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Enhancing the formulation of shared mental models in football players 
 

Joseph Luke Newton 
 

Abstract 
 
A significant amount of research has examined the development of Decision-Making 
(DM) in sport. However, only a limited amount of research has explored decisions in 
the context of which they are made.  Using the Naturalistic Decision-Making (NDM) 
paradigm this thesis employs Cognitive Task Analysis (CTA) approaches and 
Performance Analysis (PA) within a professional football environment, through the 
lens of a performance analyst. Applying the DM Framework, outlined by Richards, 
Collins and Mascarenhas (2016), this thesis applied a mixed method approach using 
three CTA approaches; Critical Decision Method (CDM), Thinking Aloud Problem 
Solving (TAPS) and Concept Mapping (CM) to examine the development of Shared 
Mental Models (SMMs). Additionally, PA data was collected to measure on-field 
application of SMMs in the format of match performance. Method: The development 
of DM ability was examined using professional footballers (n=16) and professional 
coaches (n=2), over an eight-week period. PA provided video footage of critical 
attacking play situations for use in team meetings. Meetings were designed to 
empower players in the DM process and involved the integration of CTA approaches 
in the form of a DM booklet. The booklet consisted of questions and diagrams relating 
to six clips identified by the coaches.  Players and coaches would reflect on the clips 
individually and collectively as a team in an off-field setting.  Each clip was split into 
three Phases, and six clips were shown to all team members in weekly meetings. To 
ascertain the retention of SMMs developed over the eight weeks, qualitative 
narratives recorded by the players (DM booklets) were analysed. No CTA processes 
were applied on week seven, as this was classified as a retention week. The CTA 
booklet recorded individual team members understanding of the situation and 
facilitated group discussions after clips. PA analysed data in the form of match 
statistics to assess transference of SMMs to the field of play.  Results: CTA analysed 
data qualitatively indicated that individual Situational Awareness (SA) improved. 
Players identified more key themes in weeks six and eight compared to week one, 
indicating a development in SMMs and increased compatibility of SMM outlined by 
the two expert coach’s SA. Additionally, the complexity of the players SMMs and 
team SMMs developed.  The PA data illustrated that the team generated more shots 
on target and more shots on target per Phase 3 entry in weeks six and eight than 
week zero (pre-investigation). The improved on-field performance of key 
performance indicators, combined with the increased identification of key themes 
and growing compatibility of players SMM in line with the expert coaches, 
demonstrate a more developed SMM which resulted in enhanced DM by the team. 
In summary, the application of PA and CTA methods within an off-field environment 
provides a mechanism to develop SMMs in a professional football team which 
transfer to enhancing on-field team DM in competitive play. However, this work 
utilising off-field learning environments to enhance DM, is still in its early stages and 
more research is needed.  
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Chapter One: Introduction 

 

1.1 Introduction and statement of the problem 

Professional team sport is highly complex and pressurised. Coaches often find 

the development of individual and team Decision-Making (DM) difficult to develop. 

Research surrounding motor control has enhanced our understanding of DM, 

however, such research is performed in a laboratory context, and does not address 

the naturalistic environment. Although research from other perspectives is 

important, it is not a solution to monitor or develop DM in naturalistic environments, 

such as sport. The Naturalistic Decision-Making (NDM) paradigm allows the 

examination of DM within sport, and overcomes the limitation of motor control 

research. Using the work of Richards, Collins and Mascarenhas (2016), this thesis 

applies a DM Framework and Cognitive Task Analysis (CTA) approaches to senior 

professional football, but through the lens of an analyst. Therefore, this thesis is 

unique as it integrates a DM framework into a naturalistic environment of a senior 

professional football club, by adapting the design of the video learning environment 

to influence on-field performance. The following section will outline the research 

aims and objectives of this thesis.  

 

1.2 Research aims and objectives 

This thesis aims to address three research questions in relation to the 

development of team DM, and the application of CTA and PA methods within the off-

field training environment of football. Research question one explores the impact of 

off-field training on on-field performance and DM. Research question two focuses on 

the integration of CTA methods within PA with the emphasis on developing a SMM. 

Finally, research question three examines the impact of using CTA as a mechanism to 

enhance on-field team DM.  

 

1) “Can engagement in a slow deliberate off-field learning environment enhance 

naturalistic on-field DM?”.  
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2) “Can combining video footage and CTA in an off-field environment develop players 

own mental models and team SMMs?”.  

 

3) “Can CTA as a training method be used to accelerate and enhance on-field DM?” 

 

1.3 Structure and overview of thesis 

Having introduced the thesis and outlined the research aims and objectives, 

this chapter will now outline the overall structure of the thesis. Chapter two of this 

thesis provides the reader with an overview of Naturalistic Decision-Making (NDM) 

and Classical DM, as theoretical approaches to investigate team DM.  The chapter will 

explore these theories in an applied sporting context. Specifically, the chapter will 

focus on the theories of Recognition Primed Decision-Making (RPD; Klein et al., 1993), 

Situational Awareness (SA; Endsley, 1988) Mental Models (MM) and SMMs. The 

chapter will outline the application of NDM research in sport, specifically the DM 

Framework by Richards et al (2016) which was adapted for use in this thesis.  

Chapter three of this thesis explores the methodological considerations. 

Chapter three outlines the characteristics and approaches of CTA employed in this 

thesis. Additionally, this chapter will present an overview of the evolution of CTA as 

a method and training tool to contextualise its application, in the context of PA and 

evidence an argument for its integration into the design of an off-field training 

environment using video, created by the analyst. Specifically, the chapter discusses 

three approaches of CTA, these being, The Critical Decision Method (CDM), Thinking 

Aloud Problem Solving (TAPS) and Concept Mapping (CM). In addition to the CTA 

methods, Chapter three explores the application of PA as a method to measure team 

DM. Finally, Chapter three presents a method outlining the application of the three 

specific CTA methods and PA used in this thesis, within the naturalistic team sport 

environment of professional football.  

Chapter four presents the findings of the applied method, outlined in Chapter 

three, to examine DM. Analysis is performed in four Layers and the findings are 

discussed in context of the three research questions outlined in section 1.2. Layer 

one examined the individual development of the players MMs and SA. Layer two 

analyses the development and compatibility of the players SMM. The compatibility 
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of the players SMMs and the coaches SMMs is explored in Layer three of analysis. 

Finally, Layer four of the analysis examines the on-field performance of the team 

using PA, in the form of match statistics.  

Chapter five presents a discussion. This Chapter further explores the results 

from the study by discussing the general findings in context of the literature. 

Additionally, Chapter five explores the original contribution to knowledge which is of 

relevance to both academics and practitioners. The research limitations, 

recommendations and future work will also be discussed. The final section of Chapter 

five provides a conclusion and summarises the thesis. 

 

1.4 Overview of the philosophical stance taken 

This research is approached from the perspective on an applied performance 

analyst within football. The emphasis of PA is to shape and inform off-field learning 

environments in order to improve on-field performance. However, the researcher 

believes that the majority of current off-field training environments, within the ‘real 

world’ of sport, are traditionally coach led, and do not allow individualised learning. 

Therefore, this research aims to structure off-field learning environments in a way 

that empowers individualised player learning and autonomous DM as a team. This 

thesis acknowledges the way off-field training environments are currently led and 

aims to structure these environments differently, by incorporating methods that are 

currently overlooked, such as CTA, to have a greater impact on team and individual 

DM. Chapter two will now explore the characteristics and approaches of the 

naturalistic environment and NDM, providing context to later chapters in this thesis. 
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Chapter Two: Theoretical approaches to Naturalistic Decision-Making 

 

2.1 Introduction 

In professional sporting environments the difference between success and 

failure has been reduced to small margins (Richards, Collins and Mascarenhas, 2012). 

One of the main challenges coaches face is developing individual and team Decision-

Making (DM) skills. Team sports are characterised by periods of intense activity, 

where individuals are required to perform complex and multiple patterns of play 

(Richards, 2008). Such complex patterns of play require the integration of both motor 

skills and cognitive functioning (Burke, 1997), whilst placing a demand on individuals 

to make decisions rapidly and accurately (Richards et al., 2012). There has been a 

wealth of research conducted on DM in sport, especially comparing novice and expert 

performers (Abernethy, 2005; Műller, Abernethy & Farrow, 2006). Although such 

research has enhanced our understanding, the research only focuses on the 

individual performer within closed environments. Such research is valuable; 

however, it is limited as it does not consider the context in which the decisions are 

made. There is also a lack of consideration for a collective team style of play. The 

question that still remains is how can we develop DM throughout a team?  DM in 

sport is much more complex than combining a selection of activities (Williams, 2009). 

Within team DM there are a variety of elements to consider such as team mates, 

opposition, technical ability and tactical understanding (Richards et al., 2016). In 

order for all team members to apply identical or similar interactions, often without 

verbal or physical communication, the team must have a Shared Mental Model 

(SMM) (Richards et al., 2012).  However, before addressing the complexity of SMMs 

it is important to consider the characteristics of the team sport DM environment and 

consequently the theoretical backdrop of Naturalistic Decision-Making (NDM) will be 

explored.  

This chapter will provide the theoretical backdrop to NDM and in doing so 

provide the foundation for the methodological approaches which have emerged 

from NDM. Specifically, this chapter will address research question one, “Can 

engagement in a slow deliberate off-field learning environment enhance naturalistic 

on-field DM?” This chapter will provide an overview of NDM and its approach to 
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understanding NDM. The specific NDM theories of Recognition Primed Decision-

Making (RPD), Situational Awareness (SA) and sensemaking will be discussed before 

exploring Mental Models (MMs), SMMs and team DM. DM in sport is limited and 

generally examined in a controlled laboratory environment, however in this thesis 

DM is explored in the ‘real world’ setting within this chapter. NDM in sport is more 

relevant to this thesis and will therefore be explored in the context of officials, 

coaches and players. The final part of this chapter will provide a summary before 

progressing to chapter three. However, before NDM is discussed in detail a brief 

overview of Classical DM will first be presented. Although Classical DM is limited in 

the domain of in-action competitive sport, it is important to discuss it, as it links to 

an off-field aspect that will be discussed later in this thesis. It was also the dominant 

approach to DM research before the NDM paradigm emerged.  

 

2.2 Classical Decision-Making 

As team sports require the integration of on-field and off-field DM (Richards 

et al., 2016) it is relevant to consider the contribution of Classical DM. Classical DM is 

the paradigmatic approach that considers the off-field slow discussions which take 

place but contribute and enhance on-field, rapid DM (Richards et al., 2012). For 

example, in sport, Classical DM would be present within team meetings where 

discussions between players and coaches would take place. Historically training 

decision-makers was a time-consuming process before the NDM paradigm was 

introduced (Beach & Lipshitz, 1993). The process of Classical DM approaches involves 

assessing situations, creating a variety of possible solutions and comparing them 

against each other before selecting what was thought to be the most appropriate 

solution (Cannon-Bowers, Salas & Pruitt, 1993). Although this is not ideal for the 

naturalistic environment, Classical DM models and methods could still be used in a 

slow, deliberate off-field practice. In naturalistic environments, time is limited which 

led NDM researchers to study experts in environments defined by set characteristics 

which will be discussed later. Crucially, all of these characteristics fit the high-

performance team sport environment (Richards, Mascarenhas & Collins, 2009). 

Therefore, although Classical DM models do not clearly fit the naturalistic 

environment characteristics, it has been suggested that a combination of both NDM 
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and Classical DM models can be used (Richards et al., 2016). Richards et al. (2016) 

suggest slow deliberate off-field training techniques to reflect decisions made, in 

order to simultaneously improve SMM and therefore DM within naturalistic 

environments. The section below discusses the emergence and approach of NDM.  

 

2.3 Naturalistic Decision-Making 

NDM examines the ways in which experts in ‘real world’ contexts, alone or 

within a team, recognise and assess situations, make decisions and perform actions 

(Lipshitz et al., 2001). The NDM approach assesses how humans make decisions in 

natural, ‘real-world’, environments, specifically professional situations (Chaudet, 

Pellegrin & Bonnardel, 2015). When trying to reconstruct natural environments in 

laboratories, researchers struggle to apply other traditional pragmatic approaches. 

Such laboratory-based approaches are limited because they are not ecological 

(Williams, 2009). As a result, there has been a growing recognition for the 

contribution of the NDM paradigm (Chaudet et al., 2015). Researchers of NDM aim 

to understand experts’ decisions in situations that include the following 

characteristics: ill-structured problems, ill-defined or competing goals, uncertain and 

dynamic environments, time constraints, high stakes and multiple players (Cannon-

Bowers, Salas & Converse, 1996). For example, NDM has been explored in a variety 

of environments such as military (Zsambok & Klein, 1997), emergency services (Wong 

& Blandford, 2001), aviation (Orasanu, 1995) and sport (Kermarrec, 2015; Richards 

et al., 2016). High performance team sports share the stated characteristics 

associated with NDM, which suggests why NDM approaches can and have been 

applied in the field of team sports (Richards et al., 2016). The characteristics of NDM 

are important because they define a professional situation where NDM could be 

applied. Throughout the exploration of NDM several theories have emerged. These 

theories include RPD, SA, sensemaking, MMs and SMMs.  These theories all enhance 

our understanding of DM in applied settings and are examined further in the 

following sections.  
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2.3.1 Recognition Primed Decision-Making 

The most frequently referenced model of NDM is the RPD model (Klein et al., 

1993). It is a model that embraces expertise and is complemented by intuitive and 

analytical decision processes (Boyes & Potter, 2015). Naturalistic environments have 

very little time for decisions to be deliberated, therefore experts often make 

decisions based on past experiences (Bossard et al., 2014) and cue recognition. Such 

DM is defined as intuitive DM and is the foundation of Klein’s RPD model (Bossard et 

al., 2014). The RPD model seeks to explain how experts make key complex decisions 

quickly in challenging situations (Klein et al., 1993). It is suggested that, by using the 

RPD model, experts collect a large number of patterns and past experiences and use 

them to categorise situations (Bossard et al., 2014). These patterns describe the main 

factors present in the situation (Klein, 2008). The patterns highlight the most relevant 

cues, provide expectancies, identify goals and suggest typical reactions (Klein, 2008). 

The RPD Model (Klein, 1997) stipulates four key features. These are situational 

recognition, situational understanding, mental simulation and serial evaluation. Each 

of these key features will next be explored. 

At the situational recognition stage, a problem is recognised as familiar. The 

individual would recall a similar situation encountered before, and match an action 

or sequence of actions from memory (Klein, 2008). Situational understanding is 

where four types of information are recognised by the decision-maker (Macquet, 

2009; Boyes & Potter, 2015). The four types of information include plausible goals, 

relevant cues, expectancies and typical actions. Plausible goals relate to specific 

achievable outcomes for the decision-maker. Relevant cues refer to the 

understanding of key information available in a given situation (Boyes & Potter, 

2015). For example, Richards et al. (2016) highlight how cues in hockey, such as stick 

angle, can inform the defending players of moves the attacking player may make. 

Expectancies provide an opportunity to attempt to understand what might happen, 

when they might happen and the typical options possible in a given situation 

(Macquet, 2009; Boyes & Potter, 2015). The process of situational understanding is 

more complex than just the perception of cues. It is the understanding of cues and 

assessment of expectancies and typical options within a given situation.  
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The final two features of RPD as initially outlined above are mental simulation 

and serial evaluation. Both mental simulation and serial evaluation can almost be 

coupled together as one. When the situation has been understood the decision-

maker can appraise possible options by using mental simulation (Klein, 2008). Once 

a possible course of action has been selected, the decision-maker can evaluate 

whether it will work by using mental simulation. This is where a serial evaluation of 

the decision-makers options can take place (Kaempf et al., 1996). The decision-maker 

identifies whether or not a course of action will work through evaluation and mental 

simulation (Kaempt et al., 1996).  

The RPD model suggests three different types of experiencing a situation; 

simple match, diagnosing the situation and evaluating a course of action (Kermarrec, 

2015). Although this sounds simple, sport and especially team sport, is a complex 

domain with the process being far more complicated (Richards, 2008). The three 

different types of experiencing a situation will now be discussed. 

First, a ‘simple’ match situation allows an expert to recognise a situation as 

typical and able to react directly by performing an action or sequence of actions 

(Kermarrec, 2015), without any additional assessment (Boyes & Potter, 2015). When 

people need to make quick decisions, they can match the patterns they have learnt 

or experienced previously to the current situation (Klein, 2008). For example, in 

hockey, expert players can identify cues, such as the angle of the attacking opposition 

stick, to then influence their defensive movement (Richards et al., 2016). If a clear 

match is recognised then the most appropriate course of action can be undertaken 

(Klein, 2008). Following this process allows people to make rapid but successful 

decisions (Klein, 2008). Furthermore, if a clear match is recognised immediately, 

expert decision-makers do not need to compare several options at the time of the 

decision. For example, Macquet (2009) found that expert volleyball players identified 

a clear match to make decisions in competitive situations. Therefore, evidence shows 

that experts rely heavily on past experiences to make rapid decisions (Macquet, 2009; 

Bossard et al., 2014). The RPD model studies and explains how people can make good 

decisions without taking time to compare options, which often is not available in 

naturalistic environments (Klein, 2008).  
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The second type of experiencing is related to diagnosing a situation as 

inconsistent, compared to previous situations. The expert must then diagnose the 

situation and identify similarities with other familiar situations in order to choose an 

appropriate action (Kermarrec, 2015). By comparing the situation to previous 

experiences, the individual is engaging with sensemaking and simulation (Richards et 

al., 2015). As Macquet (2009) states, when sports players do not recognise the 

situation as typical, they have to wait until more useful and recognisable information 

becomes available. For example in Macquet’s (2009) study, a volleyball player stated 

“I could not see if he had hit the ball well”. If the player could not see how the 

opponent hit the ball a clear match could not be made. Therefore, the player has to 

wait until more information is available, such as the power or trajectory of the ball, 

in order to make a decision. 

Finally, the third type of experience is connected to evaluating a course of 

action, where experts view the situation as typical but considers new solutions and 

evaluates it through mental simulation before implementing it (Kermarrec, 2015). 

Mental simulation is an analytical component, where a subject’s decision is 

considered for possible flaws (Boyes & Potter, 2015). Another option would only be 

considered if the original choice is seen to have a problem. However, the first option 

is often the only one considered which enables rapid DM in times of need (Boyes & 

Potter, 2015). For example, Klein (2008) found that fire commanders evaluated 

actions by mental simulation to visualise how the current situation would play out. 

Fire commanders stated that if the actions worked through mental simulation then 

they would perform the action. However, if the action did not quite work, they would 

try to adapt it, or consider different, less typical, actions (Klein, 2008).  

The RPD model can be viewed as a blend of intuition and analysis processes 

(Klein, 2008). Pattern matching can be seen as the intuitive part, whereas the mental 

simulation is the conscious and analytical part (Klein, 2008). A purely intuitive 

approach and only pattern matching could be too risky, especially in environments 

such as fire commanders and the military (Klein, 2008). Sometimes pattern matching 

can suggest actions that could be flawed and, without the mental simulation 

identifying them, could be a risk in certain domains (e.g. emergency services). In 
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contrast, a completely deliberative approach would take too much time and 

situations in naturalistic environments, would become out of control (Klein, 2008). 

To summarise, the RPD model is unique as it embraces intuition and past 

experiences as the main guiding influence to make decisions (Boyes & Potter, 2015). 

In specific naturalistic environments, experts recognise critical cues and identify 

patterns from their memory through automated cognition (Kahneman & Klein, 2009). 

Due to option selection being based on past experiences the decision-making process 

is time efficient, which can be vital in natural environments (Boyes & Potter, 2015). 

Now that an understanding of RPD has been presented, the following section will 

explore the second relevant theory of SA. 

 

2.3.2 Situational Awareness 

Endsley (1988) defines SA as a person’s “perception of the elements of the 

environment within a volume of time and space, the comprehension of their meaning 

and the projection of their status in the near future" (p. 97). Some processing 

mechanisms have been suggested to be related to SA including attention and working 

memory limitations, mental models and current goals (Endsley, 1995). SA attempts 

to explain human behaviour in complex situations and goes beyond traditional 

approaches (Endsley, 1995). The enhancement of SA can have a major influence for 

developers of operator interfaces, automation concepts and training programmes in 

a variety of fields (Endsley, 1995b). SA is a model that refers to a state of 

understanding of an environment and has been used predominately in the military 

and aviation research (Stanners & French, 2005). Although the majority of early SA 

research was conducted in the aviation community, technological advances has 

driven the growth of SA application into other domains, such as sport (Endsley & 

Garland 2000).  For example, in sports, such as football, the importance of SA in 

selecting passing and running strategies is readily apparent (Endsley & Garland 2000).  

The SA model consists of three levels; perceiving elements in the 

environment, understanding their meaning and predicting the situation in the future 

(Stanners & French, 2005). Level one involves the perception of important cues. Level 

two concerns the understanding of these cues. Level three allows individuals to 

predict future situations by calling on past experiences of an identical or similar 
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situation (Endsley & Garland, 2000). Little research has been conducted involving SA 

in sport, especially football. For example, level one of SA could consist of a defensive 

player recognising the body shape of an opponent. Level two could represent the 

defensive player understanding this body shape and what the attacking player could 

potentially do (e.g. pass in a certain direction). Level three could consist of the 

defensive player calling on past experiences to anticipate the attacking player’s 

actions and possibly regain the ball (e.g. by intercepting a pass).   

Although, SA may not always be acknowledged because significant research 

is performed in a laboratory environment. It can however be argued that no matter 

what decision a person makes, the DM process needs to be considered within its 

context (Endsley & Garland, 2000). Therefore, the need for the application and 

development of SA is recognised (Endsley & Garland 2000). Development of SA 

enables players to develop greater awareness within the DM process, such as 

colleagues/team mates and opposition within team sport environments (Richards et 

al., 2016).  

Endsley’s model (1995) suggests that SA is one of the main elements of DM, 

however many other aspects contribute when attempting to turn good SA into 

successful performance and DM (Endsley & Garland, 2000). Although SA and DM 

appear to be linked, it is important to note that they do not need to be coupled as 

one whole process (Endsley & Garland, 2000). A desired action may be poorly 

performed due to poor technique or physicality, not because of poor SA or a poor 

DM process. Furthermore, the limited technical ability of an individual can influence 

the tactical options taken (Richards et al., 2016). For instance, a hockey player with 

the inability to play an aerial pass would not look for it, therefore would not identify 

it as a tactical option (Richards et al., 2016). In conclusion, SA, DM and performance 

can be seen as distinct, separate stages. The complexity of DM today has resulted in 

theoretical elements (such as RPD, SA and MMs) being explored in isolation. 

However, advancement in our understanding is now resulting in connections being 

made and exploring the interplay between different models. This has been 

highlighted and outlined by Richards et al. (2016). The following section will explore 

another theory of NDM which is relevant to this thesis, that theory being 

sensemaking.  
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2.3.3 Sensemaking 

Sensemaking combines the contributions of RPD and SA (Klein et al., 2007). 

Klein et al. (2007) define sensemaking as “the deliberate effort to understand events” 

(p. 114). Sensemaking was introduced by Weick (1995) and is seen to be one of the 

main cognitive functions that people must carry out in all kinds of naturalistic 

settings. It is usually triggered by changes that were unexpected or cast doubt on 

prior understanding. Klein et al. (2007) describe how sensemaking can result in a 

faulty account of events and incorporate several aspects. For more details on such 

aspects the reader is advised to read The Data-Frame Sensemaking Theory by Klein 

et al. (2007). Sensemaking proposes an approach where the experience of an 

individual can be used to “frame”, or understand, a situation. However, Richards et 

al. (2016) argue that this approach should be placed on team experiences rather than 

just individual experiences.  

In sport, Richards et al. (2016) suggests that if the players or team collectively 

“frame” the experienced situation, then performance cues within competition can 

be responded to collectively as a team. Richards et al. (2016) argue  that sensemaking 

allows the performer or team, to establish connections and relationships with 

environmental cues.  In order for a team to establish such connections and 

relationships it is suggested for a slow, deliberate learning environment to be 

employed into the team’s training schedule. In such an environment, players are 

required to reflect and contribute to providing a solution to a situation. In order to 

provide a solution, players must first understand the situation, therefore applying 

sensemaking.  

An individual’s SA and sensemaking has been discussed above, however 

developing team SA and sensemaking is far more complex than simply combining 

several individuals SA and sensemaking (Williams, 2009). The following section will 

discuss team DM and team SA.  

