coaches, 
professional coaching staff members and support staff in order to co-design adaptable learning 
environments” (adopted from Otte, Rothwell, Woods, & Davids, 2020e, p. 4).  
 

Synthesis - Conceptualisation of Skill Training Periodisation and its Application  

Across a range of theory-driven and applied papers (see Papers II-V), this 

thesis clearly establishes valuable groundwork in the field of skill training 

periodisation and specialist sports coaching. All conceptual work aims to provide 

answers to Research Question 2a (i.e., how could contemporary skill (acquisition) 

training theory conceptually support skill training periodisation and communication 

approaches in specialist coaching contexts?); and Research Question 2b (i.e., how 
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could football goalkeeper skill (acquisition) training benefit from conceptual skill 

training periodisation work?). 

Answer to Research Question 2a. 

 Contemporary skill (acquisition) training theory, based on theoretical tenets of 

Ecological Dynamics, an NLP and the CLA, has immense potential to support both 

researchers and specialist coaches. By viewing practice as search activities that “can 

support the self-regulation of athletes in finding quality information sources to 

coordinate their actions” (Otte et al., 2020b, p. 2; also see Button et al., 2020), the 

advocated theoretical rationale establishes a robust frame for skill training 

periodisation; i.e., over the course of various time spans (in Paper II termed as ‘macro-

level’ and ‘micro-level’ skill training periodisation; Otte et al., 2019b). While critical 

notions, such as the representativeness of learning designs, task complexity (i.e., as 

subjectively perceived by athletes) and the concepts of affordances and degeneracy, 

assist the understanding of how athletes acquire and refine motor skills, the application 

of these concepts targets the goal of athletes “learning to learn to move” (Adolph & 

Hoch, 2019, p. 149; Harlow, 1949). In turn, it is not the predefined acquisition of an 

ideal movement pattern; rather, it is the perceptual attunement to relevant affordances 

within an environment that athletes learn to exploit and couple with motor action (i.e., 

perception-action couplings, see Renshaw et al., 2009). 

Moreover, the conceptual work undertaken within this thesis expanded motor 

learning theory to the area of verbal communication in forms of coaching feedback 

and instructions (i.e., Paper IV). Hereof, aforementioned theory aims to support 

coaching approaches to provide athletes, searching for functional performance 

solutions, with ‘knowledge of’ training and game environments (see Gibson, 1966, for 

an elaboration of this idea; Newell, 1991; Davids et al., 2008). In other words, by 
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introducing the skill training communication model, which is closely linked to the 

‘PoST’ framework, a valuable extension of previous research on augmented feedback 

is provided (e.g., see Sigrist, Rauter, Riener, & Wolf, 2013). Coaches are encouraged 

to grasp key concepts of this communication model in order to rethink the application 

of verbal coaching interventions in a skill training context (i.e., the how, when and 

why coaches could communicate with athletes in training). This may further be 

extended to and integrated into a multidisciplinary Department of Methodology 

structure, in which head coaches, performance analysts, sport science support staff and 

specialist role coaches can co-design individualised athlete development programs 

(see Paper V). 

Answer to Research Question 2b. 

In terms of applying conceptual ideas to the football goalkeeping context, 

especially Papers II, III and V provide practical insight into the transfer of complex 

theory into a Department of Methodology structure and to coaching practice. By 

displaying how the ‘PoST’ framework and its skill training stages may be applicable 

to skill training periodisation over several months, weeks, but also for single session 

designs, the case study papers present a valuable addition to this dissertation. 

Particularly, applying tenets of the ‘PoST’ framework (Otte et al., 2019b) to an entire 

season of working with full-time German football GKs showcases the functionality of 

(abstract) theory for ‘real-world’ coaching. In addition, subjective evidence of 

applying an athlete-environment-centred coaching approach (based on constraint 

manipulations) to football GK training shows positive results that need to be further 

quantified by future research (see Chapter 7).  

 



 
 

 

 

 

 

 

 

 

 

 

 

Chapter 6 

Performance and Skill Adaptability Training as Part of Skill Training 
Periodisation  
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Performance and Skill Adaptability Training as Part of Skill Training 

Periodisation 

With the goal of examining two critical skill training stages (as adopted from 

the ‘PoST’ framework; Otte et al., 2019b), two additional research projects were 

conducted and will be evaluated in the following sections. While Paper VI studied the 

role of performance (preparation) training preceding professional football matches, 

Paper VII investigated the role of skill adaptability training under game-representative 

environmental constraints. Both studies were undertaken in order to examine the roles 

of performance-focussed and skill adaptability-driven training approaches within a 

periodisation plan. 

Performance Preparation Training as Part of Skill Training Periodisation. 

Paper VI, termed “Ready to perform? A qualitative-analytic investigation into 

professional football goalkeepers’ match warm-ups”, was published in the 

International Journal of Sports Science & Coaching in March 2020. With a particular 

focus on football GKs, the paper observed and analysed the training microstructure 

and methods of GK-specific game warm-ups in European professional football. 

Furthermore, a qualitative exploration of professional GK coaches’ views and 

perspectives on the observed warm-up microstructures supported the study’s 

understanding of critical skill training approaches and psychological drivers behind 

performance preparation; for more information please see the abstract below. 

