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Forward 

This thesis has been a significant part of my working life for the past five years, but it is much 
more than that.  It is the apotheosis of a career in high performance sport, spanning six 
Olympic/Paralympic cycles and supporting many athletes to podium success(es).  It is to those 
athletes, past and present, that I partly dedicate this thesis, for without them, my idea for the 
concept of fatigue management would not have been born, nor would the drive and 
motivation to pursue it as a valuable tool for practitioners to assist athletes be the best they 
can be in their chosen sport.  

I hope through reading this thesis you are left with a sense of what it is to be part of an 

evolving industry with the eyes of the world upon you and it.  The UK high performance 

industry has transformed itself over the last 20 years and I have been fortunate enough to be 

right in the heart of that change, the pinnacle being a home Olympic and Paralympic Games 

in 2012.  Parallel to this has been my work with British Rowing; one of the most successful 

Olympic and Paralympic sports in the world.  This has been a dream come true and I am 

humbled to have experienced being part of a world class system for the majority of my career 

to date.  It is from these experiences that this thesis was born. 

In producing this thesis there are many people to thank, Sport Wales for giving me the chance 

to grow my career in the first place and to the UK Sport high performance system as a whole 

for nurturing my career and providing pathways for its development.  To Professor Zoe 

Knowles for her help in my attempts to utilise qualitative methodologies and Professor Louis 

Passfield for his unending positivity, helpful voice and a valuable co-explorer of London cafes!  

To my family for always being there, Mum and Dad for their eternal enthusiasm and attempts 

to understand what it is a Sports Scientist actually does!  Without a doubt, the biggest factor 

in making this thesis a success is my husband, and children, for whom I hope this makes them 

proud.  They are my constant and for whom I strive to be better at what I do. Always.  

Sarah Gilchrist, July 2018 
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The Evolution of the Concept of Sleep and Movement Behaviour to the UK 

High Performance Sport Industry   

 
Abstract 
The UK high performance industry has evolved and expanded over the last 20 years.  Parallel 
to this has been an upsurge in the Sports Science industry with contemporary practitioners 
providing more support to elite athletes in a much more comprehensive and scientific 
ƳŀƴƴŜǊΦ  Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ (WITTW) models now form a strategic part of the 
performance planning process and many factors impact on WITTW variables.  Fatigue 
management, through assessment of sleep and also, associated daytime movement 
behaviour, is an example of such a factor.  I collectively term the assessment of both these 
ǾŀǊƛŀōƭŜǎ ΨFatigue aŀƴŀƎŜƳŜƴǘΩ.  Limited knowledge exists regarding sleep characteristics 
and movement behaviour of elite athletes.  Therefore, I present in this thesis the evolution of 
the concept of fatigue management practices (through athlete sleep and associated 
movement behaviour assessment), and show how it has been included in the routine 
methods of Sports Science and Medicine practitioners.  Whilst sleep remains a poorly 
understood entity there is evidence of a reciprocal relationship between sleep and athletic 
performance with disturbed sleep having a detrimental effect on psycho-physiological 
processes.  In the absence of an effective fatigue management strategy this can be particularly 
problematic for elite athletes. A technical description of sleep and associated movement 
behaviour are presented along with methodologies for fatigue management assessment and 
details of projects using fatigue management strategies.  To add context and insight, 
subjective findings of the impact of introducing this new concept within UK high performance 
sportsΩ ǇǊƻƎǊŀƳƳŜǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘΦ  I present that physiologists should assess fatigue 
management in the elite athletes they support and use this assessment for dialogue with 
coaches and sports science and medicine peers, to ensure provision of optimal fatigue 
management strategies in the performance programmes with which they work.  Finally, 
success factors, methods of optimal practice and future recommendations for an effective 
fatigue management strategy are presented. 
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Overview and Aims 

This thesis sits in the context of high performance sport where the environment and culture 

support the primary objective of achieving senior international championship gold medal 

performances. Success in high performance sport is multifactorial. Consequently, sports 

ǎŎƛŜƴǘƛǎǘǎ ǿƻǊƪ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǎǇŜŎƛŦƛŎ ŦŀŎǘƻǊǎ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ŀ ǘŜŀƳ ƻǊ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜΩǎ 

performance. Once these determinants of performance are established, this knowledge can 

be used to devise broad models of, Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ (WITTW). These WITTW models in 

turn help to identify where there may be potential for small advances in performance or so-

ŎŀƭƭŜŘ άƳŀǊƎƛƴŀƭ ƎŀƛƴǎέΦ  ¢ƘǊƻǳghout my career I have found that there are many factors 

which contribute to or influence the determinants of performance; as an example, some 

obvious ones are, psychological, physical and nutritional.  This thesis will specifically focus on 

the less well understood psycho-physical aspect of sleep and movement behaviour. Sleep 

being a recurring state over several hours per night, during which the body remains 

unconscious, eyes closed, nervous system relatively inactive and muscles relaxed. Movement 

behaviouǊ ōŜƛƴƎ ǘƘŜ ƳƻǾŜƳŜƴǘ ǾƻƭǳƳŜ ŘǳǊƛƴƎ ǿŀƪƛƴƎ ƘƻǳǊǎΣ ƻŦǘŜƴ ƪƴƻǿƴ ŀǎ ΨŀǘƘƭŜǘŜ 

ŘƻǿƴǘƛƳŜΩΦ CƻǊ ŜŀǎŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘƘŜǎƛǎΣ L ǿƛƭƭ ǳǎŜ ǘƘŜ ǘŜǊƳ ΨŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘΩ ŀǎ ŀ 

collective term for both sleep and movement behaviour in relation to their effect on sports 

performance.  I will argue that these two variables, can provide useful information for the 

optimisation of performance.  Both variables can be objectively measured and analysed as 

sleep quantity and quality, and daytime rest and activity profiles, and captured through the 

use of Actiwatches.  The methodology for using this field tool is described in Chapter 5.   

 

Therefore, the primary aim of this thesis is to describe the evolution of the novel concept and 

ǇǊƻŎŜǎǎ ƻŦ ΨŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘΩ ƛƴǘƻ ǘƘŜ ¦Y ƘƛƎƘ ǇŜrformance sport industry.  I will aim to 
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describe the progression from inception of my idea, Ƴȅ ǎǳǇŜǊǾƛǎƛƻƴ ƻŦ ŀ tƘ5 ƻƴ ΨǎƭŜŜǇ ŀƴŘ 

ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜΩ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ǿƻǊƪŦƭƻǿǎ ǿƛǘƘƛƴ ǘƘŜ ƘƛƎƘ-performance sport industry 

to current practices and future recommendations and optimal practices for employing 

measurement and assessment of fatigue management.  Supporting this, and to provide 

context to the work completed on introducing fatigue management to the high-performance 

sport arena, I will aim to outline my philosophy as a practitioner in the UK high performance 

sport system and exemplify the work required in providing sports science support on fatigue 

management to elite athletes and coaches.  I will also provide a description of the 

determinants of perforƳŀƴŎŜ ŀƴŘ Ƙƻǿ ƛƴǘŜƎǊŀƭ ǘƘŜȅ ŀǊŜ ǘƻ ǇǊŀŎǘƛǘƛƻƴŜǊǎΩ ǿƻǊƪƛƴƎ ǇǊŀŎǘƛŎŜǎΦ 

Further, a technical review of sleep (and associated movement behaviour) and athletic 

performance will be provided followed by a description of how sleep has been investigated 

in contemporary sports science literature.  Following this description, I shall propose that 

ǇƘȅǎƛƻƭƻƎƛǎǘǎ ǎƘƻǳƭŘ ΨƻǿƴΩ ǎƭŜŜǇ ŀƴŘ ǿƛƭƭ ǇǊŜǎŜƴǘ Ƴȅ ŦƛƴŘƛƴƎǎ ŦǊƻƳ ǎǇƻǊǘǎΩ ǇǊƻƧŜŎǘǎ L ƘŀǾŜ 

conducted involving fatigue management.  These examples will principally be in the sport of 

Rowing because this is the sport I have worked most closely with throughout my professional 

doctorate programme.  Work with other British National Governing Bodies of Sport will be 

used to exemplify the success of the Rowing projects. I will also document the associated 

evolution of the fatigue management concept into other areas of the UK high performance 

industry as this has also been a key part of my work.  This has involved establishing normative 

data on sleep characteristics in an elite athlete population.  The thesis will describe how the 

evolution of the fatigue management concept felt, to me, pioneering work. That is, the 

concept developed from being a minor part of my practitioner work programme to a 

significant service provided throughout the UK high performance sport system, involving 

doctoral research, education platforms, innovation projects, service delivery and 
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multidisciplinary collaborations.  The thesis will culminate with guidelines for optimal practice 

on how sleep and movement behaviour should be captured, analysed and reported in elite 

sport given the complex environments practitioners find themselves working within.  Finally, 

I will provide future recommendations and conclusions. This will include a summary of how 

to introduce a new concept to such an industry and, through qualitative methods employed, 

observe, understand and encapsulate the impact of introducing the concept of fatigue 

management into the UK high performance sport system.  A summary of the thesis objectives 

is listed below and for guidance, headlines and links for each Chapter are provided in the 

subsequent Chapter sequence.  

 
Thesis objectives: 
1. To ascertain the growth of Sports Science over the last 20 years and how fatigue 

management has emerged as part of the industry development 
 

2. To assess current literature relating to sleep and movement behaviour and athletic 
performance 

 
3. To determine why physiologists should take responsibility for sleep and athletic 

performance measurement and assessment 
 

4. To provide examples of fatigue management projects in high performance sport and 
methods of optimal practice for assessment of fatigue management 

 
5. To make recommendations for future research and applied practice in relation to fatigue 

management of elite athletes 
 

6. To assess the impact of evolving the concept of fatigue management to the UK high 
performance sport industry 
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Chapter Sequence 
 

Chapter 1. Setting the Scene: UK High Performance Sport, the ΨWhat it Takes to WinΩ Model, 
Practitioner Philosophy and the Idea behind the Concept of Fatigue Management.  
 
Rationale: to provide insight and understanding of the applied sports science industry and my 
positionality and philosophy as a practitioner within it.   To highlight how I pioneered the idea 
to evolve the concept of fatigue management and athletic performance. 
 
Key Findings: 
1. Sports science and the UK high performance sport industry has evolved markedly over the 

last 20 years 
2. Science and technology play a larger role in sport performance than ever before and more 

scientific practitioners now work within more sports 
3. Introduction of the Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ (WITTW) concept 
4. Determinants of performance are crucial to achieving marginal gains and certain factors 

impact on determinants of performance; fatigue management, through sleep and 
associated movement behaviour, is one of these factors 

5. My positionality within the sports science industry is summarised 
6. The idea to evolve fatigue management practices came from experiential learning through 

working with athletes on the ground and wider discussions within the UK high 
performance sport industry and academia  
 

LINK: whilst Sports Science has evolved over the last 20 years, fatigue management practices 
have not been traditionally utilised by physiologists (or other science and medicine 
practitioners) within high performance sport.  There is a need to describe what sleep and 
associated movement behaviour are and the evolution of their measurement and assessment 
within the high-performance sport industry.  Feedback from those involved in developing the 
concept will add insight and context to the thesis.    
 
 
Chapter 2.  Qualitative Methodology  
 
Rationale: Using a qualitative methodology to explore the impact of evolving a concept within 
the high-performance sport industry.  
 
Key Findings:  
1. Qualitative research is not traditionally undertaken in the physiology discipline 
2. Qualitative analysis can add substance, context, insight and depth to quantitative findings 

in the physiology discipline 
 

LINK: the thesis describes the evolution of the sports science industry and fatigue 
management as a product of that process.  Whilst practical examples of fatigue management 
projects and a description of how the concept was introduced to the UK high-performance 
sport industry are provided later in the thesis, the impact of such work is typically difficult to 
quantify.  Therefore, a qualitative methodology was employed through individual semi-
structured interviews with key practitioners and subsequent representation offered via 
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verbatim quotes. This data on fatigue management strategies adds insight, substance, 
context and depth to the thesis and is set against a comprehensive understanding of what 
sleep is and current findings in the sport science literature.  
 
 
Chapter 3.  A Technical Description of Sleep and Associated Movement Behaviour 
 
Rationale:  To outline the physiological processes of sleep, provide information on the 
architecture of sleep and why and how it is an important entity to be considered by 
physiologists working with high performance athletes and coaches.  A description of 
movement behaviour is also provided.  
 
Key Findings: 

1. Sleep has been studied since the early 19th century but remains a modern day mystery 
despite various attempts to fully describe its purpose 

2. As part of its mystery, sleep falls into a number of domains e.g. psychology, 
neuropsychology, cardio-respiratory medicine and chronobiology (biological 
rhythms), consequently no one domain ΨƻǿƴǎΩ ǎƭŜŜǇ 

3. Sleep is fundamental to physiological processes and highly individualised 
4. Sleep involves sleep cycles lasting 90-minutes and within each cycle there is a 4-stage 

architecture 
5. Sleep regulation is achieved through a homeostatic process responding to internal 

cues for sleep need and a circadian process that responds to external cues 
6. Sleep deprivation can be a particular problem for elite athletes 
7. 5ŀȅǘƛƳŜ ŀŎǘƛǾƛǘȅ ǾƻƭǳƳŜ ŘŜǎŎǊƛōŜŘ ŀǎ ΨƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΩ ƛǎ ŀ ƴƻǾŜƭ ŎƻƴŎept and 

relates to an athleteΩǎ ΨŘƻǿƴǘƛƳŜΩ 
8. Specific analysis of the frequency, intensity and duration of exercise has been reported 
ƛƴ ǇŀŜŘƛŀǘǊƛŎ ƭƛǘŜǊŀǘǳǊŜΣ ōǳǘ ǘƘŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΣ 
monitored with Actigraphy, is not widely reported, if at all 

9. The aim is not to assess the intensity of activity or rest, but to provide an objective 
assessment of the balance between rest and recovery during waking hours.   

10. Implications of capturing such data are;  
11. to help and inform athletes, coaches and support staff to understand compromised 

athletic recovery practices 
12. educate athletes on the importance of good generic recovery choices  
13. provide normative data on a previously unknown characteristic of elite ŀǘƘƭŜǘŜǎΩ ƭƛǾŜǎ 
14. to make recommendations to the high-performance sport system on areas where 
ŀǘƘƭŜǘŜǎ ŦŜƭǘ ŎƻƳǇǊƻƳƛǎŜŘ ƛƴ ǘƘŜƛǊ ΨŘƻǿƴǘƛƳŜΩ    

 
LINK: Sleep and athletic performance are interlinked.  There is need to review the sleep and 
athletic performance literature and demonstrate why, in an industry where marginal gains 
are paramount, practitioners should conduct assessment of those factors capable of 
influencing and enhancing athletic performance.  Fatigue management is one of these areas 
and the assessment of sleep and associated movement behaviour is one of few physiological 
and psychological factors yet to be fully explored in the athletic domain.    
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Chapter 4.  Sleep Literature and Athletic Performance.  
 
Rationale:  to outline the contemporary issues relating to sleep, provide a summary of the 
ŀŎŀŘŜƳƛŎ ǊŜǎŜŀǊŎƘ ƻƴ ǎƭŜŜǇ ŀƴŘ ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǇǊŜǎŜƴǘ ŀǊƎǳƳŜƴǘ ŀǎ ǘƻ ǿƘƻ ΨƻǿƴǎΩ 
sleep.  To provide justifications as to why, as physiologists, we have a responsibility and should 
take ownership of the assessment and subsequent interventions for fatigue management and 
athletic performance.   
  
Key Findings: 

1. The high-performance athleteΩs ability to manage fatigue (through sleep and 
associated movement behaviour) has seldom been considered.    

2. The importance of assessing sleep in athletic performance has been queried in terms 
ƻŦ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ΨǿŜ ŀƭƭ Řƻ ƛǘ ǎƻ ǿƘȅ ƳŜŀǎǳǊŜ ƛǘΩΚ   

3. Modern technologies are often not validated against gold standard methods to 
quantify sleep  

4. Sleep and athletic performance have a reciprocal relationship and this has not yet 
been fully investigated in the high-performance sport arena, with research outputs 
claiminƎ ΨƭƻƻǎŜΩ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǎƭŜŜǇ ŀƴŘ ǊŜŎƻǾŜǊȅΦ  

5. aƛƴƛƳŀƭ ƴƻǊƳŀǘƛǾŜ Řŀǘŀ ŜȄƛǎǘǎ ŦƻǊ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ 
individual requirements for sleep display large variations  

6. tƻƻǊ ǎƭŜŜǇ Ŏŀƴ ŀŦŦŜŎǘ ŀǘƘƭŜǘŜǎΩ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŦǳƴŎǘƛƻƴ ŀnd psychological function.  
7. Three areas are identified as risk factors for poor sleep in athletic performance; 

training, travel and competition  
8. Athlete chronotype has an influence ƻƴ ŀǘƘƭŜǘŜǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘǊŀƛƴƛƴƎ ŀǘ ǾŀǊȅƛƴƎ ǘƛƳŜǎ 

of day.  
9. Elite athletes could benefit from more effective sleep management strategies  
10. bƻ ǎƛƴƎƭŜ ŘƛǎŎƛǇƭƛƴŜ ΨƻǿƴǎΩ ǎƭŜŜǇ ŀƴŘ ƛǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ŜȄŀƳƛƴŜŘ ǿƛǘƘƛƴ ƳǳƭǘƛǇƭŜ ŀŎŀŘŜƳƛŎ 

fields however; the applied physiologist is the ideal practitioner to profile it in elite 
athletes.  

 
LINK: Sleep, associated movement behaviour and their assessment have been defined and 
explained in the sports science literature.  What is needed is information on the 
methodologies employed to comprehensively assess sleep and associated movement 
behaviour in the applied setting.  
 
 
Chapter 5. Methodologies to Measure and Assess Sleep and Movement Behaviour 
 
Rationale: to provide a detailed description of the quantitative methods (objective and 
subjective) employed to gather sleep and movement behaviour data.   
 
Key Findings: 
1. Sleep quantity (duration), measured through variables such as time to bed (TTB), time in 

bed (TIB), get up time (GUT) and total time asleep (TTS).   
2. sleep quality (described, disturbances), measured through sleep latency (SL), number of 

awakenings greater than 5 minutes, wake after sleep onset (WASO), sleep efficiency (SE) 
and fragmentation index (FI) 
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3. Diurnal activity can be assessed by time spent immobile (%) and mobile (%) during waking 
hours.   

4. Polysomnography (PSG) is the gold standard objective measure of sleep 
5. PSG is hard to employ in applied sport settings.  It can disrupt athletesΩ sleep due to 

unfamiliar surroundings and can provide unnecessary interruption to the training 
programme through access to facilities  

6. Actigraphy is a good field measure of sleep and assessing the pattern of such rest-activity 
profiles (movement behaviour).  

7. Five questionnaires can provide a sufficient spectrum of assessment of subjective 
perceptions of sleep 

 
LINK: We now know how to assess sleep and associated movement behaviour.  There is a 
need to present how an initial idea from a discreet project with one sport, has developed into 
an impactful part of routine service delivery to high performance athletes, aimed at 
harnessing expertise and professionalism around fatigue management. This is compounded 
by a need to exemplify, using executive summaries, projects in athletic populations relating 
fatigue management and athletic performance.  Parallel to this is a need to develop a portfolio 
ƻŦ Ψoptimal ǇǊŀŎǘƛŎŜΩΣ ŦƻǊ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘΦ  
 
 
Chapter 6.  Fatigue Management Projects within the UK High Performance Sport Industry 
and Methods of Optimal Practice 
 
Rationale:  to provide a narrative as to how fatigue management practices have evolved 
within the UK high performance sport industry. Providing examples of projects within sports, 
that exemplify fatigue management findings and practices within high performance sport.  
 
Key Findings: 
1. Fatigue management evolved from a pilot project preparing athletes for the demands of 

a home Olympic games  
2. Justification for further research came from my own ideas supported by outputs at 

international conferences, funding availability for a specific PhD on Ψsleep and athletic 
performanceΩ and a need from practitioners on the ground to be educated 

3. Dissemination of information to athletes, coaches and practitioners was achieved through 
various modes of communication such as workshops, conference posters and infographics 

4. Normative data capture and knowledge disseminating platforms have helped to pioneer 
the introduction of fatigue management and identify additional factors that impact on 
athletic performance (WITTW) 

5. Sports benefited from bespoke projects involving sleep and waking movement behaviour 
assessment and fatigue management strategies (2010-present day) 

6. Studies demonstrated the utility of sleep profiling in the management of athlete sleep  
7. Methods of optimal practice identified include consideration of whether situations are 

simple or complex.  The former leaning towards best practice, the latter more towards 
what constitutes good practice under complex circumstances.  

8. Better fatigue management strategies are needed in high performance sport alongside 
production of an established database of athletic sleep 
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LINK: there is a need to establish the impact of introducing the concept of sleep and 
movement behaviour to the high-performance sport industry.  This can be facilitated by 
identifying critical factors for success with this pioneering idea and evolving concept.  Impact 
can also be demonstrated through highlighting the challenges faced and making future 
recommendations.  
 
 
Chapter 7. Conclusions and Future Directions  
 
Rationale: to highlight where fatigue management practices have had an impact in the UK 
high-performance sport industry. To summarise the thesis, identify critical success factors, 
challenges and provide future directions for effective fatigue management practices in the 
high-performance sport industry.  
 
Key Findings: 
1. Evolving the concept of fatigue management has not been a simple process but 

collectively involved relationship establishment, engagement, collaboration, assessment 
of current literature and identification of common links between research and applied 
settings.   

2. Sports have engaged with the concept of fatigue management through assessment of 
sleep and associated movement behaviour  

3. Physiologists should measure and analyse sleep and movement behaviour 
4. A pathway to learn how to measure and analyse fatigue management is required (from 

neophyte to established practitioner)  
5. Practitioners need to gain athlete and coaches trust as well as display technical knowledge  
6. Critical success factors were athlete and coach buy-ƛƴ ŀƴŘ ƴŜƎŀǘƛƴƎ ǘƘŜ ΨǇǊƻōƭŜƳΩ ŜƭŜƳŜƴǘ 

of sleep 
7. Challenges faced were athlete resistance to assessment, expectation management, 

presentation of message, athlete and coach engagement, demographics ŀƴŘ ǘƘŜ Ψǎƻ 
what?Ω ǉǳŜǎǘƛƻƴ 

8. A process for fatigue management is presented in brief 
9. Future directions are to; 

a. develop a more comprehensive strategy for improving fatigue management in the 
UK high performance sport system 

b. highlight improvements in fatigue management practices in sports e.g. education 
interventions for better sleep hygiene, competition strategies focused on 
including fatigue management 

10. Elite athletes and their support personnel are now increasingly aware of how poor fatigue 
management practices can impact on their performance and these should be a key 
consideration in evaluating what it takes to win in any given sport.  
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Chapter 1. {ŜǘǘƛƴƎ ǘƘŜ {ŎŜƴŜΥ ¦Y IƛƎƘ tŜǊŦƻǊƳŀƴŎŜ {ǇƻǊǘΣ ǘƘŜ Ψ²Ƙŀǘ ƛǘ ¢ŀƪŜǎ ǘƻ ²ƛƴΩ aƻŘŜƭΣ 
Practitioner Philosophy and the Idea behind the Concept of Fatigue Management.  
 

1.1 Introduction: why assess sleep and movement behaviour?  

In elite athletes, sleep and overall recovery between training bouts are paramount for 

optimising delivery of performance in training and competition.  Nevertheless, whilst research 

into sleep and elite athletes is starting to emerge through subjective and objective analysis 

(Savis 1994, Erlacher et al., 2001, Reilly & Edwards, 2007, Mah, 2011, Skein et al., 2011, Leeder 

et al., 2012 and Zhao et al., 2012), there is nothing reported on the rest-activity profiles (or 

ΨƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΩ), of such a population, despite technologies (described in Chapter 5) 

having the ability to provide such data.  Whilst high performance practitioners, coaches, 

athletes and academic research groups recognise sleep as a critical biological function, rarely 

has there been a focus on capturing data to inform athletes about their overall fatigue 

management through sleep and associated movement behaviour.  

 

Yet, capturing descriptive data on movement behaviour (through wake time rest and activity 

profiles), can provide sports science, medicine and coaching staff with quantitative 

information on the rest and activity profiles (i.e. downtime) of high performance athletes.  

This process allows data capture in relation to elite athletesΩ ΨǇŜǊŎŜƛǾŜŘ ǊŜŎƻǾŜǊȅΩ ǇŜǊƛƻŘǎ 

between training and before bedtime and could prove useful for establishing normative data 

and comparisons of different environments, for example on training camps and during 

competition.  This data could then be used to help improve ŀǘƘƭŜǘŜǎΩ knowledge of what good 

ΨŘƻǿƴǘƛƳŜΩ ƛǎ ƛƴ terms of quantifiable data and enhance their awareness in making decisions 

relating to their movement behaviour. It also proves useful when, following recovery 
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ƎǳƛŘŜƭƛƴŜǎ ǎŜǘ ōȅ ŎƻŀŎƘŜǎ ƻǊ ǇǊŀŎǘƛǘƛƻƴŜǊǎΣ ŀƴ ŀǘƘƭŜǘŜΩǎ ǊŜŎŀƭƭ ƻŦ ǘƘŜƛǊ ǊŜŎƻǾŜǊȅ ǇǊƻǾŜǎ 

ΨǳƴǊŜƭƛŀōƭŜΩ ŀƴŘ ǘƘŜȅ ŘƛǎǇƭŀȅ ǎigns of insufficient recuperation between training sessions. 

  

To date, little emphasis has been placed on the area of overall fatigue management and 

athletic performance, neither in the Sports Science academic sphere nor in the applied field 

context.  ConǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ŀōƛƭƛǘȅ ǘƻ ƳŀƴŀƎŜ ŦŀǘƛƎǳŜ ǘƘǊƻǳƎƘ ǎƭŜŜǇ ƻǊ 

associated movement behaviour has seldom been considered.  Supposed reasoning for this 

is that ǿƘƛƭǎǘ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ŀǘƘƭŜǘŜǎΩ ǇƘȅǎƛƻƭƻƎȅΣ ǇǎȅŎƘƻƭƻƎȅ ŀƴŘ ǘŜŎƘƴƛŎŀƭ capabilities and 

metrics predominate training sessions, adding assessment of sleep to an already hectic 

assessment battery is often considered too invasive.  This view is further enhanced when you 

consider the athletes home environment as the one place they can escape assessment and 

monitoring.  Further, ǘƘŜ ŀǊŜŀ ƻŦ ΨǎƭŜŜǇΩ ǘŜƴŘǎ ƴƻǘ ǘƻ ōŜ ΨƻǿƴŜŘΩ ōȅ ŀ ǇŀǊǘƛŎǳƭŀǊ ŘƛǎŎƛǇƭƛƴŜΣ as 

it spans the psychological, physiological and medical domains (particularly respiratory 

medicine).  Nevertheless, in an industry where marginal gains are critical for success, 

assessment of anything capable of influencing and enhancing athletic performance is 

paramount.  Therefore, practitioners should recognise the opportunity for a significant gain(s) 

in performance and be cognisant to conduct assessment of all such determining factors.   

 

Sleep and associated movement behaviour are examples of such factors, yet sleep is one of 

the few remaining physiological and psychological aspects yet to be fully explored in the 

athletic domain.  Therefore, there is a clear rationale for practitioners to focus on the 

characteristics of sleep, its quality, quantity and associated movement behaviour in elite 

athletes and, as a consequence, highlight areas for improvement.  Brailsford (2013), the 

former Performance Director of British Cycling and Head of Team Sky, a British professional 
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cycling team, comments on this in terms of an approach that encapsulates all matters of 

performance and specifically highlights sleep as an area for consideration in helping to 

enhance athlete performances;  

ΨΨtŜƻǇƭŜ ƻŦǘŜƴ ŀǎǎƻŎƛŀǘŜ ƳŀǊƎƛƴŀƭ Ǝŀƛƴǎ ǿƛǘƘ ǇǳǊŜ ǘŜŎƘƴƻƭƻƎȅΣ ōǳǘ ƛǘ ƛǎ ŦŀǊ ƳƻǊŜ ǘƘŀƴ 
that, it is about nutrition, ergonomics, psychology. It is about making sure the riders 
ƎŜǘ ŀ ƎƻƻŘ ƴƛƎƘǘΩǎ ǎƭŜŜǇ ōȅ transporting their own bed and pillow to each hotel. Each 
ƛƳǇǊƻǾŜƳŜƴǘ Ƴŀȅ ǎŜŜƳ ǘǊƛǾƛŀƭΣ ōǳǘ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ŜŦŦŜŎǘ Ŏŀƴ ōŜ ƘǳƎŜΩΩ ό.ǊŀƛƭǎŦƻǊŘΣ 
2013). 

 

1.2 High performance sport 

In describing fatigue management as a concept within the UK high performance sport industry 

and presenting a case for it to be a focus area for Sports Science and Medicine practitioners, 

it is necessary to provide some brief background to the industry within the UK and beyond. 

 

An array of factors are required for sporting success at the elite level.  Certainly, in the modern 

era Olympic Games, countries of relative economic success are the ones who frequently 

feature highly in the medal table. AǎƛŘŜ ŦǊƻƳ ŦƛƴŀƴŎƛŀƭ ƛƴǇǳǘΣ ǘȅǇƛŎŀƭ ŦŀŎǘƻǊǎ ŦƻǊ ŀ ƴŀǘƛƻƴǎΩ 

sporting success include dedication from athletes, coaches and support staff to ensure a 

plethora of science, medical and technical elements peak precisely on the day(s) of 

performance.  Therefore, as Males (2012) reported, technological and scientific advances in 

sportsΣ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŦƛƴŀƴŎƛŀƭ ƛƴǇǳǘΣ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ ŎƻǳƴǘǊȅΩǎ ƻǾŜǊŀƭƭ ǎǳŎŎŜǎǎ ǊŀǘŜ ƛƴ 

international sporting achievements,  

ΨǘƘŜ ǎŎƛŜƴŎŜ ƻŦ sport performance is now well advanced, anŘ ǎŀŘƭȅ ǘƘŜǊŜΩǎ ŀƴ ƛƴŎǊŜŀǎƛƴƎ 
correlation between the amount a country spends and its Olympic success. This is most 
true for technologically-based sports like sailing or cycling, and least true for relatively 
low technology based sports like middle and long-distance ǊǳƴƴƛƴƎΩ. Males (2012) 
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In Great Britain for the London 2012 Olympics the UK Sport1 research and innovation (R&I) 

budget was over £10 million ŀƴŘ ǿŀǎ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ {ǇƻǊǘǎΩ central funding which is 

received directly from UK sport2.  This R&I budget secured delivery of over 75 bespoke, 

customised and one-off projects to a broad range of sports involving customised equipment 

development, training tools and technologies, and innovative insights into enhanced training 

and recovery methods for performance development.  This financial commitment was then 

increased for subsequent Rio and Tokyo Olympic/Paralympic cycles respectively. This was a 

far cry from the 2008 Beijing Olympic cycle where UK Sport invested £1.5millon per year in 

collaborative projects to enhance the performance of British Olympic and Paralympic 

athletes.  Such a financial commitment to research and innovation in the UK alone over the 

last 20 years demonstrates that science and technology are factors for sporting success 

(Greenleaf et al, 2001, de Bosscher, 2008, National Research Council Canada, 2018).  

Certainly, benefits to performance from projects funded through such increased investment 

have been wide spread, for example the technological and engineering projects of bike design 

and aerodynamics testing for British Cycling.  

 

Parallel to these developments in UK Sport financial investment, has been the upsurge in 

Sports Science over the previous three decades.   This evolution of the Sports Science industry 

                                                           
1 Established in 1997 UK Sport is a non-departmental public body of the Department for Culture, Media and 
Sport.  

2 UK sport have ΨŎentral fundingΩ for sporting National Governing Bodies (NGBs), enabling them to operate a 

World Class Programme (WCP) and ensuring athletes have access to outstanding support personnel and 

training environments to ensure they are among the best prepared in the world. They also have Ψdirect to 

athleteΩ funding in the shape of an Athlete Performance Award (APA). This award, which is solely funded by 

National Lottery income, is paid directly to the athletes and contributes to their living and sporting costs. 

 

http://en.wikipedia.org/wiki/Non-departmental_public_body
http://en.wikipedia.org/wiki/Department_for_Culture,_Media_and_Sport
http://en.wikipedia.org/wiki/Department_for_Culture,_Media_and_Sport
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has seen a significant growth in the role of Sports Science in assisting, improving, and 

monitoring athlete preparation for major championships, the amount of direct practitioner 

delivery time to athletes and coaches (Davison & Williams, 2009) and a greater use indirectly, 

of sports science research influencing practice (Bishop et al., 2006).   

 

LƴŘŜŜŘΣ ŘŜ .ƻǎǎŎƘŜǊ όнллуύ ǊŜǇƻǊǘŜŘ ΨǎŎƛŜƴǘƛŦƛŎ ǊŜǎŜŀǊŎƘΩ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ǇǊƛƴŎƛǇƭŜ Řrivers of 

international sporting success and where single investment in this area can provide a 

competitive advantage.  Although Clark & Skiba, (2013) note this research should be based 

on available evidence through peer reviewed journals and sound reasoning.  Whilst this is a 

scientifically robust approach, unequivocal evidence to answer sportsΩ performance 

questions is not always present, or possible, in the available literature.  Whilst science 

progresses understanding by publication of evidence following peer-review, elite 

ǇŜǊŦƻǊƳŀƴŎŜ ŘƻŜǎƴΩǘ ǿŀƛǘ ŦƻǊ ǘƘƛǎΦ  IŀǾƛƴƎ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜ ƻǾŜǊ ƻǘƘŜǊ ƴŀǘƛƻƴǎ means 

that you may employ practices that everybody already knows about and are well-established, 

but these are in addition to confidentially tracking and acting on more intelligence that other 

nations do not have access to.  Therefore, whilst effective support work necessitates 

innovative practices, and evidence based practice should be at the forfront of a practioners 

mind when supporting athletes and coaches, practitioners often find themselves working at 

ǘƘŜ ΨŎǳǘǘƛƴƎ ŜŘƎŜΩ ƻŦ performance gains, where they are the first to trial new methods without 

any available evidence of performance improvement.  Undoubtedly, where practitioners have 

experienced using innovation in the absence of any available scientific verification, when 

appropriate, their findings should be disseminated to the wider scientific population for 

discussion and continuation of cutting edge scientific support (Bishop et al. 2006).  For 
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example, at the end of an Olympic cycle where competititve advantage is negated post 

competition. 

 

The worldwide increase in science practitioners working directly with sports, enhances in 

Coaching and Sports Science research, and in laboratory and field technological 

developments, has led to a collective uplift in the quality of sports specific physiological 

monitoring and testing protocols available to elite athletes, and correspondingly, their 

performances (Hahn, 2013).  Therefore, the science of sport and performance has become a 

more integral component of the high-performance sport industry and, specifically in the UK 

in answer to such worldwide industry change, we have observed our national sport system 

undergo a monumental change and emerge to be the envy of the world (Hoy, cited in Kelso, 

2012).   

 

A catalyst to this change was the 1995 British Government ǇƻƭƛŎȅ ǎǘŀǘŜƳŜƴǘ ΨwŀƛǎƛƴƎ the 

DŀƳŜΩ, which announced the advent of the National Lottery and its investment of £300 

million a year in sport ǿƘƛŎƘ ǿƻǳƭŘ ŀƭƭƻǿ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ŀ Ψ.ǊƛǘƛǎƘ !ŎŀŘŜƳȅ ƻŦ SportΩΦ  

In this statement the Government challenged British sport to establish a regional network of 

specialist institutes who would provide everything necessary for elite sporting success, from 

ǘŀƭŜƴǘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǘƻ ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ƳŜŘƛŎŀƭ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘǊŀƛƴƛƴƎ ŦŀŎƛƭƛǘƛŜǎΦ  ¢ƘŜ ƛƴǎǘƛǘǳǘŜǎΩ 

remit would be to develop ΨǎǇŜŎƛŀƭƛǎǘ ŎŜƴǘǊŜǎ ƛƴ Sports Science and Sports Medicine and also 

ŀ ŎŜƴǘǊŜ ƻŦ ŜȄŎŜƭƭŜƴŎŜ ƛƴ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΩ ǿƛǘƘ ǘƘŜ ŦƻŎǳǎ ōŜƛƴƎ ǘƻ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŜ 

worldwide increase in sports scientific literature and applied knowledge and practice.   
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A further incentive to the cultural shift in the UK sport system was the poor performances of 

Team GB athletes at the 1996 Atlanta Olympic Games.  Simon Clegg the former Chief 

Executive of the British Olympic Association and who was Deputy Chef de Mission in Atlanta, 

ǎǳƳƳŀǊƛǎŜǎ ǘƘŜ ƎǊŀǾƛǘȅ ƻŦ DǊŜŀǘ .ǊƛǘŀƛƴΩǎ ǇƻƻǊ ǇŜǊŦƻǊƳŀƴŎŜ ŀǘ ǘƘƛǎ ǘƛƳŜΥ 

ΨΩAtlanta was a massive low point. One gold medal, the lowest place in the medal table 
since the early 1900's, it was a really significant underperformance by the British team, 
sometimes you get into a downward spiral and it is very hard to get yourself out of itΩΩΦ 
(Clegg, cited in Kelso 2012). 

 

Over twenty years have passed since the dismal British performances in the 1996 Atlanta 

Olympic Games, ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ historic policy statement and the advent of the national 

lottery.  During this time British high performance sport has undergone a transformation 

unlike anything experienced before in the UK.  This is exemplified in the UK sport system 

where its increases in sportsΩ ŦǳƴŘƛƴƎ ǘƘǊƻǳƎƘ National Lottery and exchequer pathways have 

paved the way for sports to employ performance directors, coaches and Sports Science and 

Medicine practitioners in a much more rigorous and strategic manner.  In short, the 

traditional well-meaning and amateur application has long since been replaced by scientific 

rigour (Gibson, 2016).  !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǎƛƴŎŜ ¦Y {ǇƻǊǘΩǎ ²ƻǊƭŘ /ƭŀǎǎ tŜǊŦƻǊƳŀƴŎŜ tǊƻƎǊŀƳƳŜ 

(WCPP) funding began in мффтΣ .ǊƛǘƛǎƘ wƻǿƛƴƎΩǎ ²/tt ŦǳƴŘƛƴƎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ Ƨǳǎǘ ǳƴŘŜǊ 

£10 million for the 2000 Sydney Olympic Games to over £32 million for the 2016 Rio Olympic 

Games.  