In order for team DM and SA to be developed, it is suggested that all team 

members should share the same thoughts or philosophy (Richards et al., 2016). In 

order for this to occur it is suggested that a SMM should be applied and developed 

between the team members. Such team philosophy, or SMM is derived from the 
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Mental Model (MM) of the team’s manager. Therefore, before SMMs are discussed 

it is important to first explore MMs and SMMs, and the following section will do so. 

 

2.3.4 Mental Models and Shared Mental Models 

Rouse and Morris (1986) state that a MM can allow individuals to describe, 

explain and even predict behaviour within their environment. Furthermore, a more 

comprehensive definition of MM is a ‘mechanism whereby humans generate 

descriptions of system purpose and form, explanations of system functioning and 

observed systems states, and predications of future system states’ (Rouse & Morris, 

1986, p.360). The variety in individual MMs (Westbrook, 2006) highlights the need 

for a SMM within team sports, so that all individuals have a collective understanding 

of the situation (Richards et al., 2009). Although MMs are important, SMMs consider 

MMs within a team context which is of greater relevance in this thesis.  

Cannon-Bowers et al. (1993) defined SMMs as ‘knowledge structures held by 

members of a team that enable them to form accurate explanations and expectations 

for the task, and in turn, coordinate their actions and adapt their behaviour to the 

demands of the task and other team members’ (p. 228). SMMs therefore help 

describe, explain and predict the behaviour of a team which allows all team members 

to adapt to change and coordinate (Cannon-Bowers et al., 1993). Team chemistry is 

another term used for SMM, a more common term in the ‘real world’ of team sports 

(Gershgoren et al., 2013). Westbrook (2006) states that MMs are only valuable to the 

individual who constructs them. This suggests that teams should allow opportunities 

for everyone to contribute to the development of a SMM (Eccles & Tenenbaum, 

2004). The development of a team specific SMM by all members of a team allow 

players to execute specific roles, in a coordinated manner to achieve the same 

expected outcome (Richards et al., 2009). Similarly, Salas and Klein (2001) state that 

the primary use of a SMM is to provide a ‘heuristic route’ (i.e. rule of thumb) to team 

members, consequently accelerating the coordination and DM of a team. Being able 

to make predictions regarding team coordination is a second function of SMMs 

(Eccles & Tenenbaum, 2007). For instance, a set piece in football can represent a 

heuristic route to goal, whereas, designed tactical plans in open play allow 
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teammates to make predictions in relation to each-others field position (Eccles, 

2010).  

SMMs are mainly based on teammates’ task-related knowledge and team-

related knowledge (Cooke et al., 2000). Task-related knowledge is task-specific and 

therefore spread across team members. Cooke et al. (2000) defines team-related 

knowledge as “knowledge held by teammates and their collective understanding of 

the current situation” (p. 154). Team-related knowledge involves a collective 

understanding of the team procedures and strategies (Cooke et al., 2000). The 

importance of task and team related knowledge is highlighted in football. For 

example, goalkeepers should possess highly task-specific knowledge which can be 

essential to a successful team performance (Ward & Eccles, 2006). In addition, a 

successful team performance is also dependent on the tactical knowledge of all 

players who enter the field of play. Football players must hold a collective 

understanding (i.e. team-related knowledge) regarding the strategy of their team 

(e.g. team formation such as 4-4-2; 3-5-2; Tenga et al., 2009). Mohammed, Ferzandi 

& Hamilton (2010), specify that task-related knowledge is ‘what needs to be 

accomplished’ by each team member whereas team-related knowledge is how work 

needs to be accomplished. From this research it is understood that SMMs develop, 

not only a collective understanding of what needs to happen, but also a collective 

understanding of how it should happen.  

Team DM requires a dynamic integration of different processes which interact 

with each other in order to produce an outcome (Richards et al., 2016). Situational 

and tactical aspects of the game, such as opposition and teammates, and strategic 

factors (team philosophy) are examples of these processes. Such processes ultimately 

shape the decision a team makes (Richards et al., 2016). For a team to be successful, 

both situational and strategic factors must be similarly recognised in order for similar 

decisions to be made by all team members, often without any in-game 

communication (Richards et al., 2016). Cannon-Bowers et al. (1993) suggest that 

team DM can be understood in terms of SMMs of tasks and the team. Effective team 

DM and performance requires team members to hold common, overlapping, 

understanding of the task, procedure, roles and responsibilities (Cannon-Bowers et 
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al., 1993). Development of SMMs can advance a team’s DM by developing the 

elements stated above (Cannon-Bowers et al., 1993).  

Klein (2000) suggests that we can try and identify key cognitive processes that 

depend on teamwork when we treat teams as an entity rather than just several 

individuals. A set of five cognitive processes for teams have been identified by Klein 

(2000); Control of attention, shared SA, SMMs, application of strategies and 

metacognition. The following paragraphs will provide an overview of each team 

cognitive process.  

Control of attention refers to the way a team engages in information 

management. For example, how a team distributes messages properly, filters 

irrelevant messages, allocates attention and time to important functions and seeks 

missing information. Control of attention is important within team meetings. For 

example when showing video clips of performance it is important that all members 

are attending to the same cues. Johnston and Morrison (2016) states that cue 

discrimination is a key determinant of decision making. Therefore, if all team 

members were attending to and discarding the same cues then team decision making 

should develop.  

Shared SA refers to the level of the team members’ interpretation of a 

situation. In static environments this may not be considered as important, however, 

in dynamic and naturalistic environments it is possible for team members to form 

different interpretations. Eccles and Tenenbaum (2004) highlights the importance of 

communication within team sports to enhance team understanding. However, verbal 

communication can often give away team plans to opponents. In order to improve 

understanding and therefore reduce the need for verbal communication, Eccles and 

Tenenbaum highlight the importance of pre-process and post-process team meetings 

to allow the opportunity for team plans to be briefed and debriefed before and after 

performance.  

SMMs have been discussed in detail above and to avoid repetition will not be 

discussed further here.  

A team learns and applies strategies as it gains experience. Even after a set 

procedure is prepared, a skilful team will produce workarounds or shortcuts that are 

not mentioned in set procedures. The application of strategies allow the 
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understanding of the team’s mind by presenting the strategies and information it has 

been developing. Eccles and Tenenbaum (2004) states the importance of team verbal 

briefs and debriefs in order to share experiences between players. Such verbal briefs 

and debriefs allow individuals to share and reflect in a group setting. This can allow a 

deeper understanding of set routines to be established, therefore allowing possible 

shortcuts to set routines to be discussed between all team members collectively. 

Metacognition seems to be more important for planning teams rather than 

action teams. Klein (2000) defines planning teams as a team producing a plan and 

action teams as a team carrying out a plan. Planning teams are usually still working 

on their routines and scrutinizing themselves, which is where metacognition is more 

relevant. 

The above section has highlighted the importance of SMMs within team 

sports, and how team DM can be shaped by SMMs and other cognitive processes as 

highlighted by Klein (2000).  The following section will explore application of DM 

study within sport.  

 

2.4 Decision-Making in Sport 

DM has been explored in sport, with emphasis focusing on motor control, 

however, DM has not extensively researched applying NDM approaches. Within 

motor control, researchers have studied skill acquisition and the cues performers use 

to assess opposition movements (Williams & Hodges, 2004; Williams 2009; Ford, 

Williams and Hodges, 2005). Williams (2009), highlights the importance of cue 

identification and anticipation to inform DM. Ford et al. (2005) compare the motor 

skills of skilled and less skilled football players. It is acknowledged that the 

interpretation of such technical elements is an important aspect of DM. However, 

both papers explore an aspect of DM in isolation and ignore the complexity of the 

naturalistic situations, within competitive sport performance. Therefore, although 

the research of motor control has been considered and acknowledged, this thesis is 

more concerned with NDM research within sport and will be discussed from the areas 

of officiating, coaching and playing in the following sections. 
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2.4.1 Naturalistic Decision-Making and officiating  

Mascarenhas et al. (2005) studied NDM within rugby union, an environment 

that fits the characteristics of NDM. The research focused on pre-elite referees’ DM. 

The study incorporated the use of video footage in order to analyse the decisions of 

the referees. Pre and post tests were conducted at weeks one and six, where the 

participants were asked to watch video clips and tick options which best suited the 

decision they would make, if they were refereeing. The participants were split into 

two groups; an experimental group and control group. The experimental group 

participated in off-field training throughout the 6 weeks by watching video clips and 

completing DM booklets. The inclusion of a control group provides a good way to 

measure the true effects of the training routine on the referees’ DM. However, it is 

unclear why the experimental group was considerably larger (n=41) than the control 

group (n=15). The study found that the DM of lower ranked referees’ in the 

experimental group improved dramatically compared to the control group. Within 

the paper SMMs are also discussed and the researcher states how the SMM between 

pre-elite referees developed throughout the study. The experimental group 

participants watched the clips in a group. It was found that there was increased use 

in similar vocabulary in discussions after watching the clips throughout the six weeks. 

This paper combines the understanding of NDM and SMMs and suggests how both 

can be developed through the use of off-field, Classical DM techniques. Although this 

paper shows that referees’ DM was enhanced within off-field environments, it does 

not cover whether on-field DM also improved. 

 

2.4.2 Naturalistic Decision-Making and coach Decision-Making 

DM within naturalistic environments has also been explored from the area of 

coaching. Abraham et al. (2009) developed a model based on available evidence and 

literature at the time. The model summarises six domains of understanding that 

should influence the DM of coach developers or educators. The six domains will now 

be discussed. 

The first domain is understanding the club and football association. This 

means understanding the culture, whilst adapting behaviour based on the situation. 

Understanding the coach is the second domain. This involves understanding the 
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motivations, needs and wants of the coach. Domain three is understanding and 

developing the adult learning environment and how to support adult learning. 

Domain four highlights that the coaching curriculum needs to be understood, in order 

to support coach development. Although the model involves developing coaches, 

domain five states that the coach developer should understand their own goals and 

strive to improve them where possible. The final domain is process and practice. This 

is referring to understanding the processes and practices of coach development. 

Abraham et al. (2013) studied 16 coach educators. Group one consisted of eight 

participants who engaged in interviews. Groups two and three were observed in 

practice. Using the six-domain model outlined above, field notes were made when 

observing each coach. Three participants from group two and two participants from 

group three engaged in post session discussions to establish reasoning behind their 

behaviour where possible. It was concluded that a more personalised, deepening of 

knowledge across all of the six domains should lead to improved awareness. 

However, if coach educators buy into professional development, improved 

awareness must also lead to enhanced practical skills, for there to be an overall 

improvement in practice. Following the completion of this work, a bespoke 

postgraduate course was created for the Football Association in order to improve the 

development of their coach education staff. Although the work surrounding officials 

(Mascarenhas et al.,2005) coaches and coach educators (Abraham et al., 2013) is 

important, NDM research surrounding the DM of players is more relevant to this 

thesis. Therefore, NDM and player DM will be explored in the following section. 

 

2.4.3 Naturalistic Decision-Making and player Decision-Making  

Richards et al. (2016) also study NDM in sport, however, in a team 

environment from a player’s perspective. The paper recognises the complexity of DM 

within team sports and how previous research has studied aspects of DM in isolation 

but did not consider the naturalistic environment. The paper suggests two 

interconnected models designed to develop DM within a team, both of which will be 

explored below. 

Model one proposes that in order to improve and develop DM skills in team 

sports three components need to be considered; technical skills, tactical 
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understanding and the coordination of these aspects by all players collectively. 

Richards et al. (2016) break the model down into five Layers.  

Layer one is developing a performance vision. This involves establishing 

trademarks and concepts of a team, which then contribute to the teams’ playing 

philosophy. Layer one allows coaches to establish what their “ideal” performance 

would look like, before being reshaped by the players. This allows a collective 

performance vision to be generated which allows the construction of a MM and 

subsequently a SMM.  

Layer two, perceptual drive and technical execution, suggests that technical 

execution has a direct link to strategy and tactical Layers, and therefore is a vitally 

important component within the DM process. Layer two follows on from the work of 

Dunn (2006), who suggests that players should acquire a range of technical skills but 

also establish an understanding of when and where they should be performed within 

a game context. Dunn (2006) suggests that a players tactical understanding can 

exceed their technical ability and in turn, not recognising a certain tactical option 

because they cannot perform the technical skill required. This highlights the 

importance of technical skills within the DM process and how improving it can 

improve DM.  

Layer three focuses on tactical and SA development, resulting in the 

development of MMs and eventually SMMs. This Layer discusses the importance of 

SMMs, RPD, SA and sensemaking and their development in order to improve overall 

team DM. These four theories have been explored in detail earlier in this thesis.  

Layer four is strategic development, where players perceive cues and 

knowledge structures before generating commonly agreed plausible options after 

assessing the situation. It is suggested that at this stage, if a sufficient SMM has been 

generated then only one or two plausible options should be considered by all team 

members in each situation.  

The final Layer involves the “beta-version” of performance. Through Layers 

one to four the team’s vision of performance is continuously being reshaped, with 

the “beta-version” being the result of those Layers and applied in a competitive 

setting. The success of the “beta-version” application is very much dependent on the 

previous Layers of this model and their success.  
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Having presented a summary of model one, model two by Richards et al. 

(2016) will now be explored. Model two presents a framework for the development 

of high-pressure DM through slow deliberation. It is proposed that team DM within 

dynamic situations can be developed, through the use of slow deliberate off-field 

training and has been applied in football (Merola & Richards, 2010), hockey (Richards 

et al., 2009) and netball (Richards et al., 2012). Slow deliberate off-field training is 

term used by Richards et al. (2009, 2010, 2012) and will be used throughout this 

thesis. It is training that takes place off-field within team meetings and usually 

involves video footage. This environment allows players to consciously think about 

the decisions they are making within their on-field performance, but within a much 

more relaxed and less time pressured environment. Model two presents three 

phases which will now be discussed. 

Phase one highlights the establishment of playing concepts and MMs, which 

will depend on the level of the players and team. From this SMMs can be established 

which in turn can develop a shared language that can further develop teamwork 

(Mascarenhas & Smith, 2011).  

Phase two relates to the process of using slow, deliberate learning to develop 

the players knowledge structures. It is highlighted that, without the use of team 

meetings and Performance Analysis (PA), opportunities for a shared understanding 

to be developed are limited. Phase two creates an environment for the shared 

understanding, established in phase one, to be developed through an off-field 

training environment.  

Phase three simply applies phases one and two within a performance setting, 

allowing players and teams to execute patterns of plays, technical skills and tactical 

plans. 

Model one and two by Richards et al. (2016) provide a DM Frameworks that 

can be applied and followed within a team sport environment, in order to develop 

individual and team DM in line with the team playing philosophy.  

Other researchers, have studied NDM within football (Kermarrec & Bossard, 

2013). Kermarrec and Bossard’s (2013) paper aimed to describe the DM of football 

defensive players in a naturalistic environment, in relation to the RPD model. The 

study included four players who played in the French first division as well as at 
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international level. Behavioural data was recorded from the participants in addition 

to verbal data via the use of interviews. The researchers found that the DM of expert 

football defenders was based on eight typical schemas. The paper suggests that the 

players’ decision-making was based on their ability to process a situation as typical 

and therefore use recognition and call on their experience. This study highlights the 

importance of recognition and experience within a high-pressured sporting 

environment such as football. It also suggests how the RPD model can be applied and 

used to understand DM in complex team sports. Furthermore, the paper highlights 

how the findings derived from experts can be used to influence the training and 

development of novices’ DM. The paper provides the reader with a good 

understanding of RPD and how experts make decisions within the sporting 

environment. However, other aspects that can affect DM, such as SA and MMs 

(Richards et al., 2016), were not discussed.  

Macquet (2009) also studies RPD and NDM by studying the DM processes of 

expert volleyball players. Due to the study being conducted within the naturalistic 

setting of volleyball, the paper covers the understanding of NDM. Similar to 

Kermarrec and Bossard (2013), Macquet (2009) aims to understand the DM 

processes of expert sports players by using the RPD model. The results reinforce the 

utilisation of the RPD model by stating the decisions volleyball players made were 

based on recognition and experience. The researcher highlights how a current 

situation was compared to typical situations contained in the players memory 

(Macquet, 2009). If the situation could be matched to a typical situation they were 

simply matched. However, if they could not be matched, the player evaluated the 

course of action to determine if the option they were considering would work out. 

Again, this reinforces the processes of the RPD model. Macquet (2009) also states 

how most often the players only reported one decision, further suggesting decisions 

were commonly automated responses based on experiences. However, similar to 

Kermarrec and Bossard (2013), the researcher fails to consider other important 

aspects of the DM process such as SA and MMs.  

Research involving SA within sport is limited, however, Caserta and Singer 

(2007) examine the effectiveness of special instructions in tennis match play on SA, 

anticipation and DM. Intermediate male and female tennis players participated in the 
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study. The participants were randomly allocated to five groups, one of which was a 

control group. Two groups focused on SA and anticipation (one implicit training and 

one explicit training) with the other two focused on SA, anticipation and DM (one 

implicit training and one explicit training). The explicit groups received training 

specific to tennis on SA and anticipation, whereas implicit groups received general 

training (not tennis specific) on SA and anticipation. Participants were individually 

tested in one-hour time slots. Video clips were shown and would pause without 

warning. Participants were required to press one of three switches which best 

represented where the player should move to receive and return the next shot. The 

study found that performance improved in the SA, anticipation and DM groups. 

However, there was no difference found between implicit and explicit learning 

strategies. This study highlights how the combination of SA and DM can have a 

positive effect on performance. In addition, the research has reinforced the 

suggestion of SA having an effect on the DM process and also performance. Although, 

it should be highlighted that the participants in the study were not of expert level. 

Therefore, it could be questioned if the study would yield the same results if 

professional tennis players were to have taken part in the study. More recent studies 

(Kermarrec & Bossard, 2013) argue that recognition and past experiences do effect 

DM. However, in this paper Caserta and Singer (2007) did not consider other models 

of NDM in addition to SA, such as RPD. Although all players were of similar standard 

in the study, it is unclear whether some participants were more experienced than 

others. Therefore, it cannot be assumed that the experience and RPD of the players 

did not affect the results of the study.  

An extensive amount of research has highlighted the important of MMs 

within sport, more specifically SMMs and team sports. However, little research has 

studied the effect of developing SMMs on sporting performance. For example, Lim 

and Klein (2006) studied the effects of SMMs similarity and accuracy between sports 

players. The study covered 71 action sports, however, a definition of “action sports” 

was not provided in the paper. It was found that the accuracy and similarity of the 

SMMs were positively correlated (Lim & Klein, 2006). It was concluded by Lim and 

Klein (2006), that SMMs do matter and it is therefore logical for further studies to 

look at the effects SMMs have on performance.  
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Richards et al. (2009) studied the use of reflective practice within team 

performance, highlighting the important of SMMs. The paper discusses the 

researchers’ experience of working with teams and how certain ‘triggers’ (e.g. a word 

or action) can initiate the implementation of a strategy or an interlinking process 

(Richards et al., 2009). The coordination of the team on such occasions represents a 

SMM. Richards et al. (2009) state that SMMs can create an environment where all 

players are working together towards the same goal, decreasing the vulnerability of 

the team conceding a goal. From this statement it can be suggested that SMMs can 

have an effect on performance, highlighting why MMs and SMMs should be 

considered as part of the development of team DM.  

 

2.5 Developing collective Decision-Making in football 

This chapter has presented an overview of Classical DM and NDM theories. 

The paradigms of both Classical DM and NDM have been considered in the context 

of sport. Theories of NDM such as RPD, SA, sensemaking and MM/SMMs have been 

summarised and their importance within team sport DM have been highlighted. 

Additionally, this chapter has explored how the combination of both Classical DM and 

NDM could potentially improve team DM, through the use of both off-field and on-

field training. Finally, this chapter discusses previous DM research applied within 

sport. The following chapter will examine the methodological approaches to 

examining DM in a team sport setting. Specifically, it will discuss Cognitive Task 

Analysis (CTA) and how its methods have evolved from NDM and relate to DM in 

team sports.  
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Chapter Three: Methodological Approaches and Application to Football 

 

3.1 Introduction 

From the emergence of Naturalistic Decision-Making (NDM) as a growing 

paradigm exploring naturalistic Decision-Making (DM) (see Chapter Two), Cognitive 

Task Analysis (CTA) has surfaced as an applied approach to exploring cognitive 

processes occurring in ‘real world’ settings. This chapter will first provide the reader 

with an overview of the origins and historical development of CTA.  This will present 

an argument that CTA can be used as a method to both assess and train the 

development of Shared Mental Model (SMM) within a sporting context (Richards et 

al, 2012). By understanding the evolution of CTA methods, this thesis will build on 

the work of Richards et al. (2012; 2016) and provide an approach where performance 

analysts working in sport can integrate CTA approaches within video feedback 

sessions to enhance the development of DM. The understanding of the origins of CTA 

will therefore help inform the future development of CTA within a performance 

analysis setting. Consequently, this chapter will provide the foundations to address 

research question 2, “Can combining video footage and CTA in an off-field 

environment develop players own mental models and team shared mental models?” 

The chapter will then discuss the specific methods of Critical Decision Method (CDM), 

Thinking Aloud Problem Solving (TAPS) and Concept Mapping (CM) which are 

employed in this thesis.  This will provide the background to the application of CTA 

approaches in the study, thereby addressing research question 3, “Can CTA as a 

training method be used to accelerate and enhance on- field DM?”. In addition, this 

chapter will present an overview of a fourth method which was used in this study, 

that being Performance Analysis (PA).  The utilisation of PA data is recognised as 

being compatible with CTA approaches used within this study. The integration of PA 

into the training setting of sports teams is common practice and as such, is perceived 

as a naturalistic way to evaluate on-field performance of individual players and 

teams. Specifically, PA in the context of this study will examine if off-field training, 

using CTA, has translated into enhanced on-field performances of the team through 

the evaluation of PA data. Such information will provide support to answering 

research question 1, “Can engagement in a slow deliberate off-field learning 
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environment enhance naturalistic on-field DM?”. The final section of this chapter 

presents methods of CDM, CM, TAPS and PA, that are applied within the naturalistic 

professional team sport environment of football.  

 

3.2 Cognitive Task Analysis 

CTA techniques are used to analyse the cognitive functions of humans 

(Zachary, Ryder & Hicinbothom, 1998) and have evolved from the NDM paradigm. 

Militello and Hutton (1998) define CTA as a “set of methods for identifying cognitive 

skills, or mental demands, needed to perform a task proficiently” (p. 1618). More 

recently CTA has been defined as “the extension of traditional task analysis 

techniques to yield information about the knowledge, thought processes and goal 

structures that underlie observable task performance” (Chipman, Schraagen, & 

Shalin, 2000, p. 3). Initially, the purpose of CTA techniques was to analyse and model 

the cognitive processes in specific domains (Zachary et al., 1998), as CTA methods 

seek to represent the complex cognitive procedures that underline decision-making, 

goal generation and judgements (Militello & Hutton, 1998). Similarly, Clark et al. 

(2008) view CTA methods as a variety of strategies to capture a description of the 

knowledge that experts use to perform complex tasks. Complex tasks are defined as 

tasks that involve the integration of both controlled (conscious) and automated 

(unconscious) knowledge to perform a task that can cover hours or days (van 

Merriënboer, Clark, & de Croock, 2002).  

The process of CTA requires the researcher to interpret how the participants 

see the work they are doing in a naturalistic setting (Militello & Hutton, 1998). If the 

participants are completing complex tasks effectively then CTA should describe the 

stages necessary to achieve success (Militello & Hutton, 1998). If mistakes were made 

during a task then CTA could highlight errors in the process (Militello & Hutton, 1998). 

Extensive amounts of research have been undertaken to compare the cognitive 

function of experts and novices using CTA (Kartoshkina & Hunter, 2014), with the 

purpose of emphasising the different cognitive functions of experts compared to 

novices. Although the area of expertise is recognised in the literature of NDM, it will 

not be covered in detail in this thesis, owing to the word limit. However, a definition 

of an expert is relevant in the context of this study and the development of players 
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SMMs, in comparison with the coaches SMM. For the purpose of this study coaches 

have been classified as experts owing to over 15 years in the game and UEFA A license 

coaching qualifications. According to Hoffman (1996) an expert is someone “who has 

special skills or knowledge derived from extensive experiences with subdomains” 

(p.86). Having briefly presented a definition of CTA, the following section will explore 

the origins and history of CTA.  