Paper VI – Abstract 

“Match warm-ups in association football represent well-respected practice in 
order to prepare and optimise performance. While the structure of warm-ups 
is commonly studied from a physiological perspective, the skill and 
performance training approaches influencing warm-ups prior to major 
professional football competition appear to be particularly underexplored. 
Using the largely under-researched context of the football goalkeeper, the aim 
of this multi-method research design was to investigate two overarching 
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research questions: (1) how are professional football goalkeeper match warm-
ups structured? and (2) why does current coaching practice of expert 
goalkeeper coaches support this microstructure? Eleven systematic 
observations investigated the microstructure and training approaches applied 
to top- level professional football goalkeeper match warm-ups and seven semi-
structured interviews with expert goalkeeper coaches further explored current 
coaching practice in this specific context. Results indicate that professional 
football goalkeeper warm-up structures include similar microstructures that 
progress in complexity and contain both simple ‘technical’ and more match-
representative ‘applied skills’ exercises. Underlying reasons for goalkeeper 
coaches adhering to the observed warm-up structures are based on experts’ 
understanding of applying an athlete-centred coaching approach. Hereof, 
goalkeeper coaches stated warm-up routines to be individualised towards 
goalkeepers’ needs and focused on performance stability in order to make 
goalkeepers feel ‘match-ready’ and confident.” (Otte et al., 2020c, p. 324)  

Full Reference: Otte, F.W., Millar, S-K., & Klatt, S. (2020). Ready to 
perform? A qualitative-analytic investigation into professional football 
goalkeepers’ match warm-ups. International Journal of Sports Science & 

Coaching, 15(3), 324-336. 1-13. doi: 10.1177/1747954120909956. 

 

Skill Adaptability Training as Part of Skill Training Periodisation. 

Paper VII, termed “What do you hear? The effect of auditory noise on football 

players’ passing performances”, was published in the European Journal of Sport 

Science in September 2020. By conducting an experimental study using 1) a 

distinctive robotic football training machine (termed as ‘Footbonaut’) and 2) a highly-

specialised participant sample of U23s footballers, the study examined the skill 

training and development stage of ‘Skill Adaptability Training’ (see Chapter 5; Otte 

et al., 2019b). In more detail, while the experimental design subjected skilled sub-elite 

level footballers to a standardised football passing training program, environmental 

constraints in forms of auditory (stadium) noise conditions were manipulated 

throughout each training session; for more information please see the abstract below. 
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Paper VII – Abstract 

“Stadium noise - created by spectators and fans - plays a critical part in the 
reality of professional sports. Due to a lack of research on the impact of these 
auditory cues and multimodal environments on motor performance, it is 
currently unclear how professional athletes experience and perceive stadium 
noise and how this potentially affects performance in practice. In order to 
explore the effect of stadium noise on athletes’ performance, this paper 
presents an experimental design using the unique and standardised football 
training tool known as the ‘Footbonaut’. Specifically, fifteen skilled German 
football players engaged in a standardised football-specific technical training 
program while subjected to four different auditory training conditions; these 
included both ‘positive’ and ‘negative’ stadium noise conditions, a ‘baseline’ 
condition providing auditory guidance, and a ‘no (auditory) cue’ condition. 
Performance data for passing accuracy and passing time were measured for 
training in each auditory condition. A repeated measures MANOVA revealed 
a significant main effect for passing time. Specifically, participants showed 
faster passing times in the baseline compared to the negative and no auditory 
cue conditions. Findings are presented and discussed from a constraints-led 
perspective, allied to principles of ecological dynamics and nonlinear 
pedagogy. Particularly, the use of representative training experiences 
(including multimodal sensory and emotional information) appears to 
underline training to refine expert athletes’ adaptive coordination of complex 
motor actions.” (Otte et al., 2020d, p. 1) 

Full reference: Otte, F.W., Millar, S-K., & Klatt, S. (2020). What do you 
hear? The effect of stadium noise on football players’ passing performances. 
European Journal of Sport Science, Advance online publication. 1-10. doi: 
10.1080/17461391.2020.1809714. 

 

Synthesis - The Roles of Performance (Preparation) and Skill Adaptability 
Training  

 Following the introduction of conceptual groundwork in the domain of skill 

(acquisition) training and its periodisation in specialist (football GK) coaching, Papers 

VI and VII aimed to investigate sub-segments that were previously introduced as part 

of the ‘PoST’ framework (see Otte et al., 2019b). Particularly, the (multi-method) 

research papers examined the roles of performance (preparation) and skill 

(adaptability) training as critical pillars of skill training periodisation. In turn, these 

studies aim to guide answers for Research Question 3 (i.e., what roles do performance 
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(preparation) and skill (adaptability) training play within applied training 

periodisation?). 

Answer to Research Question 3. 

The Role of Performance Training within Training Periodisation. 

Performance (optimisation) training, according to this dissertation, is targeted 

at athlete preparation in order to maximise performance and effectively self-regulate 

movement skills in game situations under pressure. “This greater performance-driven 

focus may highlight the importance of athletes’ preparation of perception, cognitions, 

and actions for competition (e.g., including mental readiness, match fitness, and 

confidence as important factors for athletes’ performance”; Otte et al., 2020b, pp. 5-

6; Ford, Yates, & Williams, 2010). Following this idea of training with a particular 

performance focus, the role of coaches adopting an athlete-centred coaching approach 

becomes incumbent. Hereof, athlete-centred coaching (in contrast to coach-centred 

and coach-led; Kidman & Lombardo, 2010) “has been widely advocated across sports 

pedagogy and psychology contexts for various reasons; these state empowered 

athletes to: (1) show self-awareness, self-efficacy and confidence; (2) feel accountable 

and responsible for their actions; (3) display enthusiasm; and (4) appreciate the mutual 

trust relationship” (Otte et al., 2020c, p. 333; also see Kidman, 2005, and Pill, 2018). 