 

Certainly, this cultural shift in professionalism and modernisation of British high performance 

sport Ƙŀǎ ƘŜƭǇŜŘ ŀǘǘŀƛƴ ¢ŜŀƳ D.Ωǎ Ƴƻǎǘ successful era in Olympic and Paralympic sport where 

we have improved our medal total performance for five successive games and become the 

first nation to improve their medal total at the Olympic Games immediately after hosting one.  
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It is no surprise that this has come about since the advent of support from National Lottery 

funds (Prenderville, 2016).  Figure 1.1 ŘƛǎǇƭŀȅǎ ¢ŜŀƳ D.Ωǎ Olympic success since the 

aforementioned poor performance at the Atlanta 1996 Olympic Games.  Without doubt, the 

establishment of UK Sport in the late nineteen nineties as the funding body of National 

Governing Bodies of sport and the creation of the English Institute of Sport3 five years later, 

have been fundamental to the changes observed in the success of the UK high performance 

sport industry.  Both these organisations have brought a level of strategic intelligence to the 

UK high performance sport industry which did not exist prior to the 1996 Atlanta Olympic 

Games.  Thus, the how and when {ǇƻǊǘǎΩ finances are spent are considered more than ever 

before.   

 

Yet increases in the SportsΩ funding alone have not achieved the podium successes we have 

witnessed over the last 20 years.  Moreover, it is a collective impact from improved 

governance, culture and people who operate within the UK high performance sport industry.  

Note the success of the Paralympic D. Ƙŀǎ ǇŀǊŀƭƭŜƭŜŘ ¢ŜŀƳ D.Ωǎ ǎǳŎŎŜǎǎ ōǳǘ ŦƻǊ ōǊŜǾƛǘȅ L ǎƘŀƭƭ 

refer to Team GB as a global term for the remainder of the thesis.  

                                                           
3 The EIS is the ¦YΩǎ largest provider of sport science, medicine and technology. The EIS also provides a range of added-value benefits to 
the sports they work with including world-class performance environments and access to cutting edge innovation and research. 
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Figure 1.1 Teams GBΩǎ success in the last five Olympic Games, including a breakdown of 
Gold, Silver and Bronze medals, total medals won and overall position (ranking) 
 

 

1.3 What it Takes to Win (WITTW) 

With the evolution of the sports science industry came a concomitant terminology shift 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǿƛƴƴƛƴƎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƳŜŘŀƭǎΦ  ²Ƙƛƭǎǘ ΨƳŀǊƎƛƴŀƭ ƎŀƛƴǎΩ ǿŜǊŜ ǘƘŜ ŀȄƛƻƳ ƻŦ ǘƘŜ 

2008 Olympiad this has evolved into a much more strategic and sport aligned process focusing 

on determinants of performance or, more commonly termed within British high performance 

sport, a Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ model (WITTW).  

 

The concept of a Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ model stems from sportsΩ necessity to aggregate any 

marginal gains for performance benefit.  This referring to the fact that practitioners, like 

myself, coaches and performance directors should ensure they examine every aspect that 

might have an effect on an athletesΩ performance and try to discover ways to improve it.  

This philosophy applies to any sport and as part of a detailed plan to produce a medal winning 

performance, the determinants of performance must firstly be identified to increase the 
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chances of medal success.  {ƳƛǘƘ όнллоύ ǊŜǇƻǊǘŜŘ Ƙƻǿ ΨǿƻǊƭŘ ōŜǎǘ sport performances appear 

ǘƻ ǇƭŀǘŜŀǳ ŦƻǊ ƻƴƭȅ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘ ōŜŦƻǊŜ ōŜƛƴƎ ǘŀƪŜƴ ǘƻ ƴŜǿ ƭŜǾŜƭǎΩ ǎƻ aggregating any gains 

made becomes part of a larger impact on an athleteΩs performance.  It is the alignment of 

ǇǊŀŎǘƛǘƛƻƴŜǊΩǎ ǿƻǊƪ ǇǊƻƎǊŀƳƳŜ ǘƻ ŀ ǎǇƻǊǘǎ ²L¢¢² ƳƻŘŜƭ that is the essence of contemporary 

world class Sports Science and Medicine support programmes.    

 

Because the ability to identify, scrutinise, and improve determinants of performance can lead 

to the difference between success and failure, WITTW models are significant to a sportΩs 

ability to deliver its predicted medal target at Olympic and Paralympic games.  For example, 

at the London 2012 Olympic Games, the time between gold and bronze for track ŀƴŘ ŦƛŜƭŘΩǎ 

100 metre ƳŜƴΩǎ Ŧƛƴŀƭ ŀƴŘ ǎǿƛƳƳƛƴƎΩǎ рл metre ŦǊŜŜǎǘȅƭŜ ƳŜƴΩǎ Ŧƛƴŀƭ ǿŀǎ ƻƴƭȅ лΦмс ŀƴŘ лΦнр 

seconds respectively.  Perhaps more crushing, is for those athletes who finish outside of the 

medals, but where the performance margins remain tight.  For example, if the athlete who 

achieved 4th place at the London 2012 100 metre ƳŜƴΩǎ Ŧƛƴŀƭ ƘŀŘ Ǌǳƴ ƻƴŜ ǇŜǊŎŜƴǘ ŦŀǎǘŜǊΣ ǿƛǘƘ 

the existing field of performances remaining the same, then they would have won a silver 

medal.  Both examples represent small margins in time, but huge voids in terms of 

performance outcomes for the athletes, coaches and support staff involved, both in terms of 

performance, funding and, ultimately, sporting history.  Similarly, Table 1.1 displays data from 

the Beijing 2008 Olympics for an array of sports ranging from sprint to endurance, and the 

difference in medal attainment that a one percent improvement in performance would have 

made.  It presents how, even with a relatively small improvement in performance, 1% would 

potentially be the difference between finishing in or out of the medals.   
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Table 1.1 Results from 2008 Beijing Olympics display the difference 1% makes across a 
range of sports (adapted from Males, 2012)  

Event 4th place 1% improvement Proposed Result 

!ǘƘƭŜǘƛŎǎ aŜƴΩǎ млл Ƴ όǎΥƳǎύ 9:93 9:83 Silver 

!ǘƘƭŜǘƛŎǎ ²ƻƳŜƴΩǎ плл Ƴ όǎΥƳǎύ 50:01 49:51 Gold 

Yŀȅŀƪ aŜƴΩǎ Yм мллл Ƴ όƳƳΥǎǎΦлύ 3:29.19 3:27.10 Silver 

Swimming WƻƳŜƴΩǎ плл Ƴ όƳƳΥǎǎΦлύ 4:03.60 4:02.61 Gold 

Athletics aŜƴΩǎ aŀǊŀǘƘƻƴ όƘΥƳƳΥǎύ 2:10:21 2:08:7 Silver 

/ȅŎƭƛƴƎ ²ƻƳŜƴΩǎ ǊƻŀŘ ǊŀŎŜ όƘΥƳƳΥǎύ 3:32:28 3:30:52 Gold 

 

Therefore, in an industry governed by such marginal differences in performances, there is a 

ǊŜǉǳƛǊŜƳŜƴǘ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ǎŎǊǳǘƛƴƛǎŜ ŀ ǎǇƻǊǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƭŀƴŘǎŎŀǇŜ ŦƻǊ ΨǿƘŀǘ ƛǘ ǘŀƪŜǎ ǘƻ 

ǿƛƴΩ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŎǊƛǘƛŎŀƭ ŘŜǘŜǊƳƛƴŀƴǘǎ ƭŜŀŘƛƴƎ ǘƻ ǎǳŎƘ ǿƛƴƴƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜǎ. 

!ŘŘƛǘƛƻƴŀƭ ǘƻ ŘŜǘŜǊƳƛƴŀƴǘǎ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ŀǊŜ ŎŜǊǘŀƛƴ ΨƛƳǇŀŎǘ ŦŀŎǘƻǊǎΩ ǿƘƛŎƘ ƛƴǘŜǊŀŎǘ ŀƴŘ 

influence determinants of performance. Figure 1.2 is an illustration of a how a successful 

performance model may look with its principle component parts; the winning performance, 

the determinants of performance and impact factors on those determinants.   Fundamentally, 

the model demonstrates how impact factors exist outside ŀ Ψ²hat it Takes to ²ƛƴΩ ƳƻŘŜƭ but, 

are crucial in their interaction with the critical determinants of performance.   
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Figure 1.2. Illustration of how fatigue management through sleep and associated 
movement behaviour can potentially impact on determinants of performance in a Ψ²Ƙŀǘ ƛǘ 
¢ŀƪŜǎ ǘƻ ²ƛƴΩ model  
 

It important to recognise here that there are many determinants that can contribute or 

ƛƳǇŀŎǘ ƻƴ ŀƴ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ŀōƛƭƛǘȅ ǘƻ ǿƛƴΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǇǎȅŎƘƻƭƻƎƛŎŀƭΣ ǇƘȅǎƛŎŀƭ ŀƴŘ ǘŜŎƘƴƛŎŀƭΦ  

Consequently, there are a myriad of impact factors on such determinants.  I present 

throughout this thesis that fatigue management is one of these potential impact factors on 

determinants of performance in a Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ model.  

 

It is important to note that I am not presenting an argument that fatigue management, 

through sleep and associated movement behaviour, are isolated variables that will lead to 

a winning performance.  As Davison et al. (2009) report, changes in a single variable are 

unlikely to make a substantial contribution and it is often the accumulation of many changes 

Impact factors 

ωe.g. fatigue management (sleep; movement 
behaviour)

Determinants 
of 

performance 
(WITTW)

ωe.g. VO2 max; speed over set 
distance 

Winning 
performance

ωe.g. gold medal; 
personal best 
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across all Sports Science (and medicine) disciplines that leads to successful performance.  

Nevertheless, all factors in a Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ model should be considered in preparing 

for international competition and I therefore argue that sleep and movement behaviour are 

two factors impacting on such a model.  The thesis will therefore specifically focus on the 

concept of fatigue management, to highlight how sleep and movement behaviour serve as 

ǳǎŜŦǳƭ ΨƛƳǇŀŎǘ ŦŀŎǘƻǊǎΩ ƻƴ ǘƘŜ ƻǇǘƛƳƛǎŀǘƛƻƴ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ŘŜǘŜǊƳƛƴŀƴǘǎ ό²L¢¢² ƳƻŘŜƭǎύΦ  

Figure 1.3 simply demonstrates the interaction between fatigue management and various 

performance variables, although it must be noted this is not an exhaustive illustration.   
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Figure 1.3. The interaction of fatigue management on athletic performance variables 
(adapted from Gupta 2013) 
 

This thesis will therefore describe how assessment of such impact factors on critical 

determinants of performance have evolved from being a minor part of my work programme 

in one Sport, to a significant service provided throughout the UK high performance sport 

system; involving post-doctoral research, education platforms, service delivery and 

multidisciplinary team involvement.   

 

The focus will principally be in the sport of Rowing because to date, British Rowing, who are 

regarded as one of the best rowing nations in the world, have benefitted from projects 

involving the objective analysis of sleep and daytime rest and activity profiles in elite rowers. 

They are also the sport with whom I have had the most direct contact over the past 10 years.  

Squads from 2007 to 2014 will be used as the principle sample population for this thesis.  

Other Sports will also be used for examples of established normative objective data collected 

Sleep and downtime 
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Training stress   

Illness and/or injury  Preparation Recovery  
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and such project descriptions are pivotal to providing an indication of impact to the UK high 

performance industry in evolving the concept of fatigue management.  

 

1.4 Practitioner background 

I feel it is helpful and important in the first instance to describe my philosophy as a 

practitioner within the high-performance sport industry ahead of outlining the inception of 

the idea to evolve the concept of fatigue management within this industry.  This section will 

provide context to my role within the UK high performance sport system and how I came to 

be in a position to introduce such a novel concept to the industry.   

 

1.4.1 Positionality 

During my career to date, I have been fortunate to have been a part of the aforementioned 

transformation in the UK high performance sport system.  My positionality within the Sports 

Science industry has developed over the last 20 years from a young, neophyte post graduate 

practitioner embarking on a Sports Science career, to an experienced discipline lead working 

for a renowned institute of sport, supporting podium athletes in Olympic and Paralympic 

domains through six Olympic cycles.  Most recently, my role has evolved to become more of 

a performance consultant, specifically focusing on practitioner development, expertise in the 

UK high performance sport system and a technical specialism in optimal performance and 

fatigue management (sleep and movement behaviour).  This has allowed me to diversify away 

from the high performance sport industry, yet, maintain a focus on supporting people to 

achieve optimal performance in a variety of spheres.  In all the positions I have held, I feel it 

has been a privilege and unrivalled experience to be part of a globally evolving industry and 
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to work in a country where high performance sport is high on the political, social and cultural 

agenda.   

 

With this in mind, writing an autoethnographical and more interpretivist account has been a 

particular challenge as I am traditionally more familiar with following a positivist form of 

research i.e. obtaining quantifiable data to interpret and report.  However, I have discovered 

through adopting a more interpretivist approach, that this has allowed me to consider and 

present a more personal perspective of my background, positionality and philosophy towards 

being a practitioner in the UK high performance sport system.  This is ŀƪƛƴ ǘƻ aƻǊǘƻƴΩǎ 

reflective account where he reported benefits to his professional development through 

reflecting and reporting in the self-narrative (Morton, 2009).  This was a paper the now, 

Professor James Morton, wrote as a neophyte lecturer, spanning the course of his first year 

in a full time lecturing position, having recently competed his PhD.  In the paper, he writes 

honestly about his misgivings for writing in a qualitative format and commented on how, as 

physiologists, reflective practice is quite different to our usual scientific writing style and 

reporting of quantitative data.  This was as seminal paper for me, and the wider Sports Science 

industry, as at the time, limited reflective practices existed in the exercise physiology field; 

neither reported in academic literature, nor actively encouraged or coached as part of ƻƴŜΩǎ 

development.  For me, aƻǊǘƻƴΩǎ όнллфύ ǇŀǇŜǊ perfectly described the anxieties and triumphs 

of a neophyte practitioner, albeit working in a quantitative field, yet able to articulate their 

reflections in such an autoethnographical and academic manner.  RŜŀŘƛƴƎ aƻǊǘƻƴΩǎ όнллфύ 

paper, Knowles et alΦΩǎ book (2014), and writing this thesis in a more interpretivist manner, 

has enabled me to explore meaning to my personal background and positionality within the 

high-performance sport industry and to uncover some of my own beliefs of the importance 
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of my work and express its impact.  ThŜ ǇǊƻŎŜǎǎ Ƙŀǎ ŎŜǊǘŀƛƴƭȅ ƘŜƭǇŜŘ ƳŜ ǘƻ ΨƎŜǘΩ ǊŜŦƭŜŎǘƛǾŜ 

practice and become a better practitioner for it (Knowles et al., 2014).   Notably, this thesis 

has made me realise how much of a humanist approach I take when supporting elite athletes.  

By this I mean that whilst I am their physiologist first and foremost, I like to take into account 

ǘƘŜ ŀǘƘƭŜǘŜǎ ΨǿƘƻƭŜ ǎŜƭŦΩ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘǊŀƛƴƛƴƎΦ  ¢Ƙƛǎ ƛǎ ǎƛƳƛƭŀǊ ǘƻ aƻǊǘƻƴΩǎ 

(2009) reporting of a humanist approach where he describes, before any intervention, a need 

to build empathy and a personal relationship with the client, and the need to understand 

them as a person (Morton, 2009).   This is something I can profoundly relate to, as by being 

more humanistic, and therefore not limiting myself to what the physiological data is telling 

me, I believe I can be more impactful in my support to the elite athlete(s) I am responsible 

for.  ²ƘŜǊŜ L ƘŀǾŜ ƻōǎŜǊǾŜŘ ΨŘŀǘŀ ŘǊƛǾŜƴ ƻƴƭȅΩ ǇǊŀŎǘƛŎŜǎ ŘǳǊƛƴƎ Ƴȅ ŜȄǇŜǊƛŜƴŎŜǎ ƛƴ ǘƘŜ ¦K high 

ǇŜǊŦƻǊƳŀƴŎŜ ǎǇƻǊǘ ǎȅǎǘŜƳΣ L ƘŀǾŜ ōŜŜƴ ŦǊǳǎǘǊŀǘŜŘ ƛƴ ǿƘŀǘ Ŏŀƴ ōŜ ΨƳƛǎǎŜŘΩ ōȅ ƴƻǘ observing 

the athlete as a whole and exclusively tracking objective markers. For example, when I first 

started in the British Rowing programme, we had a case where an athlete unfortunately 

suffered from unexplained underperformance syndrome (UPS).  As a coaching and support 

team, had we spent a little more time listening to them rather than simply observing data on 

the water and in the gym e.g. split times and weights lifted, we could have provided 

interventions earlier in their training to potentially negate the illness occurring.  Therefore, 

by reflecting in such a personal manner whilst writing this thesis, I remain confident the 

ǊŜŀŘŜǊ Ƙŀǎ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƻōǘŀƛƴ ŀ ŎƭŜŀǊ ƛƳǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ΨǇŜǊǎƻƴΩ ōŜƘƛƴŘ ǘƘŜ ǎŎƛŜƴǘƛǎǘ 

and understand the personal reflections of my ontology (existence) and epistemology 

(knowledge) within my profession.   
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{ƛƴŎŜ L ōŜƎŀƴ Ƴȅ ŎŀǊŜŜǊ ƛƴ ǘƘŜ ƭŀǘŜ мффлΩǎ, Sports Science has become a more integral 

component of high performance sport.    As described previously, coupled with the increase 

in the amount of direct practitioner delivery time to athletes and coaches, there is a greater 

use indirectly of Sports Science research influencing practice (Bishop et al., 2006). These 

factors of increased knowledge and practitioner delivery and recognition of the impact of 

Sports Science on athletic performance have not only been pivotal to the development of my 

profession as a whole but also for my own philosophy towards scientific support in a high-

performance sport environment.   

 

1.4.2 Professional practice 

Traditionally there has been little emphasis placed on the enquiry into professional practice 

in the majority of sports science disciplines.  Specific disciplines tend to vary in their ability to 

measure the effectiveness of practitioners either qualitatively or quantitatively, although 

sport psychology is the exception, where, for example, a multitude of literature exists 

referring to reflective practice and athlete support (Partington and Orlick, 1987, Anderson et 

al., 2002, Anderson et al., 2004, Cropley et al. 2007, Cropley et al., 2010 and Cropley & 

Hanton, 2011).     

 

In the discipline of physiology (my technical area) there has been little focus on the ability of 

practitioners to define a philosophy, evaluate and reflect on their practices and consider their 

own positionality in relation to their profession.  Peer reviewed reflective accounts from 

physiologists are certainly rare in the literature (Morton, 2014).  Traditionally physiologists 
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have placed less emphasis on cognitive evaluation and its importance and instead have 

ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜΩǎ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ƻǳǘŎƻƳŜǎ from scientific interventions.  The 

argument appears to be, therefore, that the quality of physiology support work is difficult to 

quantify in a meaningful way and whilst physiological assessment and sports performance 

itself can aid athletes and coaches assessment of the impact of physiological support, 

measuring the impact of physiology on performance in relation to the practitioner involved 

can be abigiuous.  This is frustrating when you consider reflective practices are paramount to 

achieve high performance both as an athlete and as the practitioner supporting the athlete.    

As Knowles et al. (2007) describes, ŘŜǾŜƭƻǇƛƴƎ ƛƴǘƻ ŀ ǇǊŀŎǘƛǘƛƻƴŜǊ ǿƛǘƘ ΨǎǇŜŎƛŀƭƛǎǘΩ ƪƴƻǿƭŜŘƎŜ 

in any domain requires a combination of professional knowledge (experience and technical) 

and tactic knowledge (knowledge that cannot be verbalised), i.e. your values, prejudices and 

social norms.  It is here in the exploration of tacit knowledge where enquiry into professional 

practice and reflection can be most effective.  Further, if you understand the extent of both 

your professional and tacit knowledge then your skills as a competent practitioner are 

enhanced and can impact upon your service delivery (Knowles et al., 2001).  Reflection 

through creative writing (self narrative) plays a key part here as it can help to unleash hidden 

ΨǘŀŎƛǘΩ ƪƴƻǿledge through raising conscious awareness, which in turn can drive active 

reflections (Saylor, 2009, Morton, in Knowles et al., 2014).   

 

In the case of evolving a new concept to the UK high-performance sport industry, the 

relevance of reflective practice to ƻƴŜΩǎ development is an important point.  In the process of 

evolving fatigue management, through sleep and associated movement behaviour, as an area 

worthy of measurement and analysis, I have strived to develop my awareness and ability to 
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effectively reflect in the knowledge that tƘŜ ŀōƛƭƛǘȅ ǘƻ ŜƴǉǳƛǊŜ ƛƴǘƻ ƻƴŜǎΩ ǇǊƻŦŜǎǎƛƻƴŀƭ ǇǊŀŎǘƛŎŜ 

provides an effective addition to an existing technical and non-technical skill set.  This is in 

essence what this thesis embodies; a reflection on the impact of evolving a new concept 

(fatigue management) to the high-performance sport industry which allows me to 

encapsulate how my skills and abilities in problem solving including, innovation, creativity and 

overall capacity and ability to reflect, have developed. 

 

1.4.3 Philosophy 

Fundamentally, my philosophy towards sports science support to high performance athletes 

and coaches is that it should be performance focused and follow a coach and athlete centered 

approach.  I combine this with the knowledge and dedication that sports science is about 

making marginal gains in an athleteΩǎ performance and establishing Ψwhat it takes to winΩ from 

a discipline specific and holistic standpoint.  Parallell to this process is a strong adherance to 

the theoretical principles of athletic training which underpin any scientific input into an 

athleteΩs training and performance.  As a practitioner, I feel that having the daily technical 

and non-ǘŜŎƘƴƛŎŀƭ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ŀǘƘƭŜǘŜǎ ƻǇŜǊŀǘƛƴƎ ƻƴ ŀ ǿƻǊƭŘ Ŏƭŀǎǎ ƭŜǾŜƭ ŜƴƘŀƴŎŜǎ ƻƴŜΩǎ 

technical knowledge and skills and also self-awareness in striving to providŜ ŀ ΨǿƻǊƭŘ ŎƭŀǎǎΩ 

support service.  For example, ƳƻƴƛǘƻǊƛƴƎ ŀǘƘƭŜǘŜǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ŀ ǘǊŀƛƴƛƴƎ ǎŜǎǎƛƻƴόǎύ ŀƴŘ ŀƭǎƻ 

having a global awareness of their recovery on a day to day basis, ƛΦŜΦ ǿƘŀǘ ΨƭƻŀŘΩ Řƻ ǘƘŜȅ 

place on themselves other than training?  Are they having to work in addition to train? etc.   

As Thompson (2010) reported, ǇǊŀŎǘƛǘƛƻƴŜǊΩǎ ƻŦǘŜƴ ǿƻǊƪ ƛƴ ŘƛŦŦƛŎǳƭǘ ŀƴŘ ǳƴŎŜǊǘŀƛƴ 

ŜƴǾƛǊƻƴƳŜƴǘǎ ǿƘŜǊŜ ōŜƛƴƎ ΨǾƛǎƛōƭŜΩ Ǉƭŀȅǎ ŀ ƭŀǊƎŜ ǇŀǊǘ ƛƴ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ŀƴ ƛƴǘŜǊǾŜƴǘƛƻƴ ōŜƛƴƎ 

ŜƳǇƭƻȅŜŘΣ ŘŜƭƛǾŜǊŜŘ ŀƴŘ ŀǎǎŜǎǎŜŘΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ǇǊŀŎǘƛǘƛƻƴŜǊǎ ƻŦǘŜƴ ƘŀǾŜ ǘƻ ōŀƭŀƴŎŜ ΨŦŀŎŜ 
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ǘƛƳŜΩ ǿƛǘƘ ƻǘƘŜǊ Ŝlements of their role e.g. project development, audits, data management, 

in addition to their own development interests in training, research and innovation 

(Thompson, 2010).  This is certainly a concept I have experienced throughout my career, 

however, throughout this I have maintained that an evaluation of work quality and its 

influence on high performance athletes and coaches is crucial to effective support work.  How 

my work supporting athletes and coaches is measured and evaluated is, to me,  the difference 

between quality assessment and good professional development, and poor athlete 

progression and sustained future service provision.  The process of providing world class 

innovative support to athletes and coaches is exemplified through the successful introduction 

and development of the novel concept of fatigue management and athletic performance and 

shall be highlighted throughout the thesis.  

 

1.4.4 Accountability 

In establishing new concepts to athletes, coaches and support staff, I believe that I need to 

be accountable for the interventions I am advising athletes and coaches to employ in their 

performance programmes.  Hawkes and Miles (2001) commented that with such an emphasis 

on the growth of professionalism of the applied sports science industry, there is more of a 

need for accountability and, in order to be accountable, skills in evaluation need to be 

developed to allow for assessment of intervention effectiveness and feedback to athletes and 

coaches.  To add, Thompson (pp. 1, 2010) noted  how elite sport is judged on results, therefore 

Ψsports scientists operate in a dynamic and volatile environment of accountability where it is 

ŘƛŦŦƛŎǳƭǘ ǘƻ ǇǊƻǾƛŘŜ ŜŦŦŜŎǘƛǾŜ ƳŜŀǎǳǊŜǎ ƻŦ ǎǳŎŎŜǎǎ ƻŦ ŀ ǇǊŀŎǘƛǘƛƻƴŜǊ ǉǳƛŎƪƭȅΩΦ  This concept of 

accountability coincides with my personal objectives of providing a high standard of 



 

30 
 

physiological support specific to the requirements of the athlete or sport/discipline and 

ensuring consistency in my working practices through purposely and regularly reflecting on 

my performances.  In initiating a new concept to the UK high performance industry, the issue 

of accountability was critical.  Here, the technical knowledge I gained around fatigue 

management (sleep and movement behaviour), highlighted in Chapters 3, 4, 5 and 6, became 

fundamental to the process.  In conjunction with my developing technical knowledge, was my 

ability to influence coaches, athletes and peers as to how the concept aligned into what it 

takes to win models.  In considering accountability, Hawkes and Miles (2001) identified 

themes for effective practitioners, two of which resonate with the pathway I have taken in 

establishing a novel concept to the UK high performance sport industry.  

1. Knowledge and experience are fundamental to the fact that particular attention should 

be paid to a solid technical knowledge and understanding of the determinants of 

performance and the associated physiological requirements for a given sport.  In this 

instance and parallell to this knowledge, was having a good technical understanding of 

the physiology of sleep (oultined in Chapter 3) and the indivisualised nature of it. 

    

2. A professional practical service is necessary to providing any support to elite athletes and 

principally when producing new innovative solutions and ideas to sports programmes.  

Having a proactive innovative approach is important as often research is not available to 

answer the performance questions in a WITTW model, so using innovative techniques 

with theoretical underpinnings are crucial.  In this instance, understanding the theoretical 

underpinnings of sleep from a physiological standpoint was cruciual to identifying sleep 

as an area deserving further research in Sports Science .  It also exemplifies how innovative 

techniques can be transformed into sport programmes by practitoners with an acute 
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awareness of accountability, the significance of techncial knowledge and the impact on 

Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ models of a given sport.   

 

However, whilst such scientific underpinnings may provide a sound basis for an idea, the 

ǇǊŀŎǘƛŎŀƭƛǘȅ ƻŦ ŜȄǇŜǊƛƳŜƴǘŀǘƛƻƴ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ΨǊŜŀƭ ǿƻǊƭŘΩ ǎŎŜƴŀǊƛƻǎ ŀƴŘ ǘƘƛǎ ƛǎ ǿƘŜǊŜ L ŦƛƴŘ 

reflective practice can be an effective tool for assessing the impact of a particular intervention 

and my role within that is exemplified throughout this thesis.   

 

1.5 How did the novel concept of fatigue management begin?  

The motivation for encouraging the UK high performance sport industry to have a strategy 

for fatigue management through robust assessment of sleep and movement behaviour, stem 

from both my experience in the industry (working with elite athletes for over 20 years) and 

personal intuition (no one was measuring sleep or athlete downtime and I felt the variables 

needed to be captured).   Historically, sleep and athlete performance had been addressed, 

but only ŦǊƻƳ ŀ ǘǊŀǾŜƭ ŦŀǘƛƎǳŜ ǎǘŀƴŘǇƻƛƴǘΦ  5ƻǿƴǘƛƳŜ ƘŀŘƴΩǘ ōŜŜƴ ǉǳŀƴǘƛŦƛŜŘ ŦƻǊƳŜǊƭȅ at all in 

elite athletes ƻƴ ǘƘŜ ōŀǎƛǎ ǘƘŀǘ ǇǊŀŎǘƛǘƛƻƴŜǊǎ ŘƛŘƴΩǘ ǊƻǳǘƛƴŜƭȅ ǳǎŜ actigraphy as part of their 

assessment battery of elite athletes.  Additionally, few practitioners had employed this 

particular function of the actiwatches.  Nevertheless, I believe both sleep and movement 

behaviour are valid objective and subjective monitoring markers of an elite athleteΩs ability 

to tolerate training load and the effects of such a training load.  This is of course in 

collaboration with other defined performance markers relevant to a Sport e.g. 2000 metre 

rowing ergometer time (mm:ss.0).   
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Standard justifications for analysing and characterising an athleteΩs sleep and movement 

behaviour profiles are typically, but not exclusively, related to fatigue management issues 

within a sport.  These can manifest as a medical referral from a sportsΩ Chief Medical Officer 

to assess either training load management (indications for under-recovery, underperforming, 

training adherence) (Wall et al, 2003, Smith et al, 2011, Schaal et al, 2014) or provide objective 

data to verify perceptions of poor sleep and under-recovery, a need to capture baseline data 

and verify athlete self-reported sleep issues.  Regardless, as practitioners, we can be more 

proactive than reactive and, by collating baseline datŀ ƻƴ ŀǘƘƭŜǘŜǎΩ ƻōƧŜŎǘƛǾŜ ŀƴŘ ǎǳōƧŜŎǘƛǾŜ 

sleep and/or movement behaviour, means we can potentially foresee issues relating to 

fatigue management.   

 

Having said that, introducing fatigue management assessment is a change in standard 

practice, given Sports Science practitioners have conventionally employed a standard battery 

of assessments to characterise and measure athlete adaptation and recovery from training. 

Introducing fatigue management assessment displays a variance to ŜȄŜǊŎƛǎŜ ǇƘȅǎƛƻƭƻƎƛǎǘǎΩ 

philosophy to fitness assessment battery.  To date, sleep and associated movement behaviour 

have not traditionally been part of this assessment battery, yet, as I will describe in Chapter 

3, sleep is a physiological process which the applied physiologist should feel compelled to 

profile in an elite athlete.   The challenge is that whilst the mystery of sleep has been 

investigated since the early twentieth century (Piéron, 1913), little research had been 

completed in the Sports Science industry, in relation to sleep and its effects on athletic 

performance or vice versa (refer to Chapter 4).  Despite being a physiological process (refer 

to Chapter 3), sleep falls primarily into the domains of psychology, neuropsychology, cardio-

respiratory medicine and chronobiology (biological rhythms).  The mystification of the 
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ŜǎǎŜƴŎŜ ƻŦ ΨǎƭŜŜǇΩ ŀƴŘ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ƳŜŘƛŎŀƭ ŦŀŎǘ ƳŜŀƴ ǘƘŀǘΣ ƛƴ ŀŎŀŘŜƳƛŎ 

ǘŜǊƳǎΣ ƴƻ ǎƛƴƎƭŜ ŘƛǎŎƛǇƭƛƴŜ ΨƻǿƴǎΩ ǎƭŜŜǇ ŀƴŘ ƛǘ ǘƘŜǊŜŦƻǊŜ ƛǎ ŜȄŀƳƛƴŜŘ ǿƛǘƘƛƴ ƳǳƭǘƛǇƭŜ ŀŎŀŘŜƳƛŎ 

fields.  Nevertheless, despite the relationship between sleep and numerous academic 

domains, the concept of fatigue management through sleep and associated movement 

behaviour assessment, has not been high on the agenda of most contemporary sleep research 

groǳǇǎΣ ǿƛǘƘ ǊŜǎŜŀǊŎƘ ƻǳǘǇǳǘǎ ŎƭŀƛƳƛƴƎ ΨƭƻƻǎŜΩ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǎƭŜŜǇ ŀƴŘ ǊŜŎƻǾŜǊȅ ŀƴŘ 

I shall elaborate further on this discussion in Chapter 4.     

 

Nonetheless fatigue management, through sleep and associated movement behaviour 

assessment, are important variables for a physiologist to consider measuring with their 

athlete cohort.  Not only does this provide more quantitative information for the coaching 

and science and medicine team supporting the athlete, but also requires a sense of empathy 

towards the client (the athlete) and this ability to create trust, credibility and hold an honest 

dialogue with the athlete is a skill set demanding more attention from developing 

practitioners. These are a principle points which will recur throughout the thesis.   

 

1.6 Summary 

This chapter has aimed to summarise the purpose of the thesis and, to provide some context 

to the UK high-performance sport industry, and myself as a practitioner in it.  I have 

highlighted my positionality as a practitioner in the UK high performance sport system from 

neophyte student to a leadership role within the EIS and more recently, a freelance 

performance consultant, specialising in the area of high performance sport and sleep.  Parallel 

to this professional advancement was my personal development and desire to work in a 

different form within the UK high performance sport industry.  During the time frame of my 
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professional doctorate I have transferred from a full-time practitioner in a medal winning 

sport, to focusing on a leadership and management role, whilst growing my family (becoming 

a wife and mother) and transitioning into my most recent consultancy role.   

 

Finally, this chapter takes the reader towards the reasons why a concept such as fatigue 

management should be introduced to the UK high performance sport industry. A further 

description of why this should be considered and the process of inception of the initial idea 

through to current day activities are provided in Chapters 4 and 6.  

 

The next Chapter will focus on ethics and also for purposes of clarity, include a definition of 

ΨŜƭƛǘŜƴŜǎǎΩΦ  Correspondingly it will outline the qualitative methodology which was utilised to 

provide context, illustration, depth and content around the quantitative findings and it is 

hoped, ultimately enrich the thesis.  As described in the Chapter Sequence, this will then be 

followed by a Chapter focusing on a technical description of sleep and movement behaviour 

in order to establish what these impact factors are ahead of any further discussion.  
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Chapter 2. Qualitative Methodology 

2.1 Introduction: why a qualitative methods approach? 

Whilst the majority of projects reported in this professional doctorate will follow a 

quantitative methodology, there is scope for qualitative methods to supplement the 

quantitative studies and add substance to the overall discussion.  For the overall thesis, a 

mixed methods design was employed to capture all the relevant data.  The quantitative 

methodology is presented in Chapter 5.  In this chapter, following information regarding 

ŜǘƘƛŎǎ ŀƴŘΣ ŦƻǊ ǇǳǊǇƻǎŜǎ ƻŦ ŎƭŀǊƛǘȅΣ ŀ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨŜƭƛǘŜƴŜǎǎΩΣ ǘƘŜ ǉǳŀƭƛtative methodology is 

presented.  The principle justification for this approach was that, through qualitative 

methods, there were opportunities by which purposely selected individuals provided depth 

and context through representations in the form of verbatim quotes and constructed 

narratives regarding the introduction of the concept of sleep and movement behaviour in UK 

high performance sport.   

 

2.2 Ethics 

For all aspects of the study, qualitative and quantitative methods, ethical committee approval 

has been obtained from the University of Kent, School of Sport and Exercise Science (July 

2014, Appendix 1).  All participants signed an informed consent form (Appendix 1) prior to 

any data collection being undertaken.  Where repeat testing or monitoring procedures were 

performed, participants were asked to provide further informed consent only if their 

circumstances have changed e.g. injury.  ¢Ƙƛǎ ƛǎ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ²ƛƴǘŜǊ ŀƴŘ aŀǳƎƘŀƴΩǎ 

(2009) suggestion that types of functional capability tests may be a requirement of employees 

such as athletes in National Lottery funded sports programmes.  All data is protected under 

the 1998 Data Protection Act. 
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2.3 5ŜŦƛƴƛƴƎ ΨŜƭƛǘŜƴŜǎǎΩ 

There has been inconsistency within the Sports Science and Medicine literature as to what 

defines ŀƴ ΨŜƭƛǘŜΩ ŀǘƘƭŜǘŜΦ  bŜǾŜǊǘƘŜƭŜǎǎΣ ŦƻǊ ǘƘƛǎ ǘƘŜǎƛǎ, it was imperative that it was 

determined from the outset ǿƘŀǘ ǘƘŜ ǘŜǊƳ ΨŜƭƛǘŜΩ ƳŜŀƴǎ ƛƴ ǘƘƛǎ high performance sport 

context.  Using a method to define a model fƻǊ Ψ/ƭŀǎǎƛŦȅƛƴƎ ǘƘŜ ±ŀƭƛŘƛǘȅ ƻŦ 9ȄǇŜǊǘ {ŀƳǇles in 

SportΩ ό/±9{{ύ όSwann et al.Σ нлмрύΣ ǘƘŜ ΨŜƭƛǘŜƴŜǎǎΩ ƻŦ ǘƘŜ ŀǘƘƭŜǘŜǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ŎƻƴŦƛǊƳŜŘ ŀǎ 

ΨǿƻǊƭŘ ŎƭŀǎǎΩΦ   In this model, athletes are assessed against set criteria relating to 1) within and 

2) between-sport criteria.  Within-sport comparisons are broken down to an evaluation of the 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƭŜǾŜƭ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜΤ ǘƘŜ ǎǳŎŎŜǎǎ ŀŎƘƛŜǾŜŘ ŀƴŘ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ŀǘ ǘƘŀǘ ƭŜǾŜƭΤ ŀƴŘ 

between-sport ŎƻƳǇŀǊƛǎƻƴǎ ƛƴŎƭǳŘŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ sport both on a 

national and global scale. Each individual component is ranked on a scale (score range 1-4, 

where 4 is elite) and computed.  The outcome of this model is a quantifiable continuum of 

ΨŀǘƘƭŜǘŜ ŜƭƛǘŜƴŜǎǎΩΥ ǎŜƳƛ-elite; competitive elite; successful elite and world class elite (score 

range 1-16) (Gupta et al., 2016).  Figure 2.1 displays the equation for the classification system 

of eliteness according to Swann et al. (2015) and should be utilised with Table 2.1 which 

outlines their classification model.  
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Eliteness/expertise of athletic sample = [(A + B + C/2)/3] x [D + E)/2] 

Figure 2.1 Equation and classification system of eliteness according to Swann et al. (2015) 
Classification: 1-4 = semi elite; 4-8 = competitive elite; 8-12 = successful elite; 12-16 = world 

class athlete 
 

Table 2.1 Model for classifying the validity of expert samples in sports science research 

(Swann et al., 2015).  