 

3.3 Origins of Cognitive Task Analysis 

It is generally agreed that CTA methods are a relatively new approach to 

studying human cognition in ‘real world’ settings (Militello & Hoffman, 2008; Zachary 

et al., 1998). The collective methods of today’s CTA were created in parallel with the 

rise of naturalistic decision theories, cognitive science and human-computer 

interaction (Zachary et al., 1998). The development of CTA methods in the 1980s and 

1990s seemed like a new revolution (Militello & Hoffman, 2008). However, a closer 

look at history suggests that the seeds of CTA methods were planted decades ago 

and emerged from the interests in how cognitions inform working tasks, and how 

tasks can be evaluated (Militello & Hoffman, 2008).  

It can be argued that many aspects of CTA we are familiar with today 

originated as early as 1857 (Militello & Hoffman, 2008). For example, a technique 

used in the early 1900s is a very similar technique to one now used to study surgeons, 

rescue teams and firefighters (Militello & Hoffman, 2008). Külpe and his students 

called the technique “systematic post-experimental retrospection” (see Ruger, 

1910). After completing a task, the participants would work through the incident a 

second time, recalling their thoughts from the first time. Today, a similar technique 

is used, but owing to technological advances, participants can watch a recording of 

the incident rather than working through the incident a second time. Between 1899 

and the 1920s, time and motion studies began to emerge where workers would be 

observed within their working environment (Militello & Hoffman, 2008). Taylor 

(1911) studied the work of experts at a given skill, often in a simulation of their 

workplace. Observing workers is now the core of modern-day CTA practice (Militello 

& Hoffman, 2008). After World War One there was a need for a human factors 

research programme after a report was published by Weston (1920). In the report 
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Weston stated how significant amounts of time had been saved after the creation of 

power-driven machines (Weston, 1920). However, the machines had not been 

designed with the human operator in mind (Weston, 1920). The call for cognitive 

challenges to be identified, and used in the design process of machinery, can be seen 

today in the writing of many CTA practitioners (Militello & Hoffman, 2008). Human 

factors became an important research community during and proceeding World War 

2 (Militello & Hoffman, 2008). Research into cognitive tasks such as radio detection, 

voice communications, radio coding and more was funded by wartime initiatives 

(Militello & Hoffman, 2008). The expansion of the analysis of cognitive tasks was an 

effect of such research programs and it drove the design of cockpits, weapons and 

communication technologies (Militello & Hoffman, 2008).  

Although the term ‘cognitive task analysis’ was first used in Gallagher’s work 

in 1979 it is clear that aspects of modern-day CTA were used and examined long 

before 1979. Traditional task analysis aimed to decompose a task completed by a 

human, with the decomposition being used to understand what humans should do 

and know about a task (Antonova, Stefanov & Grigorov, 2011). Early versions of CTA 

were designed to gather analysis and decisions that could not be directly observed 

as well as conceptual knowledge (Clark & Estes, 1996). Many of the elements of task 

analysis examined above have re-emerged in modern research (Militello & Hoffman, 

2008). For example, ‘Cognitive Systems Engineering’ is a research area that explored 

the argument that technology should be designed to make up for human flaws 

(Woods & Roth, 1988). Similarly, cognitive engineers supported a systems approach 

where technologies should be evaluated based on usability, understandability and 

usefulness (Militello & Hoffman, 2008). It is estimated that there are over 100 types 

of CTA methods currently in use (Clark et al., 2008). As discussed above, the diverse 

path CTA development has followed makes the variety and number of CTA methods 

understandable, as approaches are bespoke to the settings they are employed in. 

Today, CTA methods consider the ‘human users’ when systems are being designed in 

the work environment (Militello & Hoffman, 2008).  

To summarise, in the last 20 years, advances in cognitive science has allowed 

CTA methods to become an important aid when designing training systems in many 

domains (Clark et al., 2008). Moreover, evidence has suggested that when an expert’s 
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cognitive processes are identified accurately, training programmes designed from 

this information are more effective than other designs (Merrill, 2002; Velmahos et 

al., 2004). Now that an overview of the history and origins of CTA has been discussed, 

the following section will explore how CTA relates to the NDM paradigm.  

 

3.4 The evolution of Cognitive Task Analysis from the Naturalistic Decision-Making 

paradigm 

The evolution of CTA research led to the creation and development of other 

concepts. Many early studies of CTA were conducted in isolated situations and often 

laboratories (Clark et al., 2008). Crandall, Klein and Hoffman (2006), suggests that the 

theoretical underpinning of CTA is based on “the collection of processes and 

functions that characterise how people think in natural settings” (p. 136). Originally 

however, when exercised in applied situations CTA was found to be more difficult to 

apply than in isolated situations (Gore et al., 2015). For example, Cohen (1981), 

Barwise and Perry (1983) and Klein et al. (1993) pointed out several differences 

between traditional task analysis and analysis of activities in naturalistic 

environments. Therefore, there was a desire to develop CTA and apply it within an 

applied context (Harenčárová, 2015). Concepts emerging from NDM philosophy 

resulted in the development of CTA application in naturalistic environments 

(Harenčárová, 2015).  

Gary Klein was the founder of NDM (Gore et al., 2015). Klein found that the 

methods and theories of conventional laboratory research had many limitations 

when working in the ‘real world’ (Gore et al., 2015). Therefore, Klein created the NDM 

framework to explore naturalistic DM (Gore et al., 2015). NDM research first 

emerged in the 1980s to study the decision-making of individuals in applied situations 

(Klein, 2008). The framework of NDM analyses how people categorise situations 

quickly to make correct and effective decisions (Klein, 2008). The NDM framework 

also emphasises the role of experience in enabling people to make effective decisions 

(Klein, 2008). Owing to NDM’s focus on infield decisions and complex decisions, NDM 

facilitates interests of human factors practitioners who are concerned with how 

performance can be improved (Klein, 2008).  
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The evolution of CTA approaches from the NDM paradigm has significantly 

contributed to enhancing our understanding of naturalistic DM, and has resulted in 

the development of DM models. For example, Klein began to develop Recognition 

Primed Decision-Making (RPD) in 1985 when he realised the limitations of 

conventional laboratory research methods (Patterson et al., 2009). The work of Klein 

et al. (1993) using CTA, resulted in the development of the RPD model which is still 

utilised today. Klein (2000) suggests that individuals can often make decisions 

unconsciously based on past experiences, as opposed to comparing options 

consciously. The RPD model has been discussed in detail in section 1.2.1 (Chapter 1) 

and evolved from CTA methods. The work of Klein (1989) provides an understanding 

of the ‘real world’ environment and accelerated the emergence of the NDM 

paradigm and a growing awareness of CTA methods. The understanding of NDM and 

RPD allowed researchers to consider how CTA could be applied successfully in such 

naturalistic environments, as opposed to laboratories.  

 

3.5 Approaches to emerge from Cognitive Task Analysis 

This section will explore the operationalism of CTA and provide an overview 

of the forms of CTA methods. As stated previously, there are many CTA approaches, 

however they all have the same objective of eliciting knowledge from humans (Clark 

et al., 2008). CTA uses a variety of interview and observational methods to elicit 

knowledge from experts (Antonova et al., 2011). There is compelling evidence that 

experts are not fully aware of about 70% of the decisions they make and their own 

mental processes (Clark & Elen, 2006). CTA aims to capture more accurate and 

complete descriptions of how experts perform a task and therefore attempts to 

overcome this problem (Clark et al., 2008). Experts are often analysed using CTA 

methods because their cognition, knowledge and understanding differentiates them 

from their peers (Kartoshkina & Hunter, 2014). It is considered a valuable approach 

to analyse experts who regularly achieve success when performing a task (Clark et 

al., 2008). CTA allows the possibility of using an expert’s thoughts and experience to, 

not only compare to novices, but possibly accelerate the learning of novices (Wong, 

2004; Kartoshkina & Hunter, 2014).  
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CTA methods, although varying in design, commonly include either 

interviews, discussions or CM (Crandall et al. 2006). Yates (2007) explored the 

classifications of CTA into various categories, however for the purpose of this thesis 

the categorisation of interviews, discussions and CM is being used. The analysis of 

knowledge gathered from CTA methods can be very detailed and rich. An account of 

a situation should attempt to capture what an individual is thinking about, where 

their attention is focused, how they detect problems, what they are trying to achieve 

and how they are making decisions (Crandall et al., 2006). The information elicited 

using CTA methods can be used to influence training, compare expert and novice DM 

and to identify MMs (Wong, 2004). 

Numerous approaches have emerged as a method of CTA; however, all 

approaches seem to relate to one of four categories. According to Crandall et al. 

(2006), there are considered to be four categories of CTA methods; interviews, self-

reports, observations of performance and automated collection of behavioural data 

(Crandall et al., 2006). These four categories will be discussed below.  

 

3.5.1 Interviews 

Interviews are the most common category of CTA method (Crandall et al., 

2006). Practitioners recommend recording interviews rather than trying to make 

notes, as making notes can easily be a distraction (Clark et al., 2008). Making notes 

using recordings can also be considered more accurate as opposed to making notes 

whilst interviewing (Clark et al., 2008). CTA interviews involve a researcher or 

researchers questioning a participant about a key event (Harenčárová, 2015). The 

person conducting the study will often probe the participant to gather an 

understanding of the event more clearly, or to extract greater detail (Milliken & 

Johnson, 1984). Although interviews can be considered a tool for eliciting knowledge, 

it is important to realise that it can take a considerable amount of time to analyse the 

data (Wong, 2004). 

Interviews are an efficient way of gathering rich and detailed information 

from participants which suggest why they are favoured among CTA researchers. 

However, interviews can be considered to have some disadvantages. Due to CTA 

research being conducted with experts, it can be hard for professionals to allocate 
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time within their busy schedule (Crandall et al., 2006). Moreover, data gathered from 

interviews is very subjective. As the interviewer you are relying heavily on the 

participant to reflect, with detail, on their performance. Participants may be reluctant 

to share such information or they may be mistaken in their recall or have limited 

information about the event (Shadbolt & Smart, 2015). Many CTA practitioners 

suggest that interviews should be used mainly for exploratory analysis and as a base 

for hypotheses (Cooke, Stout & Salas, 2017). However, findings gathered from 

interviews can be treated with greater confidence when data matches other 

participants or used alongside other methods (Shadbolt & Smart; Crandall et al., 

2006).  

 

3.5.2 Self-reports 

Self-reports often come in a structured form such as questionnaires or open 

formats such as diaries. The obvious advantage of self-reports is that they do not 

require an interviewer or data collector to be with the participant. For example, the 

questionnaires can be sent for participants to complete on their own. However, it 

does take time for the researcher to create the questionnaires for the participants. 

There are a range of reliable methodologies for creating questionnaires (Crandall et 

al., 2006). Rather than producing a series of questions and expecting detailed 

insights, these methodologies can be verified and can be tested for reliability as has 

been demonstrated by Crandall et al (2006). Questionnaires can be tailored so you 

know what data you are likely to discover (Cooke et al., 2017). However, they do not 

allow the depth of exploration that is available in interviews and open formats. 

Alternatively, a self-report method, like diaries and logs, can allow greater 

exploration with their variety of formats and flexibility (Shadbolt & Smart, 2015). 

Nevertheless, diaries and logs require the participant to be motivated and willing to 

complete the required entries regularly. The disadvantage of self-report methods is 

that you are effectively relying on participants to perform CTA themselves. Research 

has reported difficulty when individuals try to analyse their own cognitive processes 

(Nisbett & Wilson, 1977; Wilson 2002). The more experienced and skilled an 

individual the harder it becomes to discover the basis of their expertise, judgments 

and decisions (Feltovich, Ford & Hoffman, 1977).  
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3.5.3 Observation 

If feasible, it is advised to observe people in their workplace as it offers 

advantages and an opportunity to see the demands of their job first hand (Cooke et 

al., 2017). First hand observations allow the opportunity to see things such as how a 

team work together, the environment, communication and coordination issues 

(Crandall et al., 2006). Methods of observation work best when the observer is 

familiar with the domain they are observing. It could be considered important to have 

an observational checklist, without one the researcher may experience uneven 

coverage of their data (Crandall et al., 2006). The main disadvantage of observational 

methods is that it simply may not be possible. In addition, there is a risk that 

observers may impede certain work environments such as the fire department and 

the military (Cooke et al., 2017). Moreover, events observed may only be noticeable 

by individuals experienced in that domain and inexperienced observers may miss 

vital information.  

 

3.5.4 Automated collection 

Automated collection has rarely been applied (Crandall et al., 2006), however, 

due to the development of technology it is important to consider. The method of 

automated collection suggests that the collection of CTA data can be gathered by 

computers (Crandall et al., 2006). This may perhaps have a greater emphasis moving 

forward in time with technological advancements.  An example of an automated 

collection method is the Situational Awareness Global Assessment Technique 

(SAGAT) (Endsley, 1988; Endsley & Garland, 2000). SAGAT is a measure of Situational 

Awareness (SA) that requires people to reconstruct environments, on a computer, 

when the screen goes blank (Crandall et al., 2006). Endsley (1988) suggests that the 

more accurate the reconstruction then the better the individual’s SA. An advantage 

of automated collection is the precise data collected with relative ease (Crandall et 

al., 2006). The ease of data collection however, comes after the difficulty of 

programming the system or the high price of the software or computer. Another 

disadvantage is that automated collection makes it difficult to determine when to 

interrupt task performance (Crandall et al., 2006). Limitations also include the 

inability to allow back and forth interaction that is possible in observations and 
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interviews (Crandall et al., 2006). Having explored an overview of key approaches this 

chapter will next discuss the three stages of CTA application; Knowledge elicitation, 

data analysis and representation. 

 

3.6 Knowledge elicitation, data analysis and representation 

Crandall et al. (2006) argue there are three aspects common to all CTA 

approaches; knowledge elicitation, data analysis and knowledge representation. All 

three stages will be explored in the following paragraphs. 

The first stage, knowledge elicitation, often receives the most attention. 

Knowledge elicitation is the set of methods used to understand a person’s 

judgements, strategies, knowledge and skills that underline performance (Crandall et 

al., 2006). The variety of CTA methods have come from a number of pathways, but 

all focus on knowledge elicitation (Shadbolt & Smart, 2015; Crandall et al., 2006). 

Once the knowledge elicitation technique is selected and applied, the next stage is to 

understand what to do with the data that has been gathered, which is the data 

analysis stage.  

The data analysis stage of CTA is where the data is structured, findings are 

identified and meanings are interpreted (Crandall et al., 2006; Zachary, Ryder & 

Hicinbothom, 2000). The data analysis stage bridges the knowledge elicitation and 

representation stages (Zachary et al., 2000). Data analysis in CTA research has not 

been well documented compared to knowledge elicitation techniques (Crandall et 

al., 2006). One reason for the lack of separate data analysis formats could be because 

some knowledge elicitation techniques have their own analysis attached to them, as 

part of their methodological framework (Crandall et al., 2006). The main reason for 

this is because of the amount of data that has to be categorised or structured before 

any analysis begins (Crandall et al., 2006). For example, a two-hour interview can 

produce over twenty pages, once transcribed, from a recording (Crandall et al., 2006).  

The final stage, referred to as knowledge representation, is the displaying of 

the data analysis, findings and meanings in an understandable way (Crandall et al., 

2006). Separating data analysis and data representation allows different analysis 

processes and representation formats to be coupled together. This allows for the full 

advantage of CTA data to be analysed and represented. There are a wide range of 
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representation formats, all of which, according to Crandall et al. (2006), can be 

categorised into the following; textual descriptions, tables or graphs, qualitative 

models (such as flowcharts) and numerical and symbolic models. Crandall et al. 

(2006) suggest that some representation approaches are better suited to knowledge 

elicitation methods than others. Therefore, it could be suggested that is the 

researcher’s responsibility to select the most appropriate representation format for 

the data and audience it is being presented to. Within this thesis, the researcher 

acknowledges the importance of data representation and explains why certain 

representation formats have been included (please see section 3.11.6, p. 53).  

CTA has been found to be effective in eliciting knowledge from individuals, 

especially experts, in naturalistic environments (Clark et al., 2008). It is suggested that 

the researcher understands all the CTA methods before selecting which method to 

apply (Crandall et al., 2006). Once understood it is easier to select a CTA method for 

the task being analysed (Zachary et al 1998). The information above shows the 

categories that CTA methods can be assigned to, knowledge elicitation or knowledge 

representation. In order to be effective in eliciting knowledge using CTA methods, 

summarising the advantages and disadvantages of each method is recommended, in 

relation to the task and environment being analysed. In summary there is not a single 

correct method to approach CTA and practitioners should analyse the CTA methods 

that is best suited to the task which is being examined, understanding that the 

selected method can be adapted (Crandall et al., 2006; Zachary et al., 1998). It is also 

important to consider the analytical techniques associated with each CTA methods 

and conduct it in the appropriate way. The sections above have presented the 

categories of CTA elicitation methods, data analysis and representation. The 

following paragraphs will explore application of CTA methods, focusing on knowledge 

elicitation, in an array of domains. 

In the paragraphs below the areas where CTA has been applied, such as 

education, meteorology, aviation and game creation, will be discussed. Kartoshkina 

and Hunter’s (2014) work suggests that CTA methods can be applied to educational 

research. It was proposed by Kartoshkina and Hunter (2014) that CTA methods could 

add to the existing knowledge about educational issues by analysing the cognitive 

processes of educational experts. Kartoshkina and Hunter (2014) discusses how CTA 
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could be applied to the education sector, although in this research this was not 

performed. Suggestions include, interviewing teachers on how they made decisions 

on what to include in a syllabus, how they taught their classes and how they 

structured their classes (Kartoshkina & Hunter 2014). CDM is highlighted by 

Kartoshkina and Hunter (2014) as a method of CTA that could be used in education, 

especially for those teachers who work in challenging environments. CDM will be 

discussed in detail in chapter 3.  

Dolif et al (2013) used a combination of CTA methods to capture data from 

expert meteorologists during critical situations of heavy rainfall and alarm 

communications. The CTA methods used in the study, included field observation, 

semi-structured and structured interviews and CDM. Dolif et al (2013) applied these 

methods to identify aspects of cognition processes in the work of expert 

meteorologists. From the information gathered using CDM interviews, the authors 

coded information into different categories such as: previous experience, theoretical 

basis, support tools, cues, procedures and collaboration (Dolif et al., 2013). It was 

found that the most important sources for practitioners when issuing a heavy rain 

warning is the forecasters tacit knowledge (previous experience and cues used) (Dolif 

et al., 2013). From the results of the study Dolif et al (2013) suggests that, eliciting 

knowledge from expert meteorologists can be very beneficial in enhancing the speed 

of a novices learning journey. Therefore, the authors suggest that CTA methods, such 

as CDM, serve as an appropriate tool for accelerating a novices’ learning. This agrees 

with the work of Wong (2004) who suggests that an experts’ knowledge can be used 

to accelerate the learning of novices.  

Antonova et al. (2011) used CTA methods to elicit expert knowledge for the 

development of serious games and sophisticated Technology Enhanced Learning 

(TEL) instruments. Serious games are defined as games used for training simulation 

or education but are designed to work on personal computers or video consoles 

(Antonova, et al., 2011). The authors aimed to use Applied Cognitive Task Analysis 

(ACTA) to elicit knowledge from experts (Antonova, et al., 2011). Subsequent analysis 

on the information would identify critical incidents and scenario building when 

designing serious games (Antonova, et al., 2011).  Antonova et al. (2011), concluded 

that ACTA can be successfully used for the design of serious games. According to 
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Antonova et al. (2011) ACTA allows serious game designers to gather a more detailed 

description of how experts succeed at complex tasks.  

The studies mentioned above highlight how CTA has been employed in a large 

variety of domains, such as education, game designers and weather forecasters. 

From the studies discussed above CTA methods can be used to improve a novices’ 

learning (Dolif et al., 2013) and influence game design (Antonova et al., 2011). The 

following section will explore three CTA methods and PA and suggest how they could 

be applied within team sports.  

In summary, the evidence above has highlighted that CTA involves knowledge 

elicitation, data analysis and knowledge representation. These three main aspects of 

CTA are commonly found in all CTA approaches and are used as the criterion to 

classify CTA methods (Yates, 2007). As highlighted above (Section 3.3) over 100 CTA 

methods have emerged to explore cognitions in a naturalistic setting.  This reflects 

the adaptably of CTA methods to match the naturalistic setting in which they are 

employed.  To date very few CTA methods have been used within the domain of sport 

(Richards et al, 2012). By recognising that CTA methods can be integrated into the 

delivery of PA sessions within sport, this thesis proposes that such an integration can 

contribute to informing the assessment of DM in sport therefore, complementing 

pedagogical coaching processes.  Consequently, this study has employed the CTA 

approaches of CDM, CM and TAPS by integrating such CTA process into PA feedback 

sessions, making a unique contribution to enhancing knowledge. The combination of 

CTA methods is referred to as combinatorics and is an acceptable process (Hoffman 

& Militello, 2009). The following sections will explore these separate CTA approaches 

before discussing PA. With the final section applied within the professional team 

sport environment of football to measure and assess the development of team DM.  

 

3.7 Critical Decision Method 

CDM involves a retrospective CTA interview technique and analysis method 

(Klein, Calderwood & MacGregor, 1989). Hoffman (1998) defined CDM as “an 

approach to cognitive task analysis” and stated that it “involves multiple-pass event 

retrospection guided by probe questions” (p. 254). CDM consists of a semi-structured 
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interview technique used to gather information about an individual’s DM processes 

in naturalistic environments (Hoffman, 1998; Miltello & Lim, 1995).  

CDM interviews are often specific to the situation and environment, however 

the common aim of CDM is to elicit knowledge using interviews conducted in sweeps 

(Crandall et al., 2006). According to Hoffman, Crandall & Shadbolt (1998) CDM 

interviews can be broken down into seven steps. The seven-step model of CDM 

interviews are discussed in the paragraph below (Hoffman et al., 1998).  

Step one consists of preparation, where knowledge of the subject area is 

gathered, referred to as ‘bootstrapping’. At step two a key incident is identified and 

selected. In such an incident, the participant is usually the main decision-maker 

(Harenčárová, 2015). The interviewee is then advised to conduct the interview in 

sweeps (Hoffman et al., 1998). Steps three to seven outline the sweeps through the 

critical incident and include; incident recall, incident retelling, verification of a 

timeline, clarification of findings and “what if” questions. Expanding on the work of 

Hoffman et al. (1998), Wong (2004) also acknowledges that CDM interviews can be 

broken down in to steps. However, rather than a seven-step model, Wong (2004) 

proposes a four-stage model; Incident identification, timeline construction, 

deepening probes and ‘what if’ queries. More recently, Harenčárová (2015) provides 

a greater understanding of what each of the four stages consists of. First, a critical 

incident should be identified. It should be a challenging non-routine event. Second, 

within the critical incident, a timeline should be constructed with key points being 

highlighted. Third, to gather a deeper understanding from the participant, the 

interviewer should ask probing questions. Fourth, hypothetical questions conclude 

the interview to highlight any errors, difference between novices and experts and a 

course of action for the future (Harenčárová, 2015). In the context of this study, 

discussions took place after clips three and six, where the participants were asked to 

consider the opposition and their team mates within each phase of the clip. Similar 

to comparing novice and experts, this study compared the data of the coaches and 

players.  

In most cases, the participant in CDM studies is an expert and main decision-

maker in the selected critical incident (Harenčárová, 2015). By using cognitive probes, 

CDM develops critical incident techniques to assess DM in ever changing, non-routine 
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environments (Klein et al., 1989). Ever changing, non-routine environments are 

characteristics of naturalistic and team sport environments (Richards et al., 2009). 

Therefore, CDM can be used within team sports in order to assess DM, expert 

behaviour, novice behaviour and to identify mental models (Klein et al., 1989; Wong, 

2004).  

CDM interviews are usually recorded so that the interviewer can focus on 

eliciting knowledge whilst keeping the subject engaged (Wong, 2004). Although the 

data collected and analysed can be very rich and meaningful it can become very 

messy (Milliken & Johnson, 1984). Wong (2004) states there is a need to identify 

patterns across different interviewees, gather evidence from different incidents and 

present the findings in a simple, understandable way. The application of CDM into 

the ‘real world’ allows DM processes in applied settings to be explored. However, 

CDM does have some limitations, and it is important to recognise them. CDM 

interviews rely on verbal reports (Klein et al., 1989). This could be considered the 

main limitation of CDM as the data collected using CDM interviews is subjective and 

it can be hard to determine meanings (Wong, 2004). However, as Richards et al 

(2016) state, the recalling of situations within team sports is common within team 

meeting and debriefs and therefore supports the adaptation of CTA methods.  