Particularly, coaches are tasked to manipulate various constraints (e.g., the structure 

and design of the performance training routine) that aim to achieve several outcomes: 

a) facilitating perception of information, decision-making (i.e., cognition) and 

functional movement coordination (i.e., action); and b) driving psychological factors, 

such as athletes’ feelings of ‘motivation’ and ‘confidence’ (Davids et al., 2008; Farrow 

& Robertson, 2017; Renshaw & Chappell, 2010; see Otte et al., 2020c, pp. 333-334, 

for more detail). 
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For the case of Paper VI (i.e., exploring GK warm-up training preceding 

professional football games), aforementioned ideas of involving and centring the 

training routine around the athletes was found to be paramount. Particularly, for GK 

coaches, the roles of being both a facilitator of the training design and a 

(psychological) supporter of the athlete were emphasised. Hereof, coaches were 

required to “carefully assess the ‘number one’ GK’s needs, and later, to design an 

individualised performance training routine together with the GK” (Otte et al., 2020c, 

pp. 333-334). Therefore, it was the interaction between GK and coach that aimed to 

find an adequate balance between the proposed ‘Performance Training Forms’ (i.e., 

“technical and match-representative skill[s]”; see Otte et al., 2020c, p. 326) and that 

saw GK coaches acting as facilitators, who control various constraints. 

Altogether, the role of performance (preparation) training for the context of 

specialist coaching in high-performance sports is significantly important within a skill 

training periodisation paradigm. While performance training routines may not always 

highlight core principles applied to skill adaptability training (e.g., movement 

variability under perturbations; see below), it is the focus on “maintaining the stability 

of actions that provides a structure to performance and may enhance performers’ 

motivation and confidence” (Otte et al., 2019b, p. 80). In turn, applying an athlete-

centred approach to support and facilitate optimal training for expert athletes in 

preparation for impending competition presents a critical part of this training stage and 

thus, needs to be considered for skill training periodisation. 

The Role of Skill Adaptability Training within Training Periodisation. 

In general, research has established that skill adaptability is key for athletes to 

find functional task solutions and coordinate movements under dynamic constraints 

(Chow et al., 2020). Across motor learning literature, much emphasis has been placed 
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on the design of training tasks that: a) simulate key informational characteristics of 

representative (game and competition) environments; and b) provide training 

conditions that require for athletes to use (movement) variability and constantly adapt 

(movement) solutions (Chow et al., 2020; see Chapter 2). In response to perturbations 

caused by athlete-environment interactions, it is well-known that more advanced and 

skilled athletes are able to more adaptably and efficiently coordinate movements (e.g., 

Seifert & Davids, 2012; Bartlett, Wheat, & Robins, 2007). Consequently, training 

interventions directed at skill adaptability have important functions and should be 

carefully integrated into single training sessions, weeks or months that aim at skill 

learning (see Otte et al., 2019b). As a theoretical discussion of the rich literature on 

movement adaptation would go beyond the limits of this presentation, the following 

paragraphs will focus on two integrated training concepts: representative training 

designs and task constraint manipulations; these, particularly, aim to underline the 

importance of skill adaptability training within training periodisation frameworks and 

have been emphasised throughout this thesis and all publications.  

Coaches’ use of representative training designs and constraint manipulations 

present well-established approaches for the enhancement of movement adaptability 

(Button et al., 2020; Davids et al., 2008; Renshaw et al., 2019). Specifically, “by 

confronting players with relevant affordance landscapes (i.e., opportunities for 

actions), players’ perception, cognition, emotions, and (motor) behaviour solutions 

become more adaptable in response to individual, environment, and task constraint 

interactions” (Otte et al., 2020d, p. 7; Seifert et al., 2017; Serra-Olivares, Clemente, & 

González-Víllora, 2016; see Chapter 2). In turn, enabling athletes to search for and 

refine functional task solutions under game-representative and manipulated 

constraints presents an effective approach towards enhancing skill adaptability and 



PERFORMANCE AND SKILL ADAPTABILITY TRAINING_________________ 41 

movement variability in training. To achieve these practice characteristics, designs 

have been based on Bernstein’s (1967, p.134) notion of  “repetition without 

repetition”, “advocated to enhance dexterity in learners” (Otte et al., 2020a, p. 564). 

For the case of Paper VII, skilled U23s football players were “subjected to four 

different auditory training conditions, [including] both positive and negative stadium 

noise conditions […] and a no (auditory) cue condition” (Otte et al., 2020d, p. 1); here, 

the aspiration was to: i) replicate environmental constraints experienced in a football 

stadium (i.e., by using stadium sounds of engaged football crowds); and ii) limit 

athletes’ hearing through tasking these to wear ear defenders, so as to challenge 

multimodal perception of environmental information (see Gray, 2008). On the one 

hand, by adding environmental constraints, such as game-representative stadium noise 

cues, into a Footbonaut training session, footballers were tasked to self-regulate and 

optimise performance behaviour; this was under changing multimodal information 

and based on intrinsic feedback processes (Greenwood, Davids, & Renshaw, 2012; 

Headrick et al., 2015; Sigrist et al., 2013). Specifically, this study made “a case that 

representative auditory noise may be distracting to movement coordination and 

performance in sub-elite level players” (Otte et al., 2020d, p. 7). Here, audio cues 

arguably caused “disruptions to couplings that forced players to search for new ways 

to adapt to relevant sources of information and to functionally solve movement 

problems” (see Otte et al., 2020d, p. 7, for the full discussion). 

On the other hand, the reduced multimodal sensory input by relying on visual 

and kinaesthetic (touch-based) perception limited athletes’ information search 

processes and arguably increased perceived task complexity. Thus, this notion of 

coaches using task and environment constraint manipulations to increase information 
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complexity and representativeness of training tasks is critical for skill adaptability and 

learning (see Paper II for more detail).   

Altogether, the role of skill adaptability training within training periodisation 

is significant. Manipulating and testing constraints, such as stadium noises in Paper 

VII, is just one way of examining and verifying the importance of skill adaptability as 

part of any athlete development and skill periodisation training program.  