Variable/Score 1 2 3 4  

A 
Athletes highest 
standard of 
performance 
 

Regional level; 
university level; 

semi-
professional; 4th 
tier leagues or 

tours 

Involved in talent 
development, 3rd 
tier professional 
leagues or tours 

National level; 
selected to 

represent nation; 
2nd tier 

professional 
leagues or tours 

International level; 
top tier 

professional 
leagues or tours 

W
ith

in
-sp

o
rt c

o
m

p
a
riso

n 

B 
Success at the 
ŀǘƘƭŜǘŜǎΩ ƘƛƎƘŜǎǘ 
level 

Success at 
regional, 

university, semi-
professional or 

3rd/4th tier 

National titles or 
success at 2nd/3rd 

tier 

Infrequent success 
at international 
level or top tier 

Sustained success 
in major 

international, 
globally recognised 

competition 

C 
Experience at the 
ŀǘƘƭŜǘŜΩǎ ƘƛƎƘŜǎǘ 
level 

<2 years 2-5 years 5-8 years 8+ years 

D 
Competitiveness 
of sport in 
ŀǘƘƭŜǘŜǎΩ ŎƻǳƴǘǊȅ  

Sport ranks 
outside top 10 in 
country; small 
sporting nation 

Sport ranks 5-10 in 
country; small-

medium sporting 
nation 

Sport ranks top 5 in 
country; medium 

large sporting 
nation 

National sport; 
large sporting 

nation 

B
e

tw
e

e
n-sp

o
rt c

o
m

p
a

riso
n 

E 
Global 
competitiveness of 
sport  

Not Olympic 
sport; world 

championships 
limited to a few 

countries; limited 
national TV 
audience 

Occasional Olympic 
sport; world 

championships 
limited to a few 

countries; limited 
international TV 

audience 

Recent Olympic 
sport with regular 

international 
competition; semi-
global TV audience 

Regular Olympic 
sport with frequent 
major international 
competition; global 

TV audience 

      

 

2.4 Qualitative methodology  

The aim of this section is to report on a qualitative study to explore the perceived impact of 

evolving the new concept of fatigue management to the high-performance sport industry.  

This line of enquiry is incorporated within some of the aims of the professional doctorate, 

namely; to ascertain the growth of sports science over the last 20 years and how fatigue 

management has emerged as part of the industry development.  Fundamentally, the research 
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was undertaken to determine why physiologists should take responsibility for sleep and 

athletic performance measurement and assessment.  Further, the research methodology 

would allow articulation of examples of fatigue management projects in high performance 

sport, explore methods of optimal practice for assessment of fatigue management and enable 

recommendations for future research and applied practice in relation to fatigue management 

of elite athletes. The qualitative methodology also assisted in encapsulating and 

understanding the impact of introducing the concept of fatigue management to the UK high 

performance sport industry better than my personal observations alone.  Finally, it helped to 

provide justification for investigating the area of fatigue management in high performance 

sport and the process and success of introducing it as a concept to other practitioners within 

the UK high performance sport system.   

 

Qualitative methodology has gained increasing popularity across the sport and exercise 

domain in recent years with the acceptance of the value that a single or variety of qualitative 

research methods can achieve to explore phenomena.  The use of qualitative methods in 

mixed methodological approaches can elicit depth and context from that acquired through 

quantitative data. The emergence of a peer reviewed journal, Qualitative Research in Sport, 

Exercise and Health (Taylor and Francis Group) is perhaps alone indicative of the development 

ƻŦ ǘƘƛǎ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ΨǎƘƛŦǘΩ (Culver et al. 2012, Culver et al., 2003, Biddle et al., 2001).  

Qualitative methodologies provide a more holistic and naturalistic enquiry.  They provide 

purposeful perspective from individual and personal insights, are process driven and are more 

flexible in design. (Patton 1990).  Qualitative methods are diverse from that of single 

interviews focus groups (Patton 1990) and participant observation (Tedlock, 1991), to that of 

creative means such as photo-storytelling (Clark & Moss, 2011) or write and draw (Parnell et 
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al., 2013)Φ IƻǿŜǾŜǊΣ ǘƘŜ ΨƛƴǘŜǊǾƛŜǿΩ ŦƻǊƳŀǘ ǊŜƳŀƛƴǎ ǇŜǊƘŀǇǎ ǘƘŜ Ƴƻǎǘ ŦǳƴŘŀƳŜƴǘŀƭ ŀƴŘ 

common data collection technique in this research domain (Thomas and Nelson, 1996, 

Halcomb and Davidson, 2006, Culver et al., 2012).   

ΨΩƛƴǘŜǊǾƛŜǿǎ ƘŀǾŜ ōŜŜƴ ǿƛŘŜƭȅ ŀŎŎŜǇǘŜŘ ŀǎ ŀ ŎƻƳƳƻƴ ƳŜŀƴǎ ƻŦ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ƛƴ ŀ 
range of disciplines allied to that of the sport and exercise science, including nursing, 
sociology, social work, and health, principally because of the required interaction 
ōŜǘǿŜŜƴ ƛƴǘŜǊǾƛŜǿŜǊ ŀƴŘ ƛƴǘŜǊǾƛŜǿŜŘΩΩΦ   IŀƭŎƻƳō ŀƴŘ 5ŀǾƛŘǎƻƴ όнллс ǇǇΦоуύ 

 

To ensure effective preparation and required knowledge of the subject area and participants, 

the methodology was inspired by informal conversations with peers within the UK high 

performance sport industry and review through academic sources, colleagues and literature 

associated with both qualitative methods and sleep and movement behaviour.  This 

methodological development phase took place over a long period of time as I was gathering 

my thoughts on how to display the impact of the evolution of the concept of fatigue 

management to the UK high performance sport industry.  FǳǊǘƘŜǊΣ ǘƘƛǎ ΨǊŜŎƻƴƴŀƛǎǎŀƴŎŜ ǇƘŀseΩ 

also considered recruitment and development of the interview guide as the instrument tool.   

In all, this phase of methodological development, planning and delivery took 18 months, with 

the initial informal conversations having the impact of ensuring I was proactive in making the 

qualitative aspect of the thesis come to life.  

 

Peer support and technical advice was sought from a Health and Care Professions Council 

Registered Practitioner Psychologist (sport and exercise) (HCPC) with regards to exploring the 

paradigmatic location of this research and methods of analysis on the basis of what the study 

was to achieve through exploration of realities. The psychologist had no previous experience 

as regards the topic area and had never worked directly with the EIS by virtue of employment 

or role but had extensive experience of working with elite athletes as a consultant.  
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Having traditionally resonated with a more quantitative approach, I explored the ontology4, 

epistemology and methodological approaches associated with the qualitative paradigm 

relative to its inclusion in the thesis.  This process involved considering what the research was 

attempting to understand (individual compared to social realities), being conscientious of 

trustworthiness and deciding on the type of instrument/s to utilise.  

 

2.4.1 Rationale 

In order to encapsulate and understand the impact of introducing the concept of sleep and 

movement behaviour into the UK high performance sport system, a qualitative, formative 

research design was employed.  Here, the specific aims were firstly to generate a purposeful 

sample of those identified key UK high performance sport industry personnel who had been 

involved in sleep and waking movement behaviour projects.  Secondly, on participant 

consent, the interview aimed to explore the perceived impact of evolving sleep and 

movement behaviour measurement and analysis in the UK high-performance sport industry.  

¢ƘƛǊŘƭȅΣ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀǿŀǊŜƴŜǎǎ ƻŦ ǎǳŎƘ ǇǊƻƧŜŎǘǎ ŜΦƎΦ ƪƴƻǿƭŜŘƎŜ ƻŦ 

implementation of such projects and their professional knowledge gained from them.  Finally, 

ǘƘŜ ƛƴǘŜǊǾƛŜǿ ŀƛƳŜŘ ǘƻ ŘƛǎŎǳǎǎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƛŘŜŀǎ ŦƻǊ ŦǳǘǳǊŜ ƛƴƛǘƛŀǘƛǾŜǎ ŀǊƻǳƴŘ ǎƭŜŜǇ ŀƴŘ 

movement behaviour measurement and analysis and explore any barriers and facilitators.  

 

 

 

                                                           
4 Ontology is the branch of metaphysics dealing with the nature of being ǿƘƛƭǎǘ ΨŜǇƛǎǘƻƳƻƭƻƎȅΩ ƛǎ ǘhe theory of 
knowledge, especially with regard to its methods, validity, and scope, and the distinction between justified 
belief and opinion (The Oxford Dictionary, 2014)  
  

http://www.oxforddictionaries.com/definition/english/knowledge#knowledge__8
http://www.oxforddictionaries.com/definition/english/regard#regard__27
http://www.oxforddictionaries.com/definition/english/validity#validity__2
http://www.oxforddictionaries.com/definition/english/scope#scope__2
http://www.oxforddictionaries.com/definition/english/distinction#distinction__2
http://www.oxforddictionaries.com/definition/english/justify#justify__2
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2.4.2 Research questions 

Given the identified aims listed above, specific research questions were organised across five 

sections outlined in Table 2.2. 

Table 2.2 An outline of the interview guide structure   

Section  Detail 

1. Introduction ¶ Introducing the rationale for the interview and to offer 
an explanation as to why the participant had been 
initially identified through study inclusion criteria and 
that they felt this was appropriate and still offered 
voluntary consent.  An outline of the interview and a 
reiteration of anonymity and right to withdraw at any 
time without the need for explanation were also 
provided.  

2. Conceptual ¶ Outlining the concept behind analysing sleep and 
movement behaviour in high performance sport 

3. Involvement 
 

¶ Establishing the participantΩs involvement in the 
process of introducing sleep and movement behaviour 
to UK high performance sport.   

4. Understanding  
 

¶ Tracking the participantΩs understanding of the 
introduction of sleep and movement behaviour into 
the UK high performance sport industry and any 
perceived impact it may have had.   

5. Evaluation ¶ Allowed the participant to offer any challenges that 
they may have faced and to evaluate the process of 
introducing sleep and activity analysis to the high 
performance sport industry.  It was recognised that the 
ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǊŜǎǇƻƴǎŜǎ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴ Ƴŀȅ ǿŜƭƭ ƛƴŦƻǊƳ 
future directions as to where research can be targeted 
in the next Olympic cycle. 

6. Closure ¶ Opportunity to thank the interviewee for participation, 
allow any questions or topics to be raised not covered 
in interview and explain what happens next in terms of 
data protection, transcription and availability of the 
interview for their reference if required.  

 

 

 

- 
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2.4.3 Participants 

Five participants (male n = 3 age 41 ± 15 yrs.) were purposely selected for the interviews.  

Average experience in high performance sport was 9.4 ± 6.7 yrs. and average experience in 

sleep academia was 10.6 ± 11.3 yrs.  Table 2.3 provides an overview of each of the 

participants.   

Table 2.3 Background information of participants for interviews  

Participant Role and responsibilities Experience 
in high 

performance 
sport (years) 

Experience 
in using 
sleep 

assessment 
(years) 

1 ¶ Physiologist to an Olympic combat 
sport. 

¶ Responsible for the physiological 
preparation of high performance 
boxers in preparation for international 
competition. 

6 3 

2 ¶ Performance lead for the English 
Institute of Sport. 

¶ Responsible for enabling sports to 
define their performance questions that 
have clear alignment to Ψ²Ƙŀǘ ƛǘ Takes 
to WƛƴΩ (WITTW), or what's needed to 
win their sport.  This includes:  

¶ Enabling sports to define, review and 
evolve the WITTW process and 
facilitating performance planning and 
debriefing with coaches and sports 
science and sports medicine (SSSM) 
practitioners.  They also support and 
enable the alignment of SSSM, 
technology, system and 
stakeholder support ǘƻ ǿƘŀǘΩǎ ƴŜŜŘŜŘ 
to win.  

¶ Also, co-ordinate and share practice 
from and within the high performance 
sports system.  

¶ They are the main point of contact 
within the English Institute of Sport to 
align practitioners' work flows, key 
projects and personnel within the EIS to 
meet the performance questions as 

12 11 
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outlined to our Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ 
process. 

3 ¶ EIS PhD student with the English 
Institute of Sport. 

¶ Responsible for the pursuit, 
investigation and dissemination of 
research findings in relation to sleep 
and athletic performance. It involves:  

¶ Assessing, monitoring and intervening 
with athlete sleep (all sports) 

¶ Conducting applied research into 
ΨǇǊŜŘƛǎǇƻǎƛǘƛƻƴǎ ǘƻ ǎƭŜŜǇ ŘƛǎǊǳǇǘƛƻƴ ƛƴ 
team sport ŀǘƘƭŜǘŜǎΩ 

¶ Attend international conferences to 
present findings on sleep 

5 3 

4 ¶ Director of Loughborough Psychology, 
overseeing the delivery of 5 Psychology 
programmes across 3 Schools. 

¶ Director of the Clinical Sleep Research 
Unit: the development of applied sleep 
research in clinical areas, and the use 
of health technologies to improve sleep 
quality. 

¶ Professor of Psychology: general 
academic/pastoral duties  

¶ hǾŜǊ ол ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ 
experimental and applied sleep 
research, and pharmacological and 
psychological research. 

4 30 

5 ¶ Chief Medical Officer for a successful 
Olympic and Paralympic team  

¶ Responsible for the health and 
wellbeing of Olympic and Paralympic 
athletes in their sport   

20 6 

 

A method of triangulation was employed throughout the process, from instrument design to 

analysis, which was undertaken with my professional doctorate supervisor and also a Health 

and Care Professions Council Registered sport and exercise psychologist.  The psychologist 

also helped to support the process of adopting a qualitative paradigm as part of my thesis and 

subsequent methodological decision-making through a series of consultations.    
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Potential participants were identified as meeting inclusion criteria and therefore eligible 

based on their experience of fatigue management practices in high performance sport, either 

directly through work within the EIS or external to EIS workflows and their level of persistent 

observation with myself.  Inclusion criteria was established as; 

1. Participants had to either be a practitioner, coach or athlete within or a research associate 

of the UK high performance sport industry.   

2. tŀǊǘƛŎƛǇŀƴǘǎ ǿƻǳƭŘ ƘŀǾŜ ŀǘ ƭŜŀǎǘ ǘƘǊŜŜ ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ ǊƻƭŜǎ  

3. Participants would have been involved in the UK high performance sport system in either 

or both the London and Rio Olympic cycles (2008-2017).  

 

The limited sample population was justified as it provided comparable insights into the impact 

of the introduction of sleep and movement behaviour analysis in the UK high performance 

sport system by individuals who had direct or indirect involvement of its use during the period 

(2008-2017).  This process was given credibility through peer debriefing with my professional 

doctorate supervisors.   

 

2.4.4 Ethical compliance 

Through the initial research proposal, ethical consent was applied for and received for the 

qualitative part of the thesis from the University of Kent (2014) (Appendix 1).   

 

 

 

 

 



 

45 
 

2.5 Research protocol  

2.5.1 Instrument development 

A single semi structured interview was used and has been demonstrated to provide reliable, 

comparable qualitative data (Cohen & Crabtree 2006).  Semi structured interviews were 

designed to last approximately 60 minutes and provided an opportunity for pre-determined 

questions to be asked and also allow the interviewer to follow topical trajectories in the 

conversation that may stray from the guide when appropriate. Importantly, participants were 

given the freedom to express their views in their own terms with opportunity for deviation 

and exploration of relevant topics aligned to research questions (appendix 2). In short, this 

format facilitated comparison across participants whilst still allowing flexibility in participant 

responses (Hardy et al. 1996).   

 

In shaping the research instrument, I received intensive technical counsel, direction and 

methodological guidance from an external advisor (a Health and Care Professions Council 

Registered sport and exercise psychologist), both pre- and post-interviews.  Specifically, 

advice was provided on the thematic (question construction) and dynamic (organisation of 

question order, participant motivation, listening and responding skills and interview flow) 

aspects of the interview and data handling/representation. Further, there were checks made 

to ensure alignment of the interview questions to that of the overall study aims by reverse 

tracking.  This process of peer debriefing, not only upskilled myself as interviewer in 

qualitative methods, but also ensured dependability criteria was achieved for guaranteeing 

the trustworthiness of the data to be collected.  
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2.5.2 Pilot 

A principle benefit to using a semi structured interview process was that questions could be 

prepared ahead of time, allowing me to be prepared and competent as regards directing 

questions and responding appropriately during the interview.  As part of this research and 

instrument development process, a pilot interview was conducted with a suitably qualified 

individual from the UK high performance sport industry.  This allowed rehearsal of semi 

structured interview techniques, enhanced my ability in asking questions, listening, building 

trust and rapport with the participant and achieving the expected outcomes from the 

interview schedule.  

 

Assessing the pilot interview ensured several trustworthiness criteria were achieved, such as 

credibility through triangulation (refinement of the interview guide) and peer debriefing 

(were questions were of suitable clarity, purpose and rigour and eliminated any bias in the 

process).  Further trustworthiness criteria verified were; member checking through seeking 

feedback from the pilot interview participant in terms of how they felt during the interview 

and the phraseology used and the structure of the process.  Credibility was achieved through 

referential adequacy (data was recorded so others could check its accuracy), dependability 

and conceivability techniques. Dependability was sought through my demonstrated 

knowledge and competence as a practitioner in the topic area of the interview and in the 

high-performance sport industry.  Further dependability was shown through my seeking of 

training and advice in the chosen qualitative research technique.  Finally, in preparation for 

any external checks being requested, conceivability was achieved through an audit trail of the 

process including participant selection, interview guide planning, data collection, 

transcription and analysis.   
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The pilot process allowed practice of skills in maintaining objectivity, thereby sustaining 

perspective on the knowledge obtained from the interviews and avoiding over-identification 

with the participants.  With such familiarity there is potential for some bias and contention, 

however, this was limited through pilot interview techniques being reviewed by an 

experienced qualitative researcher and HCPC Registered Practitioner Psychologist.  

 

2.5.3 Development of interview guide 

Trustworthiness was also demonstrated through credibility criteria such as prolonged 

engagement with the high-performance sport industry and relationship with those 

interviewed.  This ensured the interview guide was structured via sections and included only 

questions which were pertinent to the research aims and succinct so as not to over burden 

participants. Strategies to deal with incidences whereby the trajectories of the conversation 

became irrelevant were discussed.   

 

Peer debriefing occurred through the development process whereby I had multiple drafts of 

the interview guide verified against the research questions by my professional doctorate 

supervisor and also a Health and Care Professions Council sport and exercise psychologist who 

also checked for appropriateness, coercion and leading questions and which occurred to the 

point of full consensus from within the supervision team.   

 

To ensure flow through the interview guide, I was in a position through persistent 

observations to build rapport, establish trust and acceptance from the participants quickly.  

In acknowledging by doing so this could potentially introduce bias, there were measures in 

place to ensure this was not ΨǎƪŜǿŜŘΩ ƻǊ ΨƭŜŀŘƛƴƎΩΦ  ¢Ƙƛǎ trust could not have been achieved 
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had I not been a well-established practitioner within the UK high performance sport system 

having had experience of multiple Olympic and Paralympic cycles.  Such prolonged 

engagement both with the participants and knowledge of the cultural context for the 

interviews, (i.e. industry familiarity, understanding and experience), ensured I aimed to 

understand and clarify the meanings and interpretations each participant offered rather than 

probing for information or suggesting ideas.  This, along with persistent observations of the 

chosen participants in their fields of work, added to the research trustworthiness credibility 

criteria.  Therefore, rapport was gained through familiarity of environment and industry with 

the interviewees and my experience in the field of high performance sport.   

 

2.5.4 Interview protocol  

Informed consent was obtained via a pre-prepared written informed consent form and a 

letter was sent to participants prior to the interview taking place (Appendix 1).  These 

documents contained a summary of the aims of the professional doctorate, reasons for the 

ǎŎƘŜŘǳƭŜŘ ƛƴǘŜǊǾƛŜǿ ŀƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƛƴǾƻƭǾŜƳŜƴǘΦ  .ŜƴŜŦƛǘǎ ŀƴŘ Ǌƛǎƪǎ ǘƻ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎ 

contributing to the study were also outlined.    Confidentiality was assured for all aspects of 

the professional doctorate.  Specifically, for the semi structured interviews, participants were 

given an ID for anonymity purposes with confidentiality maintained through anonymising the 

responses from the participants.   

 

As principle researcher, I was the sole conductor of the interviews which were conducted face 

to face in a private consultation room at a location most suited to the participant. There was 

also an agreement for a follow up post interview either in person or remotely to clarify details 

or investigate further points made.    
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Referential adequacy was achieved through recording and verbatim transcription of 

interviews.  Recording was achieved using a digital voice recorder (Allreli, China) which was 

checked operationally by me during the preliminary stages of the interview.   

 

Open-ended questions were asked in the same order and guided the interviews.    Throughout 

each interview as part of a member checking process as responses were gathered, I 

paraphrased and probed to ensure my understanding of participant meaning and challenge 

my assumptions.  These probes elicited rich details and descriptions/examples and helped me 

learn why observations were important to participants (e.g. "What was significant or 

important to you about [that observation]?").   

 

At the end of each event interview, I asked for any other information that the participants felt 

were relevant to the topic (Isabella 1990).  Whilst each interview used the same research 

questions, I aimed to maintain the ability to explore areas of individual significance to a 

participant in depth and understand the frames of reference each participant offered.    

 

To ensure honesty, I followed guidance by Knowles (personal communication, 2016) in that 

Ψǘhroughout the research process I sought to achieve a fair and trusting relationship with 

participants, enhancing the authenticity of our shared interview experience.  If a participant 

ǿŀǎ ƴƻǘ ŎƻƳŦƻǊǘŀōƭŜ ŀƴǎǿŜǊƛƴƎ ŀ ǉǳŜǎǘƛƻƴΣ ǘƘŜȅ ǿŜǊŜ ƴƻǘ ǊŜǉǳƛǊŜŘ ǘƻ Řƻ ǎƻΩΦ   

 

2.5.5 Data handling and representation  

Once the interview was complete, the audio files were downloaded onto an English Institute 

of Sport (EIS) encrypted laptop (MacBook Pro) and deleted from the Dictaphone.  The EIS 



 

50 
 

laptop was password protected and had sole use by me.   I also underwent training in data 

protection through the English Institute of Sport by EduCare®.   

 

All interviews were then sent via a secure online transfer programme 

(https://www.wetransfer.com/) to an external transcriber who had relevant policies and 

practices in place to ensure compliance with data protection.  The interviews were then 

transcribed verbatim with identifying characteristics of the participants. Transcriptions were 

saved as a PDF file and emailed to the participants post interview to allow them to sense 

check the contents of the transcript.  This member checking helped to ensure accuracy, 

credibility, validity, and applicability of the process and build trustworthiness on the part of 

the principal researcher prior to interviews.  All data was stored on an EIS encrypted laptop 

and according to the 1998 Data Protection Act. I was the custodian of the data.   

 

Conceivability and dependability were achieved through the processes of informed consent, 

recorded interview and transcription.  This ensured a detailed audit trail for those wishing to 

inspect findings or replicate, and complied with the trustworthiness of the research process. 

Due to the anticipated low subject number due to inclusion criteria, analysis was deemed 

inappropriate and therefore representation by verbatim quotes was employed.  Interviews 

lasted on average 51 (±21) minutes. Extracted quotes which could be interpolated throughout 

the thesis text to add context, depth and insight were used to explore the impact of analysing 

sleep and waking movement behaviour in high performance sport.  This transferability 

through providing thick descriptions (quotes from the participants) throughout the thesis also 

ŜƴǊƛŎƘŜŘ ǘƘŜ ǎǘǳŘȅΩǎ ǘǊǳǎǘǿƻǊǘƘƛƴŜǎǎΦ  
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!ƴǎǿŜǊƛƴƎ ƻƴŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀƛƳǎ ƻŦ ǿƘŀǘ ƘŀŘ ōŜŜƴ ǘƘŜ ΨƛƳǇŀŎǘΩ ƻŦ evolving the concept of 

sleep and movement behaviour measurement and analysis into the UK high performance 

sport industry led the extraction of quotes.  Simply, this process enabled me to efficiently 

retrieve and collect together all the transcribed text that I had collated and offer illustrative 

quotes at relevant points in the final thesis text to illuminate the answers to the research 

questions, offer examples of agreement/disagreement and highlight examples/practicalities 

ƻŦ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴκŎƘŀƭƭŜƴƎŜǎΦ  ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ǉǳŀƭƛǘŀǘƛǾŜ Řŀǘŀ ǎƻǳƎƘǘ ǘƻ ǇǊƻǾƛŘŜ ΨǘǊǳŜΩ ŀƴŘ 

definitive insights into the impact of the evolution of sleep and movement behaviour into the 

UK high-performance sport industry.   

 

To clarify, the results from this short study are not presented in a specific independent 

section.  The verbatim quotes appear in the successive Chapters where necessary, principally 

in Chapter 7, where they add context to the described impact and future directions in evolving 

the concept of fatigue management.  

 

The following Chapter will focus on a technical description of sleep.  It will provide an outline 

of the physiological processes of sleep, provide information on the architecture of sleep and 

why and how it is an important entity to be considered by physiologists working with high 

performance athletes and coaches.  A description of movement behaviour is also provided.  
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Chapter 3: A Technical Description of Sleep and Movement Behaviour 

3.1 Introduction 

Chapter 1 presented the evolution of the UK high performance sport industry with a 

traditionally amateur approach to sporting success exchanged for high end business 

approaches aimed at establishing Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ models for all Olympic and 

Paralympic sports.  In line with the Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ models were impact factors on such 

winning variables.  Sleep and movement behaviour, collectively termed as fatigue 

management were two of these performance influencers.   The thesis highlights data I have 

gathered from elite athletes on their sleep and movement behaviour. The motivations for 

gathering such data were to help inform athletes, coaches and support staff to understand 

compromised athletic recovery practices, educate athletes on the importance of good generic 

recovery choices and also provide normative data on a previously unknown entity.  From 

analysis of this data I made recommendations to the UK high-performance sport system on 

ŀǊŜŀǎ ǿƘŜǊŜ ŀǘƘƭŜǘŜǎ ŦŜƭǘ ŎƻƳǇǊƻƳƛǎŜŘ ƛƴ ǘƘŜƛǊ ΨŘƻǿƴǘƛƳŜΩΣ ŜΦƎΦ ŜȄǘǊŀ ŎǳǊǊƛŎǳƭŀ ŀŎǘƛǾƛǘƛŜǎ 

outside the training programme.  As such, I feel it is pertinent that I provide a description of 

what sleep and movement behaviour are ahead of further presentation of data in the thesis.  

In doing so, I should point out that my intention is to provide information on sleep and 

movement behaviour as I would to a coach or fellow practitioner (i.e. relevant points and 

papers), and not a definitive review on sleep and movement behaviour.  

 

This chapter is therefore a review of the sleep and associated movement behaviour literature 

and the perspectives L ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ Ƴȅ ǿƻǊƪ ƻƴ ǿƘŀǘ L ŎƻƭƭŜŎǘƛǾŜƭȅ ǘŜǊƳ ΨŦŀǘƛƎǳŜ 

ƳŀƴŀƎŜƳŜƴǘΩΦ  I see it also as a review of the relevant points I try to share with colleagues 

who want to support their athletes in the fatigue management domain.   
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Specifically, in terms of sleep, L ōŜƭƛŜǾŜ ƛƴ ƻǊŘŜǊ ǘƻ ƎǊŀǎǇ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǿƘŀǘ ΨǎƭŜŜǇΩ ƛǎ ŀƴŘ 

explore my idea of introducing the concept to the UK high performance sport industry 

through the umbrella term of fatigue management, necessitates a rudimentary 

understanding of sleep without a detailed neuroscientific, or more specifically, 

neurophysiological, explanation.  Therefore, I feel a detailed neurophysiological description 

of sleep is not relevant to the thesis and beyond the scope of this chapter.  For reference the 

reader is directed to Harris, 2006 and Dick & Feng, 2014.  What I present in this chapter, (and 

also in Chapter 4), are my perspectives on fatigue management and athletic performance.  

These perspectives are reinforced through highlighting salient points and papers within the 

current academic literature.  

 

Whilst this thesis explores generically the concept of fatigue management, in this chapter I 

shall ŦƛǊǎǘƭȅΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻŎǳǎ ƻƴ ǘƘŜ ΨǎƭŜŜǇΩ ŀǎǇŜŎǘΣ ǿƘŜǊŜ L ǿƛƭƭ ǇǊƻǾƛŘŜ a rudimentary 

description of sleep.  I will endeavour to include an explanation of what we mean by sleep 

quality and the physiological processes and purpose of sleep through presentation of the 

scientific description of sleep, its regulation and architecture.  Secondly, more detail on 

movement behaviour; what it is and how it is of relevance to the remainder of the thesis will 

be provided.   

 

3.2 What is sleep? 

Whilst much is known about the mysteries of the human body and its biological functioning, 

the exact mechanisms for sleep, its true function and the reason we as a species need it and 

with such regularity, remain unknown.  Sleep has been studied since the early 20th century 
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(Piéron, 1913)5 and contemporary interest in sleep research is performed in a multitude of 

academic domains, for example; physiology, psychology, neuropsychology, cardio-respiratory 

medicine and chronobiology (biological rhythms) (Xie et al., 2013, Nunn et al., 2016).  

Generally, sleep research in these areas focuses on poor sleep quality and problems 

associated with sleep deprivation, e.g. through hypoxia induced sleep apnoea or more 

significant clinical insomnia. In general terms, sleep deprivation induces sleepiness and 

reduces daytime alertness and performance (Leger et al., 2008).  Specifically, how athletic 

sleep is deprived and its effects on athletic performance or vice versa needs addressing in 

more detail in the contemporary Sports Science literature and I shall endeavour to explain 

later in Chapter 4 what has been reported to date.  For the purposes of clarity, I will principally 

focus on the studies that have been conducted up until 2017. 

 

In terms of sleep and its general purpose, numerous theories exist mainly related to physical 

and psychological recovery and restoration.  For example, some theories purport that it helps 

with energy conservation (Schwartz and Roth 2008), memory consolidation, cerebral growth 

and metabolic clearance (Xie et al. (2013), immune system maintenance, muscle restoration 

(Takahashi et al. 1968, Besedovsky et al., 2012) and a discharge of emotions (Samules, 2008, 

Myllymaki et al. 2011, Venter, 2012). Although, whilst generically sleep is understood to be 

restorative, what precisely is being restored is uncertain (Schwartz & Roth, 2008). Whilst links 

ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ǘƻ ǎƭŜŜǇ ŀƴŘ ǘƘŜ ōƻŘȅΩǎ ƘƻƳŜƻǎǘŀǘƛŎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳǎ 

                                                           
5 The history of sleep research started in 1913 when Henri Pieron, a French Scientist, wrote a book called "Le 
probleme physiologique du sommeil." This book was the first where sleep was analyzed from a physiological 
perspective. Since its publication, this work book is treated as the beginning of the era of the modern sleep 
research.   
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(Borbely et al., 1982), the very reason for sleep remains unclear.  Determining the function of 

sleep is therefore one of the biggest unsolved scientific questions (Frank & Benington, 2005).   

 

In a wider media context, sleep tends to be reported as a mystery life occurrence to which we 

know little about its purpose and meaning.  Contemporary research into sleep often surfaces 

in the media, making sleep a societal issue which never seems to fade from interest whether 

it is in relation to the basic mystery of sleep, sleep deprivation or its potential links to mental 

health illness.  Sleep is often presented in the media with negative connotations, i.e. the 

ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ƘŀǾƛƴƎ ΨǇƻƻǊ ǎƭŜŜǇΩ ƻǊ ǘƘŜ ǇǊŜǎǎǳǊŜǎ ƻŦ ƳƻŘŜǊƴ ƭƛŦŜ ōŜƛƴƎ ǿƘȅ ǿŜ ƘŀǾŜ ΨǇƻƻǊ 

ǎƭŜŜǇΩΦ  /ȊŜƛǎƭŜǊ ϧ CǊȅŜǊ όнллсύ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ƛƴ ǘƻŘŀȅΩǎ ǎƻŎƛŜǘȅ ǘƘŜ ƴŜŜŘ ǘƻ ǿƻǊƪ ƭƻƴƎ ƘƻǳǊǎ 

(e.g. 100+ hour work weeks) and frequent crossing of multiple time zones is the kind of 

corporate behaviour that is the antithesis of high performance.  Bravado reported in the 

media from individuals claiming to need little sleep, e.g. Margaret Thatcher famously had 

impressive indefatigability, exacerbates the myth that the less sleep you need the more 

efficient an individual you are.  Unfortunately, this is not the biological case and it is here the 

media can be guilty of sensationalising stories for journalistic gain.   

 

What we do know is that sleep is governed by biological processes and it is a primal need 

without which we would perish.  Described as a reoccurring habitual event of intervals 

throughout a 24-hour period, sleep is a homeostatically controlled behavioural state of 

reduced movement and sensory responsiveness (Fullagar, 2015).  The individualised nature 

ƻŦ ǎƭŜŜǇ ŀƴŘ ǘƘŜ ŘƛǎǇŀǊƛǘȅ ōŜǘǿŜŜƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎƭŜŜǇ ǊŜǉǳƛǊŜƳŜƴǘǎ ƳŜŀƴ the value of sleep 

can be underestimated, yet it is a diurnal function which we all require.   
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Further evidence of this came from my own professional experience with an elite rower who 

ŘŜǾŀƭǳŜŘ ǎƭŜŜǇ ŀƴŘ ΨŘƻǿƴǘƛƳŜΩ ƛƴ ŦŀǾƻǳǊ ƻŦ ŜŀǊƴƛƴƎ ŜȄǘǊŀ ƳƻƴŜȅ ŦǊƻƳ Ŏƻŀching club rowers 

late into the evenings.  This had a concomitant effect on their ability to consistently deliver 

quality training sessions with the British Rowing squad, and their performances decreased.  

Through actigraphy analysis (described in Chapter 5) we were able to display the 

ŘƛǎŎǊŜǇŀƴŎƛŜǎ ƛƴ ǘƘŜ ǊƻǿŜǊΩǎ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎΣ ŀƴŘ ŦƻƭƭƻǿƛƴƎ Ŏhanges to their 

club coaching schedule, we ensured their sleep and downtime were protected.  

Consequently, their performances in training improved.   

 

A notable researcher in sleep, Borbely et al., (2016), stated, sleep must ΨΩsubserve long term 

maintenance of cerebral integrityΩΩ.  It is the plasticity of the brain which causes the demand 

for sleep in that the synaptic and cellular processes that have been challenged during waking 

are re-established during sleep.  Sleep therefore is a period of restorative responsiveness of 

which the dynamic processes governing it intrinsically interact (Morgan, 2016).  In essence, 

the exact reason for sleep is that it is considered critical to human physiological and cognitive 

function (Fullagar et al., 2015) and it is more likely that it has a multi-purpose role for 

restorative, neuro-metabolic and cognitive benefits than a single biological purpose (Frank & 

Benington, 2006).  

 

The simple truth is that sleep is an individual process and whilst we remain mystified in 

modern medicine and science as to its exact function and reason, we know that we need it, 

everyone does it and without it we would die.  It is therefore arrogant to assume that we can 

defy evolution and thrive on shorter, disturbed rest (Wallop, 2014).  
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3.3 Sleep regulation 

DƛǾŜƴ ǎƭŜŜǇΩǎ ǎƛƎƴƛŦƛŎŀƴŎŜ ǘƻ ǎǳǎǘŀƛƴƛƴƎ ōŀǎƛŎ ƘǳƳŀƴ ƭƛŦŜ, it is important to understand how it 

is regulated.  One should consider that sleep is a process involving several biological factors; 

homeostatic drive, neurophysiological control and an element of automaticity. How these 

elements all interact influences the regulation of sleep.  All three components shall be 

outlined as follows.   

 

.ƻǊōŜƭȅΩǎ όмфунύ ǘǿƻ-part model of sleep is widely regarded as the most influential theory as 

to the regulation of the evolutionary conserved behavioral state of sleep (Gandhi et al., 2015).  

Simply, it states the regulatory homeostatic drive for sleep (sleep-wake Process S) and the 

ōƻŘȅΩǎ ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳ (Process C) are interdependent on each other.  The model 

hypothesised how sleep regulation is achieved through a homeostatic process (Process S) 

responding to internal cues for sleep need and a circadian process (Process C) that responds 

to external cues.  That is, the model involves an arousal system which promotes wakefulness 

and when its processes are inhibited it promotes sleep, this is summarised later in this 

chapter.    

 

3.3.1 Homeostasis and sleep 

Fullagar (2015) stated sleep is a homeostatically controlled behavioural state of reduced 

movement and sensory responsiveness.  That is, the longer we are in a state of wakefulness, 

ǘƘŜ ŘǊƛǾŜ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ ōƻŘȅΩǎ ƘƻƳŜƻǎǘŀǘƛŎ όōŀƭŀƴŎŜŘύ ǎǘŀǘŜ ƛǎ ŜƴƘŀƴŎŜŘ ŀƴŘ ƘƻƳŜƻǎǘŀǘƛŎ 

ǇǊŜǎǎǳǊŜ ǘƻ Ŧŀƭƭ ŀǎƭŜŜǇ ƛƴŎǊŜŀǎŜǎΦ  hǘƘŜǊǿƛǎŜ ƪƴƻǿƴ ŀǎ ΨǎƭŜŜǇ ǇǊŜǎǎǳǊŜΩΣ ǘƘƛǎ ǇǊŜǎǎǳǊŜ ƛƴŎǊŜŀǎŜǎ 

linearly the longer we are awake and then decreases during sleep.  Therefore, homeostasis 

allows the body to return to equilibrium when it has been disturbed (Schwartz & Roth, 2008).  



 

58 
 

Note, disturbances can be identified as any form of stresses on the body but in the high-

performance sport domain (and for this thesis) I will relate to any stress on the body as being 

the physiological, psychological or environmental stressors of athletic training and 

competition.    

 

3.3.2 Circadian rhythm and sleep 

The human race operates on a 24-hour cycle known as the circadian rhythm.  It responds to 

external cues, e.g. cycles of light and dark over a 24-hour period and is in addition to the 

ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ōƻŘȅΩǎ ƛƴǘŜǊƴŀƭ ŘǊƛǾŜ ǘƻ Ƴŀƛƴǘŀƛƴ ƘƻƳŜƻǎǘŀǎƛǎΦ  aŀƴȅ ŀǎǇŜŎǘǎ ƻŦ ƘǳƳŀƴ 

biology have a circadian rhythm but Besedovsky et al. (2012) reported the sleep-wake cycle 

ŀǎ ōŜƛƴƎ ǘƘŜ Ƴƻǎǘ ΨΩǇǊƻƳƛƴŜƴǘ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ǘƘŜ ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳΩΩ ό.ŜǎŜŘƻǾǎƪȅ et al., 

2012, pp.124).  Similarly, Borbely et al. όнлмсύΣ ǊŜǇƻǊǘŜŘ ΨΨby enforcing quiescence and fasting, 

sleep ensures optimal physiological and behavioural conditions for restorative peripheral 

metabolic processes to occur.  In this respect sleep is an adjunct of the 24-hour cycle of 

ƳŜǘŀōƻƭƛǎƳΩΩ (Borbely et al., 2016, pp. 136).    