Individuals can misread their own DM strategies, especially with the known 

issue of memory alteration when recalling event(s) (Klein & Armstrong, 2005). It is 

argued by Klein et al. (1989) that it is important to notice biases within a method and 

work to reduce them as much as possible. Plant and Stanton (2013) assessed CDM 

for the accuracy of identifying a decision point during an interview of aeronautical 

pilots. The percentage agreement in the assessment was over 80% which suggests 

that the CDM is a reliable method for identifying decision points (Plant & Stanton, 

2013). CDM is therefore accepted as a reliable and valid method of knowledge 

elicitation (Hoffman & Militello, 2008).  

CDM is one of the most referenced CTA methods and has been researched 

and applied in many areas, such as aviation (Plant and Stanton, 2013) and emergency 

services (Harenčárová, 2015). However, there is little research concerning CDM and 

sport (Richards et al., 2009). Such research is discussed in the following paragraphs, 

where the application to sport is expanded. Plant and Stanton (2013) used CDM to 
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compare data based on principles of the Perceptual Cycle Model (PCM). The PCM 

analyses the interaction of a person and the world and is based on the idea of a 

cyclical relationship between an operator and the environment (Plant & Stanton, 

2013). The CDM was used to elicit knowledge from a search and rescue helicopter 

pilot. The first interview in the study occurred nine months after the critical incident. 

The second interview was conducted twenty-five months after the first interview. It 

is unclear why interviews one and two were so far apart. The critical incident was an 

unexpected, non-routine and highly challenging event and therefore exemplifies a 

naturalistic environment. The researchers state that there were differences between 

the CDM data from interviews one and two. However, Plant and Stanton (2013) take 

into consideration that a person’s memory of an event can become distorted over 

time (Lieberman, 2012). However, considering the time between the two interviews 

was two years, the data collected using CDM was considered to be very similar. For 

example, there were no key differences in 10 of the 17 themes between data 

collection points one and two. The results of the study suggest that the coding of 

principles based on the PCM is a reliable way to analyse CDM data. This study 

highlights that CDM is a reliable method of eliciting knowledge from individuals 

within naturalistic environments. Although the study contributes to the 

understanding of how CDM can be applied within naturalistic environments, it does 

not apply CDM within a sport, or even a team, environment. However, the 

agreements over an extensive period of time is of value for all work involving CDM 

and highlights its effectiveness when eliciting knowledge. The study provides an 

outline as to how CDM can be conducted in a naturalistic environment, which could 

be replicated in a sporting environment.  

Building on the work above, Harenčárová’s (2015) study aimed to identify 

types of uncertainty and strategies used to manage uncertainty in non-routine 

situations in paramedics. The study used CDM interviews to elicit the paramedics 

coping strategies within such uncertain situations. Harenčárová (2015) highlights the 

benefits of CDM, such as the deep insight into an expert’s DM and reasoning. CDM 

data can be rich and therefore very demanding to analyse (Harenčárová, 2015). The 

data enabled the researcher to identify the coping strategies across each phase of 

different incidents. Harenčárová (2015) found that the coping strategies of 
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paramedics differed between each phase of the situation. Although, this research is 

not applied in the area of sport it provides the reader with an example of how CDM 

can be used within naturalistic environments.  

Although there is a lack of research involving CDM and sport, this section 

highlighted how CDM can be applied to sport in a similar manner, supporting its 

application to the naturalistic environment of team sport. For example, both 

emergency services and aviation sectors experience ever-changing uncertain 

environments, (Harenčárová, 2015; Plant & Stanton, 2013), as does sport. The section 

below extends the rational for using CTA approaches in sport by considering a second 

method of CTA, referred to as TAPS, and explores how it can be applied within team 

sport.  

 

3.8 Thinking Aloud Problem Solving 

There is evidence to suggest that TAPS was first studied in 1933 by Claparede. 

However, more recent research has expanded on TAPS and provided us with a 

greater understanding of the method (Whimbey & Lochhead, 1999). The objective of 

TAPS is to gather a better understanding of the cognitive processes of individuals who 

are involved in problem-solving situations (Kotsopoulus, 2010), and how problem-

solving ability can be developed when the individuals verbalise cognitive thought 

process (Richards et al., 2012).  

The foundations of TAPS is to think aloud whilst completing a task 

simultaneously (Jeon, Huffman & Noh, 2005), which is what differentiates it from 

verbal reports. This could be seen as a major limitation, due to the fact that the 

participants are focusing on two aspects rather than solely the task in hand. However, 

team discussions in sports are a familiar entity. Therefore, the application of TAPS to 

environments where verbal team discussions are common practice, to some extent 

removes or reduces this limitation.   

When applying the TAPS method, participants are often asked to pair up, with 

one being the problem solver and one being the listener (Kani & Shahrill, 2015). The 

problem solver is required to read the problem aloud and think aloud when 

attempting to solve the problem. When attempting to solve the problem the 

participant should verbally demonstrate what they are thinking, seeing and doing 
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(Kani & Shahrill, 2015). The listener in the situation listens and reminds the problem-

solver to keep saying aloud what he or she is thinking, but also pointing out any errors 

or asking for clarification (Kani & Shahrill, 2015). For example, if the problem solver 

stops talking the listener should question what they are thinking in order to elicit 

more information (Simpol et al., 2013). The listener also needs to understand what 

the problem-solver has done. Simpol et al. (2013) suggests the listener asking 

questions such as “why do you say that?” and “could you explain that further 

please?”. At this stage it is also important to highlight that the listener cannot attempt 

to solve the problem themselves or give answers to the problem solver (Kani & 

Shahrill, 2015). The aim of TAPS is not to get the correct answer to the problem, but 

rather an understanding as to how individuals come to their answer or solution 

(Simpol et al., 2013). It is also important to recognise that TAPS does not attempt to 

improve the speed or performance of cognitive processing, however, it does help 

individuals identify and track their own thought processes (Ericsson & Simon, 1980).  

Whimbey and Lochhead (1999) state that thinking aloud during problem 

solving ensures individuals “do not skip steps in their reasoning, nor miss facts when 

drawing conclusions” (p.23). Montague, Krawec and Rosenzweig (2011) suggests that 

TAPS can help in identifying weaknesses and strategies when problem solving. TAPS 

allows information to be accessed that would not be accessible when analysing an 

individual’s written work (Kani & Shahrill, 2015). The main area where TAPS has been 

applied is education environments, where students are asked to explain their thought 

processes when solving problems (Kani & Shahrill, 2015). For example, TAPS has been 

used to identify the thought processes of students when solving mathematic and 

chemistry problems and reading (Simpol et al., 2013). Simpol et al., (2013) found that 

TAPS increased reading comprehension scores in students with poor reading 

comprehension ability and even students with negativity towards reading (Simpol et 

al., 2013).  

Jeon et al (2005) applied TAPS to high school chemistry students to observe if 

TAPS improves problem-solving. TAPS was applied to both individual students and 

groups of students. Problem-solving was found to be better than the control groups 

for both individuals and groups where TAPS was applied (Jeon et al., 2005).  It was 

also stated by Jeon et al (2005) that the verbal interactions between the students 
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when performing TAPS could help students be “more cognizant of both their own 

thinking and the thinking of other students” (p. 1564). In addition, it was found that 

the listeners ‘pointing out’ behaviour and their own problem solving was positively 

correlated (Jeon et al., 2005). However, there was found to be a negative correlation 

between the listeners ‘pointing out’ and the solvers problem-solving (Jeon et al., 

2005).  

From this research it is clear that TAPS can have an effect on problem-solving 

(Jeon et al., 2005; Simpol et al., 2013; Kani & Shahrill, 2015). However, situations and 

problems students face in the classroom, such as mathematics problems (Kani & 

Shahrill, 2015), chemistry problems (Jeon et al., 2005) and reading comprehension 

(Simpol et al., 2013), are not fully representative of the characteristics of a naturalistic 

environment. Currently, there is limited research exploring TAPS in team sport, 

naturalistic environments. However, based on the features of TAPS it could easily be 

applied within, individual and team sports as outlined by Richards et al. (2012). 

Within team sports it could be performed by team members being split into pairs or 

participating in group discussions. For example, in a group discussion, one individual 

could take the role as the problem solver and the rest of the group are the listeners. 

Additionally, owing to technological advances, (Mackenzie & Cushion, 2013) such as 

better video cameras it is possible to use video footage as the material for the review 

of critical incidents or problems (Militello & Hoffman, 2008) within team sports. TAPS 

therefore provides a role of capturing verbal accounts of individual players and team 

members collectively and has been employed as an approach within this thesis.  The 

final method of CTA to be discussed in this thesis is CM. CM was employed to assess 

team DM in conjunction with the previously outlined CDM and TAPS approaches.   

 

3.9 Concept Mapping 

Ruiz-Primo, Schultz and Shavelson (2001) define a concept map as a “graph in 

which the nodes represent concepts, the lines between nodes represent relations, 

and the labels on the lines represent the nature of the relations” (p. 261). Awati and 

Dixit (2017) consider CM to be a graphic organiser to help individuals organise and 

represent their knowledge, allowing a specific concept to be broken down into 

specific topics. Concept maps are a node-link-node structure, where nodes represent 
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concepts and links show the relationship between these concepts (Trochim, 1989). 

Two nodes connected by a labelled arrow are called a proposition and is a 

fundamental unit of the map (Ruiz-Primo et al., 2001; Schwendimann, 2014). The 

versatile graphics illustrated on a concept map can represent many different forms 

of relationships between concepts (Schwendimann, 2014). For example, when an 

individual is constructing a concept map based on a tactical pattern of play in football, 

a diagram of a player could be represented by a node and an arrow representing a 

movement or pass could represent a link line (Richards et al., 2015). In the study of 

elite netball and hockey players, Richards et al. (2009; 2012) utilised CM in team 

meetings. Using CM, players would outline the complexity of a centre pass in netball 

using symbols of players and links (nodes and link lines) to illustrate the connection 

between concepts and to illustrate the complexity of tactical situations. CM can be 

constructed using a variety of methods, such as pen and paper, computer software 

or post-its (Schwendimann, 2014). CM typically utilises an individual as the unit of 

analysis. In a holistic approach, team members can represent the whole teams 

understanding of tactical concepts by constructing one concept map (O’Connor, 

Johnson & Khalil 2004; Richards et al 2012). However, when intending to capture a 

SMM, it is suggested that individual concept maps should be constructed by all team 

members, and then analysed and compared (O’Connor et al., 2004). Rowe and Cooke 

(1995) used CM to measure MMs, in terms of nodes and links, that were shared 

between the concept maps of different individuals.   

Concept maps can be analysed quantitatively and qualitatively 

(Schwendimann, 2014). Quantitative analysis of CM can provide data relating to the 

number of nodes, links and propositions a participant identifies. However, it does not 

take the overall organisation or complexity of a person’s concept map into account. 

Qualitative analysis of concept maps can include network analysis, focusing on the 

overall structure, organisation and content of the map. CM analysis often compares 

novice generated and expert generated maps (Schwendimann, 2014). For example, 

Crandall et al. (2006) state that the comparison between non-experts and experts 

can reveal expert-novice differences in both the knowledge detail and organisation. 

In context of this thesis CM was used to quantitatively analyse the players and 

coaches concept maps.  CM was used to outline the development of the individual 
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Mental Model (MM) of players and coaches and the teams SMM over the duration 

of the study.  

As highlighted above CM is acknowledged to be a method of measuring and 

understanding a team’s SMM (Crandall et al., 2006; O’Connor, 2004) and is an 

approach which complements the previously discussed methods of CDM and TAPS.  

This thesis has therefore, through the process of combinatorics combined CDM, CM 

and TAPS to explore team DM. To support the use of the three CTA methods 

highlighted above PA data was collected, as the fourth method, to explore the 

application of newly formed SMMs and their transference to on-field performance. 

The following section will discuss PA and its regular and common application within 

sporting environments.  

 

3.10 Performance Analysis  

In sport, PA is an approach used to analyse applied situations and to monitor 

the on-field performance of sports teams. The ethos of the application of PA in sport 

is to provide a valid objective measure of performance using systematic observation 

that can be analysed and used to improve an area or areas of performance (Bishop, 

2003). PA is commonly used by coaches to prepare their team tactically for upcoming 

games (Almeida, Ferreira & Volossovitch, 2014) and also act as a primary source for 

scheduling seasonal plans (Carling, Williams & Reilly, 2005). Video footage 

implemented into weekly training programs has led to athletes and coaches widely 

accepting PA as a valuable part of the feedback process (Drust, 2010; Groom & 

Cushion, 2004). However, limited consideration has been given toward the way that 

reflection on match incidents are reviewed, and how the video from match situations 

is integrated into the coaching process (Richards, 2019). Additionally, footage gained 

from PA can allow a team to understand the coach’s SMM and to recognise and 

understand the roles of individuals within the team (Groom & Cushion, 2004; 

Mackenzie & Cushion, 2013).  

PA allows SMMs between players and coaches to develop (Gershgoren et al., 

2013). Team chemistry is another term used for SMM, a more common term in the 

‘real world’ of team sports (Gershgoren et al., 2013). A better SMM has been known 

to have a positive effect on performance, especially in team sports such as football 
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(Gershgoren et al., 2013). PA allows players and teams to understand the highly 

complex processes required in team sports (Elferink-Gremer et al., 2004). Richards et 

al. (2012) highlight how preparation and off-field training using PA can develop 

SMMs. On-field training can then be conducted after a SMM is developed and the 

technical skills required for complex situations can then be improved (Richards et al., 

2012). In football PA is used in a number of ways, including technical analysis, tactical 

analysis, physical or movement analysis and mental analysis (Hughes & Franks, 2004; 

Tenga et al., 2009; Gershgoren et al., 2013).  

Video footage obtained from the PA processes can provide real-world 

situations where CTA can be applied. CDM, TAPS and CM provide three examples of 

CTA methods that could be applied within a team sport, off-field environment. As 

Richards et al. (2016) suggests, the use of both on-field and off-field training 

techniques could improve DM in sports, such as football when CTA approaches and 

PA is integrated. The combination of PA and CTA methods, such as CDM, TAPS and 

CM, provides a combination of approaches which, when applied in an off-field 

environment, can enhance on-field performance (Richards et al., 2009;2016). The 

following section utilises the approach outlined in the work by Richards et al. (2009; 

2012;2019) within the naturalistic team sport environment of football. Specifically, 

the following section outlines how using the concept of combinatorics the CTA 

methods of the CDM, TAPS and CM combined with PA were applied to a senior men’s 

football team to examine team DM.  

 

3.11 Methodology: Naturalistic approaches to examining decision-making within 

football 

 

3.11.1 Design 

Using the process of combinatorics, the study examined whether SMMs can 

be developed in a specific block for eight weeks, during a professional football 

season, through the application of CDM, TAPS, CM and PA, within an off-field 

environment. The study took place during the 2018/2019 season of Welsh Premier 

League (WPL) male professional football team. Over a period of eight weeks, the 

intervention was integrated into the team’s normal video debrief session, within the 
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teams normal training schedule. Each week PA was performed to assess and monitor 

key performance indicators relating to DM through the analysis of on-field 

performance and match statistics. 

 

3.11.2 Ethics 

The study adhered to the Glyndwr University Ethical procedure guidelines. An 

application for ethical approval of a research project was completed, and submitted 

to the research ethics sub-committee at Glyndwr University. For a copy of the ethical 

approval please see Appendix 1. Consent forms were given to all potential 

participants (see Appendix 2). Any individual that did not complete the consent form 

did not take part in the study.  

 

3.11.3 Participants 

All the participants approached to take part in the study were part of the first 

team of a Welsh Premier League (WPL) football club. Any participant who did not 

take part in all of the seven data collection sessions had their data excluded from any 

analysis and results. Therefore, the study involved consistent senior male 

professional players (n=16) and the coaching staff (n=2). All players were senior 

professional players who had a minimum of 2 years playing experience at 

professional level.  Coaches were identified as ‘experts’ in their field owing to them 

holding the minimum qualification of UEFA A License in football coaching and a 

minimum of 10 years playing and coaching experience. Both coaches and worked at 

the club for a minimum of 4 years.  

 

3.11.4 Equipment  

An Apple MacBook Pro and Sportscode Gamebreaker software were used to 

analyse and clip the matches. The CTA booklet was created by adapting the work of 

Richards (2008). The meetings were also filmed using a Sony video camera. The 

analysis and data collected were transferred to Microsoft Word Excel to enable 

further analysis to be undertaken. 
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3.11.5 Procedure 

All players, and both coaches, completed and signed consent forms prior to 

the start of the study (Appendix 2). It was agreed prior to the study, between the 

researcher and the coaches, that attacking clips would be the focus for the study. The 

rationale for using attacking clips in this study was due to the WPL team often 

dominating ball possession and reaching positive attacking positions in their matches. 

However, the manager believed they needed to improve their play when trying to 

create and convert goal scoring opportunities from such attacking positions. The 

intention is to help improve their performance in the Champions League and Europa 

League matches, which they qualified for on several previous occasions but had not 

progressed beyond the qualifying rounds. The manager suggested using attacking 

clips in the study in an attempt to improve the creation and conversion of goal scoring 

opportunities, by potentially improving decision-making and team coordination. The 

study therefore focused on the development of a SMM relating to attacking play. The 

participants were divided into two groups. Group one consisted of two coaches for 

establishment of a master SMM relating to attacking play. Group two consisted of all 

first team players that were available to take part. Each week, the two coaches first 

participated in the session together. Second, all players took part in the session 

together. During this session clips were viewed and responses recorded. Following 

the meeting with coaches a second meeting took place with all players. Prior to the 

commencement of the study, a familiarisation session was completed. In the 

familiarisation session a montage was played which consisted of three clips rather 

than six, performed during the intervention. The montage length was the only 

difference between the familiarisation session and engagement in the task in the full 

study. Once the familiarisation session was complete the study began the following 

week, and lasted for a duration of eight weeks. One CTA and video session was 

conducted each week, except at week seven (a retention week). All sessions within 

the study were recorded using a Sony video camera.  

Capturing of video clips: All matches within the eight-week study were filmed 

and the attacking clips to be used in the intervention were selected by the researcher. 

The clips in each video session were from the current game performed in that week, 

therefore the clips in each session represented the last game the players had engaged 
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with during that week. Quantitative analysis was performed by analysing the games 

throughout the study in line with the performance indicators defined in Table 3.1. 

These performance indicators were analysed in all games played over the period of 

the study, to assess performance changes. Figure 3.1 illustrates the phases that each 

attacking play clip was divided into. Each phase was viewed separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Diagram to represent phases 1, 2 and 3.  

 

 

 

 

 

 

 

 

Phase 1 Byline Phase 2 Phase 3 

Direction of attack 
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Table 3.1: Performance indicators and operational definitions 

Performance 

Indicator 

Operational Definition 

Phase 1 Full pitch width zone 35 - 70 yards from the byline 

(Markings on shortest side of the pitch, which runs 

from the oppositions goal posts to corner flag).  

Phase 2 Full pitch width zone 18 - 35 yards from the byline 

(Markings on shortest side of the pitch, which runs 

from the oppositions goal posts to corner flag). 

Phase 3 Full pitch width zone 0 - 18 yards from the byline 

(Markings on shortest side of the pitch, which runs 

from the opposition goal posts to corner flag). 

Phase 3 Entry Entering phase 3 (defined above) with the ball in full 

controlled possession 

Shot on target An attempt on goal that goes into the net regardless 

of intent, or is clearly going into the net but for the 

intervention of a goalkeeper or closest player to the 

goal line. An attempt on goal that hits the frame of 

the goal and goes in and awarded as a goal. 

Shot off target An attempt on goal that goes over or wide of the 

goal, would have gone over or wide but for being 

stopped by a goalkeeper save or by an outfield 

player. An attempt on goal that directly hits the 

frame of the goal and a goal is not scored.  
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Decision-Making booklet information: A CTA booklet was provided for the 

participants to represent their thoughts at the paused screen between each phase 

and clip (Merola & Richards, 2010). A blank example booklet is presented in Appendix 

3. An example page of the CTA booklet can be seen in Figure 3.2 (p. 51). Each booklet 

had one page per phase, resulting in a match booklet totalling 18 pages per player. 

Each page was split into two halves. The top half presented an outline of a football 

pitch, where participants could convey their thoughts by drawing players, passing 

lines and running movements. This is where the method of CM was applied, by 

analysing the nodes (players) and links (running and/or passing lines) that the 

participants illustrated. The bottom half of the sheet allowed participants to present 

their thoughts in order by writing details about what they observed. This is where the 

CDM method was applied as the participants completed the booklet in order of the 

phases. 

Viewing of the clips: In total six video clips were selected each week and a 

montage of all six video clips was created (Merola & Richards, 2010). Each individual 

clip was broken down into three phases using the definitions in table 3.1 and figure 

3.1 (Richards et al., 2012). Between each phase (at the end of each clip), a blank 

screen appeared and the video was paused. During and after the video the researcher 

asked the participants to record what they observed in that specific phase and to give 

as much detail as possible. This resulted in the players writing a description of the 

phases of the action. The video was resumed once all participants had completed 

writing or drawing. This process was replicated for all three phases of each clip and 

for all six clips. However, for clip three and clip six the participants were asked to 

watch the clip again and think about what the player on the ball, their team mates 

and the opposition, were doing. The clip remained edited into phases and the 

participants were asked to verbally state their thoughts, as opposed to writing or 

drawing them, as the phase was playing. Any additional thoughts could also be stated 

in the paused blank screen between each phase.  

Owing to the complexity of the data collection sessions, Table 3.2 (p. 52) has 

been included to provide a clearer picture of the data collection session structure. 

The CTA methods in brackets represent how and where each method was applied.  
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Figure 3.2: Example page of CTA booklet    

  

 1 

Week 1 
 
Clip 1 – Phase 1  
Draw or write what you see 
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Table 3.2: Data collection session structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Adapted from Merola and Richards, 2010) 
Note: 1. The CTA methods in brackets (eg. CDM, CM & TAPS) represent where they were applied 

2. Shaded columns represent where clip was repeated for TAPS discussion  

Clip 1 Clip 2 Clip 3 Clip 3  Clip 4 Clip 5 Clip 6 Clip 6 
Phase 1 played Phase 1 

played 
Phase 1 
played 

Phase 1 played Phase 1 
played 

Phase 1 
played 

Phase 1 
played 

Phase 1 played 

Phase 1 paused Phase 1 
paused 

Phase 1 
paused 

Group discussion 
(TAPS) 

Phase 1 
paused 

Phase 1 
paused 

Phase 1 
paused 

Group discussion 
(TAPS) 

CTA booklet 
response (CDM 

&CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 1 paused - 
Discussion can 

continue (TAPS) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 1 paused - 
Discussion can 

continue (TAPS) 
Phase 2 played Phase 2 

played 
Phase 2 
played 

Phase 2 played Phase 2 
played 

Phase 2 
played 

Phase 2 
played 

Phase 2 played 

Phase 2 paused Phase 2 
paused 

Phase 2 
paused 

Group discussion 
(TAPS) 

Phase 2 
paused 

Phase 2 
paused 

Phase 2 
paused 

Group discussion 
(TAPS) 

CTA booklet 
response (CDM 

&CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 2 paused - 
Discussion can 

continue (TAPS) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 2 paused - 
Discussion can 

continue (TAPS) 
Phase 3 played Phase 3 

played 
Phase 3 
played 

Phase 3 played Phase 3 
played 

Phase 3 
played 

Phase 3 
played 

Phase 3 played 

Phase 3 paused Phase 3 
paused 

Phase 3 
paused 

Group discussion 
(TAPS) 

Phase 3 
paused 

Phase 3 
paused 

Phase 3 
paused 

Group discussion 
(TAPS) 

CTA booklet 
response (CDM 

&CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 3 paused - 
Discussion can 

continue (TAPS) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

CTA booklet 
response 

(CDM &CM) 

Phase 3 paused - 
Discussion can 

continue (TAPS) 



 53 

For example, by filling in the sheets within the CTA booklet, the participants 

were either participating in CDM by writing, or CM by drawing or both. It was the 

participants preference as to whether they wanted to write, draw or both. 