 
 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7 

Conclusions and Prospects 
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Aims of the Thesis  

In pursuit of filling a gap on the transfer and application of research-supported 

skill (acquisition) training methods to specialist (football GK) coaching, presented 

research findings and conceptual work are multifaceted. First, the goal was to enhance 

understanding of multidisciplinary academic concepts drawn from motor learning, 

sport psychology and sport pedagogy literature. Second, the goal was to examine and 

evaluate the role-specific training and coaching context of football goalkeeping; this 

aimed to improve theoretical and practical coaching approaches applied by specialist 

GK coaches. Third, applying the conceptualisation of a periodisation framework (i.e., 

common in the domains of sport science and physical training) to the context of skill 

(acquisition) training was pursued. 

In order to further underline research results, the following sections will 

discuss key findings, implications, limitations and future research proposals.  

Summary of Key Findings  

Throughout the dissertation, three research questions were addressed. Table 4 

gives an outline summary of answers to these questions based on the research work 

undertaken and previously presented in this thesis.  
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Table 4 
Answers to Research Questions Addressed in the Thesis 

 
Research Question 

 

 
Answer 

 

 

1. How does football goalkeeper 
skill  (acquisition) training 
practice currently look? 

 

 

 

 

 

 

2. a.  How could contemporary 
skill (acquisition) training 
theory conceptually support skill 
training periodisation and 
communication approaches in 
specialist coaching contexts?  
 

 

 

 

 

 

 

 

 
 

    b. How could football goalkeeper 
skill (acquisition) training 
benefit from conceptual skill 
training periodisation work? 
 

 

 

 
In goalkeeper-specific training, “the 
microstructure involves a steady 
progression from simple to complex 
training tasks, where for large parts, 
isolated technical training appears to be 
prioritised over a holistic training approach 
that integrates technical skills and 
perceptual-cognitive components” (Otte et 
al. 2019a, p. 1466). 

 
 

Based on the here-presented theoretical and 
practical conceptualisations for specialist 
coaching, “the ‘PoST’ framework provides 
a bridge to link between: (1) theoretical 
tenets of Ecological Dynamics, a Nonlinear 
Pedagogy and a Constraints-Led Approach 
[…] and (2) their practical application for 
training periodisation” (Otte et al., 2020a, 
p. 563); this may be applied “over the 
timescales of both macro and micro cycles 
(i.e. over the course of several months and 
over the course of an entire week, 
respectively)” (p. 566). Furthermore, the 
introduction of a ‘Skill Training 
Communication model’ (integrated with the 
‘PoST’ framework) and a ‘Department of 
Methodology’ model aim to support 
coaches’ understanding of verbal feedback, 
instructions and structural constraints.  

 
 

By applying theoretical and practical tenets 
of the ‘PoST’ framework to the specialist 
football goalkeeper training context, the 
conceptual work proposes an avenue for 
scientists and practitioners to exploit 
opportunities for individualised athlete 
development and performance 
optimisation. Specifically, two case studies 
present the application of contemporary 
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3. What roles do performance 
(preparation) and skill 
(adaptability) training play 
within applied training 
periodisation? 
 

skill training theory to football goalkeeper 
training (i.e., including training analysis, 
documentation and practical examples). 
 
First, performance optimisation in advance 
to athletes contending in high-performance 
competition significantly impacts training 
designs and training forms in the 
‘Performance Training’ stage of the 
periodisation (‘PoST’) framework. Here, 
training should focus on preparing athletes’ 
perception, cognitions, and actions for 
competitive performance. Particularly, 
psychological drivers, such as confidence 
and self-determination, were found to 
impact this training stage. Second, skill 
adaptability is key for athletes in order to 
find functional task solutions and 
coordinate movements under dynamic 
constraints. Consequently, training which 
centres on skill adaptability and learning 
plays a vital part and should be carefully 
integrated into periodisation of single 
training sessions, weeks and months. 

 
 
 
 

In addition, Figure 5 (below) displays a graphic summary of conceptual and 

empirical research findings presented in the seven academic papers (see Appendix for 

paper abstracts). Particularly, it is the GK training session design with a focus on 

information-action couplings under emerging constraint interactions that stands at the 

core of the illustration and is driven by key tenets of an athlete-environment-centred 

coaching approach and its theoretical underpinnings (i.e., bottom part). Further 

embedded into Figure 5 are the three skill training stages, which are drawn from the 

‘PoST’ framework (i.e., see top part of Figure 5; Otte et al., 2019b). These training 

stages impact systematic skill training planning, periodisation and performance 

preparation for games and competition (i.e., see left and right parts in Figure 5). For 
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further reference, all abovementioned research studies (including the references) are 

displayed in the black boxes in various locations in Figure 5. 

 

 

 
 
Figure 5. Graphic summary outline of conceptual and empirical research findings included in the 
cumulative dissertation (see Appendix for abstracts). 
 
 
Theoretical Implications 

Coaching practice and structures in high-performance sport organisations are 

complex and manifold. Due to the increasing integration of specialist coaching and 

support staff into these multidisciplinary teams (Otte et al., 2019b; Otte et al., 2020e), 

there appears to be need for academics to theoretically and structurally frame a model 

of practice that these (specialist) coaches may adhere to (Otte et al., 2020a). Hereof, 

key characteristics of representative learning designs, as well as critical tenets of 

contemporary skill (acquisition) training theory, may drive this aforementioned 
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framing process (Chapter V; also see Chow et al., 2020). Consequently, the contention 

of this dissertation and its published papers is that “ecological dynamics is a theoretical 

framework that advocates concepts and principles that are most useful for specialist 

role coaching; this is in order to support individual athletes in sports teams to 

effectively self-regulate under the constraints of competitive performance 

environments” (Otte et al., 2020a, p. 564; also see Davids, 2015; Davids et al., 2008). 