 

The process aiding the circadian rhythm associated with light and dark is governed through 

the hypothalamic pacemaker known as the suprachiasmic nucleus (SCN).  This biological 

component ensures synchronicity of any cellular oscillating rhythm.  Essentially light and dark 

cues are signaled through the retina which houses specialised photosensitive cells that send 

signals via the retinohypothalamic tract to the SCN.  The circadian rhythm uses external cues 

from the optical photosensitive light receptors in the eye which filter light through to the SCN 

ƛƴ ǘƘŜ ƘȅǇƻǘƘŀƭŀƳǳǎ ŀƴŘ ǿƻǊƪ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ōƻŘȅΩǎ ŀǎŎŜƴŘƛƴƎ ŀǊƻǳǎŀƭ ǎȅǎǘŜƳ όƳƻǊŜ 

detail further in this chapter) to ensure sleep and wakefulness occur in response to such light 
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and dark cues.  This sends a cascade system into play which signals the endocrine system to 

relay several different hormones into action and signal pending sleep in response to dark.     

 

3.3.3 Arousal systems 

TƘŜ ŜǎǎŜƴŎŜ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ .ƻǊōŜƭȅΩǎ όмфунύ ǘǿƻ-part model of sleep is, firstly, the 

ΨŀǎŎŜƴŘƛƴƎ ŀǊƻǳǎŀƭ ǎȅǎǘŜƳΩ ό!!{ύ ŀƴŘ, secondly, its interaction with the sleep inducing 

ventrolateral preoptic nucleus (VLPO); the former governing wakefulness, the latter 

responding to sleep cues.  The AAS has a subcortical neural circuitry which is discrete, yet 

interdependent, on the circuitry for wakefulness and is therefore critical to 

consciousness.  The AAS includes numerous neurons e.g. cholinergic, noradrenergic, 

serotoninergic, dopaminergic, and histaminergic, which are located in the upper brain stem 

near the junction of the pons and the midbrain. Projections from these various cell groups 

fire in a characteristic pattern to promote arousal.  The AAS neurons project and connect the 

brainstem to the thalamus, hypothalamus, basal forebrain and cortex, activating cortically 

based awareness networks. It promotes wakefulness through these various projections, each 

with distinct neuro components which characteǊƛǎǘƛŎŀƭƭȅ ΨŦƛǊŜΩ ǿƘŜƴ ƘƻƳƻŜƻǎǘŀǘƛŎ ŀƴŘ 

circadian drive dictate wakefulness (Schwartz and Roth, 2008). The AAS is inhibited by sleep 

promoting neurons every 24 hours from the VLPO, which is small cluster of neurons situated 

in the anterior hypothalamus.  Facilitators of the VLPO are several but, predominantly, it is 

activated by the sleep inducing neurotransmitters serotonin and adenosine.  Conversely the 

VLPO is inhibited during wakefulness by the arousal-inducing neurotransmitters 

noradrenaline and acetylcholine.  It is the interaction between the VLPO and the AAS pathway 

ǿƘƛŎƘ ŀŎǘǎ ƭƛƪŜ ŀƴ Ψƻƴ-ofŦΩ ǎǿƛǘŎƘ ŦƻǊ ǎƭŜŜǇΣ ǘƘǳǎ ŜƴŀōƭƛƴƎ ǘƘŜ ōƻŘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ƘƻƳŜƻǎǘŀǘƛŎ 

state.  The abrupt nature of the transition between sleep and wakefulness is linked to the 

https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Hypothalamus
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reciprocal inhibitory exchange between the AAS and sleep inducing VLPO.  This exchange acts 

as a feedback loop and is described, in electrical circuitry terminology, ŀǎ ŀ ōƛǎǘŀōƭŜ ΨŦƭƛǇ-ŦƭƻǇΩ 

circuit in which the two halves strongly inhibit one another, ƛΦŜΦ ŀǊŜ ŜƛǘƘŜǊ ΨƻƴΩ ƻǊ ΨƻŦŦΩΣ ǘƘǳǎ 

ŎƘŀƴƎŜǎ ŀǊŜ ƛƴŦǊŜǉǳŜƴǘ ŀƴŘ ǊŀǇƛŘΦ  Lǘ ƛǎ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ǘƘƛǎ ΨŦƭƛǇ-ŦƭƻǇΩ ǎǿƛǘŎƘ ǿƘƛŎƘ ŜƴǎǳǊŜǎ 

stability between sleep and wakefulness while promoting rapid transitioning between the 

two behavioral states (Schwartz & Roth, 2008).  In essence sleep regulation involves the rapid 

ΨŦƭƛǇ-ŦƭƻǇΩ ŀŎǘƛƻƴ ƻŦ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ōŜǘǿŜŜƴ ǎƭŜŜǇ ŀƴŘ ǿŀƪŜŦǳƭƴŜǎǎ ŀƴŘ ƛǘ ƛǎ ǘƘŜ ŀŎǘƛƻƴ ƻŦ ǘƘŜ 

VLPO which promotes sleep through its inhibition of the AAS.  Put simply, information passes 

continuously between the sleepςǿŀƪŜπŘŜǇŜƴŘŜƴǘ ŀƴŘ ŎƛǊŎŀŘƛŀƴ ǇǊƻŎŜǎǎŜǎ ƻǳǘƭƛƴŜŘ which are 

subject to more complex interactions (beyond the scope of this chapter) and account for the 

essential aspects of sleep regulation (Borberly et al., 2016).  In essence, our basic human 

tendency to sleep is determined by the time passed since the previous sleep episode 

(homeostatic drive) and time of day (circadian drive) (Thun et al., 2015).   

  

Corresponding with this interconnecting system of neural circuitry and homeostatic and 

circadian rhythm is an endocrine element.  Located in the pineal gland, the hormone 

melatonin is a principle molecule in this sleep signaling process.  Melatonin essentially inhibits 

the circadian drive for wakefulness.  It is released in the evening via stimulation from the SCN 

and interacts with the previously described sleep regulatory systems to ensure sleep ensues.    

 

In summary, sleep involves the bodies need to maintain a finite equilibrium, its responses to 

biological rhythms and a distinct and overriding electrophysiological structure.  With its 

unique circuitry deep in the brain, the neurophysiology of sleep is the driving force behind 

the regulation of sleep and wakefulness.   
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3.3.4 Automaticity 

It is from such physiological processes as homeostasis, circadian drive and neurophysiological 

circuitry that we can state sleep is dominated by a physiological impetus.  Yet it has a strong 

psychological component, known as automaticity, making the case that sleep is a psycho-

physiological process.   

 

Automaticity reinforces the notion that those who are good sleepers do not necessarily know 

how they do it or why, ensuring good sleep is not an issue for them.  Sleep for these people 

is, in its normalcy, an automatic process, occurring involuntarily in a well-adjusted sleep 

schedule.  For these people, sleep requires no effort and occurs passively with persistent 

regularity (Broomfield et al., 2006).  Where this gets interrupted or navigated away from its 

natural automated mode, a psychophysiological insomnia (PI) condition can be said to ensue 

(Broomfield et al.Σ нллсύΦ  IŜǊŜ ǎƭŜŜǇ ōŜŎƻƳŜǎ ǘƘŜ ΨŀǘǘŜƴǘƛƻƴ ŦƻŎǳǎΩ ŀƴŘ whilst sleep is 

important to those suffering psychophysiological insomnia, it becomes less achievable as the 

person places excessive focus on and experiences heightened anxiety about sleep 

(Broomfield et al., 2006).   

 

3.3.5 Sleep quality  

Sleep quality (duration) Ŏŀƴ ōŜ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ subjective experience and 

perceived adequacy of sleep.  It typically focuses on problems initiating or maintaining sleep 

or early morning awakening (Gupta et al., 2016).  I will elaborate on its assessment further on 

in the thesis but in short, it can be assessed through instrumentation or subjective means.  
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Poor sleep quality or insufficient sleep, i.e. regularly achieving less than 7 hours, is considered 

a public health concern and it has been identified with associated risk factors for several 

critical health issues, e.g. obesity, type 2 diabetes and cardiovascular diseases, mental health 

disorders, immune system dysfunction, a reduction in learning, impaired performance in 

cognitive tests, prolonged reaction time, dementia and an ultimately overall increased risk of 

death (Schwartz & Roth, 2008, Besedovsky et al., 2012, Xie et al. 2013, the American academy 

of Sleep Medicine and Sleep Research Society, 2015,  Nunn, 2016).  Typically, 6-8 hours of 

sleep per night is recommended to reduce such morbidity and mortality risks (Chennaoui et 

al., 2015), however, it is widely recognised that sleep duration is a highly individualised 

requirement which is influenced by genetic, behavioural, medical and environmental factors.   

 

aƛƴƛƳŀƭ ǎƭŜŜǇ ŘŜǇǊƛǾŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ǎƭŜŜǇ ŘŜōǘ ƻǊ ΨǎƻŎƛŀƭ ƧŜǘ ƭŀƎΩΣ ǿƘƛŎƘ ƴŜŜŘǎ ǘƻ ōŜ ƳŀƴŀƎŜŘ 

but is not as devastating as clinical sleep deprivation.  Prolonged sleep deprivation is typically 

ǘŜǊƳŜŘ ΨƛƴǎƻƳƴƛŀΩΦ  5ŜŦƛƴŜŘ ŀs a persistent difficulty in falling or staying asleep despite 

adequate opportunity to do so, acute insomnia has been reported to affect approximately 35 

҈ ƻŦ ǘƘŜ ¦YΩǎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ Ŏŀƴ ōŜ ŀ ŘŜōƛƭƛǘŀǘƛƴƎ ƭƛŦŜ-long illness.   

 

LƴǎƻƳƴƛŀΩǎ ƛƳǇƻǊǘŀƴŎŜ in the context of elite athletes is that it is generally associated with a 

state of hyper-arousal which involves alterations of the autonomic nervous system, 

specifically activating the sympathetic drive and inhibiting sleep (Nunn et al., 2016).  Whether 

ŀ ǇŜǊǎƻƴ ƛǎ ǇǊŜŘƛǎǇƻǎŜŘ ǘƻ ǎǳŦŦŜǊƛƴƎ ƛƴǎƻƳƴƛŀ ƻƴŎŜ ǎǳōƧŜŎǘŜŘ ǘƻ ŀ ΨǎǘǊŜǎǎŦǳƭΩ ŜǾŜƴǘ Ŏŀƴ ōŜ 

identified through the Ford Insomnia Response to Stress Test (FIRST) (Drake et al., 2008) 

which is described in detail in Chapter 5.  This is useful to athletic populations as the stressful 

event can be described as any aspect relating to training i.e. load, volume, intensity, 
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competition, selection etc. and this may in turn be the precursor to an athlete suffering acute 

insomnia.  Indeed, Gupta et al. (2016) observed in their review that high performance athletes 

experience high levels of sleep disturbance, and that such disturbances are characterised by 

the symptoms of longer sleep latencies, greater sleep fragmentation, non-restorative sleep, 

and excessive daytime fatigue. Risk factors to this would seem to be competition, travel and 

training.  More detail as to how these factors affect sleep and athletic performance are 

provided in Chapter 4.  Gupta et al. (2016) also noted studies of athletic sleep consistently 

ǎƘƻǿŜŘ ΨƛƴǎƻƳƴƛŀ ƎǊŀŘŜΩ ǎƭŜŜǇ ƭŀǘŜƴŎȅ ǇǊƻōƭŜƳǎ ƛƴ ŀǘƘƭŜǘŜǎ, yet stated that only three studies 

reported the prevalence rate for clinical insomnia in athletes (4%), which is within the typical 

prevalence range of the general population (3-6 % 15-34 year olds in southern Europe).  Gupta 

et al. (2016), also suggested the present literature offers no evidence that participation in 

elite sport improves sleep quality or mitigates insomnia symptomology and that this is similar 

to findings in other industries such as professional ballet, university students, artists or the 

military (Gupta et al., 2016).  Therefore, there is no definitive judgement on whether elite 

athletes experience disproportionally higher overall levels of insomnia symptoms for their age 

and additional controlled comparisons are needed in the Sports Science sleep literature 

(Gupta et al. 2016).    

 

Whilst a detailed description of insomnia is beyond the scope of this thesis, it is important to 

note that it is sleep deprivation and its association with athletic performance that is the 

underlying motivation for ƻōǎŜǊǾƛƴƎ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇΦ  ¢ƘŜǊŜŦƻǊŜΣ ƛǘ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ 

of insomnia in the athletic population that we are measuring when conducting sleep 

assessments in elite athletes alongside the potential to improve individual performance by 

maximising sleep quantity and quality.  It is the relationship between athletic performance 
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and sleep deprivation caused by a myriad of factors which is of interest in Sports Science and 

sleep academia.  This shall be discussed further in Chapter 4.      

 

3.4 Architecture of Sleep 

¢ƘŜ ŀǊƻǳǎŀƭ ŀƴŘ ǎƭŜŜǇ ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ōƻŘȅΩǎ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ 

ŎƛǊŎŀŘƛŀƴ ǊƘȅǘƘƳ ŀƴŘ ƘƻƳŜƻǎǘŀǘƛŎ ǎǘŀǘŜ ƘŜƭǇ ǘƻ ŘŜǎŎǊƛōŜ ǿƘŀǘ ƘŀǇǇŜƴǎ ǘƻ ǘƘŜ ōƻŘȅ ƛƴ ΨǇǊŜ-

ǎƭŜŜǇΩΦ  IƻǿŜǾŜǊΣ ƛƴ ŘŜǎŎǊƛōƛƴƎ ǿƘŀǘ ǎƭŜŜǇ ƛǎ ǿŜ Ƴǳǎǘ ŀƭǎƻ ŀŘŘǊŜǎǎ ǿƘŀǘ ƘŀǇǇŜƴǎ during sleep, 

that is the architecture of sleep.  

 

In contemporary sleep research, there are four stages of sleep, each with its own description 

and recognisable electrical brain wave patterns (electroencephalogram (EEG)) (Table 3.1).  

The scoring criteria for classification of sleep stages has changed and a previous five-fold 

system (Rechtschaffen & Kales 1968) was replaced in 2004 by the America Academy of Sleep 

Medicine with a four-stage classification system (Moser et al., 2008, Gupta et al., 2016).   

 

Typically, a sleep cycle lasts 90 minutes and encompasses all four stages of sleep.  The first 

three stages involve non-rapid eye movement (NREM) stages and make up the largest part of 

the sleep cycle (NREM 1, NREM 2 and NREM 3).  As illustrated in Table 3.1, EEG traces during 

these stages involve rapid changes in architecture; Stage 2 displaying characteristic ΨThetaΩ 

ǿŀǾŜǎ ŀƴŘ {ǘŀƎŜ о ŘƛǎǇƭŀȅƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ΨY ŎƻƳǇƭŜȄŜǎΩ ŀƴŘ Ψ{ƭŜŜǇ {ǇƛƴŘƭŜǎΩ ŀǎ ŘŜŜǇŜǊ ǎƭŜŜǇ 

ensues.  The final stage (4), involves rapid eye movement (REM) and has more frequent 

happenings later in the sleep period (Takahashi et al., 1968).  This is a deep stage of sleep, 

also referred to as slow wave sleep (SWS), (illustrated in Table 3.1), with intense activity in 

certain parts of the brain. Longer periods of slow wave sleep occur in the first part of the 
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night, primarily in the first two sleep cycles.  It is during REM slow wave sleep that memory 

consolidation and cognitive recovery aspects are thought to occur (Silva et al., 2012).  

 

Most healthy adults will have 4-6 sleep cycles per night.  This equates to the recommended 

6-8 hours of sleep per night which is the suggested amount to reduce morbidity and mortality 

risks.  However, the individual nature of this is becoming more pronounced (Chennaoui et al., 

2014) with reports of poor sleep quotas reaching epidemic proportions and a call for 

Governments to lead on poor sleep as a major health risk (Johnston, 2017).     



 

66 
 

Table 3.1 The four stages of sleep and associated EEG trace (adapted from 

http://evolutionarypsychiatry.blogspot.com/2011/01/sleep-architecture.html) 

 
  Stage  Description  EEG Trace Example 

Stage 1 
(NREM1) 

Transition to sleep 
Non-rapid eye movement sleep (NREM) 
Slow rolling eye movements  
Partial relaxation of voluntary muscles 
Relatively brief sleep stage (lasting up to 
seven minutes).  

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

Stage 2 
(NREM2) 

Non-rapid eye movement sleep (NREM) 
Shows characteristic patterns on the EEG 
including ΨK complexesΩ (red box), a high 
ŀƳǇƭƛǘǳŘŜ ǿŀǾŜ όǘŀƭƭ ŀƴŘ ǿƛŘŜύ ŀƴŘ ΨǎƭŜŜǇ 
spindlesΩ (blue box), closely spaced high 
frequency waves (not as tall and occur 
quickly over a short period of time) 
Need to be identified by trained 
individuals to identify sleep stages 
¢ƘŜ ǎǘŀƎŜ ȅƻǳΩŘ ƛŘŜŀƭƭȅ ǿŀƪŜ ƛƴ ŀŦǘŜǊ ŀ 
ΨƴŀǇΩ 

Stage 3 
(NREM3) 

Non-rapid eye movement sleep (NREM) 
The start of deep sleep 
Shows high amplitude activity (tall and 
wide EEG waves) known as Delta waves 
Reported as the deepest of the three 
NREM stages of sleep 
No eye movement or muscle activity.  
Difficult to wake up in this stage of sleep 
The brain produces even more delta 
waves and you move into an even deeper, 
more restorative stage of sleep next. 

Stage 4 
(REM) 
 

Rapid eye movement sleep (REM)  
Presence of rapid eye movement (REM) 
(the movement of your eyes in different 
directions while you are asleep) 
Is the smallest portion of the sleep cycle 
and occurs several times during sleep.  
The average adult has 5-6 REM cycles per 
night.  
A deep stage of sleep with intense activity 
in certain parts of the brain.  This is the 
phase when most dreaming occurs, heart 
rate and blood pressure increase, and 
breathing becomes fast, irregular, and 
shallow. 
Slow wave sleep patterns present  
 

 

The architecture of sleep used to quantify, assess and illustrate sleep stages can be assessed 

through polysomnography (PSG).  The sleep studies involved in this thesis do not involve PSG 
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analysis, and specific methodologies employed with the various SportsΩ ǇǊƻƧŜŎǘǎ ŀǊŜ ǇǊƻǾƛŘŜŘ 

in Chapter 5, however it is provided here as an explanation of the gold standard laboratory 

analysis of the architecture of sleep and quality.     

 

PSG is used primarily for assessing clinical sleep disorders, although it can be expensive and 

limited in its ability to measure large numbers due to being labour intensive and requiring 

specific skills in electrode placement and analysis of outputs.  Specifically, it can record body 

functions such as brain activity (electroencephalogram), eye movements (electroculogram), 

muscle activity (electromyogram), and cardiac activity (electrocardiogram) (Halson 2014).  

Information on sleep that can be obtained from PSG analysis includes, but is not limited to, 

total sleep time (TST), sleep-onset latency (SL), wake after sleep onset (WASO), sleep 

efficiency (SE), sleep fragmentation index (FI), number of awakenings, time in each sleep 

stage, and sleep stage percentages (Halson, 2014).  To graphically represent the stages of 

sleep as a function of time, ŀ ŦƻǊƳ ƻŦ t{D ŎŀƭƭŜŘ ŀ ΨƘȅǇƴƻƎǊŀƳΩ ƛǎ ǳǎŜŘ όCƛƎǳǊŜ оΦмύ ǿƘƛŎƘ ƛǎ ŀ 

simplified version of a PSG output and was developed as an easy way to illustrate the 

recordings of the brain wave activity during sleep.  Light sleep is depicted in stages 1-3 with 

more frequent light sleep episodes as the night progresses.   This is when the circadian rhythm 

drive to sleep is decreased (sleep pressure falls), in the sense that physiological drivers for 

sleep diminish, e.g. melatonin levels fall.  Deep sleep and REM sleep are also present 

throughouǘ ǘƘŜ ƴƛƎƘǘ ōǳǘ ƳƻǊŜ ŘŜŜǇ ǎƭŜŜǇ ƛǎ ǎŜŜƴ ƛƴ ǘƘŜ ŦƻǊƳŜǊ ǎǘŀƎŜǎ ƻŦ ǘƘŜ ƴƛƎƘǘǎΩ ǎƭŜŜǇ 

when the homeostatic drive for sleep is more urgent.  
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Figure 3.1 A normal hypnogram from a healthy adult (http://www.howsleepworks.com)) 
A simplified version of a PSG output, the blue line represents the different stages of sleep, 
exemplifying how sleep changes through the night. The red line represents REM (SWS) 
sleep.  
 

3.5 Movement behaviour 

Having described sleep; what it is, the proposed function of it, and its architecture, I shall turn 

ǘƻ ŦƻŎǳǎ ƻƴ ΨƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΩ ŀǎ ǘƘƛǎ Ƙŀǎ ŦƻǊƳŜŘ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎŜŎƻƴŘŀǊȅ ŀǎǇŜŎǘ ƻŦ ǘƘŜ 

fatigue management concept and in the analysis of the athletic populations I have observed.   

 

/ƻƳǇƭŜƳŜƴǘŀǊȅ ǘƻ ǘƘŜƛǊ ǎƭŜŜǇΣ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ƎƛǾŜƴ ǘƻ ŀǘƘƭŜǘŜǎΩ ǊŜǎǘ ƻǊ 

ΨŘƻǿƴǘƛƳŜΩ ōŜǘǿŜŜƴ ǘǊŀƛƴƛƴƎ ǎŜǎǎƛƻƴǎ ŀƴŘ ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ ŀŦŦŜŎǘ ƻǾŜǊ ǘƛƳŜ ƛΦŜΦ ŘŀȅǎΣ ǿŜŜƪΣ 

training block, season, or Olympic cycle.  This can be quantified through movement behaviour 

measurement and analysis, which essentially describes what you are doing when you are not 

sleeping. Therefore, either on their own gives only part of the picture, but sleep and 

movement behaviour combined provide a complete picture of an ŀǘƘƭŜǘŜΩǎ fatigue 

management over an entire day.  Gaining information on both factors over a training phase, 

i.e. a microcycle, mesocycle or macrocycle, can be very impactful to an ŀǘƘƭŜǘŜΩǎ recovery 

education.   

 

http://www.howsleepworks.com)/
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Whilst specific analysis of the frequency, intensity and duration of exercise has been reported 

in paediatric literature through activity counts (Trost, 2007), the capture and analysis of the 

ŘŀȅǘƛƳŜ ŀŎǘƛǾƛǘȅ ǾƻƭǳƳŜ ƻǊ ΨƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΩ in elite athletes has not been widely 

reported.  However, what has been reported is training load.  Yet this remains exclusive to 

ǘǊŀƛƴƛƴƎ ǎŜǎǎƛƻƴǎ ŀƴŘ ƛǎ ŀ ƭƛƳƛǘŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ƻƴƭȅ ƻƴŜ ǇŀǊǘ ƻŦ ŀƴ ŀǘƘƭŜǘŜΩǎ Řŀȅ (Halson et al, 

2014, Drew & Finch, 2016).  

 

wŜŎŜƴǘƭȅ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ǎƻƳŜ ŀǘǘŜƳǇǘ ǘƻ ŎŀǘŜƎƻǊƛǎŜ ŀǘƘƭŜǘŜ ΨǎŜŘŜƴǘŀǊȅΩ ōŜƘŀǾƛƻǳǊ ǘƘǊƻǳƎƘ 

analysis of energy expenditure (Weiler et al., 2015, Sperlich et al., 2017).  However, there 

were limitations to these studies in relation to the methodological assessment of sedentary 

behaviour ŀƴŘ ŀǘƘƭŜǘŜ ΨŜƭƛǘŜƴŜǎǎΩΦ  CƻǊ ŜȄŀƳǇƭŜΣ ŎƻƴŎŜǊƴǎ ƻǾŜǊ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ŜǉǳƛǇƳŜƴǘ ǳǎŜŘ 

to measure physical activity (Weiler et al., 2015) against gold standard measures (i.e. doubly 

labelled water, Aadahl & Jorgensen, 2003) and a lack of presentation as to what constitutes 

different levels of athletic training in terms of traditional measures of energy expenditure (e.g. 

Metabolic Equivalent of Task (METS)).   

 

Despite extensive searching and discussions with colleagues, both in high performance sport 

and wider academic domains, regarding the quantification of movement behaviour, 

(exhibited through Actigraphy as daytime rest-activity profiles ƻǊ ΨŀŎǘƛǾƛǘȅ ŎƻǳƴǘǎΩ), no studies 

have used such data with an elite athlete population.  Therefore, it appears that information 

is currently limited on the quantification of the movement behaviour, (exhibited through 

Actigraphy as daytime rest-activity profiles), of high performance athletes.  Further, some 

aǳǘƘƻǊǎ ƘŀǾŜ ƴŜƎƭŜŎǘŜŘ ǇǊƻǾƛŘƛƴƎ ǎǇŜŎƛŦƛŎ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ǿƘŀǘ ǘƘŜȅ ǘŜǊƳŜŘ ΨŜƭƛǘŜ ŀǘƘƭŜǘŜΩ ŀƴŘ 

ƭŀŎƪŜŘ ŎƭŀǊƛǘȅ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ ŀǘƘƭŜǘŜǎΩ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ƭŜǾŜƭ ƻŦ 
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overall training load completed.  One study claiming athletes were at a health risk because of 

alarming sedentary behaviours but failing to recognise this behaviour was in relation to a full 

training programme for professional athletes (Sperlich et al., 2017).   

 

It is important to note the aim of the data capture process for rest-activity profiles is not to 

assess the intensity of activity or rest but the objective assessment of the balance between 

rest and recovery during waking hours over a 24-hour period.  That is, the percentage of the 

amount of time an athlete spends being mobile or immobile during waking hours.  To 

illustrate this, Figure 3.2 provides an example of a 24-hour Actogram and rest-activity profile 

(activity volume) over a one-week period in an elite athlete.   Peaks and troughs can be 

identified for active and less active periods.  Blocks of nocturnal sleep are identified with the 

shaded blue areas.  This is determined from wearing an actiwatch and a detailed methodology 

for using such equipment is provided in Chapter 5.   

 
Figure 3.2 An actogram of an elite athlete   
The blue area indicates nocturnal sleep and the black areas indicate activity volume. The 
Actogram is set for a 24-hr period midday to midday. Activity volume scale was set at 3000 
for all athletes analysed (arbitrary unit).  

Nocturnal Sleep Phase Activity Activity 
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Given the same field-based tools (i.e. an Actiwatch) used to measure nocturnal sleep 

characteristics and quality can also provide information on movement behaviour through 

direct assessment of activity volume and pattern assessment, both minimises the cost and 

participant burden (Lambiase et al., 2014).  This also allowed me to gather large amounts of 

data in this area for numerous sports.   

 

3.6 Summary 

I have presented a technical description of sleep to demonstrate what sleep proposes to be 

and how in its normalcy it is achieved through psych-physiological process.  I have described 

the architecture of sleep and introduced its gold standard measurement tool (PSG ς refer to 

Chapter 5 for methodology), and why, as a secondary analysis to sleep, movement behaviour 

Ŏŀƴ ǇƻǘŜƴǘƛŀƭƭȅ ŀŘŘ ǾŀƭǳŜ ǘƻ ŀ ǇǊŀŎǘƛǘƛƻƴŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ōŀǎŜ ŀōƻǳǘ ŀƴ ŀǘƘƭŜǘŜΩs ability to 

manage fatigue.   The following Chapter will firstly examine how Sports Science literature 

describes sleep and athletic performance, and secondly discuss which scientific discipline 

ΨƻǿƴǎΩ the study of sleep in a high performance context; and finally assess why we as 

practitioners should consider fatigue management (the monitoring of sleep and movement 

behaviour) in our practices supporting elite athletes.  
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Chapter 4. Sports Science Literature and Sleep 

4.1 The sleep and athletic performance relationship  

Historically, whilst high performance sport practitioners, coaches, athletes and academic 

research groups recognise sleep as a critical biological function, rarely has there been a focus 

on capturing data to inform athletes about their sleep (and associated movement behaviour).  

Consequently, the high-performance athleteΩs ability to manage sleep has seldom been 

examined/studied.   This seems alarming given sleep and athletic performance have a 

reciprocal relationship; sleep affecting performance and performance affecting sleep 

(illustrated in Figure 4.1) (Chennaoui, 2015).  Yet whilst there seems to be a reciprocal 

relationship between sleep and athletic performance and the timing of sleep in relation to 

athletic performance may have a positive or negative affect (Postulouche, 2005; Lastella, et 

al., 2010), there remains the dilemma that no studies to date have investigated the effect in 

either direction from a truly mechanistic standpoint.  Nor has it been fully investigated in the 

high-performance sport arena (Morgan, 2016). As such limited data exists which is partly due 

to the vast array of physiological differences, training and competition stressors (Fullager, 

2015).   

 

Consequently, the robustness of, and possible mechanisms, mediating the effects of sleep 

remain unknown and the relationship between sleep and athletic performance remains 

equivocal. Further research and attention are required to obtain a greater knowledge of the 

interaction between these two variables (Fullagar, 2015).  I shall elaborate on this interaction 

in this chapter when I focus on some of the sports science literature and sleep. 
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Figure 4.1 Schematic of the reciprocal relationship between sleep and athletic 
performance  
 

As stated in Chapter 1, the principle aim of this thesis was to provide information as to how 

and why fatigue management, through assessment of sleep and associated movement 

behaviour, was introduced and evolved as a concept to the UK high-performance sport 

industry.  Part of this process involved firstly identifying why I, as a physiology practitioner, 

felt compelled to lead the way in the initial data capture, measurement and assessment of 

fatigue management.  Given the pilot work I was conducting within my work programme, 

outlined subsequently in Chapter 6, and the technical process of sleep, outlined in Chapter 3, 

I felt instinctively that as a physiologist, I should drive the process of fatigue management in 

the sports I was working with and take the lead in disseminating knowledge and information 

to the wider UK high performance sport industry.  My process for the dissemination and 

knowledge transfer is described specifically in Chapter 6. 

 

This chapter will provide discussion on the translation of sleep theory to applied practice in 

the high-ǇŜǊŦƻǊƳŀƴŎŜ ǎǇƻǊǘ ŀǊŜƴŀ ŀƴŘ ǿƘƻ ΨƻǿƴǎΩ ǘƘŀǘ ǇǊƻŎŜǎǎΦ  L ǿƛƭƭ ƛƴŎƭǳŘŜ ŀ ŘŜǘŀƛƭŜŘ 

explanation as to why capturing, assessing and characterising sleep and movement behaviour 

for the enhancement of athletic performance is critical in contemporary sport science, and 

Sleep affects 
athletic 

performance 
e.g. in 

competition 

Athletic 
performance 
affects sleep 
e.g. training 
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how its assessment and description will impact on science and medical service provision to 

elite athletes and their coaches.   This comes with the caveat that sleep and movement 

behaviour interventions are a multidisciplinary process once data has been collected and 

possible solutions identified.  For example, as the physiologist I may project manage a process 

to improve sleep quality, but the detailed intervention may be delivered by a practitioner in 

another discipline e.g. sport psychology. This process is highlighted in Chapter 6 through the 

example of the EIS decision tree for sleep assessment in athletes.  

 

Secondly, evolving the concept of fatigue management involved highlighting key Sports 

Science research in relation to sleep and athletic performance.  This will be elaborated on 

further on in this chapter where a general overview of some of the Sports Science sleep 

literature will be provided. I will focus on a broad background of sleep and athletic 

performance including an outline of the contemporary Sports Science sleep research, 

followed by the salient work that is required for an applied physiology practitioner to deliver 

their role. Sufficient evidence will be provided for a balanced perspective of the current 

technical findings in the sleep and athletic performance literature.  For the purpose of clarity, 

I will focus on the studies that have been conducted up until 2017.  

 

!ǎ ŀ ŎƻǳƴǘŜǊǇƻƛƴǘΣ ŀǊƎǳƳŜƴǘǎ ŀƎŀƛƴǎǘ ŀƴŀƭȅǎƛƴƎ ǎƭŜŜǇ ǿƛƭƭ ōŜ ǇǊŜǎŜƴǘŜŘΦ  {ǳŎƘ ŀǎΣ ǘƘŜ Ψǎƻ 

ǿƘŀǘΚΩΣ άǿƘȅ ǎƘƻǳƭŘ ǿŜ ŀǎǎŜǎǎ ǎƭŜŜǇέΚ ŀƴŘ ΨΩǿŜ ŀƭƭ Řƻ ƛǘΣ ǎƻ ƻōǾƛƻǳǎƭy need it, so where is the 

value in investigating individualsΩ ǎƭŜŜǇΩΩΚ ǉǳŜǎǘƛƻƴǎΦ  DƛǾŜƴ ǎƭŜŜǇΩǎ ŘƛǳǊƴŀƭ ǇŀǘǘŜǊƴΣ ǎƻƳŜ 

argue the need to investigate it is flawed given the (not so) obvious requirement for it.  In the 

sporting arena these are questions coaches and support staff would frequently challenge me 

on and required carefully considered responses that, not only recognised their experiences in 
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the elite sport domain, but also harnessed their drive to seek the next innovation that could 

provide a marginal gain.  

 

Increasingly, it was becoming apparent that to achieve marginal victories over opponents, a 

culture of absolute preparation needs to be established.  Therefore, it was no longer 

ŀŎŎŜǇǘŀōƭŜ ǘƻ ōŜ ΨōǊŀǾŀŘƻΩ ŀōƻǳǘ Ƙƻǿ ƭƛǘǘƭŜ ǎƭŜŜǇ ƻƴŜ ŎƭŀƛƳǎ ǘƻ ǊŜquire to function normally, 

when the individuality of sleep can be objectively assessed and scrutinised for potential 

performance enhancement.  This chapter will therefore outline areas where sleep (and 

associated movement behaviour) can potentially impact on training and performance.    

 

4.2 Sport Science literature and sleep 

Current anecdotal and some empirical evidence suggests sleep, and associated movement 

behaviour, deserve thorough analysis in the elite athletic population.  Notably, Samuels 

(2008) reported the relationship of sleep to post-exercise recovery (PER) and athletic 

performance is a topic of great interest because of the growing body of scientific evidence 

confirming a link between critical sleep factors, cognitive processes, and metabolic function.  

However, it can be argued journal articles focusing on sleep and elite athletic populations 

remain sparse.  Indeed, to date, little emphasis has been placed on the area of athlete sleep 

(and associated movement behaviour) and performance, both in the academic sphere and in 

an applied context.  This could primarily be due to the complexity of sleep function, athlete 

availability and the individuality of sleep (Postolache, 2005 and Fullagar et al., 2015).   

 

Whilst in the general population it is postulated there is a relationship between exercise and 

sleep physiology via its impact on temperature, cardiac and autonomic function and the 
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endocrine and immune systems and vice versa, what are not yet emphatically known are the 

mechanisms behind such interactions, both positive or negative (Chennaoui et al., 2014).  In 

addition, within the Sports Science literature, minimal reports exist for normative data 

regarding elite athletes sleep quality and characteristics (Leeder et al., 2012, Gupta et al. 

нлмсύΣ ǿƛǘƘ ƎǳƛŘŀƴŎŜ ǇǊƻǾƛŘŜŘ ōȅ ǇǊŀŎǘƛǘƛƻƴŜǊǎ ƻƴ ǿƘŀǘ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ΨƎƻƻŘΩ ǎƭŜŜǇ 

strategies often being based on data from studies on the general population where the 

perception that 6-8 hours is the required amount of sleep (Chennaoui et al., 2014, Hirshkowitz 

et al., 2015).   However, this disregards any individual responses to sleep, gender, age, or 

specific sportƛƴƎ ǇǊƻƎǊŀƳƳŜ ŘŜƳŀƴŘǎ ŀƴŘ ǊŜƭƛŜǎ ƻƴ ǇǊŀŎǘƛǘƛƻƴŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƴǘŜǊǇǊŜǘ ǿƘŀǘ 

the science is telling us.   

 

However, older studies have tended to focus more on sleep architecture (i.e. its 

electrophysiological make up) through the use of polysomnography (PSG) (refer to Chapter 5 

for methodological detail), with recent studies becoming more ecologically valid by measuring 

and assessing sleep through subjective (e.g. Pittsburgh Sleep Quality Index, Buysse, et al. 

1988) and objective field measures, as described in Chapter 5.  For example, we know that 

anecdotal and limited empirical evidence indicates that athletes, as a group, experience 

degraded sleep quality relative to age-matched non-athlete controls (Leeder et al., 2012), and 

that this sleep disruption is amplified during and immediately after competitions (Erlacher et 

al., 2011). 

 

Therefore, it can be said that the area is developing and the effect(s) of nocturnal sleep 

characteristics and quality on athletic performance, or vice versa, has advanced interest in 

the popular and academic literature over recent years. In fact, sleep and sport research was 
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ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ мфулΩǎ ōǳǘ then went quiescent until the high-performance sport industry 

started to develop in the mid-nineties (as outlined in Chapter 1) (Morgan, 2016).  

 

Undeniably, most research focusing on nocturnal sleep and athletic performance is 

concentrated in the 21st century (Silva A, et al., 2012, Leeder et al., 2012, Sargent et al., 2014a, 

Sargent et al., 2014b & Fullager et al., 2015).  In this contemporary literature, what is often 

reported is that, in elite athletes, sleep and recovery between training bouts are paramount 

for optimising delivery of performance in training and competition given that being sleep poor 

can have signƛŬŎŀƴǘ ŜŦŦŜŎǘǎ ƻƴ subjective measures e.g. motivation, perception of effort and 

cognition, as well as numerous other biological functions (Halson, 2008).  Furthermore, 

nocturnal sleep and associated daytime recovery have often been reported as being 

important restorative process for high performance athletes to use in order to optimally 

recover and adapt for high volume training programmes.  However, one should be cautious 

when the effects of sleep on athletic performance are typically labelled as impacting on 

ΨǊŜŎƻǾŜǊȅΩΣ ǿƛǘƘ ǊŜǎŜŀǊŎƘ ƻǳǘǇǳǘǎ ŎƭŀƛƳƛƴƎ ΨƭƻƻǎŜΩ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǎƭŜŜǇ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭ 

recovery or restoration for sporting performance (Tuomilehto et al., 2016).  Remember, 

ǿƘƛƭǎǘ ǎƻƳŜ ǊŜǎŜŀǊŎƘ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ ǎƭŜŜǇ ŀǎ ǘƘŜ ΨƎƻƭŘ ǎǘŀƴŘŀǊŘΩ ǊŜŎƻǾŜǊy strategy (Myllymaki 

et al., 2011; Samules, 2008), the exact mechanisms behind sleep, its restorative benefits and 

specifically if it is a physical or psychological benefit to overall athletic recovery, remains less 

clear.  Yet sleep and recovery remain a global term.    