Furthermore, the TAPS method was applied through the application of group 

discussions on clips three and six. Clips three and six were shown again to allow for 

the group discussions to take place and comments from players to be recorded. The 

replaying of these clips is represented by the shaded columns in Table 3.2.  

 

3.11.6 Analysis 

Due to the complexity of analysis and the volume of the data collected, the 

focus for analysis was phases one and three for clip three from weeks one, six and 

eight. The data was analysed qualitatively and quantitively. The data was then 

presented using a number of tables of graphs, as can be seen in Chapter 4. Due to 

the large number of themes identified by the participants, the researcher perceived 

tables to be the most effective way to present this data. Similarly, tables were 

identified as the best way to present the participants direct quotes from the 

application of TAPS. However, when analysing more focused data such as key 

themes, and on-field performance stats, the researcher recognised graphs to be the 

most effective way of representing such data to the reader. The graphs allow the 

reader to recognise changes in key theme identification and on-field performance 

changes quickly and more easily.  

CTA booklets were analysed qualitatively using inductive and deductive 

thematic analysis. Written quotes from all participants were copied into a CDM 

template (see Appendix 4). From these written quotes, themes were identified both 

inductively and deductively and written in red, (for an example CDM template; Figure 

4.1, p. 60). The inductive thematic analysis allowed the data to determine some 

themes, whilst the deductive analysis allowed the researcher to analyse the data with 

some preconceived themes that were expected to be reflected on the templates, 

based on existing knowledge. Fereday and Muir-Cochrane (2006) suggest how a 

hybrid approach of both inductive and deductive thematic analysis can be used 

effectively to gather information from raw data. Further qualitative analysis was 

conducted on the participants drawings within the CTA booklet (Richards et al., 
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2015). CM allowed the nodes (players) and links (running and/or passing lines) to be 

analysed and the themes identified were written in pencil next to the drawing. A 

frequency count was then taken on each of the themes identified by the writing 

and/or drawings from the participants, and tables were created. Group discussions 

were recorded and transcribed and the quotes of each participant were copied into 

a table to allow comparison between weeks one, six and eight. Comparison between 

individuals and players and coaches also occurred. This qualitative analysis of CTA 

provided evaluation of the development of SMM therefore linking to research 

question two “Can combining video footage and CTA in an off-field environment 

develop players own mental models and team shared mental models?”. 

Quantitative analysis included analysis of the games played during the period 

of study through match statistics.  This quantitative analysis provided a measure of 

whether the team’s on-field performance improved because of the engagement in 

CTA within an off-field learning environment. From analysing written text, drawings, 

verbal statements and in-game performance, analysis took place in four Layers. Layer 

one aimed to explore how individual MMs of the players developed over weeks one, 

six and eight. Layer two focused on the increased complexity and compatibility of the 

players SMMs over the period of the study. Layer three of analysis aimed to compare 

the theme identification and SMMs of the players and the expert coaches. Layers 

one, two and three utilised the qualitative data collected from the methods of CDM, 

CM and TAPS. Layer four utilised the quantitative PA data to compare performance 

from game weeks zero to eight by analysing the key performance indicators outlined 

and defined in Table 3.1.  

 

3.12 Summary of chapter  

This chapter has provided an overview of CTA, including its origins, evolution 

and comprehensively outlined three key CTA methods used in this thesis. The specific 

CTA methods of CDM, TAPS and CM were discussed providing background to their 

use within this study. In addition, PA and its application within the ‘real world’ of 

sport was also examined, its role in the evaluation and transference of SMMs 

developed off-field and to measure on-field performance using performance match 

data. This chapter suggests how the combination of CDM, TAPS, CM and PA could be 
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applied within the naturalistic sport environment, utilising and adapting previous 

approaches from Richards et al. (2012), in order to analyse the cognitive processes 

and SMMs within individuals and team decision-making. The analysis of the data 

collected from this mixed method design was outlined in context of both qualitative 

and quantitative data.  Having presented a detailed account of the approaches used, 

the following chapter will explore the results from the method outlined above. 
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Chapter Four: Results and findings: Analysing Decision-Making in professional 

football 

 

4.1 Introduction 

The following section examines the results from a mixed method approach 

using multi-layer analysis. Owing to the complexity of the research design and the 

data gathered, analysis will be discussed in four Layers. The approach used enables 

three research questions, introduced in the introduction to this thesis, to be 

examined more precisely. The focus of the analysis was clip three from each week. 

Clip three was identified and examined in three phases, in line with the approach 

used by Richards et al. (2012). Clip three was the mid-point of each data collection 

session and provided all three types of data; written quotes, drawings and verbal 

quotes. Comparison of Phase one and Phase three (for clip three) enabled the 

development of Shared Mental Models (SMMs) to be examined. Phase one 

represented the start of the clip and had the opportunity to present a large volume 

of data. Phase three represented the end of the clip, providing the outcome of the 

attack.  

Layer one of this results section will explore the individual development of 

the players MMs. This is will examine the changes in theme identification in phases 

one and three when weeks one, six and eight are compared. Furthermore, two 

individual player case studies and their Mental Model (MM) developed during the 

eight weeks will also be explored. Layer one is constructed to answer research 

question two “Can combining video footage and Cognitive Task Analysis (CTA) in an 

off-field environment develop players own MMs and team SMMs?”. Layer two will 

explore how the players SMMs grew in compatibility and became more collective. 

Therefore, Layer two will further address research question two “Can combining 

video footage and CTA in an off-field environment develop players own MMs and 

team SMMs?”. Layer three of analysis will compare the compatibility between the 

coaches SMM and the players SMM. For the purpose of this thesis the coaches have 

been defined as experts. The content and complexity of the SMMs of players will also 

be compared to that of the expert coaches. Layer three will support the response to 

research question two “Can combining video footage and CTA in an off-field 
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environment develop players own MMs and team SMMs?”. Finally, Layer four will 

provide an outline demonstrating the transference of a SMMs constructed off-field 

into on-field team Decision-Making (DM). On-field team DM is examined through 

Performance Analysis (PA) data from the games (n=9) played throughout the study, 

and responds to research question three “Can CTA as a training method be used to 

accelerate and enhance on-field DM?”. All Layers of analysis will support research 

question one “Can engagement in a slow deliberate off-field learning environment 

enhance naturalistic on-field decision making?”. This chapter will therefore examine 

the data collected at each Layer of analysis, as outlined respectively above.  

 

4.2 Layer one: Players individual Mental Model development 

Layer one of analysis measured the development of the players individual 

MMs by interpreting individual narratives resulting in the identification of themes. 

Qualitative analysis examined the direct written quotes of each players, all of which 

were copied in a Critical Decision Method (CDM) template (Figure 4.1, p. 60). On the 

template, using inductive and deductive thematic analysis, themes were identified 

and written in red (Richards, 2015). Figure 4.1 (p. 60) presents an example completed 

CDM template for one player. Concept Mapping (CM) was also applied, to identify 

themes from the players drawings (see Richards et al, 2009). Drawings were analysed 

and themes that were identified were recorded in pencil, on the original CTA booklet. 

Using both the CDM templates and CM, a combined frequency count of each theme 

was recorded to illustrate aspects recalled by players.  

The following paragraphs will examine the analysis of Layer one in three 

stages. First, Phase one will be analysed for theme identification changes over weeks 

one, six and eight, to identify the development of players individual MMs, providing 

evidence for changes in SMMs. Second, the same analysis will be performed on the 

players’ theme identification in Phase 3. Third, a case study of two individual players 

is presented and the themes identified in weeks one, six and eight will also be 

examined. The thematic analysis for Phases one and three for clip 3, in weeks one, 

six and eight will now be discussed.  
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4.2.1 Specific Phase analysis  

Table 4.1 (p. 59) indicates that the highest number of themes was generated 

in Phase one of week one (n=145). However, it is important to consider individual 

theme frequency rather than the total frequency of all themes. From such analysis, 

we can understand what aspects of the clip the participants were attending to. In 

total, 21 different themes were identified by the players throughout the study (See 

Table 4.1, p. 59). In Phase one of week six, seven themes out of 21 had increased in 

frequency, compared to week one. Indicating increased recognition. In week eight 

for Phase one, a total of five themes had a higher frequency than in week one. These 

being ‘player on ball’, ‘movement on ball’, ‘player off ball’, ‘direction’ and ‘opposition 

unit’. ‘Player on ball’ was a dominant theme of Phase one throughout the study, and 

often had the highest frequency count (week one, n=33; week six, n=14; week eight, 

n=35). The dominant themes were identified by Richards et al. (2019) to illustrate key 

factors that influences DM for specific phases of the DM process. There are a number 

of themes in Phase one that increased between weeks one, six and eight. These being 

‘movement on ball’, ‘player off ball’, ‘direction’, ‘area of pitch’, ‘ball’, ‘opposition 

player’, ‘opposition unit’, ‘pass timing’ and ‘player on ball’. However, only four key 

themes will be discussed. These themes are defined as ‘key themes’ as they relate to 

the opposition or teammates. Themes relating to the opposition and teammates are 

considered key aspects of team DM. Richards et al. (2019) state they are important 

situational factors, that ultimately shape the decision an individual or team make. 

The dashed line between weeks six and week eight on all Figures, is used to represent 

a retention week at week seven, in order to assess retention (O’Donoghue, 2010). 

Figure 4.2 (p. 61) presents the frequency count for the key themes of ‘player 

off ball’, ‘movement off ball’, ‘opposition player’ and ‘opposition unit’. The graph 

indicates that all four key themes increased in Phase one from week one to week six. 

However, only one key theme, ‘opposition unit’, remained at the same level or higher 

in Phase one of week eight. The three remaining key themes all decreased in week 

eight compared to week six. In week eight, the frequency count of the theme 

‘opposition player’ decreased to the same level as week one, with ‘movement off 

ball’ decreasing to below its frequency count at week one. Although ‘player off ball’ 

decreased in week eight compared to week six, its frequency count was still higher in 
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week eight than week one. The decrease in frequencies for these themes, between 

weeks six and eight, could be owing to the intervention applied in week seven, where 

no CTA data collection took place, in order to assess retention. Having presented 

Phase one of analysis, the following section will focus on Phase three theme 

identification. 

 

Table 4.1: Themes identified in Phase one and three of clip three, weeks one, six 

and eight.  

  Week 1 Week 6 Week 8 

Theme (n= frequency) (n= frequency) (n= frequency) 

 Phase 1 Phase 3 Phase 1 Phase 3 Phase 1 Phase 3 

Player on ball 33 12 14 10 35 17 
Playing Position 28 12 9 6 21 14 
Player Name 9 5 2 4 3 3 
Pass 31 2 0 6 27 11 
Type of pass 4 0 0 11 1 10 
Pass Direction 20 1 0 3 14 16 
Movement off ball 1 0 1 3 0 3 
Movement on ball 6 1 19 0 11 3 
Player off ball 0 2 3 13 1 1 
Direction 0 0 8 5 5 0 
Area of pitch 4 5 9 11 4 7 
Ball 8 2 10 5 6 3 
Opposition Player 0 0 5 2 0 4 
Opposition Unit 0 0 3 0 3 1 
Passes Numbered 1 0 0 0 0 0 
Pass Timing 0 0 0 1 0 0 
Shot 0 21 0 0 0 18 
Shot Direction 0 8 0 0 0 4 
Block 0 0 0 0 0 9 
Part of foot 0 0 0 0 0 1 
Part of body 0 0 0 0 0 3 
TOTAL 145 71 83 80 131 128 
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Key: Red Text = Themes identified  

Figure 4.1: Example CDM template completed for Player 16, week six and the thematic analysis of CTA approaches (Richards, 2019). 

“Midfield player (Player on ball, Playing 

position) wins the ball high in midfield (Area 

of pitch) and runs forward (Movement on 

ball, Direction) with the ball (Ball)”  

 

 

 

 

“Midfield player passes to number 10 who 

takes a touch wide and passes to wide 

player” 

“Wide player (Player on ball, Playing 

position) crosses (Type of pass) the ball along 

the 6 yard box (Area of pitch) 2 attacking 

players (Player off ball x2) cannot get there 

ball goes out for goal kick” 

Timeline of phases within attacking play situation is created 

 

Timeline of decision-making phases 

 

                                                                                           
Phase 1 Phase 2 Phase 3 

Hypotheticals             -             Match Comparisons              -                 Expert/Novice comparison             -             Future Match Decision-Making 

Incident Identification: Player 16 (Week six) 

Developing collective thought processes within attacking play situations 
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Figure 4.2: Key theme analysis line graph to show Phase one (clip 3) theme 

identification. 

The total frequency count of themes identified in Phase three for clip three 

increased in week six when compared to week one and continued to increase in week 

eight (week one, n=71; week six, n=80; week eight, n=128). Of the 21 themes 

identified 11 increased between weeks one and six, with a total of 14 themes 

identified more frequently in week eight than week one. The reader is referred to 

Table 4.1 for the 14 specific themes, however emphasis will focus on the same key 

themes identified in Phase one. Those same key themes, explored in the analysis of 

Phase one, will now be discussed in relation to Phase three identification. 

Figure 4.3 (p. 62) presents the key themes identified in Phase three of weeks 

one, six and eight. All of the key themes presented in Figure 4.3 (p. 62), excluding 

‘play off ball’, were identified more frequently in week eight than Phase three of 

week one, therefore indicating a greater awareness of teammates movement off the 

ball, and opposition players and defensive units. Although ‘player off ball’ 

identification was less frequent in week eight it was higher in week six than week one 

(week one, n=2; week six, n=13). ‘Movement off ball’ identification increased from 

Week 1 Week 6 Week 8
Player off ball 0 3 1
Movement off ball 1 3 0
Opposition player 0 5 0
Opposition unit 0 3 3
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zero to three between weeks one and six before remaining at three in week eight. 

‘Opposition player’ identification increased from zero to two between weeks one and 

six, before doubling to four in week eight. The increased or maintained identification 

of ‘movement off ball’ and ‘opposition player’ themes, highlights that some players 

were retaining focus on such key themes, even after the retention test and removal 

of engagement with CTA training in week seven. To summarise, the key themes of 

‘player off ball’, ‘movement off ball’, ‘opposition player’ and ‘opposition unit’ 

increased in recognition between week one and six for Phase one. Similarly, key 

themes ‘player off ball’, ‘movement off ball’ and ‘opposition player’ increased in 

recognition from week one to six for Phase 3. Now that an overview of the players 

theme identification has been explored, the following paragraphs will explore two 

individual player case studies to evidence the change at an individual level.  

 

 
Figure 4.3: Key theme analysis line graph to show Phase three theme 

identification. 

 

Week 1 Week 6 Week 8
Player off ball 2 13 1
Movement off ball 0 3 3
Opposition Player 0 2 4
Opposition Unit 0 0 1
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4.2.2 Individual player case studies 

Table 4.2 presents two individual player case studies for Players 7 and 15. 

Appendix 5 and 6 present the theme identification of all players in Phases one and 

three of clip three. The theme identification of each player in Phase one will be 

explored first, before discussing the themes identified in Phase three. The number of 

themes that Player 7 identified in Phase one, decreased between weeks one and six 

(week one, n=7; week six, n=4). However, it is important to consider the individual 

themes that were recognised. For example, many of the themes recognised in Phase 

one of week one were dominant themes, such as ‘player on ball’, ‘pass’ and ‘ball’, all 

of which could be considered as easy to recognise. However, in Phase one of week 

six, player 7 identified ‘opposition unit’ twice, a theme he had failed to recognise in 

Phase one of week one. There was very little change in Player 7’s Phase one theme 

identification between weeks six and eight. All four of the themes identified in week 

six were identified in week eight, with the addition of the ‘ball’ theme, indicating a 

retention in the cues and themes being attended to by the player. 

 A similar trend in data pattern was witnessed for Player 15. Player 15 

identified less dominant themes in Phase one of week one, such as ‘movement on 

ball’ (n=1), ‘movement off ball’ (n=1) and ‘type of pass’ (n=1). However, for Phase one 

of week six, player 15 was identifying both dominant themes, such as ‘player on ball’ 

(n=1) and ‘playing position’ (n=1), and the same less dominant themes. For example, 

‘player off ball’ (n=3) and ‘opposition unit’ (n=1), were identified by Player 15 in Phase 

one of week six, themes that had not been recognised once in Phase one of week 

one. At week eight, Player 15’s theme identification in Phase one was very similar to 

Phase one of week six. Now that Phase one theme identification of players 7 and 15 

have been discussed, the following paragraphs will discuss their theme identification 

in Phase three, weeks one, six and eight (Table 4.2). 

 Player 7s theme identification in Phase three noticeably changed between 

weeks one and six. In Phase three of week one, only three themes were identified 

(‘playing position’, n=1; ‘shot’, n=1; ‘player on ball’, n=1), whereas in Phase three of 

week six Player 7 identified four completely different themes (‘timing of pass’, n=1; 

‘type of pass’, n=1; ‘area of pitch’, n=1; ‘ball’ n=1). 
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Table 4.2: Themes identified by two players (Player 7 and Player 15) in Phase one and three of clip three, from weeks one, six and eight. 

Week 
Player 7 

Themes Identified (n= frequency) 
Player 15 

Themes Identified (n= frequency) 
 Phase 1 Phase 3 Phase 1 Phase 3 

1 Ball (n=2) 
Area of pitch (n=1) 

Pass (n=1) 
Pass Direction (n=1) 

Playing position (n=2) 
Player on ball (n=2) 

Movement on ball (n=1) 

Playing position (n=1) 
Shot (n=1) 

Player on ball (n=1) 

Movement off ball (n= 1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Playing position (n=1) 
Movement on ball (n=1) 

Playing position (n=1) 
Shot (n=1) 
Ball (n=1) 

6 Playing position (n=1) 
Movement on ball (n=2) 

Opposition Unit (n=2) 
Player on ball (n=1) 

Timing of pass (n=1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Ball (n=1) 

Playing position (n=1) 
Player on ball (n=1) 

Ball (n=1) 
Movement on ball (n=2) 

Opposition unit (n=1) 
Player off ball (n=3) 

Movement off ball (n=1) 

Player on ball (n=1) 
Playing position (n=1) 

Type of pass (n=1) 
Area of pitch (n=1) 

Opposition Player (n=2) 
Player off ball (n=2) 

8 Playing position (n=1) 
Player on ball (n=1) 

Movement on ball (n=1) 
Opposition unit (n=1) 

Ball (n=1) 

Playing position (n=2) 
Player on ball (n=1) 

Movement off ball (n=1) 
Player off ball (n=1) 

Opposition Player (n=1) 
Type of pass (n=1) 

Pass (n=1) 
Pass Direction (n=1) 
Area of pitch (n=1) 

Shot (n=1) 
Block (n=1) 

Playing position (n=2) 
Player on ball (n=3) 

Movement on ball (n=1) 
Pass (n=2) 

Direction (n=1) 
Opposition Unit (n=1) 

Playing position (n=2) 
Player on ball (n=1) 
Part of body (n=1) 
Area of pitch (n=2) 

Opposition Player (n=1) 
Type of pass (n=1) 

Shot (n=1) 
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This development progressed even further in Phase three of week eight, as Player 7 

identified nearly three times as many themes than in Phase three of week six. This 

included the identification of key themes such as ‘opposition player’, ‘player off ball’ 

and ‘movement off ball’, all themes that Player 7 had failed to identify in Phase three 

previously.  

 Similarly, Player 15’s theme identification in Phase three considerably 

developed over the period of the study, resulting in an increase in the number of 

themes being recalled. Similar to Player 7, Player 15 only identified three themes in 

Phase three of week eight (‘playing position’, n=1; ‘shot’, n=1, ‘ball’, n=1). In Phase 

three of week six, Player 15 identified double the number of themes than in Phase 

three of week one, which included key themes such as ‘opposition player’ (n=2) and 

‘player off ball’ (n=2). The theme identification of Player 15 in Phase three of weeks 

six and eight remained very similar. This indicates that Player 15 still retained 

information obtained from before the retention test at week seven data, as he was 

attending to the same information and cues in Phase three of weeks six and eight.  

To summarise, analysis of all players, and specific analysis of the two players case 

studies, demonstrates an increase in the players’ awareness of themes between 

weeks one, six and eight. Players were specifically attending to key themes more 

frequently in both phases one and three in weeks six and eight that week one. Now 

that Layer one of analysis, the development of individual players SMMs, has been 

presented, the following section will explore Layer two of analysis, focusing on the 

increasing compatibility between the players SMMs.  

 

4.3 Layer two: Increasing compatibility and complexity of player Shared Mental 

Models. 

In order to assess how the compatibility and complexity of the players SMMs, 

Table 4.3 (p. 67) presents the number of players that identified each theme in phases 

one and three of weeks one, six and eight, by either writing (CDM template) or 

drawing (CM) their observations.  
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4.3.1 Specific Phase analysis  

Phase one theme identification will first be discussed. ‘Player on ball’ 

remained dominant throughout weeks one, six and eight in Phase one, with almost 

all 16 players recognising it as a theme. The frequency of the theme ‘opposition 

player’ increased considerably at week six, where it increased from zero (week one) 

to four (week six), before decreasing back to zero (week eight). ‘Opposition unit’ 

increased from zero to two in Phase one of weeks one and six. One more player 

recognised ‘opposition unit’ in Phase one of week eight, taking the total to three. As 

the study progressed more players began to identify players in relation to their 

playing position. As Table 4.3 (p. 67) indicates, the theme ‘playing position’ was 

identified by one player in Phase one of week one, before increasing to nine and 12 

in Phase one of weeks six and eight respectively.  

Table 4.4 (p. 70) presents the direct quotes of all participants for Phase one 

(clip three), for weeks one, six and eight. It highlights similar findings to that of Table 

4.3. For example, only player one identified and spoke about the opposition in Phase 

one, this is evident from the statement “some of them dropped off, some of them 

pressed us”. However, at weeks six, Player 7 recognised the opposition unit and how 

a pass breaks through that unit; “breaking the midfield line”, demonstrating 

increased complexity.  Similarly, from Player 12’s quotes in Phase one of week six, it 

is clear he is attending to information relating to the opposition and players off the 

ball. For example, “three v three” and “full backs going as well, their wide man is 

tracking him as well” (Player 12, Phase 1, week six). Player 10 also attends to 

information relating to the opposition by referring to their defensive shape as 

“narrow” (Player 10, Phase 1, week six).  However, in Phase one (week eight) only 

Player 15 attended to information relating to the opposition and teammates off the 

ball, as his quotes in Table 4.4 (p. 70) highlight. This indicates that players’ SMMs 

developed between weeks one and six, and that the players were also attending to 

the same information, indicating a growing compatibility in SMMs. This paragraph 

has highlighted how the number of players attending to key information increased in 

Phase one throughout the study as illustrated in Table 4.3 (p. 67), and further 

highlighted by the verbal quotes presented in Table 4.4 (p. 70). To examine the 

development and impact of SMM in Phase 3, compatibility of narratives and themes 
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were examined in the same way as Phase 1.  Phase three will now be explored below 

using Tables 4.3 and 4.5 (p. 67 & 72).   

 

Table 4.3: Table to illustrate how many players identified each theme in Phases one 

and three, of weeks one, six and eight.  

Theme 

Week 1 
(n= number of 
players who 

identified theme) 

Week 6 
(n= number of 
players who 

identified theme) 

Week 8 
(n= number of 
players who 

identified theme) 
Phase 1 Phase 3 Phase 1 Phase 3 Phase 1 Phase 3 

Player on ball 14 12 13 9 15 11 
Playing position 1 10 9 5 12 8 
Player Name 3 4 2 3 2 2 
Pass 14 2 0 5 14 8 
Type of pass 4 0 0 11 1 10 
Pass Direction 10 1 0 3 10 13 
Movement off ball 1 0 1 3 0 3 
Movement on ball 6 1 15 0 10 2 
Player off ball 0 2 1 9 1 1 
Direction 0 0 8 5 5 0 
Area of pitch 4 5 9 10 4 6 
Ball 7 2 10 5 6 3 
Opposition Player 0 0 4 1 0 3 
Opposition Unit 0 0 2 0 3 1 
Passes Numbered 1 0 0 0 0 0 
Pass Timing 0 0 0 1 0 0 
Shot 0 15 0 0 0 14 
Shot Direction 0 8 0 0 0 4 
Block 0 0 0 0 0 9 
Part of foot 0 0 0 0 0 1 
Part of body 0 0 0 0 0 3 

 
Table 4.3 indicates a number of changes in the number of players that 

identified a variety of themes for Phase three of weeks one, six and eight. However, 

this section will explore a small selection of themes identified within Phase three 

throughout the study. ‘Player off ball’ more than quadrupled in the number of players 

that identified it within Phase three of week six (n=9), compared to Phase three of 

week one (n=2). However, in Phase three of week eight, ‘player off ball’ decreased to 

one. Again, this could be owing to the retention test applied at week seven. 