In order to reiterate this notion, a conceptual frame to support integrative coaching 

practice of specialist (role) coaches, based on the theoretical perspectives of 

Ecological Dynamics, an NLP and the CLA, are presented. In more detail, important 

theoretical implications of this thesis are two-fold: 1) the thesis transfers contemporary 

academic theory to an emerging coaching context of specialist (football GK) coaching 

in high-performance sport; and 2) a novel skill training periodisation framework 

enhances academic understanding of skill training periodisation, a domain commonly 

applied to physical training (see Farrow & Robertson, 2017).  

First, “placing the individual athlete at the centre of the training process has 

been a ‘mantra’ in some pedagogical approaches” (Otte et al., 2020a, p. 563); however, 

little work has been undertaken to rationalise and theorise models of coaching practice 

(Woods et al., 2020). With the increasing integration of specialist sport coaches into 

training and organisational structures, a novel view on athlete-centred coaching is 

highlighted (Otte et al., 2019b). Particularly, “in order to achieve marginal gains when 

developing athletes”, it is deemed critical to support these specialist role coaches with 

“up-to-date scientific principles on skill training” methodologies and periodisation 

concepts (Otte et al., 2019b, p. 78). Thus, reviewed research extends academic theory 

to a largely underexplored sports coaching context. Within this context, football GK 
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training represents one under-researched coaching area that this dissertation aims to 

explore. 

Second, with the aim of further investigating and conceptualising the role of 

skill adaptability and performance preparation for athlete development, the thesis 

provides numerous theoretical implications. Specifically, by introducing three 

conceptual models for skill training periodisation and the application of instructional 

constraints to practice, presented research work enhances academic understanding of 

critical psychological and pedagogical principles for individual athlete and talent 

development. These theoretical implications eventually aim to support: i) the 

development of athlete-centred learning environments that focus on specified and 

adaptable training designs and specialised athlete development; ii) individualised 

communication between single athletes and specialist coaches; and iii) the structural 

integration of specialist role coaches into a Department of Methodology for enhanced 

co-design processes within high-performance sport organisations.  

Practical Implications 

All reviewed research papers have important applied implications for coaches 

in team sports. These implications may be best presented by several guiding training 

and coaching principles aiming to support and educate specialist coaches, independent 

of the sport context. Here, a total of twelve guiding principles will be presented under 

two categories: 1) implications for skill training and periodisation (directly drawn 

from Papers I - III and VI; Otte et al., 2019a, p. 1472; Otte et al., 2020c, pp. 334-335); 

and 2) implications for verbal augmented feedback (directly drawn from Paper IV; 

Otte et al., 2020b, pp. 11-12). 

Implications for Skill Training and Periodisation. 
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Seven guiding principles for specialist coaches (including GK coaches) will be 

presented under two sub-categories; these are termed as: ‘skill learning and 

adaptability’; and ‘performance preparation training’.  

Skill Learning and Adaptability. 

1. ‘Call the shots’. “The specialist coach should always be in a position to 

manipulate and adjust key constraints and the level of information 

complexity throughout the session” (Otte et al., 2019a, p. 1472). Hereof, 

designing training environments with adequate “replication value of 

actual performance demands [… and] appropriateness […] in relation 

to the performer’s perceived task complexity and skill level” will benefit 

skill development and competitive performance (Otte et al., 2019b, p. 

80). 

2. ‘Train the way you play’. “Representative and holistic training designs 

(integrating perceptual-cognitive and motor skills) should display key 

layers within the microstructures” of specialist training sessions (Otte et 

al., 2019a, p. 1472). By designing specific training tasks, specialist 

coaches have the opportunity to familiarise athletes with representative, 

contextual information and thus, enable athletes to effectively couple 

perception with game-relevant action. 

3. ‘Allow for search and exploration’. Expert athletes have acquired 

largely robust (movement) skills and, through intrinsic feedback, are 

aware of their performances. Thus, these athletes may benefit from a 

hands-off coaching approach that focuses on the coach becoming a 

facilitator who manipulates (task and environmental) constraints within 

the training environment. 
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4. ‘Many roads lead to Rome’. “Coaches should acknowledge and even 

encourage functional movement variability” within specialist training 

sessions (Otte et al., 2019a, p. 1472). Athletes’ individual capacities and 

their constant interactions with dynamic (game) environments need to be 

considered. Thus, while the need for the acquisition of highly adaptable 

movement skills becomes important, it is critical for coaches to target 

training designs around athletes consistently repeating to solve the task 

problem (in contrast to the mere repetition of the task solution).  

Performance Preparation Training. 

5. ‘Place the athlete in the driver’s seat’. Athletes need to be given 

autonomy when establishing performance preparation training and 

routines. Therefore, “by actively assessing [individual] preferences (i.e. 

from an athlete-centred perspective) and closely interacting with the 

athletes, specialist coaches have the opportunity to support and facilitate 

optimal performance preparation” (Otte et al., 2020c, p. 334). 

6. ‘It’s all about the balance’. When aiming to maximise preparation prior 

to performance and competition, it is arguably key to consider aspects of 

both movement stability and adaptability (or instability) in training. 

“While the former approach may provide more confidence and 

motivation, the latter may be more effective for activating and 

integrating perceptual- cognitive and motor behaviour, as is faced in 

dynamic game environments” (Otte et al., 2020c, pp. 334-335). 

Ultimately, paying attention to athlete’s individual preferences and 

promoting close athlete–coach interactions is key in order to find an 
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adequate balance between aforementioned training forms in the 

‘Performance Training’ stage (Otte et al., 2020b, 2020c). 

7. ‘Stay positive. Coaches’ communication prior to (high-performance) 

competition may be driven by more direct and positive (motivational) 

feedback and instruction interventions. Particularly, supporting feelings 

of ‘confidence’ and ‘readiness” (as explored in Paper VI; Otte et al., 

2020c) are deemed important. Guided by the notion of “it is not only the 

skill that matters but how it is taught” (Renshaw, Oldham, & Bawden, 

2012, p. 89), coaches should individualise and target their 

communication towards single athlete’s needs and preferences.  