 

Further, we need to be cautious over studies involving athletes and sleep as many studies 

ƘŀǾŜ ƛƴǾƻƭǾŜŘ ŀǘƘƭŜǘŜǎ Ψƛƴ ǎƛǘǳΩ ŀƴŘ ǿƘƛƭǎǘ ǘƘƛǎ Ƴŀȅ ŜƴƘŀƴŎŜ ŜŎƻƭƻƎƛŎŀƭ ŀƴŘ ŦŀŎŜ ǾŀƭƛŘƛǘȅΣ ǘƘŜ 
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studies can be criticised for being small in sample size and uncontrolled in terms of a 

comparative group and external variables e.g. diet and training load.   

 

Most contemporary studies have focused on duration of sleep or objective measurements of 

sleep-wake patterns (e.g. total sleep time, sleep efficiency, and onset latency) through 

Actigraphy and self-reported measures (described in Chapter 5) (Halson, 2014, Gupta et al., 

2016).   There has been less of a focus on sleep quality (the subjective experience and 

perceived adequacy of sleep) and the demands of athletic performance (Gupta et al., 2016).   

Although, through the PhD I instigated (described in Chapter 6), we discovered that poor sleep 

quality and insomnia symptoms were high in elite athletes.  Common mechanisms for this 

appeared to be pre-sleep arousal and sleep restriction.  However, it must be noted that there 

were high levels of athlete variation and these findings could be related to any population 

under anxiety and stress (e.g. students during exam phase), not just athletic training or 

competition (Gupta, et al., 2016).  We also discovered subjective estimates of sleep duration 

among athletes were generally inconsistent with objective measures (Gupta et al., 2016).  This 

is in line with Leeder et al. (2012) who reported subjectively, elite athletes display overall 

poorer signs of sleep quality when comparing athletes to an age and sex-matched control 

group.  Our findings from the sleep PhD (described in Chapter 6) produced a comprehensive 

and systematic review of degraded sleep quality in elite athletes (Gupta et al., 2016).  Here, 

we provided reference tables of contemporary Sports Science literature and sleep relating to; 

characteristics of subjective sleep quality in athletes, subjective sleep assessment using the 

PSQI, prevalence of insomnia symptomology in competition and changes in athletic sleep 

patterns relating to travel and training.  Our review has been one avenue where our 

pioneering work through the sleep PhD has informed current practices by ensuring 
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practitioners are aware to consider both objective and subjective means of data collection 

when measuring the sleep quality and quantity of their elite athletes.   

 

Of the contemporary Sports Science and sleep studies that have been published, rarely has 

the ΨŜƭƛǘŜƴŜǎǎΩ ƻŦ ŀǘƘƭŜǘŜǎ ōŜŜƴ ǎǘŀǘŜŘΦ  This is an important point as elite athletes may 

respond differently to physiological or psychological assessment than sub or non-elite 

populations.  For example, what is reported as a significant improvement in a sub or non-elite 

population in terms of their daily patterns of sleep and activity is likely to be different, as well 

as the impact on performance, in elite populations.  Certainly, what measures as a significant 

improvement in performance in sub or non-elite populations, may not even register as a such 

in an elite population.   

 

Indeed, Fullagher et al., (2015) identified 205 studies specifically examining sleep or 

performance in relation to sleep loss and cognition in athletes, yet none stated the level of 

ΨelitenessΩ of the athletes involved.  Similarly, in our review (Gupta et al., 2016), we identified 

that only a total of 37 studies (out of an original search result of >1600 articles) relating to 

sleep quality and athletic performance classed the athletes studied as truly elite.  Therefore, 

ǎǘǳŘƛŜǎ ŘƛǊŜŎǘƭȅ ƛƴǾƻƭǾƛƴƎ ΨŜƭƛǘŜΩ ŀǘƘƭŜǘŜǎΣ ǎƭŜŜǇ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜƳŀƛƴ ǎŎŀǊŎŜΦ   As a 

reminder, bŜƛƴƎ ǘǊǳƭȅ ΨŜƭƛǘŜΩ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘƘƛǎ ǘƘŜǎƛǎ ƛǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ SwannΩǎ model 

fƻǊ Ψ/ƭŀǎǎƛŦȅƛƴƎ ǘƘŜ ±ŀƭƛŘƛǘȅ ƻŦ 9ȄǇŜǊǘ {ŀƳǇƭŜǎ ƛƴ {ǇƻǊǘΩ ό/±9{{ύ όSwann et al., 2015), whose 

ǎŎŀƭŜ ƻŦ ΨŜƭƛǘŜƴŜǎǎΩ ǊŀƴƪŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ƻƴ ŀ ŎƻƴǘƛƴǳǳƳ ƻŦ Ŏŀǘegories from semi elite through 

to world class elite.  In this model, athletes are assessed against set criteria relating to 1) 

within and 2) between-sport criteria.  Within-sport comparisons are broken down to an 

ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ƭŜǾŜƭ ƻŦ Ǉerformance; the success achieved and the experience 



 

80 
 

at that level; and between-ǎǇƻǊǘ ŎƻƳǇŀǊƛǎƻƴǎ ƛƴŎƭǳŘŜ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ 

sport both on a national and global scale. Each individual component is ranked on a scale 

(score range 1-4, where 4 is elite) and computed.  The outcome of this model is a quantifiable 

ŎƻƴǘƛƴǳǳƳ ƻŦ ΨŀǘƘƭŜǘŜ ŜƭƛǘŜƴŜǎǎΩΥ ǎŜƳƛ-elite; competitive elite; successful elite and world class 

elite (score range 1-16) (Gupta et al., 2016).  The athletes I have worked with in the examples 

provided in this thesis are classed as Ψworld classΩ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ {ǿŀƴƴΩǎ ƳƻŘŜƭΦ  

 

Sleep is reported to play an important role in physiological and psychological recovery and, 

consequently, overall athlete health and well-being.  Therefore, it seems pertinent that it has 

increasingly been explored and received more exposure in the Sports Science literature 

(Davenne, 2009, Halson, 2014, Gupta et al., 2016), with most recent advances incorporating 

the effect on mental fatigue and performance in relation to the psychological decrements of 

being sleep poor (Banks & Dinges, 2007, Macora et al., 2009, Van Cutsem et al., 2017).  

 

Studies have taken different approaches to the effect of sleep disruption on athletic 

performance, some assessing physiological measures, some assessing specific athletic 

performances which are arguably more relevant (Thun et al., 2015).  Certainly, it has been 

recognised that athletes value their sleep for both health and performance reasons 

(Tuomilehto et al., 2016).  Fallon (2006) reported that a group of elite athletes ranked sleep 

characteristics as the most important clinical history variable in relation to short term fatigue 

and ranked sleep problems as the highest in terms of perceptions of the causes of short term 

fatigue.  Venter et al. (2010) reported that 67 % of a cohort of athletes who were asked to 

rate recovery strategies used during the competitive phase of the year, reported a regular 

sleep routine.  Environmental factors such as light and noise affected their sleep, with 41 % 
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indicating that they experienced problems falling asleep at night.  Similarly, in a study 

conducted with my PhD student, we surmised that elite sport is associated with high levels of 

sleep disturbance, with differences being observed between sport-types (Gupta et al., 2016).  

In this study we used the Pittsburgh Sleep Quality Index (PSQI), a reliable and valid self-report 

questionnaire (more details in Chapter 5), to measure over 400 elite British athletes.  We 

reported that 15 % of the athletes measured stated their sleep had deteriorated since 

reaching an elite level of performance.  Conversely, a large proportion (62 %) of the athletes 

assessed stated their sleep had remained unchanged since they had reached an elite level, 

suggesting that good sleep quality may not necessarily be a prerequisite for participating in 

elite sport, nor does it necessarily degrade it (Gupta et al. 2016).   

 

Nonetheless, emerging (but un-replicated) evidence suggests that improved sleep quality can 

enhance individual (Mah et al., 2011; Skein et al., 2011) and team (Zhao et al., 2012) athletic 

performance in both individual and team sports.  For example, Zhao et al. (2012) reported a 

ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ōŀǎƪŜǘōŀƭƭ ǇƭŀȅŜǊǎΩ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ŀƴŘ distance in a 12-minute run test, 

whilst Mah et al. (2011) successfully implemented a sleep extension program in a group of 

collegiate basketball players.  Here they instructed them to maintain a regular sleepςwake 

schedule (including daytime naps) and to aim for at least 10 hours in bed per night.  They 

reported an increased sleep duration which was associated with significant improvements in 

sports specific performance as well as improvements in reaction time, daytime sleepiness and 

mood (Sergeant et al., 2014a).  Limitations to this study were that this group of athletes were 

non-elite and the actual strategies used to increase athlete sleep duration were not described. 

As stated previously, studies relating to specific elite performance benefits and the individual 

nature of sleep remain scarce.   
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Concerns over poor sleep quotas in the athletic population stem from the knowledge that 

despite individual requirements for sleep displaying large variations, a chronic reduction in 

sleep (e.g. less than 6 hours per day) can lead to a substantial disturbance in cognitive capacity 

(Boonstra et al., 2007, Sergeant et al. 2014b).  Reilly and Edwards (2007) conducted a meta 

analyses and reported generically, there is a significant impact of chronic sleep loss on 

psychomotor performance (e.g. reaction time).  The longer sleep is deprived for the greater 

the effect on performance. Further evidence of this came from my own professional 

experience where I have observed several elite rowers who experienced becoming parents 

for the first time and suffered the concomitant sleep loss a new baby brings.  Unfortunately, 

this led to decreases in performance in training and subsequent illness.  Consequently, some 

hard choices had to be made by these particular rowers in terms of how they supported their 

family circumstances, particularly with a young babyΩǎ nocturnal awakenings during the night, 

whilst also needing to consistently deliver a training programme.  Essentially, the rowers 

learnt to prioritise their sleep and came to an agreement at home regarding nocturnal support 

of babies and partners!          

 

Throughout the literature, associations have been found between poor sleep and 

psychological factors such as motivation to train (Mah et al., 2011, Abeln et al., 2013) and 

cognitive function including mood state, concentration and decision making (Leger, 2008, 

Fullagar et al., 2015) along with psychomotor performance and daytime sleepiness (Reilly & 

Edwards, 2007, Leger, 2008, Fullagar et al., 2015).  Further, mood state measures are shown 

to be more sensitive than cognitive tasks and in turn cognitive tasks more sensitive than 

motor tasks to sleep loss (Pilcher & Huffcutt, 1996).  Given athletic performance requires 

excellent skills in physical and psychological abilities, impairments in either area will likely 
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impact on performance outcomes.  Mood will also contribute in the sense that a detriment 

to mood state will affect an athleteΩs ability to maximise their determination and effort (Reilly 

and Edwards 2007, Macora et al., 2009).   

 

More acute sleep loss may still have an effect on performance, albeit less severe.  In a study 

of swimmers, Sinnerton and Reilly (1992) reported after partial sleep deprivation (2.5 hour 

per night for four nights), swimmers had no decrements in physical measures but presented 

with a decreased mood state and vigour with a concomitant increase in depression, tension, 

confusion, fatigue and anger. Similarly, Reilly and Deykin (1983) reported decreases in 

psychomotor function but no effect on gross motor function tests in a group of trained men 

with three nights of sleep loss and one recovery night of sleep.  The negative effects being 

notable after only one night of sleep deprivation. Interestingly they reported a beneficial 

arousal effect of exercise following sleep loss.  This lends to the argument that a single night 

of sleep loss may not be so adverse to performance outcomes and could potentially be 

overcome through sleep extension techniques, nutrition and the sporting activity itself.   

 

bƻƴŜǘƘŜƭŜǎǎ ǇƻƻǊ ǎƭŜŜǇ Ƙŀǎ ŀ ƳǳƭǘƛŦŀŎǘƻǊƛŀƭ ƛƳǇŀŎǘ ƻƴ ŀǘƘƭŜǘŜǎΩ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ǉǳŀƭƛǘȅ 

training sessions and this is also shown through its impact on physiological function such as 

immune response, e.g. symptom expression may be higher (Konig et al., 2002, Irwin, 2002, 

Cohen et al. 2009, Besedovsky, 2012, Hausswirth et al., 2014,) and reduced parasympathetic 

activity expressed through higher frequency heart rate variability (Myllymäki, 2006, 

Spiegelhalder, et al., 2011).  Poor sleep also affects propensity for injury with, for example, 

athletes experiencing less than 8 hours sleep per night being 1.7 times more likely to 

experience an injury compared with athletes who slept for more than 8 hours (Milewski et al. 
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2014).  Being sleep poor can also affect maintenance of body mass as a higher body mass 

index has been reported in individuals with a tendency for shorter sleep (Gonnissen et al., 

2013, Moraes et al., 2013), although this was in the general population.    

 

As a general guide, Reilly and Edwards (2007) reported a taxonomy of sports and recreational 

activities affected by sleep loss and this is presented in Table 4.1.  The caveat being this 

classification is highly generalised, limited to non-elite populations, and the effects of sleep 

loss are moderated by individualΩs perception of the level of challenge of the activity.   

 

Additionally, the extent of the impact of poor sleep on athletic sporting performance is 

ŘŜǘŜǊƳƛƴŜŘ ōȅ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜǎΩ requirement for sleep and their responses to poor sleep.  

Both of which are highly individualised and vary with gender, age, chronotype (more details 

later) and general level of health.  
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Table 4.1 A taxonomy of sports and recreational activities affected by sleep loss (Reilly and 
Edwards, 2007) 

Characteristics Sports Effects 

Low-aerobic, high vigilance 
 

Sailing 
Road cycling  
Aiming sports 

9ǊǊƻǊǎ ҧ 
 

Moderate aerobic, high 
concentration 

Field sports 
Team games 
Court games 

Decision-ƳŀƪƛƴƎ Ҩ 
 

High aerobic, gross skills 
 

Running 3000 m 
Swimming 400 m 

Marginal 
 

Mixed aerobic ς anaerobic 
 

Combat sports 
Swimming 

Middle distance running 

tƻǿŜǊ Ҩ 
 

Anaerobic Sprints 
Power events 

Marginal 

Multiple anaerobic efforts 
 

Jumping events 
Weight-training 

CŀǘƛƎǳŜ ҧ 
 

 

Whilst successful sporting performance is a result of a myriad of factors, how an athlete 

manages their sleep and responds if they experience poor sleep, suggests there is an element 

of natural selection, in terms of who can cope with poor sleep, occurring within the athletic 

population.  A tool to help measure this is the Ford Insomnia Response to Stress (FIRST) 

questionnaire.  More details of this are provided in Chapter 6, but briefly, this is a subjective 

questionnaire specifically designed to identify Ψreactive sleepersΩ i.e. those who are sensitive 

to interventions to improve sleep quality.  It therefore provides practitioners, coaches and 

athletes with an awareness of those individuals who are more likely to be sensitive to sleep 

ŘƛǎǘǳǊōŀƴŎŜǎΦ  LƳǇƻǊǘŀƴǘƭȅΣ ǘƘƛǎ ŘƻŜǎƴΩǘ ŘƛǎŎǊƛƳƛƴŀǘŜ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎ ŀǎ ǘƘŜ ǎƻƭŜ ǇƻǇǳƭŀǘƛƻƴ 

experiencing sleep reactivity.  The propensity for sleep reactivity can manifest in any number 

of scenarios, for example ballet dancers prior to a premier or university students during exam 

periods (Fietze et al., 2009, Ahrberg et al., 2012, Gupta et al., 2016).  However, if an individual 

with high sleep reactivity finds themselves in an elite sporting environment, then potentially 
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they may be at a greater risk than other athletes of degraded sleep quality when placed under 

certain circumstances e.g. selection/competition stress.   

 

From contemporary Sports Science literature, one can generally conclude that elite athletes 

experience high levels of sleep disturbance, characterised by symptoms of longer sleep 

latencies, greater sleep fragmentation, non-restorative sleep and excessive daytime fatigue 

(Gupta et al. 2016).  One must be cautious that this is limited to athletic populations, as similar 

statements can be argued for other populations as the aforementioned ballet dancers or 

students.  Nevertheless, three areas have generally been identified as precipitating factors to 

be associated with athletic performance and sleep disturbance/reduced sleep quality and 

have most recently been reinforced through our systematic review (Gupta et al. 2016); 1) 

training, 2) travel (Winget, 1984, Bishop, 2004, Waterhouse et al., 2004, Waterhouse et al., 

2007 & Forbes-Robertson, 2012) and 3) competition (Juliff et al., 2014), Kolling et al., 2016). 

For the purposes of this thesis I have added in a fourth area; chronotype.  I shall now elaborate 

on these areas.   

 

 4.2.1 Precipitating factors: training 

Sleep quality and structure among elite athletes is challenged by the physiological stress of 

training and competing (Shapiro, 1981, Taylor et al., 1997, Hausswirth et al., 2014), the 

emotional stress of competing (Taylor et al., 1997, Erlacher et al., 2011, Juliff et al., 2014), and 

the circadian demands of integrating training programmes into school, university and family 

life.  Training is clearly imperative to successful sporting performance and the reciprocal 

relationship of sleep and athletic performance is no better exemplified than through this 

critical determinant of performance. For example, sleep can be disturbed in elite athletes in 
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response to training loads and in some cases, the consequences of inadequate sleep can 

result in reduced training through either overtraining or maladaptation (Taylor, 1997, Wall et 

al., 2003, Meeusen et al., 2006, Main et al., 2010, Smith et al., 2011, Brink et al., 2012, 

Hausswirth et al. 2014).   

 

Further, training routines of certain sports may negatively affect an athlete through the 

constant sleep debt experienced in having to schedule get up times very early in the morning.  

Swimming and rowing are sports who traditionally demand athletes commence training 

before 0800 on a daily basis, which necessitates a get up time of typically 0600 (SD 0.04) 

(Gilchrist, 2016).  Early morning training affects sleep through restriction of it and this can be 

detrimental to psychomotor performance and reaction time (Sargent et al., 2014a). Unless 

athletes are conscientious enough to get to bed early to ensure sufficient sleep, this can 

potentially have a negative effect on training and ultimately performance.  Whilst it is highly 

individualised, a sleep debt of less than 6 hours a night is typically reported as having a 

detrimental affect (Sargent et al. 2014).  The consequent sleep debt associated with chronic 

ǎƭŜŜǇ ƭƻǎǎ Ŏŀƴ ǘƘŜƴ ƛƳǇŀŎǘ ƻƴ ŀƴ ŀǘƘƭŜǘŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ŎƻƴǎƛǎǘŜƴǘ ǘǊŀƛƴƛƴƎ ŜƛǘƘer in a single 

episode, or more significantly, over meso and macrocyles and therefore ultimately impact on 

competition performance, whether it be in one season or over an entire Olympiad.    

 

Using markers to indicate training having a negative effect of performance, Hausswirth et al. 

(2014), found indicators of sleep disturbance in triathletes, who underwent an overload 

training period, returned to baseline in a subsequent recovery period.  Similarly, Kolling et al. 

(2016) found disturbed sleep in elite junior rowers during an intense training period and Shaal 

et al. (2015) found decreases in actual sleep duration and sleep efficiency with increased sleep 
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latency and fatigue compared to baseline after 2 weeks of intensified training in synchronised 

swimmers.  Taylor et al. (1997) investigated training volume influence on slow wave sleep and 

psychological stress and reported a reduction in slow wave sleep (nREM sleep) during the 

taper, indicating a link with slow wave sleep and exercise duration and intensity.  The above 

studies indicate that the effect of training load on sleep is a matter for consideration by 

coaches and support staff and adds justification to the argument that practitioners should 

feel compelled to capture data on baseline athletic sleep and monitor at relevant 

opportunities within the Olympic/Paralympic cycle.   

 

Included in a discussion of the effects on training and sleep (or vice versa) are the concepts of 

training camps and environments.  From some studies of elite team sport players on training 

camps, observations have been made between changes in training load and different sleep 

environments on total sleep time (TST) (Pitchford et al., 2016, Thornton et al. 2016.  

Remaining at home and training in a familiar environment compared to travelling away from 

home where an athlete is potentially sharing a room in a foreign environment, may affect 

their sleep both short and long term.   Pitchford et al. (2016) reported, in elite Australian Rules 

football players, an increase in session rating of perceived exertion (sRPE) during a training 

camp and compromised sleep quality, through an increased time in bed, (+34 minutes) in the 

absence of increased total sleep time.  This consequently significantly reduced training camp 

sleep efficiency (-5.82%) and was despite external influences to sleep changing i.e. time zone 

shift or training schedules.  This could, in part, be explained through Macora, Ŝǘ ŀƭΩǎ., (2009)Ωǎ 

investigations of mental fatigue prior to exercise, where the investigators found that mental 

fatigue limits exercise tolerance in humans through higher perception of effort rather than 

cardiorespiratory and musculoenergetic mechanisms (Macora et al., 2009).   
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Conversely, my personal observations on elite rowers have shown that they experience no 

significant differences in the sleep variables of time to bed (hh:mm), time in bed (min), get up 

time (hh:mm), actual sleep time (min), sleep efficiency and sleep latency (min) when 

comparing UK versus training camp environments.  This is predominantly due to the 

regimented training regime in the sport of rowing.  However, good sleep hygiene practices 

(which is all environmental and behavioural aspects which precede sleep) were reinforced 

through my work with the rowers and are detailed later in this thesis (refer to Chapter 6 and 

appendix 4).   

 

Another factor to the scheduling of training is whether an athlete has a certain chronotype6.  

That is the assessment of an athlete to establish if they are a morning, evening or 

intermediate type of person (Postulouche, 2005; Lastella, et al., 2010).  ! ǇŜǊǎƻƴΩǎ ŎƘǊƻƴƻǘȅǇŜ 

is a basically a ƎŜƴŜǘƛŎŀƭƭȅ ǇǊŜŘŜǘŜǊƳƛƴŜŘ ǇǊŜŘƛǎǇƻǎƛǘƛƻƴ ǿƘƛŎƘ ƳƻŘƛŦƛŜǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

preference to be most active in the morning, middle of the day or evening (Lastella, et al., 

2010).  Although, the exact causes and regulation of chronotypes e.g. flexible versus fixed 

chronotypes and developmental changes are uncertain.  Potentially aƴ ŀǘƘƭŜǘŜΩǎ ŎƘǊƻƴƻǘȅǇŜ 

could influence training and competition performances along with the natural selection of an 

ŀōƛƭƛǘȅ ǘƻ ΨŎƻǇŜΩ ǿƘŜƴ ŎƘƻƻǎƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ sport to potentially excel in. For example, an 

athlete with a propensity to be more alert in the morning may achieve better training in sports 

where traditionally early morning training is the norm (e.g. swimming, sprint kayak and 

rowing) and may overcome the associated negative effects on sleep of early morning training.  

                                                           
6 Chronotype is a behavioral manifestation of underlying circadian rhythms of the plethora of physical processes. 
A person's chronotype is the propensity for the individual to sleep at a particular time during a 24 hour period.  
CƻǊ ŜȄŀƳǇƭŜΣ ΨŜǾŜƴƛƴƎƴŜǎǎϥ όŘŜƭŀȅŜŘ ǎƭŜŜǇ ǇŜǊƛƻŘύ ŀƴŘ ϥƳƻǊƴƛƴƎƴŜǎǎϥ όŀŘǾŀƴŎŜŘ ǎƭŜŜǇ ǇŜǊƛƻŘύ ŀǊŜ ǘƘŜ ǘǿƻ 
extremes with most individuals having some flexibility in the timing of their sleep period. 

http://en.wikipedia.org/wiki/Circadian_rhythm
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Certainly, timing of training schedules can potentially impact on the amount and quality of 

sleep obtained by elite athletes (Sargent et al., 2014b) and ƛŦ ŀƴ ŀǘƘƭŜǘŜΩǎ ŎƘǊƻƴƻǘȅǇŜ ƛǎ ŦƻǊ 

ōŜƛƴƎ ŀƴ ΨŜǾŜƴƛƴƎ ǘȅǇŜΩ ǘƘŜƴ ǇƻǘŜƴǘƛŀƭƭȅ ǘƘƛǎ ƛǎ ŀ ŘƛǎŀŘǾŀƴǘŀƎŜ ƛƴ sports that begin training in 

the early morning.  Early morning training sessions have their advantages, for some sports, in 

that they can provide good recovery time between training sessions, mimic competition 

schedules and allow time for technique to be worked on, particularly in favourable conditions 

e.g. water sports (Lastella et al., 2010). However, there can be a detrimental effect of early 

morning training given the sleep loss athletes experience in order to get up early for training.   

From previous studies (Leeder et al. 2012, Sargent et al. (2014b) and personal findings 

through my work with elite athletes, we know athletes tend to experience an average of 6.5 

hours of sleep per night.  Further, those athletes in sports involving early morning training 

sessions experience a reduction in sleep duration and an increase in pre-training fatigue 

levels.  For example, Sargent et al. (2014b) found, in a study of ŜƭƛǘŜ ǎǿƛƳƳŜǊǎΩ ŜŀǊƭȅ ƳƻǊƴƛƴƎ 

training regimes, that for sleep periods that preceded a training day, participants spent 7.7 

hours in bed and obtained 5.4 hours of sleep (i.e. 71% of time in bed). For sleep periods that 

preceded a rest day, participants spent 9.3 hours in bed and obtained 7.1 hours of sleep (i.e. 

77% of time in bed)ΩΩ.   

 

Certainly, in the rowers I have observed, a typical one hour reduction in sleep per night in a 

normal training phase, is not unusual (Gilchrist, 2016).  Sargent et al. (2014b) also observed 

the cumulative effect of early morning training over only five days of training at 0500 hour 

and reported it led to a cumulative sleep debt of 8 hours 30 minutes.   This is a potential issue 

given that to avoid detriments to daytime function an average of 8 hours per night is 

recommended; whilst there is no set amount of sleep reported for athletes, the common 



 

91 
 

consensus is the same as for the general population (the American academy of Sleep 

Medicine and Sleep Research Society, 2015).  This places athletes at risk particularly, for 

example, during periods of heavy training load or competition.  Therefore, coaches should be 

aware of the implications of the timing of training sessions for sleep and fatigue when 

planning training programmes.  As a strategic counter measure, in cases where early morning 

starts are unavoidable, sleep extension practices (e.g. napping) should be incorporated during 

the day (if athletes are amenable to sleep extension techniques), and optimal sleep hygiene 

practices (refer to Chapter 6 and Appendix 4) considered at night. This could potentially help 

negate the effects of restricted sleep on individual athlete performances for reasons already 

eluded too and also outlined further on in this chapter and in Chapter 6.  This is important 

given previous studies in other populations with early morning start times e.g. airline crews, 

have reported that the general consensus is 30 minutes of sleep is lost for every hour that the 

start of work was advanced prior to 0900 hour (Spencer and Montgomery, 1997).  For 

example, starting training όΨǿƻǊƪΩύ at 0700 would result in a sleep loss of one hour. This 

ŘƻŜǎƴΩǘ ǎƻǳƴŘ ǘƻƻ ŘŜǘǊƛƳŜƴǘŀƭ ǳƴƭŜǎǎ ȅƻǳ ƴŜŜŘ ǘƻ ōŜ ǳǇ ŜŀǊƭȅ ƻƴ ŀ ǊŜƎǳƭŀǊ ōŀǎƛǎ ŀƴŘ 

accumulate an associated sleep debt. It is under these circumstances that a chronic sleep 

issue can ensue.  Extrapolate the early get up times over a season or Olympiad and it is easy 

to see how sleep debt can accumulate.         

 

Therefore, pre-training fatigue through sleep restriction can have implications both acutely 

and chronically in terms of the ability to deliver an optimal training session and to recover 

adequately for the next.  This, coupled with the previously described negative effects of poor 

sleep, e.g. impaired immune function, means that elite ŀǘƘƭŜǘŜǎΩ performance may be 

suffering as a result.   Even when athletes compensate and adopt sleep extension techniques, 
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e.g. earlier time to bed or napping, this is often insufficient to compensate for the total sleep 

lost over a period of time such as a training block or a season (Sargent et al. 2014b).   

 

¢ƘŜ ǉǳŜǎǘƛƻƴ ŀǊƛǎŜǎ ŀǎ ǘƻ ǿƘŜǘƘŜǊ ǘƘƻǎŜ ŀǘƘƭŜǘŜǎ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ΨŜŀǊƭȅ ƳƻǊƴƛƴƎ sportsΩ, e.g. 

swimming, sprint kayak and rowing, are predisposed to be successful in their ability to 

tolerŀǘŜ ŜŀǊƭȅ ƳƻǊƴƛƴƎ ǎŎƘŜŘǳƭŜǎ ƻǊ ǘƘŀǘ ǘƘŜȅ ƛƴ ŦŀŎǘ ΨŜƴǘǊŀƛƴΩ ǘƻ ōŜŎƻƳŜ ŀōƭŜ ǘƻ ŎƻǇŜ ǿƛǘƘ 

the early morning training demands.  This is a difficult question for performance directors and 

coaches when planning training, particularly when this can sometimes be limited by access to 

facilities.  It also has implications for performance pathway (talent identification) plans for 

sportsΦ  L ǿƻǳƭŘ ǎǳƎƎŜǎǘ ǘƘŀǘ ǿƘƛƭǎǘ ŀƴ ŀǘƘƭŜǘŜǎ ŎƘǊƻƴƻǘȅǇŜ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ǘƘŜƛǊ ΨǿŀƪŜŦǳƭƴŜǎǎΩ 

at different times of the day and their ability to train optimally in a given sport, other factors 

also come into play when critiquing if an athlete is predisposed to a certain type of sport, for 

example, passion for the sport, financial position and locality to training venues.  Further, 

lifestyle and physiological factors often mean it is difficult to have sleep onset much earlier in 

the evening before an early start for training. Insufficient evidence exists about athlete 

chronotypes, therefore given the area is under researched, more is required to take into 

account personality traits to better capture the sleep need of elite athletes (Gupta et al., 

2016).  

  

Lƴ ǘŜǊƳǎ ƻŦ ŀƴ ŀǘƘƭŜǘŜΩǎ ŘŜǎƛǊŜ ŦƻǊ ƭƻƴƎŜǾƛǘȅ ƛƴ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜ sport, cumulative sleep debt 

can affect athletic performance and therefore good fatigue management strategies need 

addressing in such circumstances.  Equally, a single night of sleep debt may affect training or 

performance in the short term but can be overcome, e.g. through correct nutrition, relaxation 

and sleep extension strategies.  The concerning point here is that many athletes have limited 
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methods for managing their sleep strategies to overcome the fatigue from a single night of 

sleep deprivation or longer (Juliff et al. 2014, Erlacher et al., 2011).  Therefore, they, their 

coaches and support personnel, would benefit from effective fatigue management strategies 

which take into account the specific demands of a sportΩs ǘǊŀƛƴƛƴƎ ǎŎƘŜŘǳƭŜ ŀƴŘ ŀƴ ŀǘƘƭŜǘŜΩǎ 

particular chronotype.  

 

/ƻǳǇƭŜŘ ǿƛǘƘ ŀ ǇǊŜŘƛǎǇƻǎƛǘƛƻƴ ǘƻ ōŜ ŀ ΨƳƻǊƴƛƴƎΩΣ ΨŜǾŜƴƛƴƎΩ ƻǊ ΨƛƴǘŜǊƳŜŘƛŀǘŜΩ ǘȅǇŜ ǇŜǊǎƻƴΣ ƛǎ 

ƻƴŜΩǎ ΨǎƭŜŜǇ ǊŜŀŎǘƛǾƛǘȅΩΦ  {ƛƳƛƭŀǊ ǘƻ ŎƘǊƻƴƻǘȅǇŜΣ ǘƘƛǎ ƛǎ ƎŜƴŜǘƛŎŀƭƭȅ ǇǊŜ-determined and is a way 

of measuring how a person reacts to stressful situations through their sleep. It can be 

assessed through the Ford Insomnia Response to Stress Test questionnaire, a diagnostic self-

assessment questionnaire using nine items which measure the propensity for disturbed sleep 

under stress and ultimately can aid in identifying individuals predisposed to insomnia (Drake 

et al., 2008).  The instrument tests the likelihood that an individual will get sleep disturbances 

following various stressful events; for example, in sport this could involve training load 

increases, selection phases or competition phase.  In athletes this can be particularly 

prevalent as it can help predetermine times of poor sleep in an individual athletic career 

through identified poor sleep inducing occurrences.  

 

4.2.2 Precipitating factors: travel 

Travel is a regular disruption for elite athletes as international competition and training camps 

before major competition become more sophisticated (Pipe, 2011).  One primary concern for 

travel and the associŀǘŜŘ ŦŀǘƛƎǳŜ ƛǎ ƛǘǎ ŜŦŦŜŎǘ ƻƴ ǎƭŜŜǇΦ  ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜΩǎ 

sleep architecture, hygiene and strategies.  

 



 

94 
 

My challenge as a Sports Science practitioner was to introduce sleep measurement and 

analysis to my assessment battery because I have to overcome previous misconceptions that 

sleep and athletic performance only become a performance issue when international travel 

is part of the agenda.   Certainly crossing multiple time zones and the associated effects of 

such travel on circadian rhythm, and consequently sleep, can have a detrimental effect on the 

ōƻŘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜΣ ƘƻǿŜǾŜǊ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƘŜ ŀŦŦŜŎǘǎ 

manifest and the time frame of symptoms very much depend on the number of time zones 

crossed and the individual athleteΩs response to long haul flight associated jet lag 

(Waterhouse et al., 2000, Waterhouse et al., 2004, Pipe, 2011, Reilly et al., 2007, Forbes-

Robertson et al., 2012 and Samuels, 2012).  Nevertheless, it is not always the case that long 

haul travel (and associated jet lag) is the only travel category with negative connotations for 

ŀǘƘƭŜǘƛŎ ǎƭŜŜǇΦ  .ƻǘƘ ǎƘƻǊǘ Ƙŀǳƭ ŀƴŘ ǳƴŀŘƻǊƴŜŘ ΨǘǊŀǾŜƭ ŦŀǘƛƎǳŜΩ Ŏŀƴ ŀƭǎƻ ƘŀǾŜ ŀ ŘŜǘǊƛƳŜƴǘŀƭ 

effect.   

 

Fundamentally, the difference between short and long haul travel symptomology are that the 

symptoms of jet lag are a function of circadian desynchronization and largely episodic, 

whereas the symptoms of travel fatigue are cumulative and chronic (Samuels, 2012).  

Therefore, the physical decrements of travelling fall into two categories; 1) the physiological 

stress of travel relating to circadian de-synchronisation (altered body clock) through flight 

times and 2) ǘƘŜ ΨǘǊŀǾŜƭ ŦŀǘƛƎǳŜΩ ǎȅƳǇǘƻƳǎ ŜȄƘƛōƛǘŜŘ ŦǊƻƳ ǎƘƻǊǘ Ƙŀǳƭ ǘǊŀǾŜƭΣ ŜΦƎΦ the diurnal 

variation of physical attributes (i.e. whole-body flexibility; self-selected work rate, leg 

strength, some hormonal markers and core temperature), cognitive function and dehydration 

(Waterhouse et al., 2004). To help identify the physical decrements of long haul (jet lag) and 

short haul travel, Samuels (2012) provides a comprehensive jet lag and travel fatigue 
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management plan for Sports Medicine practitioners and high performance sport teams.  

²ƛǘƘƛƴ ǘƘƛǎ ƛǎ ŀ Ψ{ymptom ManagementΩ algorithm (Figure 4.2), where the goal is to minimise 

jet lag symptoms by effectively addressing circadian resynchronisation, while monitoring the 

athlete for cumulative fatigue, managing the impact of travel, and preventing the health 

consequences associated with travel.  

 

 

JET LAG         TRAVEL FATIGUE 

Circadian & Episodic       Cumulative  

Gastrointestinal        Neurological 

 

Neurological        Psychiatric/Psychological 

 

Musculoskeletal       Immunological 

 

Managed & Resolved        Musculoskeletal 

          

         Monitored & Managed 

 

 

 

 

 
 
Figure 4.2 Jet lag and travel fatigue symptoms and management algorithm (adapted from 
Samuels, 2012).   
Performance is enhanced and health and wellbeing maintained with a well-managed jet lag 
or travel fatigue programme. 
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Given the symptomology of travel and jet lag, an inadequate travel strategy can have 

detrimental effects on subsequent performance. Where sports prioritise training or 

competition schedules over travel schedules, sleep deprivation factors from travel fatigue can 

affect recovery, e.g. through exceptionally early flights.  A converse approach, involving 

sensible travel schedules, could benefit performance by avoiding the short-term fatigue 

associated with travel to competition/training camps, combined with an optimal fatigue 

management strategy upon arrival at the destination.  One must note however with long haul 

flights, crossing multiple time zones and resultant jet lag cannot be avoided.  Here sports 

administrators, and coaches, can help to plan effective travel strategies to allow for time zone 

shifts and associated jet lag.  They must bear in mind individual athleteΩs responses to jet lag 

and prioritise time to allow the symptoms of jet lag to abate in addition to phasing in training 

and/or competition post flight.  Working backwards from the point of performance to the day 

of travel is a good strategy to follow in these circumstances.  For example, Waterhouse et al 

(2002), in  a study of 85 athletes, coaches and academics flying from the United Kingdom to 

Australia (two flights with a one hour stopover in Singapore), found the amount of sleep in 

the first flight was significantly greater in those who had left the United Kingdom in the 

evening than the morning (medians of 5.5 hours and 1.5 hours respectively; p = 0.00, Mann-

Whitney).  Whereas there was no significant difference on the second flight (2.5 hours v 2.8 

hours; p = 0.72). They reported that increasing age and a later time of arrival in Australia were 

associated with less jet lag and fatigue, and previous experience of travel to Australia was 

associated with an earlier time of getting to sleep. Therefore, they concluded that there is a 

requirement to consider the importance of an appropriate choice of itinerary and lifestyle for 

reducing the negative effects of jet lag in athletes (and others), who wish to perform optimally 

in the new time zone.  
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4.2.3 Precipitating factors: competition 

Whilst sleep can affect performance in athletes so, conversely, can performance affect sleep.  