‘Opposition player’ was identified by no players in Phase three of week one, but 

increased to one player in week six and then to three players in week eight. This 
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highlights the players SMMs increased in complexity and compatibility, as more 

players were attending to and recognising teammates off the ball and opposition 

players, a factor linked to the team’s playing philosophy. This is further supported 

through the analysis of Thinking Aloud Problem Solving (TAPS) data for Phase three 

presented in Table 4.5 (p. 72). For example, in Phase three of week six, Player 6 states 

“two v two in the middle. One front one back”. This illustrates that Player 6 identified 

and spoke about two players off the ball and two opposition players, and also their 

positioning. In addition, Player 16 states “Player x comes late, they were all standing 

still”, highlighting a recognition for teammates off the ball and the opposition 

defenders. Similar statements were not made by any players within Phase three of 

week one, which highlights a development in the complexity of the information the 

players were attending to such aspects, between Phase three of weeks one, six and 

eight. Layer two of analysis has addressed the compatibility and complexity of the 

players SMMs throughout the study. The following section will compare the theme 

identification and SMMs of the expert coaches and two individual players, to further 

support the increase in compatibility and also to illustrate a matching of SMM with 

an expert, suggesting increased complexity. 

 

4.4 Layer three: Compatibility of SMMs between coaches and players 

 Tables 4.6 and 4.7 (p. 74 & 75) present the theme identification and their 

frequency, by one coach and two case study players, in Phase one (Table 4.6, p. 74) 

and Phase three (Table 4.7, p. 75) of weeks one, six and eight. The same two players 

(Players 7 & 15), that were used as case studies above, have been used as exemplars 

to illustrate compatibility of SMM with the coach. First, the themes identified by the 

coaches within Phase one of weeks one, six and eight will be explored below.  

 

4.4.1 Specific Phase analysis 

 It is clear from Table 4.6 that the coach’s theme identification in Phase one 

changed very little between weeks one, six and eight. For example, in week one, 

coach two was identifying key themes such as ‘opposition player’ and ‘player off ball’ 

in Phase one. These themes were not recognised until week six by any player within 
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the team for Phase one (see Table 4.3). Similarly, Player 15 only identified ‘player off 

ball’ in week six for Phase one.  

Table 4.4 (p. 70) further highlights how the information the coaches attended 

to changed very little. For example, in Phase one of week one, coach one states 

“opposition are all in there aren’t they, they’re banked up there’s no real space in 

behind”. This again highlights that coach one was attending to key information such 

as the opposition and their units, as early as week one for Phase one. Therefore, it is 

clear that the coach was attending to information early on in the decision (Phase 

one), even in stages as early as week one, and that the players failed to recognise and 

record such information, until later in the study. This indicates a growing complexity 

in the players MM and a greater compatibility with the coaches SMMs. However, 

coach two only identified ‘opposition unit’ in Phase one of week eight. This could 

indicate that the coach’s observation of themes continued to develop, but his level 

of knowledge at the commencement of the study was considerably higher than the 

players, when identifying other key themes such as ‘player off ball’ and ‘opposition 

player’. Phase three theme identification comparison between the coaches and 

Players 7 and 15 will now be explored. 

Table 4.7 (p. 75) presents themes and their frequency identified by coach two, 

Player 7 and Player 15 for Phase three in weeks one, six and eight. Phase three theme 

identification of coach two yielded a similar pattern to that of Phase one. Like Phase 

one, there was very little change between weeks one, six and eight in Phase three for 

the themes identified by coach two. Similarly, coach one states “Player x is not 

marked”, indicating he is observing players off the ball and also whether there is an 

opposition player within close proximity, in Phase three of week one. Furthermore, 

Table 4.7 displays key themes such as ‘movement off ball’, ‘player off ball’ and 

‘opposition player’ being identified in Phase three of weeks one, six and eight, by 

coach two. This supports the previous paragraph, highlighting a superior level of 

observation by the coaches at the commencement of the study within Phase three, 

compared to the players. The players did not observe themes relating to teammates 

off the ball or opposition players in Phase three until week six.  
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Table 4.4: Direct quotes of all participants for Phase one of clip thee, in weeks one, six and eight, obtained using TAPS discussions. 
Week 1 - Phase 1 Week 6 - Phase 1 Week 8 - Phase 1 

Coach 1: "Player x has got the ball then facing 
forward" 

Coach 1: "Player x has obviously done well, 
controlled it, flicked it over his head gone 
again so he’s got the momentum" 

Coach 1: "he’s playing on that left hand side 
with a right foot, play the ball inside but if he 
feels he can’t do it be patient and he’s 
brought the ball out to ciss which we don’t 
usually see him in that position - deeper than 
Player x"   

Coach 1: "Opposition are all in there aren’t 
they, they’re banked up there’s no real space 
in behind." 

Coach 1: "He’s not looking for a pass. He’s 
looking to drive, the other players are 
bursting at pace to be fair" 

Coach 1: "We always know that Player x is 
always gonna, likely to do that run. He’s timed 
it perfectly really to get in between the 2 
centre backs."  

Coach 2: "Player x does well gets the ball it’s 
come inside we’ve got the ball wide"    

Coach 1: "I think was it Player x going, 
you’ve got Player y you’ve got Player z, so 
he’s got options" 

Coach 1: "because they’re staying in slots, not 
pressing us too much everywhere it gives us 
that" 

Coach 2: "you can see Player x's going to run 
inside so he’s carried on his run" 

Coach 1: "And he’s going to take it as far 
he can til he needs to play them" 

Coach 1: "that’s what played into our hands 
the other day because we’ve got more time 
on the ball and we pick the right decisions 
then" 

Coach 2: "the balls been played into Cis" Coach 2: "It’s, he’s done well you know"  Coach 2: "they’re right hand side centre 
forward is really tucked in so Player x can’t 
play through the lines" 

Coach 2: "Player x has a bad touch, 
backwards" 

Coach 2: "the other players can see that 
and they’re looking to go and support" 

Coach 2: "But Player x is giving us that width" 
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Week 1 - Phase 1 (Continued) Week 6 - Phase 1 (Continued) Week 8 - Phase 1 (Continued) 

Coach 2: "the balls not great into him. It 
should be in, in front of him" 

Coach 2: "they’re back lads try to go with 
our runners" 

Coach 2: "Player x comes into the pocket, 
sees there’s no space there and he does well 
by coming right out of it. To create that 
space" 

Coach 2: "it looks there as if there is a bit of 
space for it to be played into Player x's path 
not behind him"  

Coach 2: "but Player x has seen that but 
instead of playing that early he’s driving" 

Coach 2: "their defensive shape are happy 
just to stay in slots. Erm, which allows us to 
have the ball comfortable really. Player x 
looks to play forward, they do well 
defensively to like block everything off" 

Player 11: "Good interchange" Player 11: "Player x expressing himself, 
shackles off" 

Player 16: "No place to play a pass" 

Player 1: "Some of them dropped off, some 
of them pressed us" 

Player 7: "Breaking the midfield line" Player 16: "Nothing, that’s why I had to come 
back out" 

Player 3: "Created the space to receive the 
ball" 

Player 12: "Three v three" Player 15: "Right centre forward cutting it off 
yeh, inside, making us go back" 

 

Player 12: "Erm, full backs going as well. 
Their wide man is tracking him as well."  

Player 15: "Player x comes down inside and 
drops deep into the space" 

 Player 10: "Narrow"  
Note: Player x, Player y and Player z have replaced player names, to maintain confidentiality 
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Table 4.5: Direct quotes of all participants for Phase three of clip thee, in weeks one, six and eight, obtained using TAPS discussions. 
Week 1 - Phase 3 Week 6 - Phase 3 Week 8 - Phase 3 

Coach 1: "Player x is not marked"  
   

Coach 1: "it’s a good ball in, good area" Coach 1: "Player x there when he sees 
that it’s very tight can he have a touch 
instead of shooting?"  

Coach 1: "Player x is there he’s just got to roll 
it" 

Coach 1: "who was going across the near, was 
it Player x, did he carry his run on? Erm, you’ve 
got Player y at the back post just missing him" 

Coach 1: "was a shot on there?" 

Coach 1 "He’s in a great position"  Coach 1: "but it’s a good area and that’s where 
we want them to be and at least every one is 
going" 

Coach 1: "It’s come from that way, it’s 
on his right foot can he have a touch and 
finish?" 

Coach 2: "He’s got the ball, he’s took his touch. 
The lad’s nowhere near him. One he’s got to 
hit the target"  

Coach 2: "They’ve got three against our three 
that are driving" 

Coach 2: "Player x's touch has gone wide 
but he took, his second touch is good 
because he opens the pitch up again"  

Coach 2: "even Player x, the defenders the 
wrong side of player y" 

Coach 2: "Player x has done great, Player x has 
ran the length of the pitch" 

Coach 2: "Player x comes in, he plays the 
ball first time without thinking about it" 

Coach 2: "He can just play it into dean forward 
and it’s a tap in"  

Coach 2: "Player x has played the pass"  Coach 2: "He should do better for me. 
The lad does do well to block it but it’s a 
little bit easy, he’s hit, there’s no real 
conviction from the finish" 
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Week 1 - Phase 3 (Continued) Week 6 - Phase 3 (Continued) Week 8 - Phase 3 (Continued) 

Coach 2: "or probably a safer and better 
option is Player x who’s seen dean go in, he’s 
come in off the, from the wide area into an 
area of the pen spot" 

Coach 2: "Player x reacted well, kept hold of 
the ball, Player y has kept his shape wide" 

Coach 2: "but, he’s in there, he’s where 
we want him to be, inside that box" 

Coach 2: "he’s made the wrong decision 
because he’s put it wide." 

Coach 2: "Player x has seen Player y has come 
out of that central area so he’s made that run 
to that front post, taken that defender" 

Coach 2: "Player x does well, he’s come 
in, dragged them in, you can see he’s 
tryna get in there onto the edge of that 
box." 

Player 16: "Player x could have been on his 
toes" 

Coach 2: "To end up at that back stick and he’s 
missed it by probably a foot, if that"  

Player 16: "See, should have had a 
better touch, going away from goal" 

Player 14: "Set me there" Coach 2: "You know, he’s he’s got in front of 
his defender. Player x has played a great ball 
across and to be fair it’s unlucky" 

Player 16: "Player x comes late, they 
were all standing still." 

 Player 9: "Good early ball"  

 

Player 6: "Two v two in the middle. One front 
one back."  

 
Note: Player x, Player y and Player z have replaced player names, to maintain confidentiality
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Table 4.6: Coach and individual player (Players 7 & 11) theme identification in Phase one of clip three, in weeks one, six and eight. 
 

Week Coach 2 
Themes Identified (n= frequency) 

(Red = Drawing) 

Player 7 
Themes Identified (n=frequency)  

Player 15 
Themes Identified (n= 

frequency) 

1 

Player Name (n=5, n=5) 
Pass (n=2, n=6) 

Type of pass (n=1) 
Pass direction (n=1, n=6) 
Movement off ball (n=1) 

Player off ball (n=1) 
Opposition player (n=1) 

Ball (n=2) 
Area of pitch (n=1) 

Pass (n=1) 
Pass Direction (n=1) 

Playing position (n=2) 
Player on ball (n=2) 

Movement on ball (n=1) 

Movement off ball (n= 1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Playing position (n=1) 
Movement on ball (n=1) 

6 

Player Name (n=5, n=5) 
Opposition player (n=1, n=2) 
Movement on ball (n=1, n=1) 

Player off ball (n=4, n=4) 
Movement off ball (n=1) 
Player on ball (n=1, n=1) 

Playing position (n=1) 
Movement on ball (n=2) 

Opposition Unit (n=2) 
Player on ball (n=1) 

Playing position (n=1) 
Player on ball (n=1) 

Ball (n=1) 
Movement on ball (n=2) 

Opposition unit (n=1) 
Player off ball (n=3) 

Movement off ball (n=1) 

8 

Player Name (n=2, n=2) 
Player on ball (n=3) 
Direction (n=1, n=1) 

Pass (n=1, n=1) 
Opposition Unit (n=2) 

Movement on ball (n=1, n=1) 
Opposition player (n=6) 

Pass Direction (n=1) 
Player off ball (n=1) 
Pass direction (n=1) 

Playing position (n=1) 
Player on ball (n=1) 

Movement on ball (n=1) 
Opposition unit (n=1) 

Ball (n=1) 

Playing position (n=2) 
Player on ball (n=3) 

Movement on ball (n=1) 
Pass (n=2) 

Direction (n=1) 
Opposition Unit (n=1) 
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Table 4.7: Coach and individual player (Players 7 & 11) theme identification in Phase three of clip three, in weeks one, six and eight. 
 

Week Coach 2 
Themes Identified (n= frequency) 

(Red = Drawing) 

Player 7 
Themes Identified (n=frequency)  

Player 15 
Themes Identified (n= 

frequency) 

1 

Player Name (n=1, n=1) 
Player on ball (n=1) 

Pass (n=1) 
Movement off ball (n=1) 

Shot (n=1, n=1) 
Shot direction (n=1, n=1) 
Player off ball (n=2, n=3) 
Opposition Player (n=1) 

Playing position (n=1) 
Shot (n=1) 

Player on ball (n=1) 

Playing position (n=1) 
Shot (n=1) 
Ball (n=1) 

6 

Player Name (n=5, n=4) 
Movement on ball (n=1) 
Player off ball (n=1, n=2) 
Movement off ball (n=1) 
Player on ball (n=2, n=2) 

Direction (n=1) 
Ball (n=1) 

Area of pitch (n=3) 
Type of pass (n=1) 

Pass (n=1) 
Pass Direction (n=1) 

Timing of pass (n=1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Ball (n=1) 

Player on ball (n=1) 
Playing position (n=1) 

Type of pass (n=1) 
Area of pitch (n=1) 

Opposition Player (n=2) 
Player off ball (n=2) 
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Week (Continued) 
Coach 2 

Themes Identified (n= frequency) 
(Red = Drawing) (Continued) 

Player 7 
Themes Identified (n=frequency) 

(Continued) 

Player 15 
Themes Identified (n= 

frequency) (Continued) 

8 

Player Name (n=2, n=2) 
Player on ball (n=3, n=1) 

Pass (n=1, n=1) 
Movement on ball (n=1, n=1) 
Opposition player (n=2, n=1) 

Pass Direction (n=1) 
Player off ball (n=1, n=2) 

Pass Direction (n=1) 
Shot (n=1) 
Block (n=1) 

Movement off ball (n=1) 

Playing position (n=2) 
Player on ball (n=1) 

Movement off ball (n=1) 
Player off ball (n=1) 

Opposition Player (n=1) 
Type of pass (n=1) 

Pass (n=1) 
Pass Direction (n=1) 
Area of pitch (n=1) 

Shot (n=1) 
Block (n=1) 

Playing position (n=2) 
Player on ball (n=1) 
Part of body (n=1) 
Area of pitch (n=2) 

Opposition Player (n=1) 
Type of pass (n=1) 

Shot (n=1) 
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Table 4.7 highlights how the players theme identification grew closer in 

similarity to the coaches. By week six Player 15 had identified ‘opposition player’ and 

‘player off the ball’ for the first time for Phase three. Similarly, Player 7 identified the 

same two key themes in Phase three of week eight. As highlighted previously, this 

provides evidence that the base of the coaches’ comprehension of attacking play 

situations was at a much higher level, than that of the players at the start of the study. 

However, as the study progressed, the players SMMs grew in complexity and 

compatibility with the coach’s SMM, indicating a more developed team SMM.  

Figure 4.4: Example drawing within coaches’ CTA booklet 

 

Layer three of analysis has allowed comparisons between coaches and players 

to be examined. It is clear that the expert coaches SMM were more complex and 

generated a much higher level of theme identification at the start of the study 

compared to the players. However, it was clear that the players developed more 

complexed SMM. This was illustrated in their theme identification in weeks six and 

eight, where more individuals attended to more key themes. The coaches recognised 

these themes as early as week one which highlights how the player SMM complexity 

was increasing to the level of the coaches by weeks six and eight. However, coach 
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two continued to both draw and write his thoughts inside the booklet. An example 

of one drawing has been included on page 77 (Figure 4.4) Layer four of analysis, will 

use PA data to measure on-field performance throughout the eight-week study in 

line with key performance indicators defined in Table 3.1 (p. 49). 

 

4.5 Layer four: On-field Performance Analysis 

In total nine games were analysed using the performance indicators outlined 

in chapter four (see Table 3.1, p. 49). Appendix 7 presents all PA raw data. The game 

before the first data collection point took place (week zero, pre-intervention week). 

This pre-intervention week provided a bench mark for performance analysis data 

(Richards et al., 2009). The performance analysis data is presented in the text below. 

Figure 4.5 (p. 79) analyses shots on target and highlights the results in line with the 

identification of two key themes of Phase three (‘opposition player’ & ‘player off 

ball’). Weeks six to eight are represented by a dashed line, to represent and highlight 

that no CTA data collection took place at week seven, as highlighted in chapter three. 

Figure 4.5 (p. 79) presents shot on target generation over the period of the study 

(nine games). Simultaneously, Figure 4.5 (p. 79) illustrates the key themes of ‘player 

off ball’ and ‘opposition player’ and the number of players that identified them, are 

presented. Shot on target generation took an immediate increase between weeks 

zero and one (Week 0, n=6; week 1, n=9).  Between weeks one and three shot on 

target generation decreased from seven to four, before increasing to seven again in 

week four.  A small increase can be seen between weeks four and five (Week 4, n=7; 

week 5, n=8). Shot on target generation remained at eight for week six. At week 

seven, where the retention test was applied, shot on target generation decreased 

slightly to seven attempts. In the final week (week eight) shot on target generation 

reached its joint highest total in the study (n=9). The number of players that identified 

the theme of ‘player on ball’ peaked at week six (n=9), before decreasing to one in 

week eight, indicating players recognition of teammates off the ball decreased after 

the retention test in week seven. However, similar to shot on target generation, the 

number of players that identified ‘opposition player’ peaked at week eight (n=3). 

Figure 4.6 (p. 80) analyses Phase three entries, more specifically, how many 

of those Phase three entries resulted in a shot on target.  Figure 4.6 (p. 80) indicates, 
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as a percentage, how many times the team completed a shot on target per Phase 

three entry, therefore representing improved attacking play and hence, enhanced 

team DM. All weeks, excluding week two, had a higher percentage of shots on target 

per Phase three entry than in week zero, indicating the players were consistently 

performing better after the engagement in video review and CTA. There were small 

decreases between weeks one and two, three and four and five and six (Week 1, 17%; 

week 2, 13%; week 3, 24%; week 4, 20%; week 5, 27%; week 6, 24%). Percentage 

values continued to decrease in week seven, dropping from 24% in week six to 21% 

in week seven. However, at week eight the percentage increased to 31%, the highest 

percentage for the duration of the study - almost doubling the percentage of shots 

on target per Phase three entry in weeks zero and one. Such performance data 

supports that found by Richards (2009; 2012; 2015). This suggests that the players 

were making better decisions in order to generate more shots on target, per Phase 

three entry. This illustrates an increase in the application of collective team thinking, 

and therefore perhaps an enhanced team SMM. This section has provided on-field 

performance data through PA application on key performance indicators.  

 

Figure 4.5: Illustrates the generation of shots on target in relation to the number 

of players who identified ‘opposition player’ and ‘player off ball’ themes in Phase 

three of weeks one, six and eight. 
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Figure 4.6: Illustrates percentage of how many shots on target were generated per 

each Phase three entry.  

 

The sections above have broken down the analysis of data into four Layers. 

Layer one discussed the results in terms of individual player MM development. Layer 

two established how the development of the players SMMs grew in compatibility and 

complexity. Layer three explored how the development of the players SMMs 

compared to that of the expert coaches’ SMMs. Finally, Layer four provided PA data 

of on-field performance and its changes throughout the period of the study. The 

analysis of these results will now be discussed below, in the context of the research 

questions.  

  

4.6 Discussion of findings 

From the four Layers of analysis above, it is clear that the individual SMMs of 

players increased in complexity and grew in compatibility with other players and 

coaching staff. There was also an increase in compatibility between the players SMMs 

and coaches SMMs. Consequently, this highlights that the SMM of the team 

developed in complexity over the period of study. Layer four of analysis 

demonstrates that on-field performance of key performance indicators improved, 
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therefore indicating improved team DM in relation to performance outcomes. 

Further exploration of this analysis will now be discussed, in the context of the three 

research questions. 

 

4.6.1 Research question one: “Can engagement in a slow deliberate off-field 

learning environment enhance naturalistic on-field Decision-Making?” 

Layers one, two and four of analysis will address research question one. In 

Layer one, it is clear that the identification of themes by the players increased over 

the period of the study, in both Phase one and three. In Phase one, seven out of 21 

themes had increased in frequency between weeks one and six. There was a 

considerable increase in Phase three themes between weeks one and six, with 11 

themes out of 21 identified more frequently. Furthermore, key themes relating to 

teammates and the opposition were also identified with increasing frequency in both 

phases one and three as Figures 4.2 and 4.3 (p. 61 & 62) illustrate. Themes relating 

to the opposition and teammates are considered key, as Richards et al. (2016) state 

they are important situational factors that ultimately shape the decision an individual 

or team make. The increased level of theme identification and the increased 

observation of key situational factors presented in Layer one, provides evidence to 

suggest that the players Situational Awareness (SA) increased throughout the study. 

It could be argued that such processes inform players and team DM, as players are 

being more situationally aware, and therefore a more effective route to goal could 

be recognised. 

Supporting the data and evidence in Layer one, Layer two analysis indicates 

an increased complexity of the players SMMs, and an increase in compatibility, 

therefore indicating a development in their team SMM. The players recognised key 

themes such as ‘opposition unit’ and ‘opposition player’ more in Phase one of week 

six than in week one. It is also clear from the direct quotes of the players presented 

in Table 4.3 (p. 67) that players were attending to key information relating to 

teammates and opposition more often in Phase one of week six than Phase one of 

week one. Layer two analysis of Phase three presented a considerable development 

in the players SMMs. Key themes such as ‘player off ball’ were identified in Phase 

three of week six by more than four times as many players, than in Phase three of 
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week one. Evidence from Layer two illustrates that there was a shared perception of 

key factors by multiple players, illustrating the development of a team SMM.  

Layer four of analysis presents on-field PA data from the nine games 

throughout the study. Figure 4.5 (p. 79), illustrates that there was an immediate 

increase in shots on target between weeks zero and one (n=6 to n=9), supporting 

previous studies (Richards et al, 2009; 2012). However, after week one values 

decreased to as low as four in week three, before increasing to seven again in week 

four. At week eight, total shots on target were at their highest value. It is of interest 

that this peak in shots on target at week eight coincides with ‘opposition player’ being 

identified most often in Phase three of week eight. The values in Figure 4.5 (p. 79) 

could be challenged, as it could be argued that the increased generation of shots on 

target, could increase purely due to the players shooting capabilities increasing. 

However, it could also indicate that the team’s DM is improving. This could be further 

supported using Figure 4.6 (p. 80). Shot on target generation per Phase three entry 

was almost double the percentage in week eight than week zero (Week 0, 17%; week 

8, 31%). It could be assumed that, using Figure 4.6 (p. 80) and the data from Layers 

one and two, that the players were more aware of teammates off the ball and the 

opposition in weeks six and eight. This increased SA, could consequently give players 

the ability to make better decisions, in order to create a better or easier goal scoring 

opportunity, either by avoiding opposition or passing to a teammate in a better 

situation.  