Implications for Verbal Augmented Feedback. 

In addition to aforementioned principles for skill training and periodisation, 

further guidance regarding instructional constraints is provided with the following 

statements:  

8. ‘Feel the feedback’. “The training design that facilitates athletes’ self-

regulation in sport performance should always be at the core of all 

learning and coaching activities” (Otte et al., 2020b, p. 11). By 

designing training sessions in accordance with the methodology of the 

CLA and high in game-representativeness, coaches have the 

opportunity to (indirectly) guide an athlete’s attention towards and 

exploration of relevant information needed to self-organise functional 

task solutions. In other words, through ‘sophisticated’ training designs, 

athletes learn to effectively use intrinsic feedback processes for their 

movement self-regulation. 
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9. ‘Understanding of the skill training stage is key’. “The coach’s 

understanding of the athlete’s particular skill development and training 

stage is paramount for appropriate selection of feedback and instruction 

methods. Especially the stages of ‘Coordination Training’ and ‘Skill 

Adaptability Training’ may (if at all) demand more implicit haptic and 

visual feedback forms (e.g., including methods, such as analogy 

learning, and video feedback)” (Otte et al., 2020b, p. 11).  This more 

indirect and athlete-driven approach may be contrasted by coaching 

methods applied in the ‘Performance Training’ stage (see Otte et al., 

2019b, 2020c). Here, time and performance pressure may demand 

coaches to use more explicit and direct verbal communication around 

impending competition. 

10. ‘Less is more’. “An increased amount of feedback and instructions (in 

terms of information quality and quantity) is not likely to be more 

beneficial for athletes. In contrast to the common notion, ‘the more, the 

better’, athletes at particular skill developmental stages actually benefit 

more from self-regulatory approaches and minimised explicit feedback 

and instructions used sparingly” (Otte et al., 2020b, p. 11; also see 

Jackson & Farrow, 2005).  

11. ‘Actions speak louder than words’. Coach-induced verbal 

information during training should circumvent the specification of the 

solution to solve a (game-related) problem. In other words, feedback 

and instructions should solely be used to encourage and drive athletes’ 

exploration of action opportunities and potential (movement) solutions. 
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Thus, “the coach is not the main problem-solver during practice (i.e., 

by directly verbalising the performance solution to the athlete) and 

rather acts as a moderator to guide athletes’ search and problem-

solving for functional (movement) solutions” (Otte et al., 2020b, p.11).  

12. ‘I like your feedback’. Linked to principle 7 above, “the feedback and 

instruction methods that athletes seek and the way that individual 

athletes respond to these should drive coaches’ communication” (Otte 

et al., 2020b, p. 11). Here, an “understanding of athlete-centred 

coaching is necessary” (Côté et al., 2010, p. 64) in order for coaches to 

individualise communication. 

Research Limitations and Future Research Directions  

Due to the multifaceted nature of motor learning and skill acquisition in sports 

(e.g., Button et al., 2020), this dissertation aims to advocate a distinct view on how 

(GK) skill training could look. Grounded on the theoretical perspective of Ecological 

Dynamics, tenets of an NLP and the CLA, the reviewed research has conceptualised 

and investigated several critical skill training areas. However, this scientific work 

points to limitations and future research directions that may further support 

understanding of athlete-environment centred skill (acquisition) training.  

First, sample sizes applied to both the experimental and exploratory research 

designs deny direct generalisation of findings. Affected by a focus on top-level expert 

coaches and athletes (i.e., professional GK coaches for Papers I, III and VI and (sub-) 

elite-level football players for Paper VII), sample sizes remained rather small. 

Consequently, future studies investigating similar research questions could approach 

a larger target sample by accessing amateur and semi-professional athletes and 

coaches in football, but also in other team sports.  
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Second, with a predominant focus on conceptualising and transferring an 

established theoretical rationale to the emerging context of specialist (GK) coaching, 

a major effort was placed on enhancing conceptual understanding of skill training 

periodisation and applying this knowledge to practical coaching contexts (see Papers 

II-V). Consequently, objective measurement, validation and scaling of practice 

assessment factors was circumvented in this research stage. Factors such as the levels 

of game-representativeness and task/information complexity remain subjective and 

qualitative concepts that warrant future research; for example, while Krause and 

colleagues (2018, 2019) introduce and apply a ‘practice assessment tool’ to tennis 

training, Hendricks and colleagues (2019) propose a ‘rating of perceived challenge’ 

for quantification of task challenge complexity in training. These initial quantitative 

approaches towards scaling practice assessment factors need to be further investigated 

by future research.  

Finally, given the remarkable research gap in the context of football GK skill 

training, there appear to be additional alleys that warrant future investigation (see 

Paper I; Otte et al., 2019a, pp. 1472-1473):  

(1) “It is recommended for researchers to shift the focus away from rarely 

executed game situations, such as penalty kicks” (Otte et al., 2019a, p. 

1472; also, for example, see Savelsbergh et al., 2002; Woolley, Crowther, 

Doma, & Connor, 2015, for studies on GK behaviour during penalty 

situations). In future studies, researchers would benefit from examining 

open game situations (i.e., representing dynamic and complex player 

interactions) and their related training designs. 

(2) “The need for more conceptual work on (GK) skill training methods and 

its periodisation appears to be eminent” (Otte et al., 2019a, p. 1472). Here-
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presented research work aimed to expand on interdisciplinary academic 

approaches in regard to contemporary skill (acquisition) training theory 

and skill training periodisation (also see Farrow & Robertson, 2017); 

however, more work in this space is recommended.  