Typically, this manifests in periods of competition.  The demands of competition can play a 

ǇŀǊǘ ƛƴ ǘƘŜ ǎǘŀǘŜ ƻŦ ŀƴ ŀǘƘƭŜǘŜΩǎ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ό{ƛƭǾŀ et al., 2010, Erlacher et al., 2011, Lastella 

et al. 2014, Chennaoui et al., 2016, Kolling et al., 2016) with internal factors reportedly being 

the main reason responsible (Juliff et al., 2014).  An investigation of the sleep/wake behaviour 

of endurance cyclists, before and during competition, found that compared to baseline, 

cyclists had less sleep the night before competition (6.5 ± 0.9 h) and during the first night of 

competition (6.8 ± 0.8 h) (Lastella et al., 2014).  Similarly, Erlacher (2011), reported of the 632 

German athletes, from various sports, who were asked about their sleep habits during the 

night(s) before an important competition or game, 65.8% stated that they had slept worse 

than normal at least once on the night(s) before an important competition or game. Further, 

compared with male athletes, there was a tendency for more female athletes to report poor 

sleep before a competition (64.4% men vs. 67.9% women) and athletes from individual sports 

(69.3%) reported poor sleep more often than athletes from team sports (59.6%).  In total, 

62.3% of the athletes stated that they had slept more poorly than usual at least once on the 

night(s) before an important competition in the preceding 12 months.  In a study of over 200 

elite athletes, Juliff et al. (2014), reported that competition led to altered sleep disturbances 

through problems falling asleep, anxiety and nerves.   

 

Conversely, Gupta et al. (2016) identified 6 studies using actigraphy to analyse sleep in 

competition and reported that most showed no significant changes in sleep efficiency and 

sleep onset latency when compared to normal training.  Further, Chennaoui (2016) found that 

elite swimmers finishing fourth at national championships (France) had more consistent total 
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sleep times for the duration of the competitions compared with those swimmers finishing 

fourth or below.   

 

In order to aid coaches planning, the impact of in-competition recovery and, ultimately 

sporting performance, further research is required focusing on sleep quality during the 

specific stages of competition; pre, during and post.  Furthermore, education of athletes on 

strategies to prevent poor sleep associated during competition phases is also warranted 

(Lastella et al., 2014, Juliff et al., 2015).   Also, of importance is to recognise the difference 

between poor competition sleep and chronic sleep issues in athletes (Juliff et al., 2015). 

 

4.3 Should we measure sleep? 

The high-performance athleteΩs ability to manage their sleep and rest (movement behaviour) 

Ƙŀǎ ǎŜƭŘƻƳ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘΦ   ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀƴ ŀǘƘƭŜǘŜǎΩ ǇƘȅǎƛƻƭƻƎƛŎŀƭΣ 

psychological, biomechanical and technical capabilities predominates training sessions.  

Adding measurement and analysis of sleep and movement behaviour to an already hectic 

assessment battery has often been considered too intrusive.  This view is further reinforced 

when you consider the athleteΩs home environment as the single place they escape 

assessment and objectivity.  However, minimising the intrusion with a simple device, such as 

an Actiwatch (refer to methodology in Chapter 5), allowed me to gain data in an area 

previously under-investigated.     

 

Lƴ ǉǳŜǎǘƛƻƴƛƴƎ ΨǎƘƻǳƭŘ ǿŜ ƳŜŀǎǳǊŜ ǎƭŜŜǇΩΣ L ǘƘƛƴƪ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǎǘŀǘŜ ǿƘŀǘ ƛǘ ƛǎ I was actually 

measuring and consider if we, as practitioners, know what to do once we have data on sleep 

and movement behaviour.  In terms of what was being measured, the sleep and activity 
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variables measured by the actigraphy methodology are outlined in Chapter 5, with a 

corresponding description of sleep quantity (duration) and quality (described) (Galambos et 

al., 2011).  These two aspects of sleep are what I was considering when assessing the sleep 

side of an athleteΩs fatigue management.  

 

Once we have data on athletes sleep quantity and quality it is important we have clear 

guidelines on how to act.  My initial pilot work on sleep (described in Chapter 6) highlighted 

these guidelines did not exist.  In Chapter 6, I provide procedures on how to provide support 

to athletes when conducting fatigue management projects through the described EIS 

ΨHierarchy of Needs (for the measurement and assessment of sleep and movement behaviour 

in elite sport)Ω ŀƴŘ ΨSleep Management Decision TǊŜŜΩ (Figures 6.1 and 6.2 respectively).  

These two diagrams were established from my introduction of fatigue management to the UK 

high performance sport industry.  What coincides with this is the non-negotiable aspect to 

any fatigue management assessment.  By this I mean that the individual practitioner is aware 

of their professional boundaries and refers results of an athletes sleep assessment to 

appropriate members of the ǇŀǊǘƛŎǳƭŀǊ ǎǇƻǊǘΩǎ Sports Science/Medicine team.  For example, 

if an athlete is displaying signs of physiological insomnia, through objective and subjective 

ƳŜŀǎǳǊŜǎΣ ǘƘŜ ŀǘƘƭŜǘŜ ǎƘƻǳƭŘ ōŜ ǊŜŦŜǊǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜƛǊ {ǇƻǊǘǎΩ ƳŜŘƛŎŀƭ ǎǘǊŜŀƳ ŦƻǊ ŎƭƛƴƛŎŀƭ 

psychological help (e.g. Cognitive Behavioural Therapy (CBT)), to potentially help combat the 

insomnia.  

 

When considering if we should measure sleep, the importance of capturing and analysing 

sleep for the benefit of athletic performance has, at a rudimentary level, been queried in 

ǘŜǊƳǎ ƻŦ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ΨΨǿŜ ŀƭƭ ǎƭŜŜǇ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǿƘȅ ƳŜŀǎǳǊŜ ƛǘΚΩΩ  However, if you follow 
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this train of thought then one could argue that we all breathe so therefore why measure 

ŀŜǊƻōƛŎ ŎŀǇŀŎƛǘȅΚ  ¸Ŝǘ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƻƴŜΩǎ ŀŜǊƻōƛŎ ŎŀǇŀŎƛǘȅ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǇŀǊǘ ƻŦ ǘƘŜ 

physiological assessment of elite athletes as, primarily, it establishes individual 

characterisation of respiratory function and provides indicators of adaptations made and 

manipulations required for enhancement of performance.  Therefore, whilst some argue 

against the need to measure objectively sleep quality and quantity, it is increasingly evident 

that, in elite sport, to achieve marginal victories over opponents, a culture of absolute 

preparation needs to be established.  Further, whilst it is important to recognise academically 

the aforementioned reciprocal relationship between sleep and athletic performance, the 

ability to apply the theory in a practical context is of clear importance too.  

 

In considering if we should measure sleep, we cannot ignore the association between sleep 

and athlete health as well as performance.  Sleep is typically considered to be an aspect of 

ΨŀǘƘƭŜǘŜ ƘŜŀƭǘƘΩΦ ¢Ƙŀǘ ƛǎ ŀƴ ŀǘƘƭŜǘŜΩs social, economic, psychological and medical wellbeing 

and how this translates to adherence to training and ultimately athletic performance 

(Chennaoui, 2016). As one interviewee stated, 

tр ΨΩ¸ŜǎΦ Lǘϥǎ ƴƻǘ ǊŜŀƭƭȅ ǊŜŀƭƛǎǘƛŎ ŦƻǊ ǳǎ ǘƻ ǎŀȅΣ ϦhƘΣ ǎǇƻǊǘϥǎ ōŀŘ ŦƻǊ ǎƭŜŜǇϦΦ Lǘ ƳƛƎƘǘ ƴƻǘ 

have a, it might leave a legacy that is not especially helpful for me to life, but that is not 

ǘƘŜ ƛǎǎǳŜ ƘŜǊŜΦ ¢ƘŜ ƛǎǎǳŜ ƘŜǊŜ ƛǎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ŀǘƘƭŜǘŜ ǿŜƭƭōŜƛƴƎΩΩΦ 

 

Figure 4.3 displays how, along with associated factors, athlete health can contribute to 

sporting performance.  It illustrates how being in the centre of a tiered pathway to sporting 

performance, there is a consequent rationale to focus on the characteristics of fatigue 

management (sleep and associated movement behaviour) in elite athletes and highlight areas 

for improvement.   
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Figure 4.3 Schematic illustrating the factors associated with sport performance (adapted 
from Smith, 2003).  
 

Of note, athlete health is a major objective of the UK high performance sport system and one 

of the key priorities of the EIS.  The formation of a directorate within the EIS dedicated to 

matters relating to Ψathlete healthΩ in 2016, because collectively injury and illness is one of the 

single biggest factors that prevents athletes from being successful and sports from achieving 

medal targets, highlights the focus on such an area (English Institute of Sport, 2018).  

Primarily, the Athlete Health Directorate help sports monitor the availability, effort and 

recovery (AER) of their athletes in the context of their own individual narrative (English 

Institute of Sport, 2018).  This includes a subjective assessment of athlete sleep.  Additionally, 

within the EIS Athlete Health Directorate there is a dedicated working group focused on the 

management of upper respiratory tract infection (URTI) as athleteǎΩ self-report measures 

have concluded that ¦w¢LΩǎ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀǎ ŀ ŎŀǳǎŜ ŦƻǊ ƛƴǘŜǊǊǳǇǘŜŘ ǘǊŀƛƴƛƴƎ 

regimes.  I used my knowledge on sleep and its impact on the immune system to help this 

working group make recommendations ǘƻ ŀǘƘƭŜǘŜǎ ƻƴ ŀǾƻƛŘƛƴƎ ¦w¢LΩǎ.  Similarly, there are 

also projects within the Athlete Health Directorate dedicated to athleteΩs travel strategies 
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including plans for sleep and short and long haul travel and performance and I have 

contributed, alongside my PhD student, to outputs for sports on sleep and travel strategies 

e.g. Team GB Rio 2016 Olympic Games travel strategy.       

 

4.4 Technologies 

Contemporary technologies for sleep assessment, e.g. smart phone applications, can be guilty 

of promoting sleep as a problem variable rather than as an area of human function needing 

ǘƻ ōŜ ƛƴŘƛǾƛŘǳŀƭƭȅ ŘŜǎŎǊƛōŜŘΦ  !ƭǎƻΣ ǿƘƛƭǎǘ ǎǳŎƘ ΨƎŀŘƎŜǘǎ ŀƴŘ ƎƛȊƳƻǎΩ ŀǊŜ ŀ ŎƘŜŀǇŜǊ ŀƭǘŜǊƴŀǘƛǾŜ 

to scientifically validated equipment (described in Chapter 5), they can be counterintuitive to 

ƎƻƻŘ ǎƭŜŜǇΦ  ¢ƘŜȅ ƘŀǾŜ ƻŦǘŜƴ ΨǇƛƎƎȅ ōŀŎƪŜŘΩ ƻƴ medical-grade methodologies and can be 

invalid against gold standard quality assurance measures (refer to Chapter 5).  Nonetheless, 

ƳŀƴǳŦŀŎǘǳǊŜǊǎ ǿŜǊŜ ƘŀǇǇȅ ǘƻ ƻōƭƛƎŜ ŀƴŘ ǘƘŜ ŎƻƴǎǳƳŜǊ ƳŀǊƪŜǘ ŦƻǊ ΨǎƭŜŜǇ ǿŜŀǊŀōƭŜǎΩ Ƙŀǎ 

exploded (Byrne, 2017). 

ά¢ƘŜ ǘǊƻǳōƭŜ ǿƛǘƘ ǎƭŜŜǇ ǿŀǘŎƘŜǎέ ƛǎ ǘƘŀǘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ƎŜƴŜǊŀƭƭȅ Řƻ ƴƻǘ ƳŀƪŜ ǘƘŜƛǊ 
hardware, algorithms or validation studies public (if they even did a study). So how do we know 
if they work? Many now purport to measure sleep stages (e.g. REM sleep) as well as sleep wake 
cycles. At best, actigraphs can infer sleep. Currently, only brain wave technology can measure 
sleep stages. Remember that sleep is in the brain and our brains are not on our wrists. Inferring 
sleep from wrist motion is complicated and requires independent validation against PSG 
ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƘŀǊŘǿŀǊŜ ƻǊ ŀƭƎƻǊƛǘƘƳǎΩΩ (Byrne, 2017). 

 

Further, in the digital age in which we live, social media is littered with advice on how to 

achieve optimal sleep.  However, guidelines are often based on population norms and have 

little consideration for individual variances.  Therefore, technologies are frequently reported 

to help assess sleep but often they are absent from any form of quality assurance mechanisms 

for validity and reliability.  Consequently, they fail to provide an accurate assessment of an 

ƛƴŘƛǾƛŘǳŀƭΩǎ ǎƭŜŜǇ ŎƘŀǊŀŎǘŜǊƛstics and quality.  This is a challenge for the practitioner where 

athletes can access information and technologies in the public domain easily, but with little 
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comprehension of the importance of quality assurance practices used to assess sleep and the 

knowledge interpretation and dissemination surrounding the topic.  In these instances, as a 

practitioner, it is important to reiterate to and help educate the athlete about validity and 

reliability of any equipment that is being used to provide the athlete (and coach) with 

information to assist in performance preparation.  It is the athletes prerogative if they wish 

to engage with contemporary ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ΨǿŜŀǊŀōƭŜǎΩΣ ƘƻǿŜǾŜǊ ǘƘŜȅ ǎƘƻǳƭŘ ōŜ ŀǘ 

least in a position to make an informed decision about what they may or may not use.  The 

physiologist should strive to be the one to provide the information to help the athlete make 

informed decisions.  

 

4.5 Sleep Management Strategies 

Having learnt about sleep in current sports science literature and some real world 

applications, I shall now present some suggestions for sleep management strategies based on 

current research and pragmatic approaches to improving sleep in athletic performance.  The 

nature and effectiveness of sleep management strategies to maintain athletic performance 

following sleep disruption and circadian challenge remain either undeveloped, or untested 

(Morgan, 2013).  It is therefore important that sleep and associated movement behaviour are 

captured for objective measurement and assessment in high performance athletes.  Whilst 

studies pertaining to sleep quality in athletes have presented interesting findings relating to 

the generic aspects of sleep and athletic performance (Taylor et al., 1997, Erlacher et al., 2001, 

Hausswirth et al., 2014 and Juliff et al., 2015) and even hints towards normative data (Leeder 

et al., 2012), there have been limited specific studies on interventions to improve athletes 

sleep and/or performance.  One such concept to aid improvement in athlete sleep quality is 
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ǘƘǊƻǳƎƘ ǎƭŜŜǇ ŜȄǘŜƴǎƛƻƴΣ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ƴŀǇǇƛƴƎ ƻǊ ΨǎƭŜŜǇ ōŀƴƪƛƴƎΩ ό[ŜƎŜǊ нллуΣ 

Mah, 2011, Poussel et al., 2015, Thornton et al., 2016).   

 

Sleep extension reduces the pressure to sleep. Miler and Cotes (2009) reported the best 

timing for naps varies according to individual sleep need, stability and timing of sleep/wake 

schedules, morning-eveningness tendencies, and quality of sleep during the preceding night, 

quality of sleep during the nap or amount of prior wakefulness.  Naps should generally be 

between 10Ω ŀƴŘ олΩ ǿƛǘƘ ǎƘƻǊǘŜǊ ƴŀǇǎ ƘŀǾƛƴƎ ŀ ƳƻǊŜ ƛƳƳŜŘƛŀǘŜ ŜŦŦŜŎǘ ŀƴŘ ƭƻƴƎŜǊ ƴŀǇǎ ōŜƛƴƎ 

beneficial, but the benefits taking longer to take effect so as to overcome sleep inertia (Milner 

& Cotes, 2009).  Sleep inertia being a reduced ability to think and perform upon awakening 

and it is thought to mainly occur in the longer naps due to a higher frequency of slow wave 

sleep (stage 4) (refer to Chapter 3). The best time to have a nap can vary depending on 

circumstances, opportunity, daytime sleepiness and motivation.  However, in terms of 

circadian rhythms, the most likely time to nap is in the afternoon body temperature nadir, 

generally between 1500 - 1700 (Milner & Cotes, 2009) and to maintain the nap length to 

between 30 or 90 minutes in order to stay within the lighter sleep stage aspect of the generic 

90 minute sleep cycle. 

 

 A study often reported for athletic performance and sleep extension is Mah, (2011) who 

observed sleep extension in a group of collegiate basketball players who were subjected to 

extended sleep over a period of 5-7 weeks and who subsequently displayed improved 

performances and mood ratings.  One must note however that there was no control group 

and these subjects were collegiate athletes, thus not elite and likely to have poor sleep as a 
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consequence of college life and any intervention to improve sleep would potentially have 

benefits.  

 

Nonetheless wider sleep management strategies including napping have been shown to be 

beneficial.  Appetitive napping in non-sleep deprived groups has been shown to have benefits 

in subjective (e.g. ratings of sleepiness) and behavioural measures (e.g. mood) and immune 

system function (Faraut et al., 2011).  In elite athletes it is advised that daytime naps may be 

beneficial due to their known benefits in increasing alertness and alleviating daytime 

sleepiness for subsequent training sessions, without being detrimental to night time sleep.  In 

short, naps can potentially benefit athletic performance (Leger et al., 2008, Milner & Cote, 

2009, Mah et al., 2011, Poussel et al., 2015, O'Donnell, et al., 2018). Similarly, napping has 

been shown not to affect nocturnal sleep (Pilcher et al., 2001).  However, whilst the overall 

benefit of napping is likely to be an interaction of factors (Milner & Cotes, 2009), we still do 

not have definitive information as to the specific psycho-physiological benefit(s).  

 

With regard to events where athletes necessitate a nap due to competition demands, e.g. 

ultra-endurance events, sleep extension strategies become paramount.  Poussel et al. (2015) 

reported ultra-endurance runners actively incorporated sleep management strategies into 

their pre-race or race routines of an ultra-endurance event and this correlated with the 

number of finishers of the event.  Runners who adopted a sleep management strategy based 

on an increased sleep time the night before the race completed the race faster (P = 0.0258), 

than those who trained for sleep deprivation (P = 0.0258).  Similarly, Leger et al. (2008), 

observed sleep debt and performance in sailors in an endurance event and concluded final 

rankings in the race related to the sleep management strategy of the participants.   



 

106 
 

To surmise, as a concept, sleep extension is underexplored and we reported in our review 

(Gupta et al., 2016) that while daytime napping appears to be a common compensatory 

strategy used by athletes, there is little evidence that naps are strategically integrated into 

training regimes.  Other areas included in optimal sleep management programmes would 

include education of sleep hygiene (refer to Chapter 6 and appendix 4), a collective term for 

sleep systems (bed, mattress, pillow etc.), sleep practices and a general approach to the act 

ƻŦ ΨƎƻƛƴƎ ǘƻ ǎƭŜŜǇΩΦ  Lƴ ǎƘƻǊǘΣ ŜƭƛǘŜ ǎǇƻǊǘ ŎƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ ǇǊƻƎǊŀƳƳŜǎ ƻŦ ŀǘƘƭŜǘŜ sleep 

education and management with a recognition for the individualised nature of sleep.   Indeed, 

Pitchford et al.Ωǎ study (2016) observed a change in training environment and the effect on 

athlete sleep quality in elite Australian Rules football players when comparing home and 

training camp environments. Specifically, they reported that the training camp environment 

ŎƻƳǇǊƻƳƛǎŜŘ ǇƭŀȅŜǊǎΩ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ŘǳŜ ǘƻ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǘƛƳŜ ƛƴ ōŜŘ, without an 

increased total sleep time.  Moreover, individual players, with higher home sleep efficiency, 

experienced greater reductions in sleep efficiency on training camp.  Collectively, this 

emphasised the need for Sports Science practitioners to take responsibility to work 

collaboratively with sports to create individual athlete sleep strategies and interventions, in 

preparation for training or competition scenarios. This can also be highlighted through my 

personal observations in the fatigue management projects I have conducted and supervised 

and are described ƛƴ /ƘŀǇǘŜǊ с ŀƭƻƴƎǎƛŘŜ ŀ ǎŜŎǘƛƻƴ ƻƴ ΨƻǇǘƛƳŀƭΩ ǇǊŀŎǘƛŎŜǎΦ  

 

4.6 A multidisciplinary approach  

For sleep, and associated movement behaviour, to be explored within a particular sport, a 

challenge to multi-disciplinary practitioners is convincing high-performance athletes and 

coaches that capturing objective data about their sleep (and movement behaviour) 
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characteristics and quality is of benefit to performance.  Further, given the individuality and 

specificity of sleep, means the generic advice and education given to athletes can be 

problematic.  Certainly, due to a lack of direct clinical assessment and reasoning as to its effect 

on performance, or vice versa, high-performance coaches and athletes can remain dismissive 

and uneducated on the importance of fatigue management.  Frustratingly, the individual 

ǊŜǎǇƻƴǎŜǎ ǘƻ ǎƭŜŜǇ Ŏŀƴ ƳŀƪŜ ŎƻŀŎƘŜǎ ǿŀǊȅ ƻŦ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ƛŦ ǘƘŜ results mean 

adjusting training programmes in an already crowded training and competition calendar.  

Reasons for this are hard to decipher, with possible explanations being logistical, financial or 

coaches fearing the unknown consequences in changing training programmes. Consequently, 

ƻōǘŀƛƴƛƴƎ Ψōǳȅ ƛƴΩ ŦǊƻm coaches and athletes can be problematic.   

 

Parallel to this is the fact that ǘƘŜ ƳȅǎǘƛŦƛŎŀǘƛƻƴ ƻŦ ΨǎƭŜŜǇΩ ŀƴŘ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ 

ƳŜŘƛŎŀƭ ŦŀŎǘ ƳŜŀƴ ǘƘŀǘΣ ƛƴ ŀŎŀŘŜƳƛŎ ǘŜǊƳǎΣ ƴƻ ǎƛƴƎƭŜ ŘƛǎŎƛǇƭƛƴŜ ΨƻǿƴǎΩ ǎƭŜŜǇ ŀƴŘ ƛǘ ƛǎ ǘƘŜǊŜŦƻǊŜ 

examined within multiple academic fields.    Nonetheless, I present the challenge that despite 

sleep and associated movement behaviour being less well understood as a physiological 

process than, for example, gaseous exchange, it remains an individual biological entity and 

with a greater understanding and normative data from individual athletes we will be able to 

understand athlete responses better and establish normative data of elite athletes in fatigue 

management.  Further, ƻƴŜ Ŏŀƴƴƻǘ ƛƎƴƻǊŜ ŎƻŀŎƘŜǎ ŀƴŘ ŀǘƘƭŜǘŜǎΩ ƎŜƴŜǊŀƭ ǎǳōƧŜŎǘƛǾŜ 

perception that good sleep makes a difference to performance and despite there being no 

direct scientific reason for sleep, in order to be an effective practitioner, it is a concept that 

should be investigated scientifically within the athletic population.   
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Nevertheless, I am not proposing improved sleep will be the unique factor in ensuring athletes 

win a gold medal, but I am highlighting that the single performance aim as coaches, 

practitioners and most importantly athletes, is to ensure marginal losses are minimised to 

potentiate a win and good fatigue management can negate such losses.  Additionally, the 

individual diversity of sleep requires a multidisciplinary approach to finding solutions 

involving interventions to improve and manage athletic sleep and performance.  This 

necessitates the multidisciplinary team having a full understanding of sleep and its biphasic 

relationship with performance.  This is where the physiologist can take responsibility and 

ownership of the measurement, assessment and subsequent interventions for fatigue 

management as an impact factor on a sportΩs what it takes to win model.  Starting from the 

fundamental principle that sleep is predominantly a physiological process, as described in 

Chapter 3, the physiologist can then lead the process and encourage deeper thought from 

other disciplines as to possible interventions to enhance sleep or movement behaviour, with 

a view to having a concomitant effect on training and performance.  Therefore, as applied 

physiologists within the high-performance sport arena, we should recognise the importance 

of capturing data on this daily phenomenon and the necessary collaboration with the sports 

and other Sports Science and Medicine disciplines when interventions to improve individual 

athlete sleep quality are required.  This can then allow physiologists to facilitate thorough and 

correct investigations and intervention planning. Equally, the type of work required to 

perform fatigue management assessment is typical of that of a physiologist, thus, monitoring 

sleep and daily activity is in keeping with the role.   

 

Although in these circumstances of multi and interdisciplinary collaborations, it is important 

that physiologists recognise professional boundaries and that, whilst they can provide the 
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quantitative and qualitative data to exemplify there is an issue with sleep and identify primary 

causes, they cannot necessarily provide the technical knowledge for a particular intervention.  

This is where interdisciplinary collaborations are fundamental to the athletes as the consumer 

and beneficiary of the Sports Science and Medicine support. 

 

4.7 Summary  

This chapter has provided information regarding contemporary sports science literature on 

sleep, strategies to combat poor sleep and suggestions for who leads a fatigue management 

project within a Sports Science and Medicine team.  Poor sleep can present a problem to 

athleteΩs in that it is a single entity but has a multifactorial impact on an ŀǘƘƭŜǘŜΩǎ ability to 

deliver quality training sessions and subsequent performances.  Sleep quality and structure 

among elite athletes are challenged by the physiological and emotional stress of training and 

competition, and the circadian demands of integrating training programmes into athlete 

lifestyles.  Combined with training stress, poor fatigue management will impact on an 

ŀǘƘƭŜǘŜΩǎ ƻǾŜǊŀƭƭ ƘŜŀƭǘƘΣ ǿŜƭƭōŜƛƴƎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ǘƘǊƻǳƎƘ ŀŦŦŜŎǘƛƴƎ ǇǊƻǇŜƴǎƛǘȅ and 

recovery from injury and illness and preparation for associated training adaptations and 

adherence.  Collectively all of the factors described in this chapter have a relevance to training 

and the subsequent impact on performance.   

   

To combat risk factors for disturbed sleep in high performance sport, as practitioners, we 

need to provide fatigue management strategies (e.g. sleep banking) for sleep and 

performance maintenance, improvement and enhancement.  I feel it is therefore the 

responsibility of Sports Science practitioners to investigate athlete norms and provide such 

strategies.  As discussed in Chapter 1, in an industry governed by marginal gains, with such 
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small differences between podium performances, there is a need to identify and scrutinise 

Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ models and assess the variables which impact on an athleteΩs ability to 

train and compete.  In this chapter I have presented that fatigue management, through sleep 

and associated movement behaviour, is an example of such a variable.  Certainly, it is an 

evolving concept in the field of high performance sport which will ultimately help to pioneer 

and address the critical determinants of performance more successfully.  Practical examples 

of using fatigue management assessment in this manner are presented in Chapter 6 and the 

simplicity of being able to gather quantitative data on sleep and associated movement 

behaviour variables are presented in the next Chapter.   
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Chapter 5. Methodologies to Measure and Assess Sleep and Movement Behaviour 

5.1 Introduction  

Whilst many projects reported in this thesis followed a quantitative methodology, there was 

scope for qualitative methods to supplement the quantitative studies and add substance to 

the findings. Therefore, a mixed methods design was employed to capture all the relevant 

data.  Qualitative methods were discussed previously in Chapter 2 and this chapter will focus 

on the quantitative methods (objective and subjective) employed to capture sleep and 

associated movement behaviour data, ahead of further Chapters reporting projects utilising 

such methods.  

 

5.2 Sleep quantity and quality 

As outlined in Chapter 4, it is important to describe and bring clarity to what is meant by sleep 

quantity and quality.  This is even more important as sleep becomes more popularised and 

modern day technologies provide commercially available equipment to measure sleep 

quantity (duration) and quality (disturbances) (Galambos et al., 2011, Ohayon et al., 2017).  

In terms of quantity, The National Sleep Foundation (NSF) panel for updated sleep duration 

recommended 7-9 hours of sleep for adults (18-64 years) with variables such as time to bed 

(TTB), time in bed (TiB), get up time (GUT) and total time asleep (TTS) observing sleep quantity 

(Hirshkowitz et al., 2015).  The National Sleep Foundation (NSF) panel consensus on sleep 

quality was that measures such as sleep latency (SL), number of awakenings greater than 5 

minutes, wake after sleep onset (WASO), sleep efficiency (SE) and fragmentation index (FI) 

yielded good indicators of overall sleep quality (Hausswirth et al. 2014 and Ohayon et al., 

2017).  Diurnal activity can be assessed by time spent immobile (%) and mobile (%) during 

waking hours.  Predominant sleep variables are outlined in Table 5.1 
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Table 5.1. A description of sleep variables measured (modified from Leeder et al., 2012 & 
Gupta et al., 2016) 
 

Sleep Variable Description 

Time to bed (TTB) (hr:mm)  The time the actiwatch recognises time to bed determined by pressing button 
ƻƴ ǿŀǘŎƘ ƻǊ ǿŀǘŎƘ ŘŜǘŜŎǘǎ ΨƭƛƎƘǘǎ ƻǳǘΩ 

Time in bed (TIB) (hr:mm)  ¢ƘŜ ǘƻǘŀƭ ŜƭŀǇǎŜŘ ǘƛƳŜ ōŜǘǿŜŜƴ ǘƘŜ ά[ƛƎƘǘǎ hǳǘέ ŀƴŘ άDƻǘ ¦Ǉέ ǘƛƳŜǎ 

Actual sleep time (AST) 
(hr:mm)  

The total time spent in sleep according to the epoch-by-epoch wake/sleep 
categorisation 

Get up time (GUT) (hr:mm)  The time the actiwatch recognises get up time determined by pressing button 
ƻƴ ǿŀǘŎƘ ƻǊ ǿŀǘŎƘ ŘŜǘŜŎǘǎ ΨƭƛƎƘǘΩ 

Wake after sleep onset 
(WASO) (hr:mm) 

the amount of time individual spends awake, starting from when they first fall 
asleep to when they become fully awake and do not attempt to go back to 
sleep 

Sleep period time (SPT) 
(hr:mm) 

The time elapsed between the first onset of sleep and the final awakening 
 

Sleep efficiency (SE) (%) Total sleep time expressed as a percentage of time in bed: total sleep 
time/time in bed x 100. Provides a sensitive metric for estimating sleep 
quality.  SE below 85% indicated a disorder.  Can be assessed from 
instrumental or subjective estimates (of total sleep time) 
Actual sleep time expressed as a percentage of time in bed 

Total sleep time (TST) (min) The total amount of time spent asleep whilst in bed (SPT-WASO) 
 

Sleep latency (SL) or Sleep 
onset latency (SOL) (min) 

¢ƘŜ ŜƭŀǇǎŜŘ ǘƛƳŜ ōŜǘǿŜŜƴ ά[ƛƎƘǘǎ hǳǘέ ŀƴŘ ǎƭŜŜǇ ƻƴǎŜǘ 

Sleep profile (SP) Generally, the reported sleep onset latency, total sleep time and sleep 
efficiency 

Fragmentation Index (FI) A measure to the extent to which continuous sleep is interrupted by episodes 
of wakefulness.  It is an indication of the degree of fragmentation of the sleep 
period, and can be used as an indication of sleep quality (or the lack of it). 
 
Sleep fragmentation is reflected in the duration and/or frequency of episodes 
of WASO 
 
It is the sum of the mobile time (%) and the immobile bouts <=1min (%).  

Immobile time (%) (IT) The immobile time expressed as a percentage of the assumed sleep time 

Mobile time (MT) 
(%) 

The mobile time expressed as a percentage of the assumed sleep time 

 

5.3 Quantitative methods for sleep quality, quantity and movement behaviour 

Whilst there are different sleep and waking movement behaviour projects to be described in 

Chapter 6, the rudimentary methodology remains identical for all projects.  Any differences 

in logistical methodologies will be reported within each project report (Chapter 6).   
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5.3.1 Sleep measurement and assessment 

Two common methods in terms of sleep quality measurement and analysis exist, 

ǇƻƭȅǎƻƳƴƻƎǊŀǇƘȅ όt{Dύ ŀƴŘ !ŎǘƛƎǊŀǇƘȅΦ  tƻƭȅǎƻƳƴƻƎǊŀǇƘȅ όt{DύΣ ƛǎ ǊŜƎŀǊŘŜŘ ŀǎ ǘƘŜ ΨƎƻƭŘ 

ǎǘŀƴŘŀǊŘΩ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎƭŜŜǇ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǉǳŀƭƛǘȅΣ ŀƭǘƘƻǳƎƘ ƛǘ ƛǎ ƭƛƳƛǘŜŘ ƛƴ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ 

measure large numbers due to being labour intensive and requiring specific skills in electrode 

placement and analysis of outputs.  Also, PSG can be expensive, and is often used primarily 

for assessing clinical sleep disorders.  Specifically, it can record body functions such as brain 

activity (electroencephalogram, EEG), eye movements (electrooculogram, EOG), muscle 

activity (electromyogram, EMG), and cardiac activity (electrocardiogram, ECG) (Halson 2014).   

Information on sleep that can be obtained from PSG analysis includes, but is not limited to, 

total sleep time (TST), sleep-onset latency (SL), wake after sleep onset (WASO), sleep 

efficiency (SE), sleep fragmentation index (FI), number of awakenings, time in each sleep 

stage, and sleep stage percentages (Halson 2014).    

 

Whilst PSG provides the most valid and reliable marker of sleep architecture and is recognised 

as the gold standard methodology, Actigraphy is a more ecologically valid field measure of 

sleep quantity, quality and activity (Ekblom et al., 2012, Lambiase et al., 2014) and therefore, 

for the purposes of my projects, allowed sleep and movement behaviour to be assessed in an 

ŀǘƘƭŜǘŜΩǎ natural environment.   

 

There are several actigraphy units on the market and their use in physical activity and sleep 

medicine literature is common (Sedeh & Acebo 2002, Ekblom et al., 2012, Lambiase et al., 

2014).  My preferred method of data collection, (and therefore advised to other practitioners 

in the UK high performance industry), is through the use of an Actiwatch (Respironics 
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Actiwatch 2 (AW2), Philips Healthcare, UK).  It is these units which were predominantly used 

in the various projects described in Chapter 6, as at the time of the projects, these units were 

routinely used by sleep researchers I had sought advice on sleep assessment from.   

 

Actigraphy is a popular choice for assessing sleep (and activity levels) in the field as it is 

validated against the gold standard PSG measurement and is a simple, non-invasive method 

of monitoring human rest/activity cycles.  Sadeh (2011), reported in a review of the role and 

validity of actigraphy, that it has reasonable validity and reliability in normal individuals with 

relatively good sleep patterns.  Reportedly, it has accuracy with PSG of up to 80% for total 

sleep time and sleep efficiency in sleep disorder patients (Kushida et al. 2001) and is 

commonly used in sleep literature.  Whilst the two methods cannot directly be compared due 

to methodological differences, actigraphy at least is the preferred field measure over PSG due 

to its relative ease of use and cost effective benefits, not just financially, but also to the 

ǎǳōƧŜŎǘΩǎ time (in my case the athlete).  Other advantages of the actiwatches are their discreet 

and compact design, making wearing the device easy and unobtrusive.  Its deployment 

involves a small actigraph unit (43 mm x 23 mm x 10 mm and 16 grams), which houses small 

uniaxial accelerometers, (preferably 3 axes to be medically valid against PSG), which are 

usually intended to be worn on the wrist of the non-dominant arm to measure gross motor 

activity.  The placement on the wrist makes it possible to study low-intense physical activities 

as well as monitoring physical activity during sleep for sleep duration and quality assessment 

(Ekblom et al., 2012).     

   

Sedeh & Acebo (2002) commented some disadvantages to the actigraphy technology in that 

its validity has not been established for all scoring algorithms or devices (typically 2-axis 

http://en.wikipedia.org/wiki/Non-invasive
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devices) or for all clinical groups.  Secondly, it is not sufficient for diagnosis of sleep disorders 

in individuals with motor disorders or high motility during sleep.  Further, in sleep onset 

studies a spectrum has been presented for the onset of sleep and is presented in Figure 5.1.  

Tryon (2004) reported that actigraphy is theoretically associated with Sleep Onset Spectrum 

phase 1, whereas PSG is theoretically associated with Sleep Onset Spectrum phase 2, thus, 

making direct comparisons in sleep onset difficult.  This difference is more pronounced in 

those with insomnia than normal sleepers.   

 
Figure 5.1 Three phases of the sleep-onset spectrum between wake and sleep. The 
spectrum displays the differences in the point of identified sleep onset from 3 methods of 
recording sleep. Actigraphy identifies sleep onset earlier than Polysomnography (PSG) and 
subjective recordings across the wake-sleep spectrum (adapted from Tryon, 2004). 
 

Finally, actigraphy relies on algorithms and, as with any computer generated outcome, the 

use of computer scoring algorithms without controlling for potential artefacts can lead to 

inaccurate and misleading results. Nonetheless, the American Academy of Sleep Medicine 

accept validated actigraphs as an acceptable measure of total sleep time in certain 

circumstances (Byrne, 2017).   

 

For this thesis the actigraphy unit employed was the Respironics Actiwatch 2 (AW2) (Philips 

Healthcare, UK).  This is a small hand-held device housing a tri-axical accelerometer to 

continually record illuminance, movement, and event marking.   
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Of note, some studies in the academic literature, (that involved elite athletes using 

actigraphy), found lower sleep efficiencies in elite athletes, characterised by a longer time in 

bed, higher wake time after sleep onset, sleep onset latency and sleep fragmentation (Leeder 

et al., 2012, Gupta et al. 2016). This is in comparison to studies using athlete self-assessment 

of sleep where an overestimation of sleep duration was reported (Caia et al., 2017). 

 

5.3.2 Movement behaviour measurement and assessment 

As discussed in Chapter 4, the capture and analysis of the daytime activity volume (i.e. 

movement behaviour) in elite athletes is not widely reported, if collected at all, despite a 

plethora of data existing in physical activity domains.  The same field-based tools used to 

measure nocturnal sleep characteristics and quality can also provide information on diurnal 

movement behaviour through activity volume and pattern assessment (Lambiase et al., 

2014).  As with sleep, rest-activity profiles are calculated from algorithms on activity volume 

in the actiwatch software (Respironics, Surry, UK).  Variables such as activity count (unit to 

indicate if the subject is asleep or awake), percentage immobile time and percentage mobile 

time can then be analysed.  Essentially, all time is scored as awake unless the activity counts 

from the monitor are sufficiently low to indicate that the subject is immobile.  

  

Although field measures to assess sleep have not proven to be as valid or reliable in measuring 

the intensity of activity, they are acceptable for measuring physical activity volume i.e. counts 

per minute or counts per day (Routen, 2014).  Specifically, the Actiwatch AW2 model 

(Respironics Actiwatch 2 (AW2), Philips Healthcare, UK) is sufficient as it provides data on 

activity volume.   

 



 

117 
 

Another advantage of using actigraphy to assess movement behaviour is that it provides, 

through a single device, a direct assessment of sleep and movement behaviour in free-living 

settings.  For both conditions the actiwatch uses similar methodology to detect accelerations 

in body movement and this both minimises the cost and participant burden during data 

capture phases (Lambiase et al., 2014).   