Evidence from Layers one, two and four indicate that an off-field training 

environment enhanced the recognition of situation factors of the players. In addition, 

it provided an environment where a shared perception of these factors could be 

developed, allowing the development of the team’s SMM. In turn, the development 

of the team’s SMM and the increased observation of key situational factors, 

contributed to the enhancement of the teams on-field DM. Now that research 

question one has been addressed, research question two will be explored below.  
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4.6.2 Research question two: “Can combining video footage and Cognitive Task 

Analysis in an off-field environment develop players own Mental Models and team 

Shared Mental Models?” 

In order to address research question two Layers two, three and four of 

analysis will be discussed. When answering research question one, Layer two of 

analysis was discussed, therefore, to avoid repetition the data will not be discussed 

further. However, when addressing research question two it is important to remind 

the reader that Layer two of analysis provided evidence that an increased number of 

players were attending to key situational factors or themes, resulting in more 

complex and compatible individual SMMs and, in turn, a more complex team SMM.  

Layer three of analysis further supports the evidence of Layer two, that the 

teams SMM developed in complexity. The first thing to note about Layer three of 

analysis is that the coaches SMM did not change throughout the study. In phases one 

and three of week one, both coaches were attending to similar information to that 

of weeks six and eight. For example, direct quotes from coach one such as 

“opposition are all in there” and “Player x is not marked” highlights the recognition 

of opposition and teammates within week one. In week six this continued, with coach 

one stating “I think was it Player x going, you’ve got Player y you’ve got Player z, so 

he’s got options", which highlights again the recognition of teammates. Similarly 

coach two identified themes such as ‘opposition player’ and ‘player off ball’ in week 

one and continued to do so in weeks six and eight. From this evidence it is clear that 

the MMs of the coaches were complex at the start of the study and did not develop 

throughout the period of study. However, evidence from Layer three states how the 

players SMMs increased in complexity, almost to the same level as the expert 

coaches. Players 7 and 15 identifying ‘player off ball’ and ‘opposition player’ themes 

in week six, themes that were recognised in week one by the coaches, highlights how 

the players SMMs were growing in similarity and compatibility with the coaches 

SMMs. Ultimately, this highlights the development in the whole teams SMM, 

throughout the period of the study. 

When exploring research question one, Layer four was discussed in detail, and 

will therefore not be explored again to avoid repetition. Layer four highlighted 

increases in key performance indicators throughout the study, indicating the 
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translation of SMM developed off-field into on-field DM. Increases in performance 

was in correlation with the identification of key situational factors. Therefore, it could 

be argued that the increased number of players identifying key themes, later in the 

study, had a positive effect on DM resulting in better on-field performance.  

The growing compatibility of SMMs between individual players, team 

members collectively and coaches, is highlighted in Layers two and three of analysis. 

This highlights that combining video footage and CTA provides a mechanism for the 

shared perception of key factors between all team member to increase, therefore 

resulting in the development of individual and the team’s SMM.  

 

4.6.3 Research question 3: “Can Cognitive Task Analysis as a training method be 

used to accelerate and enhance on-field Decision-Making?” 

To address research question three, Layers three and four of analysis will be 

explored. As both Layers of analysis have been explored in more detail to answer 

research questions one and two, they will only briefly be discussed in order to avoid 

repetition. Layer three of analysis provides evidence of a greater complexity and 

compatibility between coaches and players. This was owing to the application of CTA 

methods within an off-field environment. Layer four of analysis highlighted 

performance increases in key performance indicators throughout the study. Evidence 

provided in Layers two three indicates a greater shared perception of themes and 

situational factors and a development in the teams SMM, allowing the opportunity 

for better on-field decisions to be made as players attended to the same cues. Layer 

four indicated increased on-field performance and DM. Therefore, it can be 

concluded that the application of CTA within football can enhance the on-field DM of 

a team.  

This chapter has presented the quantitative and qualitative findings of the 

study, and discussed them in context of the three research questions. Such analysis 

has been examined over four different Layers of analysis, and has also been 

contextualised in the context of the research questions outlined in Chapter one. The 

final chapter will further explore these findings in a discussion, considering the data 

in context of the literature, modifications, contribution to knowledge and future 

work. 
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Chapter Five: Discussion and conclusion 

 

5.1 Introduction 

The purpose of this study was to change the traditional approach of video 

feedback and team meeting sessions, from the perspective of an applied football 

analyst working in senior professional football. The research aimed to apply a 

combination of Performance Analysis (PA) and the three Cognitive Task Analysis 

(CTA) methods of Critical Decision Method (CDM), Thinking Aloud Problem Solving 

(TAPS) and Concept Mapping (CM). These methods were applied within an off-field 

training environment to enhance the development of team Decision-Making (DM). 

This mixed method approach was designed to improve on-field DM by developing 

the complexity of individual Mental Models (MMs) and a team Shared Mental Model 

(SMM).  

This chapter will address the findings presented in Chapter 4 in relation to the 

existing literature. Additionally, the contribution to knowledge will be discussed, 

before exploring possible limitations, recommendations and future work.  

 

5.2 Addressing the research objectives of the thesis 

Research question one “Can engagement in a slow deliberate off-field 

learning environment enhance naturalistic on-field DM?” will first be discussed in 

relation to the literature and the results from the study. 

Each of the four Layers of analysis can be used to address research question 

one. Richards et al. (2016) suggest that the combination of both on-field and off-field 

training techniques accelerates team DM through the facilitation of SMMs. The 

deliberate off-field reflective training utilised the approach of Classical DM, an 

approach that can contribute and enhance on-field DM (Richards et al., 2012). From 

the findings presented in chapter four, it is clear that the engagement in an off-field 

environment can improve on-field DM. This is evident from the improved generation 

of shots on target, and their generation in ratio of phase three entries indicating that 

off-field engagement with CTA transferred to enhance on-field team performance 

and match play. Richards et al. (2019) state how important situational factors, such 

as opposition and team mates ultimately shape the decision an individual or team 
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make. Situational factors need to be similarly perceived and recognised by all team 

members in order for similar and effective decisions to be made. It can therefore be 

assumed that an increased awareness of important factors, such as teammates and 

opposition can influence and improve on-field team DM. Layer two analysis 

specifically indicated an increase in the number of players identifying key themes 

such as ‘opposition player’ and ‘player off ball’, highlighting that more players were 

attending to these important situational factors. This acknowledges an increased 

Situational Awareness (SA) of the players and also the development of a collective 

SMM throughout the team. Based on Richards et al. (2016) statement above, it can 

be assumed that the on-field DM of the team improved because of the increased 

number of players identifying key themes, within the off-field learning environment. 

Furthermore, because of individual players increased identification of key themes, a 

more complex and compatible SMMs between themselves and the coaches was 

established, as supported by the analysis in Layer three. Although applied to coach 

educators, Abraham et al. (2013) state how improvement in awareness must lead to 

practical improvements too. Evidence from Layers one and two indicate improved 

awareness with Layer four of analysis indicating practical on-field improvement. Both 

Richards et al’s. work (2012; 2016) and the findings from this thesis, therefore 

expands on Klein’s work (2008) by supporting the concepts of shared situational 

awareness, but additionally extending the examination of it within a sporting context. 

It is also important to consider, that the improved DM outlined in Layer four, could 

be owing to the players recognising situations and cues examined from the clips of 

previous weeks, and using this information to reframe new SMM (Richards et al, 

2012). This would further support the application of the Recognition Primed Decision-

Making (RPD) theory presented earlier in this thesis (Chapter two), and suggests that 

the players could make better and quicker automated decision based on this 

recollection from previous weeks (Kahneman & Klein, 2009; Boyes & Potter, 2015). 

This also supports the work of Kermarrec and Bossard (2013), who found that the 

basis of footballers DM was heavily reliant on the recognition of past experiences.  

To summarise, engagement in an off-field environment where players engage 

in CTA and reflective discussions, can enhance on-field DM, by developing individual 

MMs and a collective team SMM between all team members. This research further 
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supports the work of Mascarenhas et al. (2005) in officiating. Although the research 

by Mascarenhas et al. (2005) was conducted using referees, similar results were 

found. The DM of the referees increased after engagement in an off-field 

environment, supporting similar findings to the players’ improved team DM within 

this study. The researchers also reported an increase in shared vocabulary after 

watching the clips in a group (Mascarenhas et al., 2005). Richards et al. (2016) 

highlighted that the development of a shared common language contributed to the 

facilitation of enhanced team SMMs.  Within this study players regularly identified 

each other using playing position. This finding could be related to an increase in 

shared perception after observing clips together. Layer 2 analysis indicated that the 

players perceived the situation in a similar way.  To summarise the response to 

research question one, the evidence in this investigation suggests that engagement 

in regular off-field learning environments develops SMMs and on-field Naturalistic 

Decision-Making (NDM).  

Research question two “Can combining video footage and CTA in an off-field 

environment develop players own MMs and team SMMs?” will now be considered. 

In order to address research question two, findings from Layers one, two and 

three of analysis will be considered. However, to avoid repetition, the findings of this 

analysis will not be discussed in detail, as they have been outlined above, and also in 

chapter four. This study employed video footage and a combination of three CTA 

methods. Militello and Hutton (2008) argue that, due to technological advances, 

video footage can now be used to review key incidents. In sport, this footage is 

provided through the application of PA. A combination of CTA methods were applied 

in order to gather as much detail as possible; narratives, schematic illustrations and 

verbal accounts. Kani and Sharill (2015) state that TAPS can be applied to gather 

information that would not be accessible when analysing an individual’s writing or 

drawings. TAPS also enabled verbal comments relating to the team’s tactics to be 

discussed by the participants. Crandall et al. (2006) state, findings from one CTA 

method can be treated with greater confidence when the data is employed alongside 

other methods - suggesting the combined use of two or more CTA methods increases 

the validity of the findings.  
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Research comparing the cognitive function of novices and experts is extensive 

(Kartoshkina & Hunter, 2014; Dolif et al., 2013; Kermarrec & Bossard, 2013). The 

coaches in this study were considered to be experts, based on their qualifications and 

wealth of experience playing and coaching within football. However, although the 

players were not considered to be at the same expert level of the coaches (UEFA A 

license holders & over 15 years’ experience within professional football), the players 

are considered to be too advanced to be labelled as novices, based on the fact they 

are all professional footballers. Nevertheless, similarities between pervious research 

comparing novice and experts and this study can be identified, when comparing 

players and coaches. For example, Kermarrec and Bossard (2013) suggest how expert 

knowledge can be used to influence novice knowledge. Similarly, Dolif et al. (2013) 

suggest that CTA methods can serve as an appropriate tool when attempting to 

accelerate a novices’ learning. In the early stages of this study, the coaches theme 

identification and SMMs were superior to that of the players. However, as the study 

progressed, findings from Layers two and three indicates that the players theme 

identification and SMMs developed both with regard to increasing the complexity of 

SMM, and similarity of SMM with the coaches. This further supports the 

development of the players SMMs, almost reaching the standard of the expert 

coaches by weeks six and eight. Although the players are not referred to as novices, 

this finding supports the work of Kermarrec and Bossard (2013) and Dolif et al. (2013), 

who both outlined that CTA can be used to accelerate learning, and knowledge 

elicitation from experts, which can influence non-expert development. Furthermore, 

this data also supports the growing development of the teams SMM highlighted in 

Layers two and three of analysis. Groom and Cushion (2004) state that the SMM of 

the coach is the foundation of the team’s philosophy. This highlights the importance 

of all team members sharing the same SMM, especially the coaches Mental Model 

(MM), when attempting to improve on-field performance. The findings from Layers 

one, two and three further supports the work of Gershgoren et al. (2013), who 

suggest that through the application of PA in an off-field environment, SMMs 

between players and coaches can be developed. In summarising the response to 

research questions two, the engagement and use of PA in an off-field environment 

enhance the development of SMM utilised on the field of play.   
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Layers one, two and four of analysis will be examined in order to address 

research question three “Can CTA as a training method be used to accelerate and 

enhance on-field DM?”.  

Layer four indicated that shot on target generation and the ratio of shots on 

target to phase three entry improved over the eight-week period. As outlined in 

Chapter four, this could be owing to enhanced DM and awareness of teammates and 

opposition, allowing for clearer opportunities for a shot on target to be generated. 

This confirms the possible enhancement of SMMs developed by the team.  This 

suggestion is supported in Layers one and two of analysis. Players identified key 

themes more frequently as the number of weeks progressed (Layer one), and there 

was also an increase in the number of players that identified key themes, indicating 

an increase in shared perception (Layer two). Both statements highlight how 

engagement in CTA resulted in an improved SA by the players. It can therefore be 

assumed that the increase in the players SA had a positive impact on on-field DM, as 

they were able to recognise teammates and opposition more effectively in later 

stages of the study, following the engagement in CTA. This is further supported by 

the work of Caserta and Singer (2007), who found that engagement in SA training can 

have a positive impact on sporting performance. This statement is also supported by 

the development of the team SMM as highlighted above, when answering research 

questions one and three. Furthermore, the introduction of the breakdown of the clips 

and application of CTA, could also have contributed to improved DM, as earlier 

recognition and identification could help in later phases, as suggested by Richards et 

al. (2015) and Richards (2019). Given that no other variables had been trained during 

this period, it can be assumed that, the enhanced performance can be related to the 

formulation of SMM through the off-field training intervention, which applied CTA. 

Although there was an improvement in these performance indicators as stated 

above, it is also important to note that it was not a steady, gradual progression in 

shot on target generation as the study progressed. For example, the drop in shot on 

target generation in a number of weeks, illustrated in Figures 4.5 and 4.6 (Chapter 4), 

could be owing to a lack of coordination in the teams SMMs. Richards et al. (2009) 

state how the development of SMM allows team players to execute specific roles, in 

a coordinated manner to achieve the same expected outcome. However, in the early 
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stages of SMMs development, there could be a lack of coordination between players 

when performing complex tasks, as players are attending to and perceiving different 

cues, therefore having a negative effect on performance. From this evidence, with 

statements and research to support it, it is clear that the engagement in CTA off-field 

training facilitated the development and coordination of the teams SMMs between 

team members, which resulted in an increased level of on-field performance and 

team DM.  

   

5.3 Summary the findings  

This section aims to provide the reader with a summary of the findings of this 

study, before leading onto possible modifications and future work. 

Layer one of analysis indicated that the SMMs of the players developed 

throughout the period of study. This is evident from the higher frequency of key 

themes that were identified in weeks six and eight of the study, compared to week 

one. This higher frequency of key themes indicated that the players were more 

situationally aware of themes relating to the opposition and their teammates. In turn, 

this could be one factor that influenced on-field performance and DM. This theory is 

supported by Caserta and Singer (2007) who state that increased SA can improve on-

field performance.  

Not only did the complexity of SMMs and SA of individual players improve, 

Layer two also indicates a more collective understanding and complexity of the 

players SMMs. The increased number of players attending to the same key themes 

more frequently in weeks six and eight, than week one, highlights that the players 

were attending to the same environmental cues. This highlights a shared perception 

between the players, owing to the engagement of CTA and the observing of clips 

together. This is similarly supported by Klein (2008) in his concept of shared 

situational awareness and team metacognition.    

Layer three further highlighted the development of the players SMMs and 

how the study brought their SMMs and the coaches SMMs closer together, resulting 

in a more developed, more complex and more collective team SMM. This is 

unsurprising as Richards et al. (2016) suggest that the combination of both on-field 

and off-field training techniques can be used to reflect decisions made, therefore 



 91 

facilitating improved naturalistic team DM, MMs and SMMs. Owing to the 

development of individual SA and MMs, and the teams SMM, it is not surprising that 

team DM and on-field performance improved. This further supports the work of 

Richards et al. (2015), who state that all team members should share the same 

thoughts or SMM in order for team DM to improve.  

Layer four of analysis indicated an improvement in shot on target generation 

after the introduction of CTA and PA, and also an improvement in the generation of 

shots on target in relation to each phase three entries. It can be assumed that the 

engagement in CTA and video footage sessions improved on-field performance. This 

is owing to the increased SA of the players, development in individual SMMs and the 

development of the team SMM. This is again further supported by Mascarenhas et 

al. (2005), who found the DM of referees improved after the engagement in off-field 

training.  

In summary, the four Layers of analysis discussed above all provide evidence 

that the engagement in off-field training, involving video footage and CTA methods, 

can improve on-field DM. By engaging in off-field training, there is an opportunity to 

improve SA (Caserta and Singer, 2007), MMs and SMMs (Richards et al, 2016) and 

on-field DM (Richards et al, 2016; Mascarenhas, 2005). The sections above have 

answered the research questions and provided a synopsis of the findings in context 

of the literature. The following section will explore the contribution to knowledge of 

this research.  

 

5.4 Contribution to knowledge 

This thesis presents evidence that, by empowering players from an applied 

analyst’s perspective to engage with CTA in a naturalistic setting, facilitates 

individualised learning. The applied study is unique as it analyses the results in four 

different Layers, incorporating both qualitative and quantitative analysis. This 

allowed the data from the four different methods to be analysed. Each one of the 

four methods collected a different type of data; written quotes, drawings, verbal 

quotes and on-field performance. It is unique for research to combine four methods 

and four Layers of analysis. 
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Based on personal experience of five years’ involvement as a full-time 

footballer, before starting my career as an analyst, team meetings and video 

feedback sessions were usually coach led. Although I personally engaged and took 

instructions on board, I knew other players did not. This provided me with an area of 

interest which resulted in me exploring the construction of the learning environment 

when video clips are being presented to the players. This gave me the rationale and 

provided the background to me exploring this concept at postgraduate level. The 

traditional approach of team meetings and video feedback do not allow for effective 

individualised learning, and often led to players becoming bored. I believe this 

research can contribute to changing the approach to the design of team meetings in 

senior professional football. Thereby allowing players to link learning between 

themselves and teammates. Participating in discussions together enhances the 

facilitation of collective learning. In order to complete the CTA sheets, players had to 

pay attention, increasing the opportunity for individual development. I have 

demonstrated that the facilitation in such a study and the creation of an empowered 

learning environment can change the culture of, not just one team, but the players 

and coaches throughout a football club. 

The application of multiple CTA methods, and embedding live footage, also 

demonstrates an original contribution to knowledge. Data collection was naturally 

integrated into the existing training structure and did not require any alternation to 

the teams current training practices. Little research combines the use of three or 

more CTA methods within one intervention. This research was able to expand the 

DM Framework (Richards et al., 2016), and adapt it for its application as an analyst 

rather than a coach. The adaptation allowed the model to be applied within a senior 

men’s football season, from the perspective of an analyst. Therefore, this work has 

added to naturalistic research, without altering the sport environment to allow for 

research to be conducted. The section below will explore the limitations of the 

research and discuss how it could be improved.  

 

5.5 Limitations of research 

The following section will examine five possible limitations of the applied 

research. First, the study period could be considered as a limitation of the study. The 
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study could have been conducted to cover the whole football season, allowing a 

whole season comparison. This could also be considered as an area for future 

research. It has been considered that three blocks of eight-week periods at the start, 

middle and end of the study would have provided data throughout a complete 

season. A longer retention period could also have been applied. For example, leaving 

a two or three week gap between the last two data collection sessions or returning 

one week and three weeks post last contact week in which the intervention was 

applied. This could have provided more evidence to suggest how the break in CTA 

data collection really affected on-field performance, theme identification and 

retention.  

As highlighted in Chapter three, any participant who did not participate in all 

seven CTA data collection session did not have their data included in the study. This 

was to retain validity throughout the study for consistency of analysis. However, it 

may have been useful to look at partially engaged data, to establish any different 

trends or further support relating to any findings previously stated.  

A further limitation of the study concerns the group discussions. Group 

discussions were conducted to allow the whole team to participate in TAPS as one 

group. In order to yield more comments, it may have been more beneficial to split 

the team into smaller groups. In the study, when one team member mentioned a 

certain aspect of the clip it was rare for another team member to reiterate or add to 

the same aspect. Due to the team being in one large group, it is unclear why the 

aspect was not discussed further. It could potentially have been because only one 

team member recognised that aspect or theme, or because the rest of the team felt 

it had been covered, and therefore felt it was not necessary to mention again. 

Although it would have been more time consuming, splitting the team into smaller 

groups may have enhanced the findings from the discussions. Smaller groups may 

have allowed more team members to discuss similar aspects of the clips, which would 

potentially further highlight a development in their shared understanding or SMM. 

The division of the team could be done in a controlled way, allowing for another area 

of analysis. For example, the groups could have been based on playing position, with 

defenders, midfielders and attackers constructing three groups. Analysis between 

each unit could then have been compared. 
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The PA could also be considered in relation to the limitations of this research. 

Measuring team DM in competition is difficult. The key performance indicators were 

selected as they were thought to be the best measure of on-field DM and 

performance. If the work was to be extended then PA within this setting could go 

even further, by analysing different areas of performance. Indicators such as 

successful and unsuccessful passes in each phase and the result of each attacking play 

situation. From this, analysis on how the attack was concluded could be performed. 

For example, did the defender make a tackle or interception or was it because the 

attacking team performed a shot on goal? Comparisons of these indicators could then 

be performed between each game week. However, it is also just as important, if not 

more important to consider the opposition. Throughout a football season, a team will 

play teams of different levels. In addition, it is known that teams do not perform with 

100% consistency throughout a season. It could therefore be suggested that a 

limitation of this study is not considering the opposition performance level, and how 

the opposition impact the team’s performance throughout the season.  

Finally, it is important to highlight the percentage figures used in Figure 4.6. 

The sample size of shots on target from each game is small and therefore any slight 

change in the number of shots on target results in a considerable percentage change. 

This could also fall under the first limitation of applying the study throughout a whole 

football season. If this was to be applied for a whole season, shots on target numbers 

could then be grouped together, such as every 4 weeks, in order to use a more 

suitable sample size. Having presented the limitations of the study, the following 

paragraph will explore possible recommendations and future work 

 

5.6 Recommendations and future work 

The following section will explore how the work could possibly be expanded 

upon and developed. Due to technological advances, and the technology available 

today, it is hard to ignore how technology could be used further in this research area. 

Technology, such as virtual reality, could be employed. If players were able to observe 

identical situations again, from a first-person point of view, it could be beneficial in 

measuring and improving the awareness and DM of players. This would extend the 

use of video footage from this study, and develop it, so the players are reviewing 
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situations from exactly the same angle as they would be in a game situation. 

Following on from this, another way technology could be employed in this study 

would be surrounding the application of PA. As highlighted previously, team DM is 

difficult to measure, however, technology could improve this. The Australian Institute 

of Sport is currently developing new software that plots the areas of a football pitch 

accurately and also the number and positioning of players. This could be used to 

measure DM in different areas of the pitch, and how different sized areas, effected 

by teammates and opposition positioning, can affect effective DM.  

As mentioned in the section above, future work could be conducted over a 

season-long period, providing longitudinal evidence. This would allow a greater 

comparison and measurement of development over the course of the season, not 

just eight weeks. Owing to the team having to play each team at least twice each 

season, a season-long study may be able to take opposition skill level into account, 

by comparing games against the same opposition. It could also be beneficial to rank 

or rate performances of the opposition against the team to whom the research is 

being applied. This would allow the performance of opposition to be evaluated based 

on their skill and performance level. This would provide a better indication of how 

well the researched team actually performed on-field. It could be argued that the 

league table provides a ranking system, however, it does not evaluate game to game 

performance. It is almost impossible for a team to perform at exactly the same level 

throughout a football season, owing to a variety of factors such as; opposition, the 

weather, the pitch and the game location (home or away).  

This work has highlighted the impact it had on performance at first team level. 

All first team players were full time professionals at the time, yet improvement was 

still observed over an eight-week period. Therefore, it would be interesting to 

observe how this study would affect the development of non-professional players, if 

it were to be applied. This work could be extended by performing in a non-

professional team environment, such as a younger age group at the same club. This 

would allow a team philosophy, not just through one team, but a whole club. In turn, 

this could better prepare upcoming young players, developing their understanding of 

the first teams playing philosophy. Therefore, if a player were to progress into the 
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first team, an understanding of first team tactics and playing style would come with 

relative ease, allowing a smoother integration of young players into the senior squad.  

 

5.7 Conclusion 

This thesis has provided an overview of the approaches to enhance team DM 

in a naturalistic setting from the perspective of a team performance analyst. The 

Classical DM approach was first explored, suggesting how it could still be applied in 

an off-field setting to support the naturalistic environment of team sports. More 

relevant to this thesis, the paradigm of Naturalistic Decision-Making (NDM) and its 

approaches combined with its application within sport were examined. Chapter three 

provided an overview of the origins, history and approaches of CTA methods, before 

focusing on three specific methods, CDM, TAPS and CM, and their application. A 

fourth methodology, Performance Analysis PA was also discussed. A mixed method 

approach involving the four methods of CDM, TAPS, CM and PA was outlined and 

applied within the naturalistic environment of senior men’s professional football. 