(3) “Quantitative analyses of different coaching approaches within the GK 

training context could prove invaluable and are recommended” (Otte et 

al., 2019a, p. 1472). While Papers VI and VII aimed to investigate (GK-

specific) skill training approaches, further research conducting mixed-

method and experimental study designs is advised.  

Concluding Remarks  

Training periodisation in regard to physical athlete development has long been 

considered by sports scientists. To date, little research has emphasised the role of 

periodisation for systematic planning of individualised skill training programmes for 

athletes. Pursuing the objective of conceptualising the periodisation of skill training 

based on a cohesive theoretical rationale of an ecological perspective and a 

constraints-based view, this thesis aimed to enhance understanding of 

multidisciplinary motor learning, psychology and pedagogy principles. By further 

transferring these principles to a novel coaching context of specialist role coaching, 

reviewed research investigated an emerging trend in high-performance sport; i.e., 

integrating specialised coaching and support staff into the athlete-development 

structures. Particularly, the context of specialist GK coaching provided a valuable 

alley for exploration and application of models of training periodisation and coaching 

practice for enhanced athlete-centred development.  

In summary, this dissertation has extended and broadened the skill acquisition 

training literature by 1) conceptually supporting and transferring academic theory to 
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an applied and emerging coaching context of specialist coaching (i.e., here, 

particularly specialist football GK coaching); 2) providing several theory-based, yet 

strongly applicable guidelines and coaching principles to educate specialist coaches in 

‘real-world’ training settings; 3) implementing a unique and novel skill training 

periodisation framework for training planning over macro- and micro-cycles; and 4) 

offering some fruitful avenues for future investigation in the areas of skill training 

periodisation and specialist sports coaching. 
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Abstract  

The football goalkeeper position arguably represents a unique role within the team 

sport. Despite its highly complex skill demands, research on football goalkeeping has 

only sporadically examined the position within isolated and limited parameters. In 

particular, there is limited literature on ‘modern’ skill acquisition training methods and 

approaches within the field of goalkeeper training. In a cross-cultural study with 

fifteen expert goalkeeper coaches, researchers here examined the overarching research 

question of ‘how does the modern football goalkeeper train?’. Semi-structured 

interviews explored expert coaches’ views on critical skills for performance in 

goalkeeping and the training approaches used to develop these critical skills. Results 

indicate that four skill sets are considered essential by goalkeeper coaches, these are: 

decision-making skills, athleticism, mentality, and technical skills. In terms of 

developing these skills in goalkeeper-specific training, the majority of expert coaches 

apply a similar microstructure to training sessions. This structure involves a steady 

progression from simple to complex training tasks, where for large parts, isolated 

technical training appears to be prioritised over a holistic training approach that 

integrates technical skills and perceptual-cognitive components (e.g., decision 

making). Scientific and practical recommendations for researchers and practitioners 

in the field of football goalkeeper coaching are provided.  

Keywords: association football; skill acquisition training; decision making; 
perceptual-motor skills; representative training designs 
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Abstract 

Across sports and movement science, training periodisation has been recognised as 

key for athlete development and performance. While periodisation with regard to 

physiology has a proven history, the structuring and periodisation of motor learning 

and skill development is seemingly less researched and practiced. Despite the 

existence of numerous theoretical accounts underpinning skill acquisition training and 

more recently emerging periodisation models, a cohesive framework to practically 

support coaches in the context of ‘specialist coaching’ appears to be needed. The use 

of ‘specialist coaches’ for individualised, one-on-one or small group trainings displays 

a growing trend in team ball sports. Despite limiting the replication of game-

representative environments (i.e., by constraining the number of involved athletes in 

training), ‘specialist coaches’ in performance sport constantly aim to achieve marginal 

gains and refinements in athlete development. In order to support these ‘specialist 

coaches’ and fill a research gap on skill training periodisation, the current paper 

seeks to review and transfer contemporary skill acquisition training theory (driven by 

the constraints-led approach) into a practically-applicable ‘Periodization of Skill 

Training’ framework (‘PoST’ framework). This framework provides valuable 

conceptual and practical support for ‘specialist coaches’ in performance sport; which 

will in turn, enhance and refine adaptive movement variability for sport skills and 

manipulate skill training environments (i.e., over the course of macro- and micro-

cycles, and for the planning of single training sessions). Practical examples from 

soccer goalkeeping (i.e., a ‘specialist coaching’ context, often constrained to a small 

number of players in the training environment) will underline the proposed 

framework. 

Keywords: specialist coaching; skill acquisition training; motor learning; constraints-
led approach; movement adaptability; representative training; soccer goalkeeping 
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Abstract 

In sports like association football, professional teams are increasingly devoting 

resources to the role-based development of individual athletes and sub-groups. By 

employing ‘specialist coaches’ into athlete-support structures, clubs aim to facilitate 

individualised athlete training programs to enhance performance preparation as well 

as skill learning and talent development. Here, we discuss how contemporary 

pedagogical training approaches, like Nonlinear Pedagogy (NLP) and the Constraints-

Led approach (CLA), can enhance effectiveness of specialist role-based athlete 

development programs to facilitate performance functionality. We argue the need for 

a model of specialist role-based coaching practice in high performance sports 

organisations, based on a unified theoretical rationale, such as ecological dynamics. 

To exemplify the nature of specialist role-based coaching, a case study addresses how 

NLP and CLA are being used for training professional football goalkeepers in an U23 

years age group. Integrating key concepts from ecological dynamics, allied to 

principles of NLP and the CLA, common skill training principles for specialist role 

coaches are highlighted. These illustrate the use of the recently-introduced 

‘Periodization of Skill Training’ framework (‘PoST’) for specialist role coaching, 

practically exemplifying a way to harness opportunities for performance enhancement 

and individualised talent development in the football goalkeeping context. 