 

Therefore, the use of actiwatches is an ideal approach for assessing the pattern of such rest-

activity profiles in elite athletes, as the intensity of activity or rest is not the purpose of the 

exercise, more the objective assessment of the equilibrium between rest and recovery during 

waking hours.  That is the percentage of the amount of time an athlete spends being mobile 

or immobile during waking hours.  As sleep-wake recording is more reliably obtained, a daily 

sleep diary recording self-reported time to bed and get up time is also useful to have (Fietze 

et al. 2009).  The actiwatches record sleep when the two conditions of low activity counts and 

subjective reported time to bed are satisfied simultaneously (Halson 2014) and this can be 

verified through self-reported measures.    

  

In summary, I would be confident in using the Actiwatch wearable technology for assessment 

of sleep and activity (movement behaviour) in the field.  Their validity against PSG for sleep 

variables is good (above 80%) ŀƴŘ ǘƘŜƛǊ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ΨŀŎǘƛǾƛǘȅ ŎƻǳƴǘǎΩ ƛǎ ŀ ƳƻǊŜ ǇǊŀŎǘƛŎŀƭ 

assessment of movement behaviour than other available technologies which, for example, 

rely on indirect measures of energy expenditure.  Indeed, wearables estimating energy 

expenditure have been shown to be less valid compared to gold standard measures of energy 

expenditure such as a metabolic chamber or doubly labelled water (Murakami et al. 2016).  

Similarly, ǘƘŜ ŜƴŘ ǳǎŜǊΣ ƛƴ ǘƘƛǎ ŎŀǎŜ ǘƘŜ ŀǘƘƭŜǘŜΣ Ŏŀƴ ǊŜƭŀǘŜ ǘƻ ΨŀŎǘƛǾƛǘȅ ŎƻǳƴǘǎΩ ŀǎ ŀ ƳŀǊƪŜǊ ƻŦ 
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their level of activity (e.g. low, medium or high) much more readily than measurements of 

energy expenditure. Of further note, is the fact that the actiwatch displays representative and 

quantifiable information regarding sleep and movement behaviour compared to other 

measures, such as quality and intensity of activity, which are much more subjective, 

individualised and ǘƻ ŀ ŎŜǊǘŀƛƴ ŜȄǘŜƴǘ ǊŜƭȅ ƻƴ ŀ ǇŜǊǎƻƴΩǎ ǘŜŎƘƴƛǉǳŜ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ŀŎǘƛǾƛǘȅ.  

Therefore, other options for presenting sleep and movement behaviour data in a valid and 

athlete friendly manner were limited.   

 

5.4 Actigraphy methodology 

Actigraphy is my preferred method of data collection for sleep and movement behaviour for 

reasons already outlined.   When using actigraphy the actiwatch is ǘȅǇƛŎŀƭƭȅ ǿƻǊƴ ƻƴ ǎǳōƧŜŎǘǎΩ 

non-dominant wrist 24 hours a day for approximately 14 days at an epoch of 1 minute.  14 

Řŀȅǎ ƛǎ ǘƘŜ ŀŘǾƛǎŜŘ ƳƛƴƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ǿŜŀǊ ǘƻ ŜǎǘŀōƭƛǎƘ ΨƴƻǊƳŀƭΩ ǎƭŜŜǇ ǇŀǘǘŜǊƴǎ όaƻǊƎŀƴ 

2013).  If the watch is to be worn for longer than 14 days, the epoch needs to be increased to 

two minutes to allow longer battery life.  ¢Ƙƛǎ ŘƻŜǎƴΩǘ affect data collected other than the 

ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ ΨFragmentation IƴŘŜȄΩ όŀ ƳŜŀǎǳǊŜ ƻŦ ǊŜǎǘƭŜǎǎƴŜǎǎύΦ  ¢Ƙƛǎ ƛǎ ǊŜŎƻǊŘŜŘ 

via the actiwatches accelerometer hence, conserving battery life compromises recording this 

variable.  However, fragmentation index is not a fundamental sleep variable to be measured, 

so can be omitted if required without affecting overall data collection of key sleep and 

movement behaviour variables.   

 

For all projects reported in Chapter 6, nocturnal and diurnal sleep was captured along with 

diurnal activity patterns.  The time between switching the light off, to sleep and wake-up was 

marked by pressing a single button once on the face of the actiwatch (Sedeh 2011).  Sleep 
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structure was assessed by discriminating; time to bed (TTB), time in bed (TIB), get up time 

(GUT), total sleep time (TST) and sleep latency (SL).    Sleep quality was determined as sleep 

efficiency (SE) and fragmentation index (FI) in accordance with Hausswirth et al. (2014) and 

diurnal activity was assessed by time spent immobile (%) and mobile (%) during waking hours.  

Variables are described in Table 5.1   

 

All variables were derived from the Actiwatch software algorithm.  Sleep and daytime activity 

characteristics were assessed in both domestic (UK) and overseas (OS) environments, 

including sea-level (SL) and altitude (A) training camps. For oversees analysis, sleep and 

activity markers were recorded from day two to allow for travel transition and time zone shift. 

 

5.5 Subjective assessment of sleep 

In terms of subjective assessment of sleep there are five questionnaires (detailed in Chapter 

6) which exist that can provide a spectrum of assessment of subjective perceptions of sleep 

(Horne & Osberg (1976, Buyesse et al., 1988, Johns, 1990).  The primary benefit of such 

questionnaires is that they are largely single answer only, so athletes are not laboured with 

having to complete them daily.  The questionnaires are primarily retrospective with 

participants reporting on typical sleep patterns, disturbances, or behaviours (e.g., sleep 

habits/hygiene, sleep quality) over a specified time period (e.g., 1 week, 1 month) 

(Lewandowski, et al., 2010).  The broad spectrum of questionnaires and their individual focus 

ƳŜŀƴǎ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎǳōƧŜŎǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎƭŜŜǇ ŦǊƻƳ ǎƭŜŜǇ ǇǊŀŎǘƛŎŜǎ 

and quality through to self-perception of sleep, can be ascertained reasonably efficiently.  

Whilst limited athlete specific sleep questionnaires exist (e.g. Samuels et al., 2015, Driller et 

al., 2018), I felt advising practitioners of an array of established subjective clinical sleep tools 
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(questionnaires), which provided a breadth of information of an ƛƴŘƛǾƛŘǳŀƭΩǎ sleep, was more 

impactful than a single athlete specific questionnaire.   

 

Questionnaire measures can be used alone or in conjunction with other sleep assessment 

tools to provide a comprehensive examination of sleep (Lewandowski, et al., 2010).  A 

principle advantage being that relative to objective measures, subjective sleep instruments 

have been the most practical tools used to identify sleep problems and assess responses to 

interventions in both research and clinical settings (Ji & Liu, 2016).   

 

Disadvantages of such questionnaires are that ȅƻǳ ŀǊŜ ǊŜƭȅƛƴƎ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊŎŜǇǘƛƻƴ 

ƻŦ ǘƘŜƛǊ ƻǿƴ ǎƭŜŜǇΦ  ¢Ƙƛǎ ƛǎ ǇǊƻōƭŜƳŀǘƛŎ ŀǎ ƻŦǘŜƴ ǎǳōƧŜŎǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƻƴŜΩǎ ǎƭŜŜǇ ŘƛŦfers 

from objective measures with the benefit of enough sleep verses insufficient being a 

perceptual one.  Further, in terms of athletes, asking them to complete questionnairesΩ is 

another demand on their time and can be interpreted as being too intrusive.   Whilst these 

ǿŜǊŜƴΩǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŜƳǇƭƻȅŜŘ ƛƴ Ƴȅ ǿƻǊƪ ǿƛǘƘ elite athletesΩ they were utilised as part of the 

PhD I was supervising and are described in Chapter 6 as part of a methods of optimal practice 

section.    

 

Through subjective and objective field measures, sport science and medicine practitioners 

Ŏŀƴ ƴƻǿ ƳŜŀǎǳǊŜ ƘƛƎƘ ǇŜǊŦƻǊƳŀƴŎŜ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ŀƴŘ ǿŀƪƛƴƎ ƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊ ƛƴ ŦǊŜŜ-

living settings.  As a result, practitioners can now quantify recovery time during wakeful hours, 

investigate sleep hygiene practices (i.e. all environmental and behavioural aspects preceding 

sleep) and quantify the quality of their sleep.  Therefore, sleep can now be characterised in 

the environment of the person being assessed.  This has implications for not only the recovery 
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practices of high performance athletes, but also their susceptibility to illness, injury and 

overtraining and consequently time lost training.  Further impact will be to the interventions 

imposed through science and medicine practitioners e.g. nutrition, medicine and 

performance lifestyle and the impact of fatigue management on Ψ²Ƙŀǘ ƛǘ Takes to WƛƴΩ 

models.   Examples of projects within sports summarising some of the above impact and 

effectiveness of fatigue management practices are outlined in the next Chapter.  
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Chapter 6.  Fatigue Management Projects within the UK High Performance Sport Industry 

and Methods of Optimal Practice 

 
6.1 Introduction 

Chapter 5 outlined the quantitative and qualitative methods of measuring and assessing 

ŀǘƘƭŜǘŜΩǎ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǘƘǊƻǳƎƘ ǘƘŜƛǊ sleep and movement behaviour.  This chapter 

presents a narrative of my fatigue management strategy within the UK high performance 

system; specifically, within the EIS, how knowledge has been disseminated and also provides 

executive summaries of pioneering fatigue management projects that have been conducted 

in the field of high performance sport.  It is a pragmatic approach to providing a mixed 

overview of some perspectives on sleep from a high-performance setting.  Such projects are 

scrutinised for the impact on sports programmes and the influence on and benefit to the 

practitioner leading the projects.  Finally, this chapter will also provide some methods of 

optimal practice for practitioners conducting fatigue management projects.  This will be 

followed in Chapter 7 by a summary of the thesis, conclusions and future recommendations 

for delivering an effective fatigue management strategy in elite sport.    

 

One of the principle sports used to exemplify some of my fatigue management projects and 

a sport that contributed greatly to my development as a physiologist and leader within UK 

Sports Science is British Rowing.  They have consistently, since lottery funding began in 2000, 

been in the top five most funded sports in the UK Sport system (Table 6.1).  In terms of medals, 

at the London 2012 Olympic Games, British Rowing experienced their most successful 

Olympics of all time where the team won a record nine medals after qualifying boats for 13 

of the 14 events held at the Olympic rowing regatta at Eton Dorney.  The medal haul included 

four gold, two silver and three bronze medals with Great Britain finishing as the top rowing 
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nation for the third successive Olympic Games in terms of total medals.  They successfully 

defended this position in the Rio 2016 Olympics and, in addition, have achieved first place in 

the medal table at successive World Rowing Championships through 2007-2015 (total medals 

won). 

Table 6.1 UK SportΩǎ ǘƻǇ ŦƛǾŜ Ƴƻǎǘ ŦǳƴŘŜŘ Sports during the Sydney to Tokyo Olympiads 

(UK Sport, 2017) 

 
Sport/Olympiad Sydney* Athens* Beijing  ̂ London̂   Riô   

 

Tokyô  

Athletics 
  

£10,600,000  £11,400,000 £26,513,000 £25,148,000 £26,824,000 £27,136,245 

Cycling 
 

£5,400,000 £8,600,000 £22,151,000 £26,032,000 £30,565,816 £25,980,427 

Rowing 
 

£9,600,000 £10,600,000 £26,042,000 £27,287,000 £32,622,862 £32,111,157 

Sailing 
  

£5,100,000 £7,600,000 £22,292,000 £22,942,000 £25,504,055 £26,231,379 

Swimming 
 

£6,900,000 £6,400,000 £20,659,000 £25,144,000 £20,795,828  £21,742,914 

* Figures for the Sydney and Athens Olympiads relate just to Podium level funding. During that time, the home 
nation sports councils were responsible for supporting Development and Talent level activities 
 
^ On 1 April, 2006 UK Sport became responsible for all Performance funding from Talent to Podium and these 
figures reflect that total package. These figures also include the cost of Sports Science and Medicine provision 
not previously incorporated as part of a sportΩǎ ŦǳƴŘƛƴƎ ŀǿŀǊŘ 
 

 

6.1.2 Athlete population 

As described in Chapter 2, ǘƘŜ ΨŜƭƛǘŜƴŜǎǎΩ ƻŦ ǘƘŜ ŀǘƘƭŜǘŜ ǇƻǇǳƭŀǘƛƻƴ ǳǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǘƘŜǎƛǎ 

ƛǎ ŎƻƴŦƛǊƳŜŘ ŀǎ ΨǎǳŎŎŜǎǎŦǳƭ ŜƭƛǘŜΩ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ƳƻŘŜƭ ŜǎǘŀōƭƛǎƘŜŘ ōȅ {ǿŀƴƴ et al. (2015) and 

described earlier in Chapter 2.   

 

The majority of data provided in the reports of SportsΩ ǇǊƻƧŜŎǘǎ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ .ǊƛǘƛǎƘ wƻǿƛƴƎ 

Team (BRT) population as I had a principal role in their Sports Science and Medicine team for 

three Olympic/Paralympic cycles.  In addition, the impact of evolving the fatigue management 



 

124 
 

concept to the UK high-performance industry and an illustration of the success and 

refinement of the work with British Rowing, will be exemplified through projects with other 

sports.  In all cases, the data collection and analysis of sleep and waking movement behaviour 

variables formed part of my daily work programme either with the BRT or as a technical 

lead/PhD supervisor within the EIS.   

 

6.2 Fatigue management pilot work ς British Rowing  

!ǎ ǇŀǊǘ ƻŦ .ǊƛǘƛǎƘ wƻǿƛƴƎΩǎ ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ [ƻƴŘƻƴ нлмнΣ L ƘŀŘ ǘƘŜ ƛŘŜŀ ǘƻ ŎŀǇǘǳǊŜ ŀƴŘ ŀƴŀƭȅǎŜ 

rowers fatigue management through sleep characteristics (quantity and quality) and 

movement behaviour profiles. This ŦƻǊƳŜŘ ǇŀǊǘ ƻŦ Ƴȅ ǊƻƭŜ ŀǎ .ǊƛǘƛǎƘ wƻǿƛƴƎΩǎ senior 

physiologist and as technical lead for the EIS.  Therefore, it served as an initial introduction of 

fatigue management to my work programme and ultimately the EIS and wider industry.  My 

ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǊƻǿŜǊǎΩ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊ ǿŀǎ ǎǳǇǇƻǊǘŜŘ ōȅ ŦƛƴŘƛƴƎǎ ƛƴ ǘƘŜ 

ƭƛǘŜǊŀǘǳǊŜ ǊŜǇƻǊǘƛƴƎ ǊƻǿŜǊǎΩ ŀǎ ƘŀǾƛƴƎ ǘƘŜ ƭƻǿŜǎǘ ǘƻǘŀƭ ǎƭŜŜǇ ǘƛƳŜǎ ŀƴŘ ǎƘƻǊǘŜǎǘ ǎƭŜŜǇ ƻƴǎŜǘ 

latencies, but highest sleep efficiencies (time in bed/time asleep) compared to a cohort of 

other athletes (Leeder et al., 2012).   

 

Below is a brief description of the pilot work I completed.  A specific description of my more 

comprehensive British Rowing projects relating to fatigue management are provided further 

in this chapter.  This is also where executive summaries of other SportsΩ ǇǊƻƧŜŎǘǎ that I was 

involved with are presented.  

 

In 2010, the concern within the British Rowing science and medicine support team was that 

in the preparation phase for the London 2012 home OlympicsΣ ǊƻǿŜǊǎΩ ŜȄǘŜǊƴŀƭ ŎƻƳƳƛǘƳŜƴǘǎ 
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to training (e.g. media demands) were, if not managed correctly, potentially a detriment to 

ǘǊŀƛƴƛƴƎ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅ ǇŜǊŦƻǊƳŀƴŎŜΦ  ¢ƘŜǊŜŦƻǊŜΣ ǊƻǿŜǊǎΩ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘǊƻǳƎƘ 

assessment of sleep characteristics and movement behaviour profiles, were identified as a 

ǳǎŜŦǳƭ ƳŜŀƴǎ ƻŦ ŎŀǇǘǳǊƛƴƎ Řŀǘŀ ƻƴ ǘƘŜ ǊƻǿŜǊǎΩ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘǎ ŜȄǘŜǊƴŀƭ ǘƻ ǘƘŜ 

training environment.   

 

I conducted my preliminary work on selected rowers over a period of two weeks.  Rowers 

were selected by myself and the .ǊƛǘƛǎƘ wƻǿƛƴƎΩǎ Chief Coach (Senior Men) as those in the 

Senior aŜƴΩǎ squad who were fully fit, (i.e. achieving the training programme daily) and also, 

highlighted by the Chief Coach, going to attend upcoming training camps.  There was no prior 

sleep or movement behaviour data on any of the rowers.  I had a tiered approach to capturing 

data and ŀƴŀƭȅǎƛƴƎ ǘƘŜ ǊƻǿŜǊΩǎ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊΣ ŀǎ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƘŀƭƭŜƴƎŜ ǿŀǎ 

the limited number of actigraphy units I haŘ ŀǾŀƛƭŀōƭŜ ǘƻ ƳŜ ǾŜǊǎǳǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǊƻǿŜǊΩǎ ǘƻ 

ōŜ ŀǎǎŜǎǎŜŘΦ  L ǇǊƛƻǊƛǘƛǎŜŘ ǘƘŜ ƻǊŘŜǊ ƻŦ ǊƻǿŜǊΩǎ ǘƻ ōŜ ŀǎǎŜǎǎŜŘ ǘƘǊƻǳƎƘ Ƴȅ ƻǿƴ ŎǊƛǘŜǊƛŀ ƻŦ ƴŜŜŘ 

(e.g. those athletes who consistently reported subjective poor sleep) plus discussions with the 

Chief Coach (Senior Men).   

 

Quantitative assessment was accomplished using standard actiwatches (for methodology 

refer to Chapter 5ύΦ  ¦ǎƛƴƎ ǘƘŜ ŀŎǘƛǿŀǘŎƘŜǎ ǘƻ ŎŀǇǘǳǊŜ ŀ ǊǳŘƛƳŜƴǘŀǊȅ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǊƻǿŜǊǎΩ 

fatigue management, allowed me to objectively assess their global recovery strategies. 

Through this pilot project, I demonstrated the practical reality that limited normative 

ƻōƧŜŎǘƛǾŜ Řŀǘŀ ŜȄƛǎǘŜŘ ƻƴ ŜƭƛǘŜ ǊƻǿŜǊǎΩ όŀƴŘ ǿƛŘŜǊ ŀǘƘƭŜǘƛŎ ǇƻǇǳƭŀǘƛƻƴǎύ ǎƭŜŜǇ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 

or movement behaviour.  I also established a lack of athlete/coach knowledge and awareness 

of fatigue management techniques in relation to sleep and movement behaviour.  
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Consequently, this initial bespoke pilot project in an isolated sport, highlighted that, although 

an unknown and limited explored entity, athlete sleep and associated movement behaviour 

should be routinely assessed.  This point is enhanced when I consider sleep is frequently used 

as a ǎǳōƧŜŎǘƛǾŜ ƳŀǊƪŜǊ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŀƴ ŀǘƘƭŜǘŜǎΩ ǿŜƭƭ-being when I am monitoring their 

responses to training and competition.   This opinion was enhanced through communications 

at the 2013 American College of Sports Medicine Annual Conference.  Here I listened to 

several presentations on sleep and was motivated to observe that a common theme 

throughout was that there were not enough specific studies on sleep and athletic 

ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǘƘŀǘ ǘƘƛǎ ǿŀǎ ǘƘŜ ƴŜȄǘ ΨǘƘŜƳŜΩ ƛƴ ǎƭŜŜǇ ƭƛǘŜǊŀǘǳǊŜ ǿƘƛŎƘ ǊŜǉǳƛǊŜŘ ǇŀǊǘƛŎǳƭŀǊ 

attention (Trek, Colwell and Esser 2013).  This has been substantiated through a recent survey 

which my PhD student performed and found only 40 % of 345 Olympic and Paralympic 

athletes reported having received any education on sleep (Gupta, 2015).  Reasons were that 

sleep is traditionally not explained to athletes in terms of architecture, behaviour and 

measurement techniques.   

 

Therefore, the initial pilot project with British Rowing, parallel with discussions in the field of 

academic sleep literature, set the scene for me to further pioneer and investigate fatigue 

management knowledge, strategies and impact within the UK high performance sport 

industry.   Whilst other physiological variables were objectively monitored, I felt quite strongly 

that fatigue management was an area to be captured and explored in the elite athletic 

population.   
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6.3 EIS fatigue management research 

Following on from my initial work with British Rowing, the overall TeamGB success of the 2012 

Olympics and through communications with peers and academics, I suggested that formal 

research channels within the EIS should be directed towards the area of fatigue management 

and athletic performance (i.e. a PhD focusing on sleep and athletic performance).  At the time 

L ǿŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ƭŜŀŘŜǊǎƘƛǇ ǘŜŀƳ ǊŜŎǊǳƛǘƛƴƎ ǘƘŜ ǎŜŎƻƴŘ ŎƻƘƻǊǘ ƻŦ ǘƘŜ 9L{ ǇƘȅǎƛƻƭƻƎȅ ǘŜŀƳΩǎ 

PhD model as part of the physiology strategy for the 2016 Rio Olympic cycle. Securing the 

generically titled ΨSleep and Athletic Performance PhDΩ, involved presenting my ideas, as 

evidenced by my pilot studies, discussions at international conferences and with professors 

within sleep academia, to the then EIS Director of Sport Science.  My idea was supported as 

firstly, I could demonstrate that whilst high performance sport practitioners, coaches, 

athletes and academic research groups recognise sleep as a critical biological function, rarely 

had there been a focus on capturing data to inform athletes about their fatigue management 

strategies.  Secondly, there was limited academic research existing regarding sleep, 

associated movement behaviour and athletic performance, so essentƛŀƭƭȅ ƛǘ ǿŀǎ ŀƴ ΨǳƴƪƴƻǿƴΩ 

area in the applied sport science and medicine industry, yet it had a potential impact on Ψǿhat 

it takes to winΩ factors.  As discussed in Chapter 4Σ ŀǎ ŜŀǊƭȅ ŀǎ ǘƘŜ мфтлΩǎ ǎƭŜŜǇ ŀƴŘ ŀǘƘƭŜǘƛŎ 

performance were analysed but not to the extent nor level of detail required.  Also, I could 

see through my pilot work and discussions at an international conference where I also 

presented on an aspect of sleep and athletic performance7, that there would be a 

demonstrable benefit to training an performance through educating athletes and coaches on 

fatigue management strategies.  Example strategies being improved sleep systems and 

                                                           
7 I presented at the America College of Sports Medicine Conference (ACSM 2013) on ΨSleep Characteristics and 
Quality from Domestic and Overseas Training Environments in Paralympic RowersΩ ό!ǇǇŜƴŘƛȄ оύΦ  
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hygiene, nocturnal sleep, sleep extension, or combating circadian rhythm disruption.   

Subsequently, I was able to demonstrate such benefits to training and performance and 

examples of this are provided later on in this chapter and in Chapter 7.  Therefore, I was 

ǎǳŎŎŜǎǎŦǳƭ ƛƴ ŀŎǉǳƛǊƛƴƎ ŦǳƴŘƛƴƎ ŦƻǊ ǘƘŜ Ψ{ƭŜŜǇ ŀƴŘ !ǘƘƭŜǘƛŎ tŜǊŦƻǊƳŀƴŎŜ tƘ5Ω ǿƛǘƘƛƴ the EIS 

one of seven phȅǎƛƻƭƻƎȅ tƘ5Ωǎ ǿƛǘƘƛƴ ǘƘŜ 9L{ύΣ ŀƴŘ Ǉƭŀƴǎ ǿŜǊŜ ŜǎǘŀōƭƛǎƘŜŘ ŦƻǊ ŀƴ EIS PhD 

studentship (2013-2018), of which I was a co-supervisor.   

    

/ǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘŜ 9L{ Ψ{ƭŜŜǇ tƘ5Ω ǿŀǎ ŦƛƴŘƛƴƎ ŀ ǎǳƛǘŀōƭŜ ŜȄǘŜǊƴŀƭ ǎǳǇŜǊǾƛǎƻǊΦ  Lǘ ǿŀǎ 

crucial I found an academic who was not only respected in the area of sleep research and 

could provide appropriate counsel to the successful applicant, but who also understood the 

world of high performance sport.  This process was a learning curve and at times akin to 

finding a needle in a haystack given academics with a grasp of what high performance sport 

involves and the realities of working as a practitioner in the applied field are scarce. 

Fortunately, I was successful in collaborating with Professor Morgan of Loughborough 

University who was an outstanding academic supervisor candidate.  Having had a career-long 

research interest in human sleep, in 2005 he set up the Clinical Sleep Research Unit at 

Loughborough University where he is currently Professor of Psychology and Director of the 

Unit.  He specialises in the origins, assessment and treatment of insomnia-type sleep 

disorders, and inter-relationships between sleep quality and elite sport.  His publications 

include over 150 scientific papers and several books and he is a Fellow of the UK Academy of 

Social Sciences, an associate Fellow of the BPS, has served as an advisor to the UK Medicines 

and Healthcare Products Regulatory Agency (MHRA) and National Institute for Health and 

Clinical Excellence, and is an Associate Editor of Behavioural Sleep Medicine.  Crucially, he 

also had previous experience of working with high performance sport on the topic of sleep.  
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Professor Morgan was integral to the establishment and success of the EIS sleep and athletic 

performance PhD and we successfully recruited a PhD candidate in July 2013.  From their 

research, several innovative studies involving sleep and elite athletes have been achieved 

alongside a leading review article produced for the Sports Medicine journal (2016).   

 

Parallel to my establishment of the EIS PhD in sleep and athletic performance, was the fact 

that applied research in the sports science industry had critically evolved over the last three 

decades.  Consequently, as presented in Chapter 1, there have been significant developments 

in the impact of sports science and practitioner input within SportsΩ ǇŜǊŦƻǊƳŀƴŎŜ 

ǇǊƻƎǊŀƳƳŜǎΦ   L ōŜƭƛŜǾŜ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀǘƘƭŜǘŜǎΩ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘǊƻǳƎƘ ǎƭŜŜǇ ŀƴŘ 

associated movement behaviour data, is a product of this surge in sports science practitioner 

support to high performance sport programmes.      

 

6.4 Dissemination of knowledge 

In evolving the new concept of fatigue management, one of the first steps was to disseminate 

knowledge as to what with and why we were promoting and researching this concept. Given 

that my proactiveness in developing a method of fatigue management was being extremely 

well received by coaches and athletes and likely making a difference to their performance, 

alongside supervising ǘƘŜ 9L{ ΨǎƭŜŜǇ ŀƴŘ ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜΩ tƘ5Σ it was important to 

engage and educate GB Sports and their practitioners as widely and quickly as possible.  This 

proved quite a change orientated issue, particularly due to the fact that this was not a topic 

traditionally allied to the area of physiology.  Coupled with the reality that up until the 

inception of the EIS PhD, there was very little attention placed on the concept of fatigue 
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management.  Consequently, dissemination of knowledge for awareness and development of 

practitioners, athletes and coaches was essential in the initial stages of the project.   

 

The preliminary platform for introducing the concept of fatigue management, through sleep 

and movement behaviour analysis, to the UK high-performance sport network was at the 

2013 EIS National Conference.  Here invited delegates from Home Country Sports Institutes 

(HCSI), National Governing Bodies of Sport (NGB) and EIS practitioners were in attendance.  

All EIS staff were invited to submit forum ideas to present to conference delegates and I 

successfully applied to present a forum to introduce the concept through a forum entitled 

Ψ{ƭŜŜǇ ŀƴŘ ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜΥ ŀ ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ ǇŜǊǎǇŜŎǘƛǾŜΩΦ The session aimed to 

describe and educate multi-disciplinary practitioners as to the principle areas of interest for 

fatigue management from a psycho-physiological perspective.  Further, the aim was to 

develop awareness of the technologies available to anaƭȅǎŜ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ŀƴŘ 

associated movement behaviour and update the audience on current work within the 

institute.  The expectation being this would enhance the impact we had as a network of 

multidisciplinary practitioners on fatigue management strategies, through gaining 

consistency of message, collaboration and quality assured practice, coupled with 

development of technology utilised.   

 

The impact of the forum was twofold.  It encouraged dialogue about the topic between 

practitioners within the H/{LΣ bD.Ωǎ ŀƴŘ 9L{ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ŜȄǇŜǊǘƛǎŜ ŀƴŘ 

advice on sleep from 2013 onwards.  Given the following year involved both Winter Olympics 

and Commonwealth Games (2014), several Sports competing in these events acted upon the 

forum and requested input to their own fatigue management strategies (e.g. Great Britain 
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short track speed skating and England Netball).  These requests also provided an excellent 

opportunity for the PhD student to efficiently and effectively upskill on methodologies and 

technologies available to assess sleep and movement behaviour.  Specifically, they needed to 

become proficient in objective and subjective assessment methods, understand sleep data 

using appropriate software and identify different means of disseminating information back to 

coaches and athletes e.g. bespoke individual feedback, infographics and generic workshops.    

 

As a follow up to the 2013 springboard forum event, and as a consequence of requests 

ǘƘǊƻǳƎƘƻǳǘ нлмп ŦƻǊ ΨǇŜǊŦƻǊƳŀƴŎŜ ǎƻƭǳǘƛƻƴǎΩ ǊŜƭŀǘƛƴƎ ǘƻ Ŧŀtigue management, I decided, a 

workshop targeting practitioners currently using or planning to use sleep and movement 

behaviour assessment was warranted.  I was particularly mindful at this point that we would 

receive requests regarding fatigue management strategies for the upcoming Rio 2016 

Olympics and Paralympics.  Therefore, in 2014 myself and the PhD student presented a one-

day workshop with the principle objectives being:  

To provide:   
1. context to the new area of expertise: fatigue management (sleep and movement 

behaviour assessment)  
2. ŀ ōǊƻŀŘ ƻǾŜǊǾƛŜǿ ƻŦ ŎǳǊǊŜƴǘ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ ŘƻƳŀƛƴ ƻŦ ΨǎƭŜŜǇ ŀƴŘ ŀǘƘƭŜǘƛŎ 
ǇŜǊŦƻǊƳŀƴŎŜΩ όŜΦƎΦ ǿƘȅ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘΣ ǿƘŀǘΩǎ ƳƛǎǎƛƴƎύ  

3. practical examples and models of optimal practice for measuring and analysing 
athletes fatigue management strategies 

4. an applied focus to research projects involving sleep, movement behaviour and elite 
athletes  

5. future directions for research into fatigue management and athletic performance 
 
 

This proved a success in the sense that workshop attendees were positive about the learning 

objectives achieved and it had upskilled myself and my PhD student in disseminating technical 

knowledge about sleep and movement behaviour.  The workshop also gave me further ideas 
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to evolve the concept within the high-performance sport industry, e.g. recommendations for 

optimal practice and these are presented further on in the thesis.  

 

During the next phase of the evolution of the concept of fatigue management, I was absent 

from my EIS role due to maternity leave.  However, my co-supervision of the PhD student 

continued and a principle piece of work we designed and conducted during this time was an 

online questionnaire (the validated Pittsburgh Sleep Quality Index questionnaire ς refer to 

Chapter 5 for more detail), to all summer and winter Olympic and Paralympic athletes in the 

UK high performance system.  This was an unprecedented piece of work involving good 

communication skills and negotiating skills with the identified sports lead contacts in order to 

gain access to the athletes. In all over 400 (183 female) elite British athletes (mean age 26.5 

±0.7) completed the questionnaire from 22 Olympic and Paralympic sports, a monumental 

achievement in the world of high performance sport.  Gaining access to the athletes and 

having such a high response rate was a result of some of my own professional relationships 

with personnel in the UK high performance sport industry and a credit to my PhD student, 

who worked hard to establish good working relationships with the necessary people, in each 

sport, in order to have them help engage and gain access to the athletes to complete the 

questionnaire.  Principle findings from this piece of work are described further on in this 

chapter ŀƴŘ ƘŜƭǇ ǘƻ ǇǊƻǾƛŘŜ ŎǳǊǊŜƴǘ ŜǾƛŘŜƴŎŜ ƻŦ ǊŜǇƻǊǘŜŘ ŦƛƴŘƛƴƎǎ ǊŜƭŀǘƛƴƎ ǘƻ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ 

sleep.   

 

In 2014, in addition to the PhD research, we ran workshops which were designed using EIS 

intellectual property and expertise.  These workshops were a principle driver as to the 

increased impact the area of fatigue management was having in the UK high performance 
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sport system.  The workshops were designed to educate and disseminate information about 

the topic of fatigue management to sport governing bodies in preparation for the Rio 2016 

Olympic and Paralympic Games.  The first, was a workshop to the British Paralympic 

!ǎǎƻŎƛŀǘƛƻƴ ό.t!ύ ŜƴǘƛǘƭŜŘΤ ΨSleep to Win: An Introduction to Sleep Management in Paralympic 

SportΩΦ  ¢Ƙƛǎ was conducted three times so as to engage with as many Paralympic sports as 

possible and aimed to raise the level of sleep literacy across such sports. Topics discussed 

ǊŀƴƎŜŘ ŦǊƻƳ ΨƴƻǊƳŀƭ ǎƭŜŜǇΩ ǘƻ ΨƘƻǿ ǎƭŜŜǇ ƛƴŦƭǳŜƴŎŜǎ ǇŜǊŦƻǊƳŀƴŎŜΣ ΨƛŘŜƴǘƛŦȅƛƴƎ ǇǊƻōƭŜƳǎΥ the 

vulnerable athlete and importantly ΨǎƛƎƴǇƻǎǘƛƴƎΥ Ƙƻǿ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŎƻƳǇƭŜȄ ǇǊƻōƭŜƳǎΩΦ 

Whilst I was not involved in direct presentation at the workshops (due to maternity leave), it 

was my contact with Professor Morgan and the introduction of the concept of fatigue 

management to the EIS which prompted the workshop initiative.   

 

Feedback from the BPA workshops was positive in that the Sports found the information 

useful and impactful to their Rio Olympic Games 2016 planning. Consequently, this led to 

many more requests for information regarding fatigue management strategies for Rio 2016 

preparations.   Therefore, a further initiative to address practitioners with a specific interest 

in fatigue management strategies was established.  This was in the form of a roadshow of 

workshops, targeting key areas in the EIS network where maximum impact in disseminating 

information regarding fatigue management strategies could be achieved.  The objectives of 

the workshops were threefold, firstly to upskill relevant practitioners, system wide, in the 

fundamentals of sleep assessment, basic sleep literacy, and collecting and analysing useful 

and meaningful sleep data.  Secondly, to serve to strengthen the high-performance sport 

system around the topic of sleep, and thirdlȅ ǘƻ ǇǊŜǎŜǊǾŜ ǘƘŜ ǘƛƳŜ ǘƘŀǘ ǘƘŜ ΨǎƭŜŜǇ ŜȄǇŜǊǘǎΩ 

were spending dealing with athletes for the most challenging, important and impactful cases. 
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The workshops contained three presentations; 1. understanding sleep, 2. sleep in elite sport: 

training, travelling and competing and 3. managing athlete sleep: a stepped approach.  The 

presentations were aimed at the Olympic Sports, given that the BPA had previously received 

a workshop.  Feedback from the delegates was positive, the presentations were useful and 

enabled practitioners to apply their new-found knowledge of sleep to their daily role.  

 

6.4.1 EIS Hierarchy of Needs and Decision Tree  

As a consequence of disseminating knowledge around the network regarding fatigue 

management there was an influx of requests from Sports and their Sports Science and 

Medicine practitioners ŦƻǊ ŀǎǎƛǎǘŀƴŎŜ ƛƴ ƳŜŀǎǳǊƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛƴƎ ǘƘŜƛǊ ŀǘƘƭŜǘŜΩǎ ǎƭŜŜǇ ŀƴŘ 

associated movement behaviour.   This increase in requests for support built momentum over 

the period of the Rio Olympic cycle and in 2014/15 there were more requests than I and my 

PhD student could effectively and efficiently deal with.  The demand for our knowledge was 

amplified not only by summer Olympic/Paralympic sports preparing for the 2016 Games, but 

also by sports involved in the 2014 Winter Olympics and Commonwealth Games.  Essentially 

over a 2 year period (2013-2015) we evolved from a single sport expressing an interest in 

generic sleep measurement and analysis, to the majority of sports in the UK high performance 

sport system requesting access to our knowledge.  This amounted to approximately 20-25 

sports.  As a consequence of the increased requests for specific sport related fatigue 

management knowledge, we not only delivered workshops, but also developed an EIS 

ΨIierarchy of NeedsΩ which established a process to manage requests for advice on fatigue 

management knowledge and strategies.  Figure 6.1 displays this hierarchical approach 

designed for the measurement and assessment of sleep and movement behaviour in high 

performance sport.  Fundamentally this is a four-step process ranging from the initial 
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upskilling of practitioners within their Sports with knowledge of how and what fatigue 

management is, to how to measure and assess sleep and associated movement behaviour 

and finally to referral to clinical expertise.  The EIS Hierarchy of Needs, and Decision Tree 

(illustrated in Figures 6.1 and 6.2 respectively), also demonstrate the need for flexibility in 

providing support to practitioners and Sports with regards to sleep and movement behaviour 

projects.  Whilst we had a generic format for the workshops delivered, we had to adapt 

according to Sports individual requirements e.g. timescales to competition.  

 

In terms of first principles, level one of the hierarchy of needs process focusses on the fact 

that, in general, practitioners comprehend what the concept of fatigue management is, what 

sleep and movement behaviour are and how they can impact on what it takes to win factors.  

In short, practitioners gain an appreciation of normal sleep regulation and its potential impact 

on Ψwhat it takes to winΩ factors.  Specifically, level one in the hierarchy of needs means 

physiologists gain absolute understanding of what sleep is and how it is physiologically 

regulated.  An appreciation of other factors governing sleep is also advantageous e.g. 

psychology.  Subsequent levels address the level of measurement and assessment and 

ultimate requirement for referral for clinical management.    
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Figure 6.1 A Hierarchy of Needs for the Measurement and Assessment of Sleep and 
Movement Behaviour in Elite Sport  
*MDT - multidisciplinary team supporting athletes e.g. physiologist, psychologist, nutrition, 
medic, physiotherapist   

 

LEVEL 1

ωPractitioners in 
sports 
equipped to 
collect 
appropriate 
sleep and 
movement 
behaviour data 
and manage 
basic sleep 
education and 
literacy issues

ωGeneric 
workshop 
provided to 
MDT*

LEVEL 2

ωWithin a sport 
poor/vulnerabl
e sleepers are 
identified and 
unique sleep 
challenges 
explored (i.e. 
competition, 
travel etc.)