Qualitative and quantitative analysis was performed to measure the development of 

individual SA and MMs, a team SMM and on-field team DM. The sections above 

provided the background to the study presented in Chapter four, in context of senior 

professional male players. Although the methodologies were applied in the best way 

possible, upon review there are still aspects that could be improved upon. 

Furthermore, aspects could be researched further by conducting future work. 

Utilising current or upcoming technology may provide a better method in measuring 

on-field team DM performance. Although possible avenues of improvements have 

been explored, it does not diminish the results gathered from this study. 

In conclusion, this research presents how CTA methods can be combined with 

PA and applied within an off-field professional team sport environment. The 

application of three CTA methods and PA, from the perspective of an applied football 

analyst provides an original contribution to knowledge. The study provides evidence 

that exposure to a regular slow deliberate off-field learning environment can 

enhance on-field team DM and performance. The combination of video footage, 

through the application of PA, and CTA allowed evaluation of performance to take 

place whilst developing the participants SA and facilitating an increase in the 
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complexity of their individual SMMs. Furthermore, individual SMMs increased in 

similarity to the SMMs identified by the coaches, whilst the whole teams SMMs also 

developed, illustrated by increased complexity of SMM and increased compatibility. 

Findings are further supported by previous research and has been highlighted in 

earlier sections. Owing to the application of the DM Framework (Richards et al, 2016) 

presented in this thesis, and the integration of on-field and off-field training, 

individual SA, the teams SMMs and on-field DM performance improved and 

developed.  
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Appendix 2: Participant Information Sheet and Consent Form 

 

 

 

 

 

  

 1 

Participant Informed Consent Form and Information Sheet 
 

Date: 21/09/18 
 

Research Study Title: Enhancing the formulation of shared mental models in football 
players 

 
My name is Joe Newton and this research forms part of my MPhil study at Glyndŵr 
University. You are being invited to take part in this study. Before you agree to take part, it 
is important that you understand the purpose and nature of the research and what your 
participation will involve, if you agree. Please read the following information carefully. If you 
would like more information or something is unclear then please ask using the contact 
details at the bottom of this information sheet. 
 
What is the purpose of the study and how will it be carried out? 
 
The research aims are: 
 
The project aims to establish whether a shared mental model is present at The New Saints 
Football Club. If so, the next aim is to develop that shared mental model further. The main 
aim of the study is to improve the teams shared mental model, decision making and 
performance. 
 
The research methodology is: 
 

1. Participants (coaches and players) will have access to 6 clips.  
2. The clips will be the same for every participant.  
3. After watching the clips participants will be asked to fill in the Cognitive Task Analysis 

(CTA) sheet, stating what they saw in each clip. After certain clips participants will be 
asked to verbally state what they saw in each clip. 

4. Participants will take part in the session in 2 groups (coaches and players). Coaches 
will take part first and will be separate from the players. All players will then 
complete the same session.  

5. Results across the whole period of data collection will be compared to establish if 
Shared Mental Models (SMM) can be enhanced using CTA.  

 
 
Why have I been invited to take part? 
 
I aim to recruit first team players and coaches of TNS FC.  
 
Do I have to take part? 
 
Participation is entirely voluntary and it completely your decision whether you take part or 
not. If you do agree to take part you will be asked to sign the consent form attached. If you 
agree to take part, you are free to withdraw from the study at any point. If that happens, 
any information or data you have provided will not be used in the study.  
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 2 

 
What will taking part involve? 
 
If you agree to take part I will meet with you at a time to suit your training schedule. You 
will be asked to watch video clips. All clips throughout the study will be from your TNS first 
team games. Coaches will watch the clips first with myself and complete the CTA sheet that 
will be provided. All players will then watch the same clips with myself and the coaches, also 
completing the CTA sheet provided. After certain clips, participants will be asked to verbally 
discuss the clip. These meetings will be recorded using a video camera.  
 
Will my participation be confidential? 
 
All information collected during the study about you will be kept strictly confidential in 
accordance with the Data Protection Act. The only people who will know about you are the 
researcher, my supervisors and advisor and your manager and assist manager. All data, 
whether electronic or paper will be destroyed 4 years after the MPhil is completed.  
 
What will you do with the results of the research? 
 
The results of the research could be used to influence future training within the football 
club in an attempt to improve performance. No participant will be named in the thesis or 
any publications.  
 
What happens next? 
 
Thank you for reading this information sheet. If you agree to take part, please complete and 
sign the consent form attached. You will be given a copy of the consent form to keep. Once 
the consent from is complete I will be in contact to discuss the next stage of the study.  
 
If you wish to complain about any aspect of the study please contact: 
 
Professor Mandy Robbins 
Email: m.robbins@glyndwr.ac.uk  
 
Contact for further information: 
 
If anything is unclear, or you want more information, please do not hesitate to contact me: 
 
Joe Newton 
Email: s14002092@mail.glyndwr.ac.uk 
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3 

Participant Consent Form 
 

Research Study Title: Enhancing the formulation of shared mental models in football 

players 

 
Name of Researcher: Joe Newton 

 

Please tick the box(es) to confirm each statement 

 

I confirm that I have read and understood the information sheet dated 21/09/18 for 

the above study. I have had satisfactory responses if I have asked for clarification or 

for more information.  

 

 

o 

I understand that my participation is voluntary and I can withdraw at any time, 

without giving any reason 

 

o 

  

I understand that the data collected from me during the study may be looked at by 

the researcher, the researcher’s supervisors and advisor and also my manager and 

assistant manager at TNS FC  

 

o 

 

I understand and agree that meetings may be recorded using a video camera 

 

o 

 

I am aware that data collected from me will be anonymised in the thesis and any 

publications. I also understand that data will be deleted 4 years after the completion 

of the study 

 

 

o 

  

I consent to being video recorded in my matches and training sessions for TNS FC 

 

I agree to take part in the above study 

 

o 

 

o 

  

 

 

 

_______________________  _____________________  __________ 

Name of Participant   Signature    Date 

 

 

_______________________  _____________________  __________ 

Name of Researcher   Signature    Date 
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 1 

Week 1 
 
Clip 1 – Phase 1  
Draw or write what you see 
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Clip 1 – Phase 2 
Draw or write what you see 
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Clip 1 – Phase 3 
Draw or write what you see 
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Clip 2 – Phase 1  
Draw or write what you see 
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Clip 2 – Phase 2  
Draw or write what you see 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 



 123 

 
  

 6 

Clip 2 – Phase 3  
Draw or write what you see 
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 7 

Clip 3 – Phase 1  
Draw or write what you see 
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 8 

Clip 3 – Phase 2  
Draw or write what you see 
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 9 

Clip 3 – Phase 3 
Draw or write what you see 
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 10 

Clip 4 – Phase 1  
Draw or write what you see 
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 11 

Clip 4 – Phase 2  
Draw or write what you see 
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 12 

Clip 4 – Phase 3 
Draw or write what you see 
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 13 

Clip 5 – Phase 1  
Draw or write what you see 
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 14 

Clip 5 – Phase 2  
Draw or write what you see 
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 15 

Clip 5 – Phase 3  
Draw or write what you see 
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 16 

Clip 6 – Phase 1 
Draw or write what you see 
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 17 

Clip 6 – Phase 2 
Draw or write what you see 
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 18 

Clip 6 – Phase 3 
Draw or write what you see 
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Appendix 4: Blank CDM Template 
 
 
 

 
 

 
 
 
 

 
 
 
 
Key: Red Text = Themes identified

 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 

Incident Identification: Player x (Week y) 
Developing collective thought processes within attacking play situations 

Timeline of phases within attacking play situation is 
created 

 

Timeline of decision-making phases 
 

                                                                                           
Phase 1 Phase 2 Phase 3 

Hypotheticals             -             Match Comparisons              -                 Expert/Novice comparison             -             Future Match Decision-Making 
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Appendix 5: Table presenting the themes identified by all participants in Phase one of clip three in weeks one, six and eight 

 

Player & Coach 

Number 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) 

Coach 1 

Player on Ball (n=4) 
Pass (n=2) 

Area of Pitch (n=3) 
Player Name (n=4) 

Ball (n=1) 
Pass Direction (n=1) 

Player on Ball (n=1) 
Area of Pitch (n=1) 
Player Name (n=1) 

Opposition Player (n=2) 

Player on Ball (n=2) 
Pass (n=1) 

Player Name (n=2) 

Coach 2 

Player Name (n=5, n=5) 
Pass (n=2, n=6) 

Type of pass (n=1) 
Pass direction (n=1, n=6) 
Movement off ball (n=1) 

Player off ball (n=1) 
Opposition player (n=1) 

Player Name (n=5, n=5) 
Opposition player (n=1, n=2) 
Movement on ball (n=1, n=1) 

Player off ball (n=4, n=4) 
Movement off ball (n=1) 
Player on ball (n=1, n=1) 

Player Name (n=2, n=2) 
Player on ball (n=3) 
Direction (n=1, n=1) 

Pass (n=1, n=1) 
Oppostion Unit (n=2) 

Movement on ball (n=1, n=1) 
Opposition player (n=6) 

Pass Direction (n=1) 
Player off ball (n=1) 
Pass direction (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) (continued) 

Player 1 

Player on Ball (n=3) 
Pass (n=1) 

Pass Direction (n=1) 

Area of pitch (n=1) 
Movement on ball (n=1, n=1) 

Ball (n=1) 
Direction (n=1) 

Player on Ball (n=4) 
Pass (n=2) 

Movement on ball (n=1, n=1) 
Ball (n=1) 

Pass Direction (n=2) 
Type of pass (n=1) 

Player 2 

Player on Ball (n=3) 
Pass (n=1, n=1) 

Area of Pitch (n=1) 
Pass Direction (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Ball (n=1) 
Direction (n=1) 

Player 3 

Player on Ball (n=1) 
Playing Position (n=3) 

Pass (n=2) 
Movement on ball (n=1) 

Ball (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of pitch (n=2) 
Ball (n=2) 

Direction (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Pass (n=1) 
Ball (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) (continued) 

Player 4 

Player on Ball (n=1) 
Playing Position (n=3) 

Pass (n=3) 
Ball (n=1) 

Pass Direction (n=1) 

Player on Ball (n=1) 
Player Name (n=1) 

Movement on ball (n=1) 
Ball (n=1) 

Direction (n=1) 

Player on Ball (n=2) 
Pass (n=1) 

Player Name (n=2) 
Movement on ball (n=1) 

Pass Direction (n=1) 

Player 5 

Player on Ball (n=2) 
Playing Position (n=3) 

Pass (n=2) 
Area of Pitch (n=1) 

Ball (n=1) 
Shot (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Movement on ball (n=1) 
Opposition Player (n=2) 

Player on Ball (n=2) 
Playing Position (n=2) 

Pass (n=1) 
Area of pitch (n=1) 

Pass Direction (n=1) 

Player 6 

Player on Ball (n=2) 
Pass (n=1) 

Player Name (n=2) 
Pass Direction (n=1) 

Player on Ball (n=1, n=1) 
Player Name (n=1) 

Movement on ball (n=1, n=1) 
Ball (n=1) 

Opposition Player (n=1) 
Direction (n=1) 

Player on Ball (n=1, n=2) 
Pass (n=1, n=1) 

Player Name (n=1) 
Pass Direction (n=1) 
Player off ball (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) (continued) 

Player 7 

Ball (n=2) 
Area of pitch (n=1) 

Pass (n=1) 
Pass Direction (n=1) 

Playing Position (n=2) 
Player on ball (n=2) 

Movement on ball (n=1) 

Playing Position (n=1) 
Movement on ball (n=2) 

Opposition Unit (n=2) 
Player on ball (n=1) 

 
  

Playing Position (n=1) 
Player on ball (n=1) 

Movement on ball (n=1) 
Opposition unit (n=1) 

Ball (n=1) 
 

Player 8 

Player on Ball (n=2) 
Playing Position (n=3) 

Pass (n=1) 
Ball (n=1) 

Type of pass (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of pitch (n=1) 
Movement on ball (n=1) 

Ball (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Pass (n=1) 
Area of pitch (n=1) 

Movement on ball (n=1) 
Pass Direction (n=1) 

Player 9 

Player on Ball (n=3) 
Playing Position (n=4) 

Pass (n=2) 
Movement on ball (n=1) 

Type of pass (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of pitch (n=1) 
Movement on ball (n=1) 

Player on Ball (n=2) 
Playing Position (n=1) 

Pass (n=1, n=2) 
Movement on ball (n=1) 

Pass Direction (n=2) 
Opposition Unit (n=1) 

Direction (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) (continued) 

Player 10 

Player on Ball (n=3) 
Playing Position (n=3) 

Pass (n=2) 
Movement on ball (n=1) 

Pass Direction (n=2) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Player on Ball (n=3, n=3) 
Playing Position (n=3) 

Pass (n=2, n=2) 
Pass Direction (n=2) 

Player 11 

Player on Ball (n=1) 
Pass (n=4) 

Pass Direction (n=4) 

Movement on ball (n=1) 
Direction (n=1) 

Pass (n=2) 
Movement on ball (n=1) 

Pass Direction (n=2) 

Player 12 

Player Name (n=4) Player on Ball (n=1) 
Movement on ball (n=1) 

Ball (n=1) 
Opposition Player (n=1) 

Player off ball (n=2) 
Direction (n=1) 

Player on Ball (n=2, n=2) 
Playing Position (n=2) 

Movement on ball (n=1, n=1) 
Pass Direction (n=1) 

Player 13 

Player on Ball (n=2, n=4) 
Pass (n=2, n=3) 

Player Name (n=3) 
Pass Direction (n=2, n=3) 
Passes Numbered (n=1) 

Player on Ball (n=1) 
Area of pitch (n=1) 
Player Name (n=1) 

Ball (n=1) 

Player on Ball (n=2) 
Playing Position (n=1) 

Pass (n=1) 
Direction (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 6 - Themes identified in 

Phase 1 (n= writing frequency, n= 

drawing frequency) (continued) 

Week 8 - Themes identified in Phase 1 

(n= writing frequency, n= drawing 

frequency) (continued) 

Player 14 

Pass (n=1) 
Movement on ball (n=1) 

Ball (n=1) 
Pass Direction (n=2) 
Type of pass (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Ball (n=1) 
Opposition Player (n=1) 

Direction (n=1) 

Player on ball (n=2) 
Playing Position (n=2) 

Pass (n=2) 
Area of Pitch (n=1) 

Pass Direction (n=1) 

Player 15 

Movement off ball (n= 1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Playing Position (n=1) 
Movement on ball (n=1) 

Playing Position (n=1) 
Player on ball (n=1) 

Ball (n=1) 
Movement on ball (n=2) 

Opposition unit (n=1) 
Player off ball (n=3) 

Movement off ball (n=1) 

Playing Position (n=2) 
Player on ball (n=3) 

Movement on ball (n=1) 
Pass (n=2) 

Direction (n=1) 
Opposition Unit (n=1) 

Player 16 

Player on Ball (n=3) 
Playing Position (n=4, n=1) 

Pass (n=2, n=2) 
Ball (n=1) 

Pass Direction (n=2) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Ball (n=1) 
Direction (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Movement on ball (n=1) 
Ball (n=1) 

Direction (n=1) 
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Appendix 6: Table presenting the themes identified by all participants in Phase three of clip three in weeks one, six and eight 

 

Player & Coach 

Number 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) 

Coach 1 

Area of Pitch (n=2) 
Player Name (n=2) 

Ball (n=1) 
Pass Direction (n=1) 
Player off ball (n=2) 

Player on Ball (n=1) 
Player Name (n=2) 
Type of pass (n=1) 

Opposition Unit (n=1) 

Player on Ball (n=1) 
Player Name (n=2) 

Movement on ball (n=1) 
Type of Pass (n=1) 
Player off Ball(n=1) 
Part of Body (n=1) 

Direction (n=1) 
Block (n=1) 
Shot (n=1) 

Coach 2 

Player Name (n=1, n=1) 
Player on ball (n=1) 

Pass (n=1) 
Movement off ball (n=1) 

Shot (n=1, n=1) 
Shot direction (n=1, n=1) 
Player off ball (n=2, n=3) 
Opposition Player (n=1) 

Player Name (n=5, n=4) 
Movement on ball (n=1) 
Player off ball (n=1, n=2) 
Movement off ball (n=1) 
Player on ball (n=2, n=2) 

Direction (n=1) 
Ball (n=1) 

Area of pitch (n=3) 
Type of pass (n=1) 

Pass (n=1) 
Pass Direction (n=1) 

Player Name (n=2, n=2) 
Player on ball (n=3, n=1) 

Pass (n=1, n=1) 
Movement on ball (n=1, n=1) 
Opposition player (n=2, n=1) 

Pass Direction (n=1) 
Player off ball (n=1, n=2) 

Pass Direction (n=1) 
Shot (n=1) 
Block (n=1) 

Movement off ball (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 1 

Player on Ball (n=1) 
Playing Position (n=1) 
Shot Direction (n=1) 

Player on Ball (n=1) 
Pass (n=1, n=1) 

Area of pitch (n=1) 
Pass Direction (n=1) 
Player off ball (n=2) 

Direction (n=1) 

Player on Ball (n=2) 
Pass (n=1) 

Movement on ball (n=1) 
Pass Direction (n=1) 
Type of pass (n=1) 

Shot Direction (n=1) 
Block (n=1) 

Shot (n=1, n=1) 
Opposition Player (n=1) 

Player 2 

Player on Ball (n=1) 
Playing Position (n=1, n=1) 

Shot Direction (n=1) 
Shot (n=1, n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Type of pass (n=1) 
Direction (n=2) 

Player on Ball (n=1) 
Playing Position (n=2) 

Pass (n=1) 
Ball (n=1) 

Pass Direction (n=1) 
Shot (n=1) 

Player 3 

Player on Ball (n=1)  
  

Playing Position (n=1) 
Ball (n=1) 

Pass Direction (n=1) 
Block (n=1) 
Shot (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 4 

Player on Ball (n=2) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Movement on ball (n=1) 

Shot (n=1) 

Player on Ball (n=1) 
Area of Pitch (n=1) 
Player Name (n=1) 
Type of pass (n=1) 

Player on Ball (n=2) 
Area of Pitch (n=1) 
Player Name (n=2) 
Type of pass (n=1) 
Part of foot (n=1) 

Player 5 

Player on Ball (n=1) 
Playing Position (n=1) 

Shot (n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Ball (n=1) 
Type of pass (n=1) 

Player on Ball (n=2) 
Playing Position (n=2) 

Pass (n=1) 
Shot (n=1) 

Player 6 

Player on Ball (n=1) 
Player Name (n=1, n=1) 

Shot Direction (n=1) 
Shot (n=1) 

Player on Ball (n=1, n=1) 
Pass (n=1) 

Player Name (n=2) 
Ball (n=1) 

Type of pass (n=1) 
Player off ball (n=1) 

Direction (n=1) 

Player on Ball (n=1, n=2) 
Pass (n=1) 

Player Name (n=1) 
Pass Direction (n=1) 

Block (n=1) 
Shot (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 7 

Playing Position (n=1) 
Shot (n=1) 

Player on ball (n=1) 

Timing of pass (n=1) 
Type of pass (n=1) 
Area of pitch (n=1) 

Ball (n=1) 

Playing Position (n=2) 
Player on ball (n=1) 

Movement off ball (n=1) 
Player off ball (n=1) 

Opposition Player (n=1) 
Type of pass (n=1) 

Pass (n=1) 
Pass Direction (n=1) 
Area of pitch (n=1) 

Shot (n=1) 
Block (n=1) 

Player 8 

Player on Ball (n=1) 
Playing Position (n=1) 

Shot (n=1) 

Pass (n=1) 
Area of pitch (n=1) 

Ball (n=1) 

Player on Ball (n=2) 
Playing Position (n=2) 
Pass Direction (n=1) 
Type of pass (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 9 

Playing Position (n=1) 
Pass (n=1) 
Shot (n=1) 

Area of pitch (n=1) 
Type of pass (n=1) 

Movement off ball (n=1) 
Player off ball (n=1) 

Player on Ball (n=1) 
Playing Position (n=2) 

Pass (n=1) 
Area of pitch (n=1) 

Pass Direction (n=1, n=1) 
Movement off ball (n=1) 

Shot Direction (n=1) 
Block (n=1) 

Shot (n=1, n=1) 

Player 10 

Player on Ball (n=1) 
Playing Position (n=1, n=1) 

Area of Pitch (n=1) 
Shot Direction (n=1) 
Player off ball (n=1) 

Shot (n=1, n=1) 

Type of pass (n=1) Pass (n=1) 
Pass Direction (n=1) 
Type of pass (n=1) 

Opposition Unit (n=1) 
Shot (n=1, n=1) 

Player 11 

Shot Direction (n=1) 
Shot (n=1) 

Pass (n=1) 
Pass Direction (n=1) 
Player off ball (n=1) 

Pass (n=2) 
Pass Direction (n=2) 
Shot Direction (n=1) 

Shot (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 12 

Player on Ball (n=1) 
Player Name (n=1) 

Shot Direction (n=1) 
Shot (n=1, n=1) 

Player on Ball (n=1) 
Pass Direction (n=1) 
Type of pass (n=1) 

Direction (n=1) 

Player on Ball (n=1) 
Movement on ball (n=1) 
Pass Direction (n=1, n=1) 
Type of pass (n=1, n=1) 
Opposition Player (n=1) 

Shot Direction (n=1) 
Part of body (n=1) 

Block (n=1) 
Shot (n=1, n=1) 

Player 13 

Player on Ball (n=1) 
Player Name (n=1) 

Shot Direction (n=1) 
Player off ball (n=1) 

Shot (n=1, n=1) 

Player on Ball (n=1) 
Playing Position (n=2) 

Pass (n=1) 
Area of pitch (n=1) 
Player Name (n=1) 
Player off ball (n=1) 

Playing Position (n=2) 
Area of pitch (n=1) 

Ball (n=1) 
Pass Direction (n=1) 

Movement off ball (n=1) 
Block (n=1) 
Shot (n=1) 

Player 14 

Playing Position (n=1) 
Area of Pitch (n=1) 
Player Name (n=1)  

Area of Pitch (n=2) 
Type of pass (n=1) 

Movement off ball (n=1) 
Player off ball (n=1) 

Area of Pitch (n=1) 
Pass Direction (n=1) 
Type of pass (n=1) 

Block (n=1) 
Part of Body (n=1) 

Shot (n=1) 
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Player & Coach 

Number 

(continued) 

Week 1 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 6 - Themes identified in Phase 

3 (n= writing frequency, n= drawing 

frequency) (continued) 

Week 8 - Themes identified in 

Phase 3 (n= writing frequency, n= 

drawing frequency) (continued) 

Player 15 

Playing Position (n=1) 
Shot (n=1) 
Ball (n=1) 

Player on ball (n=1) 
Playing Position (n=1) 

Type of pass (n=1) 
Area of pitch (n=1) 

Opposition Player (n=2) 
Player off ball (n=2) 

Playing Position (n=2) 
Player on ball (n=1) 
Part of body (n=1) 
Area of pitch (n=2) 

Opposition Player (n=1) 
Type of pass (n=1) 

Shot (n=1) 

Player 16 

Player on Ball (n=1) 
Playing Position (n=1, n=1) 

Pass (n=1) 
Area of Pitch (n=2) 

Ball (n=1) 
Pass Direction (n=1) 
Shot Direction (n=1) 

Shot (n=1, n=1) 

Player on Ball (n=1) 
Playing Position (n=1) 

Area of Pitch (n=1) 
Type of pass (n=1) 

Player off ball (n=2) 

Player on Ball (n=2) 
Playing Position (n=2) 
Pass Direction (n=1) 
Type of pass (n=1) 

Block (n=1) 
Shot (n=1) 
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Appendix 7: Raw Performance Analysis data 

Week Shots Shots on target Shots off target Phase 3 entries Goals 

0 17 6 11 36 1 

1 19 9 10 52 5 

2 18 7 11 53 3 

3 7 4 3 17 3 

4 11 7 4 35 1 

5 16 8 8 30 5 

6 10 8 2 33 0 

7 19 7 12 34 2 

8 15 9 6 29 0 

 

  



 

 