Keywords: association football; talent development; ecological dynamics; nonlinear 
pedagogy; role-based coaching; ‘periodization of skill training’ framework 
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Abstract 

In specialist sports coaching, the type and manner of augmented information that the 

coach chooses to use in communicating and training with individual athletes can have 

a significant impact on skill development and performance. Informed by insights from 

psychology, pedagogy, and sport science, this position paper presents a practitioner-

based approach in response to the overarching question: When, why, and how could 

coaches provide information to athletes during coaching interventions? In an 

ecological dynamics rationale, practice is seen as a search for functional performance 

solutions and augmented feedback is outlined as instructional constraints to guide 

athletes’ self-regulation of action in practice. Using the exemplar of team sports, we 

present a skill training communication model for practical application in the context 

of the role of a specialist coach, using a Constraints-Led Approach. Further based on 

principles of a Nonlinear Pedagogy, and using the recently introduced ‘Periodization 

of Skill Training’ (‘PoST’) framework, the proposed model aims to support 

practitioners’ understanding of the pedagogical constraints of feedback and instruction 

during practice. In detail, the ‘PoST’ framework’s three skill development and training 

stages work to 1) directly impact constraint manipulations in practice designs; and 2) 

indirectly affect coaches’ choices of external (coach-induced) information. In turn, 

these guide practitioners on how to and when to apply different verbal instruction 

methodologies and aims to support the design of effective skill learning environments. 

Finally, several practical guidelines in regard to sports coaches’ feedback and 

instruction processes are proposed.  

Keywords: specialist role coaching; augmented information; constraints-led 
approach; ecological dynamics; skill acquisition 
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Abstract 

With increasing resources in sports organisations being allocated to development and 

preparation of individual athletes and sub-groups with specialist performance roles, 

the work of coaches, specialist role coaches and support staff needs to be functionally 

and coherently integrated. This integration of sport science support and coaching can 

be administered by staff in a Department of Methodology (DoM). Particularly, in this 

paper we propose how specialist role coaching can be situated in a DoM, presenting a 

model advocating effective functioning in high-performance team sports 

organisations. Using principles of ecological dynamics, we provide a rationale for a 

functional methodology for the design of practice tasks in a DoM that views learners 

as wayfinders, self-regulating their way through competitive performance 

environments. This rationale for athlete self-regulation in practice could improve 

athlete performance by enhancing problem-solving, engagement with constraints of 

learning designs, and supporting better attunement to contextual information abundant 

in a competitive environment. Finally, by introducing this unified and 

multidisciplinary DoM, specialist role coaches, team coaches and sport science 

support staff, within the organisational structure, can collaboratively debate and co-

design individualised athlete training programs to enrich skill adaptability and 

performance functionality. To underline these contentions, three high-performance 

sport coaching case examples from Australian football; goalkeeping in (association) 

football and rugby league are presented. 

Keywords: Ecological dynamics; Specialist role coaching; Department of 
Methodology; Australian football; Association football goalkeeping; Rugby league 
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Abstract  

Match warm-ups in association football represent well-respected practice in order to 

prepare and optimise performance. While the structure of warm-ups is commonly 

studied from a physiological perspective, the skill and performance training 

approaches influencing warm-ups prior to major professional football competition 

appear to be particularly underexplored. 

Using the largely under-researched context of the football goalkeeper, the aim of this 

multi-method research design was to investigate two overarching research questions: 

1) how are professional football goalkeeper match warm-ups structured?; and 2) why 

does current coaching practice of expert goalkeeper coaches support this 

microstructure?. Eleven systematic observations investigated the microstructure and 

training approaches applied to top-level professional football goalkeeper match warm-

ups and seven semi-structured interviews with expert goalkeeper coaches further 

explored current coaching practice in this specific context. Results indicate that 

professional football goalkeeper warm-up structures include similar microstructures 

that progress in complexity and contain both simple ‘technical’ and more match-

representative ‘applied skills’ exercises. Underlying reasons for goalkeeper coaches 

adhering to the observed warm-up structures are based on experts’ understanding of 

applying an athlete-centred coaching approach. Hereof, GK coaches stated warm-up 

routines to be individualised towards GK’s needs and focused on performance stability 

in order to make GKs feel ‘match-ready’ and confident. 
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Abstract  

Stadium noise - created by spectators and fans - plays a critical part in the reality of 

professional sports. Due to a lack of research on the impact of these auditory cues and 

multimodal environments on motor performance, it is currently unclear how 

professional athletes experience and perceive stadium noise and how this potentially 

affects performance in practice. In order to explore the effect of stadium noise on 

athletes’ performance, this paper presents an experimental design using the unique and 

standardised football training tool known as the ‘Footbonaut’. Specifically, fifteen 

skilled German football players engaged in a standardised football-specific technical 

training program while subjected to four different auditory training conditions; these 

included both ‘positive’ and ‘negative’ stadium noise conditions, a ‘baseline’ 

condition providing auditory guidance, and a ‘no (auditory) cue’ condition. 

Performance data for passing accuracy and passing time were measured for training 

in each auditory condition. A repeated measures MANOVA revealed a significant 

main effect for passing time. Specifically, participants showed faster passing times in 

the baseline compared to the negative and no auditory cue conditions. Findings are 

presented and discussed from a constraints-led perspective, allied to principles of 

ecological dynamics and nonlinear pedagogy. Particularly, the use of representative 

training experiences (including multimodal sensory and emotional information) 

appears to underline training to refine expert athletes’ adaptive coordination of 

complex motor actions. 

Keywords: association football; multimodal perception; movement adaptability; 
representative learning 
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Figure 1. Graphic overview of research publications included in the cumulative 
dissertation (see Chapters 4,5,and 6). 
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Figure 5. Graphic summary outline of conceptual and empirical research findings 
included in the cumulative dissertation. 