ωObjective and 
subjective 
analysis of 
sleep

ωComparison 
with normative 
data of athletic 
sleep 
(database)

ωBasic 
intervention 
workshop 
provided to a 
sport

ωRefer to 
'guidelines for 
enhancing 
sleep 
behaviour' 
advice

LEVEL 3

ωIdentified poor/ 
vulnerable 
sleepers are 
equipped with 
bespoke 
interventions 
based on prior 
assessment

ωDetailed 
objective and 
subjective 
analysis of 
sleep

ωComparison 
with normative 
data of athletic 
sleep 
(database)

ωSleep 
management 
programme 
provided by 
MDT*. 
Interventions 
including but 
not exhaustive 
of: 

ωIntervention 
workshops 
e.g.sleep 
hygiene 
education , 
cognitive 
procedures & 
relaxation

ωSignposting 
for additional 
help e.g. 
Clinical 
expertise 
required

LEVEL 4

ωReferred for 
clinical sleep 
assessment at a 
clinical sleep 
research unit
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Outputs from a hierarchy of needs process ensures practitioners can identify and ultimately 

anticipate specific challenges to an athleteΩǎ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ όŜΦƎΦ ŎƻƳǇŜǘƛǘƛƻƴ ǎǘǊŜǎǎύ 

and consequently prepare a constructive response to an athlete's issue with fatigue 

management.  It also helps to safeguard athletes in that practitioners can potentially identify 

the athletes who are vulnerable to poor sleep.   

 

The above points fall under a comprehensive physiological support programme of delivery to 

a high-performance sport programme, but also rely on collaboration within the sports 

ƳǳƭǘƛŘƛǎŎƛǇƭƛƴŀǊȅ ǎǳǇǇƻǊǘ ǘŜŀƳΦ  {ǳŎƘ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƛǎ ŀǎǎƛǎǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ Ψ9L{ 

{ƭŜŜǇ aŀƴŀƎŜƳŜƴǘ 5ŜŎƛǎƛƻƴ ¢ǊŜŜΩΦ ¢Ƙƛǎ ǿŀǎ ŘŜǎƛƎƴŜŘ ǘƻ ŀƛŘ ǇǊŀŎǘƛǘƛƻƴŜǊǎ ƛƴ Ƙƻǿ ǘƻ ƳŀƪŜ 

suitable decisions in relation to fatigue management process for their athletes. Figure 6.2 

illustrates the various decisions that need to be made and the subsequent level of support 

ǘƘŀǘ ǎǳŎƘ ŘŜŎƛǎƛƻƴǎ ŘƛŎǘŀǘŜ ŦƻǊ ǘƘŜ ŀǘƘƭŜǘŜǎΩ ǎǳǇǇƻǊǘ ǘŜŀƳΦ  ¢Ƙƛǎ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ŀŘƻǇǘŜŘ 

whether using a proactive or reactive approach to fatigue management.  In essence, Figure 

сΦн ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ΨǿƘŀǘ ŀƴŘ ƘƻǿΩ ƻŦ ǎƭŜŜǇ ŀǎǎŜǎǎƳŜƴǘ ƛƴ ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜ ƛΦŜΦ ǿƘŀǘ ƛǎ 

the potential problem and how can we find a solution to it. 
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Figure 6.2 EIS Sleep Management Decision Tree  

Have you baseline data of sleep 

and/or movement behaviour 

from your athletes? 

 

Establish base line data through 

subjective questionnaires and if 
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Iŀǎ ŀƴ ŀǘƘƭŜǘŜ ǊŜǇƻǊǘŜŘ ŀ ǎƭŜŜǇ ǇǊƻōƭŜƳκȅƻǳ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ŀ ǎƭŜŜǇ ǇǊƻōƭŜƳκŀǘƘƭŜǘŜǎΩ ŀǊŜ 

symptomatic of poor sleep or manifesting fatigue? 

 

Have you tried any interventions in 

the sleep management tool level 

one or two?  

Refer to clinical 

pathway 

Is the problem 

acute or chronic?  

Have the athletes or 

practitioners received any form 

of sleep education?  

LEVEL 3  

LEVEL 4 

Has current monitoring data or 

the athletes sleep been 

specifically analysed? 

LEVEL 1 

LEVEL 1 

LEVEL 2 
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In 2016, parallel to these initiatives and the PhD development, I evolved fatigue management 

in a wider context and started to analyse more of the movement behaviour data.  This, I 

presented at a National Conference (BASES 2016), where I was awarded the Routledge 

Recently Qualified Researcher Free Communication Presentation Award (2016).  The project 

is outlined in more detail in the next section of this chapter.    

 

6.5 Fatigue management projects 

In order to exemplify the success and impact of projects within British Rowing and the 

consequent refinement of the fatigue management concept through my reflection of the 

rowing work, I shall now provide specific examples of projects involving different sports and 

their requirement for fatigue management input.  It was the intention in the highlighted 

projects, to capture descriptive data on the sleep and movement behaviour characteristics of 

elite athletes and, thus, create a normative database for elite athletesΩ sleep characteristics 

(quality and quantity).  Certainly, all the projects described below have provided Sports 

Science and Medicine support and coaching staff with previous unreported, unused and 

unrecognised quantitative and qualitative information on the sleep characteristics, quality 

and movement behaviour profiles of high performance athletes.  In all cases presented, I was 

sensitive to not highlight sleep as a potential performance related issue: the aim being to have 

a positive view that establishing baseline measures of sleep quality and quantity and 

movement behaviour, which ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ǘƻ ŀ ǎǇƻǊǘǎΩ ŜƭƛǘŜ ǇŜǊŦƻǊƳŀƴŎŜ ǇǊƻƎǊŀƳƳŜǎ ŀƴŘ 

could aid interventions should athletes report poor management of fatigue. I feel that this 

has been pioneering in its ability to provide novel information to elite sports programmes and 

was in accordance with Winter & Maughan (2009) who discussed that, in the context of sports 

science, there may be exceptional circumstances where retrospective analysis of data could 
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provide pertinent information for a host of performance matters, e.g. talent identification, 

growth and development of athletes and training or other interventions.  Through describing 

projects involving fatigue management I also intend to illustrate the variety of projects where 

fatigue management had an impact on Ψ²hat it Takes to WinΩ factors.   

 

Two particular case studies are reported below in the sport of Rowing.  These discreet studies 

were part of my usual work programme in my role as senior physiologist for British Rowing.  

Fatigue management projects fitted into my physiology role as it provided me with ownership 

of a technical area which I could lead on and disseminate knowledge and findings to the 

athletes, coaches and support staff.  The case studies are identified as having impact to the 

British Rowing Team in terms of characterising sleep quality and quantity and movement 

behaviour in an elite rowing populatƛƻƴΦ  ¢ƘŜ ŦƛǊǎǘ ŎŀǎŜ ǎǘǳŘȅ ŀƴŀƭȅǎŜǎ ǘƘŜ ǊƻǿŜǊǎΩ ǎƭŜŜǇ ŀƴŘ 

movement behaviour in two conditions; domestic (UK) and overseas (CAMP) training 

environments.  The second case study provides objective data to support perceived 

ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǊƻǿŜǊǎΩ ƳƻǾŜƳŜƴǘ ōŜƘaviour (downtime) when comparing two living locations.  

Following on from these projects are examples from other Sports involving fatigue 

management assessment and interventions.   
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6.5.1 British Rowing Project 1: A comparison of sleep and waking movement behaviour 
characteristics of an international Olympic rowing squad in domestic and overseas training 
environments. 
 
L ǎŀǿ ǾŀƭǳŜ ƛƴ ŎƻƭƭŜŎǘƛƴƎ ƳƻǊŜ Ǌƻōǳǎǘ Řŀǘŀ ƻƴ ǘƘŜ ǊƻǿŜǊǎΩ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ ōŜƘŀǾƛƻǳǊ 

variables following preliminary investigations of tƘŜ .ǊƛǘƛǎƘ wƻǿƛƴƎ ǘŜŀƳΩǎ ǎƭŜŜǇ ŀƴŘ 

movement behaviour in 2010.  I envisaged assessment of these variables could be developed 

into a more structured and proactive approach to characterising and developing normative 

ǾŀƭǳŜǎ ƻƴ ŜƭƛǘŜ ǊƻǿŜǊǎΩ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ŀƴŘ quantity and movement behaviour.   

 

The need identified by myself and key personnel within the British Rowing science and 

ƳŜŘƛŎŀƭ ǘŜŀƳ ŦƻǊ ǇǊƻŦƛƭƛƴƎ ŀ ǊƻǿŜǊǎΩ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǘƘǊƻǳƎƘ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ 

behaviour characteristics was varied.  Typically, rowers were either referred by medical 

personnel as there was a clinical need to assess fatigue or there was a request from athletes 

or coaches for more information relating to their sleep or more global recovery due to training 

load management issues (implications for under-recovery, underperforming, training 

adherence).  Sometimes athletes reported altitude related sleep problems: for example, the 

.ǊƛǘƛǎƘ wƻǿƛƴƎ ƳŜƴΩǎ ǎŜƴƛƻǊ ǘŜŀƳ ǘǊŀǾŜƭ ǘƻ ŀƭǘƛǘǳŘŜ ŎŀƳǇǎ ǘƘǊŜŜ ǘƛƳŜǎ ƻǾŜǊ ŀ ǎŜŀǎƻƴΦ  ¢ƘŜ 

highest altitude they train at is in Sierra Nevada at 2320 metres above sea level.  It is on this 

camp where rowers had previously reported problems with sleep.  

 

Whilst these needs were reactive, I identified that there was no objective data to verify 

perceptions of poor sleep and/or under-recovery and I wanted to proactively establish 

baseline data (at the start of a season) of sleep and movement behaviour and understand the 

current fatigue management state of rowers.  This concept was led and innovated by me in 

the sense that no coach or athlete had asked the support staff any specific questions about 
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sleep, but I fundamentally believed it was a concept worth exploring and gaining more 

information and data on, particularly within the elite rowing population.  

 

A specific project in 2013 was approved by the Chief Coach (Senior Men) to assess sleep 

characteristics of .ǊƛǘƛǎƘ wƻǿƛƴƎΩǎ open weight senior ƳŜƴΩǎ ǎǉǳŀŘ ƛƴ ǘƘŜ ŘƻƳŜǎǘƛŎ 

environment (UK) and compare it to that of an overseas training environment at altitude 

(CAMP).  This was significant on two counts.  Firstly, there had never been a study 

investigating ǘƘƛǎ ǿƛǘƘƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǊƻǿƛƴƎ όƻǊ ƛƴ ŀ ǿƛŘŜǊ ŦƛŜƭŘύΦ  {ŜŎƻƴŘƭȅ ǘƘŜ ǎŜƴƛƻǊ ƳŜƴΩǎ 

Chief Coach was world renowned for successful rowing performances at Olympic level and to 

establish his acknowledgement of fatigue management as an important issue to investigate 

and report back to athletes and coaches, was a significant reflection of our practitioner-coach 

relationship.    

 

The study involved 11 male competitive rowers (26.2 ±2.1 yr.; 97.9 ±5.7 kg).  Sleep 

characteristics were assessed in both a domestic environment (UK) and at an overseas 

altitude training camp (CAMP), using non-dominant wrist actigraphy (Actiwatch AW2, Philips 

Healthcare, UK).  Rowers wore an actiwatch for 21.4 ±1.12 consecutive nights segregated by 

9.7 ±1.01 nights in UK and 11.7 ±0.65 nights in CAMP conditions.  UK and CAMP sleep were 

recorded from day two of each scenario to allow for familiarisation with the watch, travel 

transition and time zone shift (GMT +1 hour).  Sleep structure was assessed by discriminating; 

time to bed (hh:mm), time in bed (min), get up time (hh:mm), actual sleep time (min) and 

sleep latency (min).  Sleep quality was determined as; sleep efficiency (%) (derived from 

Actiwatch software algorithm).  Movement behaviour was assessed by the percentage time 

immobile and mobile during active periods (calculated from the accelerometer in the 
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Actiwatch).    Definitions of sleep markers assessed are outlined in Chapter 5, Table 5.1.  Mean 

values from the 21.4 ±1.1 consecutive nights of sleep data were used as the outcome measure 

for each of the sleep actigraphy variables.  Analyses provided 95% confidence intervals for all 

comparisons.  Table 6.2 displays the results for both conditions for the sleep and movement 

behaviour variables.  

Table 6.2 Data of sleep and waking movement behaviour characteristics of an international 
Olympic rowing squad in domestic (UK) and overseas training (CAMP) environments 

Sleep 
variable/ 
Condition  

Time to 
bed 

(hh:mm) 

Time in 
bed 

(min) 

Get up 
time 

(hh:mm) 

Actual 
sleep 
time  
(min) 

Sleep 
latency 
(min) 

Sleep 
efficiency 

(%) 

Level of 
inactivity 

(Immobile) 
(%) 

Level of 
activity 
(Mobile) 

(%) 

Domestic 
(UK) 

23:00 
±0.09 

427.0 ± 
73.1 

06:20 
±0.04 

362.7 ± 
62.3 vs. 

9.5 ± 
12.2 

80.4  
± 6.7 

5.8  
± 4.38 

94.2  
± 4.36 

Oversees 
(CAMP) 

23:20 
±0.02 

428.2 ± 
37.3 

06:28 
±0.02 

350.6 ± 
37.8 

18.8 ± 
21.0*  

76.3 ± 7.1*  6.6  
± 4.50 

93.4  
± 4.50 

*Statistically significant camp vs. UK (P = 0.00) 

 
Results suggest sleep structure, as indicated by time to bed (hh:mm), time in bed (min), get 

up time (hh:mm) and actual sleep time (min) was similar between domestic (UK) and oversees 

(CAMP) environments and not different (P>0.05).  This is with the exception of sleep latency 

(min) which displayed a significant difference with rowers taking less time to get to sleep in 

the domestic (UK) versus oversees (CAMP) condition (9.5 ± 12.2 vs. 18.8 ± 21.0 min) (P = 0.00).  

Similarly, objective measurements of sleep quality showed rowers having improved sleep 

efficiency in the domestic (UK) versus the oversees (CAMP) environment (80.4 ± 6.7 vs. 76.3 

± 7.1) (P = 0.00).  This was probably due to the fact that in an oversees environment (CAMP) 

rowers share rooms, sleep in unfamiliar sleep systems (bed, pillow, mattress, bed linen etc.) 

and environments (e.g. altitude) and tend to experience a higher volume training programme 

than in their normal domestic environment.  There were no differences in movement 

behaviour variables between the two environments, suggesting the nature of the rowing 
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training day means rowers get the same opportunities to rest whether in domestic (UK) or 

oversees environments (CAMP).    

 

The above data enabled me as a physiologist to evaluate the differences in sleep quality and 

quantity and movement behaviour between the two environments.  Whilst most variables 

were not statistically different, the data provided valuable objective and previously 

unrecorded data on an elite rowing population in two different training programme 

conditions.  Similarities in sleep structure were probably due to the strict training regime of 

the sport of rowing and were concurrent with previously recorded findings in rowers 

(although not as elite) (Leeder et al. 2012, Kolling, 2015).  This study also allowed me to 

encourage and engage with greater multidisciplinary team working to proactively identify 

interventions for improved sleep hygiene, for example, planning specific pre-sleep strategies, 

and improved sleep systems (bed, pillow, mattress).  Further, it helped me to work closely 

with the Chief Medical Officer and coaches to negate the culture of pharmacological 

interventions for improving sleep and improve alternative sleep hygiene practices (Appendix 

4).     
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6.5.2 British Rowing Project 2: Living location in relation to a centralised training venue 

and associated movement behaviour 

After ǇǊƻƧŜŎǘ ƻƴŜΣ ŀ ŦǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ǿŀǎ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ƻƴ ǊƻǿŜǊǎΩ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ 

(sleep characteristics and movement behaviour) in relation to the distance lived from the 

ǊƻǿŜǊǎΩ ƘƻƳŜ ƭƻŎŀǘƛƻƴ ǘƻ ŀ ŎŜƴǘǊŀƭƛǎŜŘ ǘǊŀƛƴƛƴƎ ōase.  Once again, I was working with 11 male 

competitive rowers (26.2 ±2.1yr.; 97.9 ±5.7 kg).  Differences in sleep and movement 

behaviour characteristics were assessed using the criteria of a 30-mile radius cut off from the 

centralised training venue in Caversham, England.  Athletes were placed into two groups; 

greater than 30 miles (>30 mile, n=5) or less than 30 miles (<30 mile, n=6) from the centralised 

training venue.   

 

Sleep and movement behaviour characteristics were assessed in a domestic environment 

using non-dominant wrist actigraphy (Actiwatch AW2, Philips Healthcare, UK).  Sleep was 

recorded from day two of each scenario to allow for familiarisation with the watch.  Sleep 

structure was assessed by discriminating; time to bed (hh:mm), time in bed (min), get up time 

(hh:mm), actual sleep time (min) and sleep latency (min).  Sleep quality was determined by 

sleep efficiency (%) (derived from Actiwatch software algorithm).  Movement behaviour was 

assessed by the percentage time immobile and mobile during active periods (calculated from 

the accelerometer in the Actiwatch).  Definitions of sleep markers assessed are outlined 

Chapter 5, Table 5.1.  In this chapter, Table 6.3 displays the results for both conditions for the 

sleep and movement behaviour variables.  
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Mean values from the 9.7 (± 1.0) consecutive nights of sleep data were used as the outcome 

measure for each of the sleep actigraphy variables.  Analyses provided 95% confidence 

intervals for all comparisons.    

Table 6.3 Data of sleep and movement behaviour characteristics of for an international 
Olympic rowing squad discriminated by those living less than (<30 miles) and greater than 
30 miles (>30 miles) from a centralised training venue.  

Sleep 
variable/ 
Location  

Time to 
bed 

(hh:mm) 

Time 
in 

bed 
(min) 

Get up 
time 

(hh:mm) 

Sleep 
onset 

latency 
(min) 

Sleep 
efficiency 

(%) 
 

Actual 
sleep 
time  
(min) 

Level of 
inactivity 

(Immobile) 
(%) 

Level of 
activity 
(Mobile) 

(%) 

<30 mile 23:09 ± 
1:12 

436.8 
± 

69.6 

6:17 ± 1:03 6.1 ± 9.8 80.0 ± 6.37 368.0 ± 
58.6 

7.3   
± 4.9 

92.7  
 ± 4.9 

>30 mile 22.47 ± 
2:59 

419.0 
± 

73.3 

6:26 ± 
00:58 

13.2 ± 13.7 81.0 ± 6.76 359.4 ± 
65.1 

3.8  
± 2.4*  

96.1  
± 2.4*  

*Statistically significant (P = 0.00) 

In terms of sleep structure and quality, no significant differences (P=0.05) were observed in 

the sleep structure variables of time to bed (hh:mm), time in bed (min), get up time (hh:mm), 

actual sleep time (min) and sleep latency (min) in relation to living location.  Objective sleep 

quality assessment of sleep efficiency (%) also displayed no significant differences (P = 0.05) 

in relation to living location.  There was a trend for athletes living more than 30 miles away to 

be asleep for less time (actual sleep time) and to take longer to get to sleep (sleep onset 

latency) (Figure 6.3 and 6.4).   

 
Figure 6.3 Total sleep time in relation to living location 
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Figure 6.4 Sleep onset latency in relation to living location  

Significant differences were observed in the waking movement behaviour variables.  Rowers 

who lived more than 30 miles from the centralised training venue received significantly 

(P=0.00) less immobile timŜ όΨŘƻǿƴǘƛƳŜΩύ ǘƘŀƴ ǘƘƻǎŜ ƭƛǾƛƴƎ ǿƛǘƘƛƴ ол ƳƛƭŜǎ όоΦу ҕнΦп ǾǎΦ тΦо 

±4.9 % respectively) and consequently more mobile time (96.1 ±2.4 vs. 92.7 ±4.9 %).  This 

equated to those living more than 30 miles away having 41 minutes less immobile time over 

the 2-week assessment period than those who inhabited within 30 miles, who had 79 minutes 

of immobile time.   

 

This discreet data analysis helped to highlight what, as support staff, we already suspected.  

It provided quantifiable evidence that rowers who lived further away from the centralised 

training venue (> 30 miles) experienced less immobile time (downtime) during waking hours 

than rowers living within 30 miles of the centralised training venue.  A factor contributing to 

this is likely to be the greater time spent travelling to and from training.  Needless to say, 

extrapolating less recovery opportunities (downtime) to a longer micro, meso or macrocycle 

would have a potential impact on what it takes to win factors for individual rowers e.g. 

through potential over training issues.    
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In terms of sleep structure and quality variables there were no statistical differences 

suggesting the rowing training regime heavily influences time to bed (hh:mm), time in bed 

(min), get up time (hh:mm), actual sleep time (min) and to a certain extent sleep latency (min), 

but movement behaviour during daytime activities are affected by athlete behaviour.  

 

An additional success from this project was the impact and knowledge it provided to British 

Rowing, and the wider UK high performance industryΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǊƻǿŜǊǎΩ ŀǿŀǊŜƴŜǎǎ 

of their sleep strategies (or lack of) improved as a result of the projects we conducted.   The 

projects also highlighted the need for more actigraphy units to be available within the EIS to 

deploy for fatigue management assessment.  Having more units meant a greater number of 

athletes could be assessed at any one time, making team sport or whole squad analysis of 

sleep and movement behaviour more favourable.  Given the financial constraints of UK Sport 

and correspondingly, the EIS, the fact we received sizable funding (circa £10000) for the 

purchase of more actigraphy units for the 2016 Rio Olympic cycle, displayed the faith the 

system had in me providing education and support to practitioners and sports on fatigue 

management.  

 

6.5.3 Additional projects 

The British Rowing examples are just some of the projects completed with sleep and waking 

movement behaviour since 2010.  The demand for projects beyond that from British Rowing 

have involved ad-hoc requests for advice on performance questions regarding slightly 

different applications relating to sleep and movement behaviour e.g. crossing of time zones.  

These projects were supervised by me and completed by the PhD student.  They were justified 

in the sense that whilst the projects were relevant for the Rio 2016 Olympic cycle (2012-2016), 
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they also had future implications for the Tokyo Olympic cycle (2016-2020) and therefore 

warranted investigation through the objective and subjective sleep and movement behaviour 

methods already described.  The projects also served as an opportunity to gather preliminary 

data for the PhD research proposal and for the PhD student to gain experience in using sleep 

and movement behaviour resources and technologies.  All the projects described benefited 

from reflection and refinement from the previously described rowing projects.  In addition, 

they added to the developing database that I was establishing on athletic sleep and 

movement behaviour characteristics.    

 

6.5.3.1 Project 3: Olympic preparations  

A principle project to stem from my 2013 EIS National Conference forum on sleep and 

movement behaviour was with GB Canoeing.  As part of my EIS technical lead role and sleep 

PhD supervisor, the sportΩs performance director asked me to advise on this project in order 

for the practitioners and coaches to achieve a greater understanding of the Brazil holding 

camp environment (prior to Rio 2016), know the challenges involved and be able to influence 

future strategies aimed at optimising performance during Games time.  In short, the sport 

needed to know if athletes responded poorly to travel and the camp environment and could 

ǘƘƛǎ ōŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ŜŦŦŜŎǘƛǾŜ ǎƭŜŜǇ ǎǘǊŀǘŜƎƛŜǎΚ LŦ ǎƻΣ ǿƘŀǘ ǿŜǊŜ ǘƘŜ Ψŀǘ ǊƛǎƪΩ ŀǊŜŀǎ ƻŦ ǘƘŜƛǊ 

preparation?  Fatigue management through assessment of sleep and athlete movement 

ōŜƘŀǾƛƻǳǊ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜǎŜ Ψŀǘ ǊƛǎƪΩ ŀǊŜŀǎΦ    

 

Therefore, I needed to compare UK and training CAMP based sleep variables.  I involved my 

ΨǎƭŜŜǇ PhDΩ student in the project in order to develop their analytical skills with sleep 

technology devices and presentation of sleep variables in objective formats.  Further, this not 
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only fitted into my work programme as supervisor to the sleep PhD, but also helped to 

enhance my growing knowledge of sleep and movement behaviour and establishing different 

means of disseminating data and knowledge to athletes and coaches.   

 

The squad planned to travel to Brazil on a reconnaissance trip in 2014 and, using actigraphy 

procedures described in Chapter 5, they wanted to understand several factors including travel 

management (on flight care), volume load on days 1-3 post arrival, session number, recovery 

intervals between sessions and strategic rest days post return to the UK. They also wanted to 

understand the ratio of on water conditioning versus conditioning and individual athlete 

adaptability to travel fatigue and time zone shift.  The project timescale was the largest 

analysis time scale we had completed to date using actigraphy.  It involved 40 days of analysis 

of 12 canoe sprint athletes including;  

1. A 12-day training camp in the United Kingdom 
2. 1 long haul flight to Brazil with an ultimate time zone change (February, Brazil = 4 hours-

GMT) 
3. A 21-day training camp in Belo Horizonte (the identified venue for the Team GB holding 

camp at the Rio 1016 Olympics)  
4. A 10-day window of analysis in the return home phase of the training programme   
 

Particular challenges to the project were battery time of the actiwatches and ensuring that 

the athletes kept them on for the full duration of the project.  This was overcome by setting 

a longer epoch (1 minute) to record data in the actiwatches.  This scarified obtaining 

fragmentation index (restlessness) data but the principle sleep and movement behaviour 

variables could still be obtained.  As a consequence of this project, conclusions were drawn 

in the form of performance impact statements from the sport in question which are outlined 

below: 
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1. Individual, group and coach feedback sessions facilitated conversations around impact of 
recovery on overall athlete training adaptation.  For example, athletes were using 
downtime far too frivolously and therefore not adhering to good recovery practices (e.g. 
shopping for hours on foot).  Feedback sessions allowed them to see the impact of poor 
downtime choices via their actograms and make the necessary changes in their behaviour 
ahead of the Olympic competition phase.  
 

2. Ψ!ǘ ǊƛǎƪΩ ŀǘƘƭŜǘŜǎ derived from the sleep data generated, by discriminating key sleep 
variables e.g. sleep efficiency and total sleep time, were highlighted and provided with 
Ŧƻƭƭƻǿ ǳǇ мΥмΩǎ focusing on sleep hygiene and optimising stress/recovery balance. 

 
3. Data from the actograms was used by the coaches and physical preparation practitioners 

to aid prevention in post competition/training illness strategies e.g. planning appropriate 
downtime. 

 

4. Following a training camp debrief, information captured from the actiwatches was 
used to inform future trips to Brazil and update the GB Canoe Performance Service 
scope document e.g. long haul flights selection and timings were altered and a greater 
ŜƳǇƘŀǎƛǎ ǿŀǎ ǇƭŀŎŜŘ ƻƴ ƛƴŘƛǾƛŘǳŀƭ ŀǘƘƭŜǘŜǎΩ ǘǊŀǾŜƭ ƳŀƴŀƎŜƳŜƴǘ.  

 
5. Data captured from the actiwatches was used to show a wider EIS impact in 

partnership with the British Olympic Association (BOA) around Games services and 
optimising performance. This was particularly pertinent given the novel nature of the 
data captured and interventions employed.  

 
 

This project also highlighted the agile nature of fatigue management assessment in that it can 

ōŜ ƳƻǳƭŘŜŘ ǘƻ ŀƴȅ ǎŎŜƴŀǊƛƻ ǊŜǉǳƛǊƛƴƎ ŀƴŀƭȅǎƛǎΦ  ¢ƘŜ ΨǇŀŎƪŀƎŜΩ ƻŦŦŜǊŜŘ ōȅ ǎǳǇǇƻǊǘ ǇŜǊǎƻƴƴŜƭ 

was not limited to specific scenarios for analysis, e.g. a laboratory environment, which 

allowed ecological validity to the project.  It also displayed flexibility in the manner of project 

management and being able to adapt according to the needs of the sport.    

 

6.5.3.2 Project 4: Subjective reporting of ŀǘƘƭŜǘŜΩǎ sleep 

As part of my role as supervisor to the ΨǎƭŜŜǇ tƘ5Ω ǿŀǎ ŀŘǾƛǎƛƴƎ ƻƴ ǿƘŀǘ ŎƻǳƭŘ ōŜ ƛƳǇŀŎǘŦǳƭ 

findings from the PhD to the UK high performance sport system.  Particularly impactful was a 

novel project conducted by my PhD student involved designing a pioneering self-reporting 
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questionnaire of over 400 British elite multi-sport athletes (183 female) aged 26.5 ± 0.7 yr. of 

which 78% were Olympic/Paralympic; Commonwealth Games or senior World Championship 

level.  The idea being that at the start of the PhD we identified that we did not know the 

extent of the ¦Y ŀǘƘƭŜǘƛŎ ǇƻǇǳƭŀǘƛƻƴΩǎ knowledge about sleep.  I helped the PhD student 

establish that this could be completed relatively simply via an online questionnaire to all 

available athletes in the UK high performance system.  I advised the PhD student the best way 

ǘƻ ŀŎƘƛŜǾŜ Ψōǳȅ ƛƴΩ ōȅ ŀƭƭ sports ŎƻƴŎŜǊƴŜŘ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ŀƭƭƻǿ ǳǎ ǘƻ ŀǎƪ ǘƘŜƛǊ ŀǘƘƭŜǘŜǎΩ 

questions relating to sleep and athletic performance.  The project was presented at the recent 

Ψ{ƭŜŜǇ нлмтΩ ŎƻƴŦŜǊŜƴŎŜ8 and was a direct objective in the PhD studentΩs development plan.   

 

We categorised sports into five distinct areas; team, endurance, technical, combat and power. 

Global sleep quality was evaluated using the previously described Pittsburgh sleep quality 

(PSQI) (Chapter 5).  For the PSQI poor sleeper thresholds of >5 and >8 were adopted and the 

questionnaire was augmented with questions addressing non-restorative sleep, excessive 

day-ǘƛƳŜ ŦŀǘƛƎǳŜΣ ŀƴŘ Ƙƻǿ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ Ƙŀǎ ŎƘŀƴƎŜŘ ǎƛƴŎŜ ǊŜŀŎƘƛƴƎ ŀƴ ŜƭƛǘŜ ƭŜǾŜƭ ƻŦ 

performance.  Within-sport comparisons were made between gender, age groups (<23, 23-

27 and >27 yr.) and ability (Paralympic vs. Olympic). We used a CǊƛŜŘƳŀƴΩǎ ǘŜǎǘ ǘƻ ŀǎǎŜǎǎ 

differences between sport types and also relative risk (RR) for scoring >5 and >8 on PSQI for 

sport type, gender and ability were calculated. A significance level of p<0.05 was employed 

(Gupta et al. 2016).  Our results displayed the median global PSQI score as 5 (interquartile 

                                                           
8 The Annual Meeting of the Associated Professional Sleep Societies LLC (APSS), a joint venture of the American 

Academy of Sleep Medicine (AASM) and the Sleep Research Society (SRS).   
 

http://www.aasmnet.org/
http://www.aasmnet.org/
http://www.sleepresearchsociety.org/
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range=3) with a range from 1-17. The prevalence of participants scoring >5 was 45%, and 

those scoring >8 was 16%.  PSQI scores between sports can be seen in Table 6.4.     
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Table 6.4 Relative risk between sport types, ability, gender and age for scoring >5 and >8 on 
PSQI (Gupta et al., 2016) 

  PSQI >5 PSQI >8 

Risk factors Freq 
(%) 

Risk 
ratio 

95% CI X2 Freq (%) Risk 
ratio 

95% CI X2 

Sport-types 
        

  Team 44 0.98 0.63 -1.49 0.02 11 0.62 0.30 - 1.08 3.07 

  Endurance 45 1.02 0.75 -1.39 0.01 14 0.80 0.48 -1.35 0.72 

  Technical 52 1.36 0.90 -2.04 2.14 33a 2.58 1.76 -4.10 19.6 

  Combat  49 1.18 0.76 to 1.59 0.24 15 0.93 0.40 to 2.14 0.03 

  Power 37 0.81 0.58 to 1.16 1.42 12 0.70 0.36 to 1.45 0.98 

Demographic 
        

  Paralympic 51 1.31 1.00 to 1.56 3.77 27b 2.57 1.66 to 3.99 18.90 

  Female 44 0.97 0.78 to 1.21 0.07 18 1.14 0.74 to 1.77 0.36 

  >27 y 49 1.20 0.90 to1.44 1.59 25c 2.08 1.35 to 3.21 11.24 

Note: a sig. diff. to all other sports combined (p<0.05); b sig diff to Olympic athletes; c sig. diff 
to athletes <27 y; Freq, frequency; PSQI, Pittsburgh Sleep Quality Index. 

 

We found that combat sport athletes reported more awakenings in the month prior to 

assessment compared to team sport and power athletes (P<0.05).  Technical sport athletes 

reported the lowest sleep efficiency compared to endurance and combat sport athletes 

(P<0.05).  From the entire sample, 15% stated that their sleep had deteriorated and 62% 

stated their sleep had remained unchanged since reaching an elite level of performance. 

Global PSQI scores for between sports-types and between sports can be seen in Figure 6.5 

and 6.6 (Gupta et al. 2016). 
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Figure 6.5 Box-whisker plots for PSQI global scores between sports-types (Gupta et al., 
2016) 
 
 

Figure 6.6 Box whisker plots for PSQI global scores between sports, *significantly different 

ǘƻ άŘŜǘŜǊƛƻǊŀǘŜŘέ (Gupta et al., 2016) 

 
 
Our conclusions from this extensive questionnaire were that elite sport is associated with high 

levels of sleep disturbance, with differences being observed between different sports. We 

reported that it is likely that the lower levels of athleticism required in technical sports allow 

elite performance in these activities to be less influenced by degraded sleep quality (Gupta et 
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al., 2016).  However, it is worth noting that a large proportion of athletes stated their sleep 

had remained unchanged since they had attained elite level status in their sport, suggesting 

that good sleep quality may not necessarily be a prerequisite for participating in elite sport, 

nor does it necessarily degrade it (Gupta et al. 2016).  Finally, it was suggested that Paralympic 

sports and sports which select for an older demographic (e.g. technical sports) are at a greater 

risk of experiencing poor sleep quality, which has implications for targeted sleep management 

(Gupta et al. 2016).  

 

6.6 Impact and learnings: methods of optimal practice to measure and analyse sleep and 

movement behaviour 

The projects described in this chapter have impacted on the development of fatigue 

management programmes throughout the UK high-performance sport industry.  British 

sports have actively engaged in projects relating to fatigue management to help best prepare 

them for international competition e.g. Olympic and Paralympic Games, 2016 and 2020, 

Cycling World Championships, 2017 and British Gymnastics World Championships 2017. 

Practitioners within these sports now regularly utilise technologies to capture data on 

ŀǘƘƭŜǘŜǎΩ objective and subjective sleep.  I take immense pride in the knowledge that my initial 

work with British Rowing and drive to disseminate information, knowledge and robust 

scientific practices has spearheaded such a change in practice throughout the UK sports 

science industry.   

 

Since the inception in 2010 of using rudimentary objective sleep measurement tools within 

my work programme, the knowledge and capability to capture, analyse and provide 

interventions for the enhancement of athlete sleep and movement behaviour has evolved 
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through multiple means.  Most notable has been the strategic direction that I have taken the 

topic, namely; determining methods for optimal practice for sleep screening (measurement 

and analysis), technical knowledge growth and dissemination, up-skilling of practitioners as 

to how to technically measure sleep and movement behaviour and the supervision of the PhD 

in athletic sleep. Examples have been highlighted throughout the thesis, such as Sports 

projects, supervising research and leading and presenting forums and workshops.  

Significantly from such work, several enhancements to fatigue management practices, 

including good sleep education applications, for sports have emerged.   I shall now elaborate 

on some of these practices.  

 

6.6.1 Normative data 

As a consequence of SportsΩ ǇǊƻƧŜŎǘǎ ƛƴǾƻƭǾƛƴƎ ƻōƧŜŎǘƛǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ 

behaviour characteristics, I have been able to collate a database of normative values not only 

for a generic athletic population but for the various categories within such a population.   As 

an example of good professional practice, I now have normative data on athletic sleep and 

associated movement behaviour for gender, sport-type (i.e. combat, endurance and team) 

and different sleep environments (e.g. altitude versus sea level, centralised training versus 

home environment).  It is hoped that ǘƘƛǎ ŘŀǘŀōŀǎŜ ƻŦ ŜƭƛǘŜ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ŀƴŘ ƳƻǾŜƳŜƴǘ 

behaviour can be further scrutinised and information disseminated in a useful manner to the 

wider Sports Science and Medicine arena. It is also valuable information which can be used 

as part of a strategy moving forwards and such a strategy is outlined further in this chapter.    
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6.6.2 Optimal Practice  

In considering the optimal practice for solving fatigue management problems it is good to 

recognise the complexity of the environment one is working within.  Where practitioners can 

ŀŘƻǇǘ ΨōŜǎǘ ǇǊŀŎǘƛŎŜΩ ƳŜǘƘƻŘǎ are in more process driven tasks relating to, for example, the 

methodologies to assess sleep and movement behaviour. Here a quality assured process is 

necessary for confident assessment of fatigue management.   

 

Where quality assurance is present but the problem or scenario requires some flexibility and 

acceptance of being complicated or complex in its nature, practitioners should aim to provide 

ΨƎƻƻŘ ǇǊŀŎǘƛŎŜΩΦ Within a complex environment, such as an elite training programme, 

practitioners observe analysis methods for understanding the problem, sense, probe and seek 

out signs and symptoms of an interventionΩs success en route to a proposed solution, whilst 

ensuring flexibility pervades on the path to the solution.  An example of complexity is in the 

delivery of interventions to enhance fatigue management of athletes.  Here, understanding 

the problem (e.g. poor performance or poor sleep and/or downtime) is complicated given the 

myriad of factors contributing to sucŎŜǎǎŦǳƭ ǎǇƻǊǘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ŀ ΨǿƘŀǘ ƛǘ ǘŀƪŜǎ ǘƻ ǿƛƴ 

ƳƻŘŜƭΩ όŘŜǎŎǊƛōŜŘ ƛƴ Chapter 1).  Under these circumstances practitioners need to consider 

the analysis methods for understanding the problem, and the means for sensing or probing 

complex issues.  With this considered approach practitioners require a level of expertise in 

fatigue management which they can use to safely navigate their way through to providing 

solutions to coaches and athletes using intuition and experience.   

 

The kind of optimal practice approach that could be adopted in deciding appropriate courses 

of intervention and management with athletic sleep was illustrated earlier in this chapter in 
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the EIS Sleep Management Decision Tree (Figure 6.2). By its nature fatigue management is 

complex and chaotic and requires a good level of communication from all parties involved.  A 

good fatigue management programme will involve the aspects outlined in Figure 6.2, e.g. 

intervention workshops incorporating sleep hygiene education (Appendix 4), cognitive 

procedures & relaxation, and that the intervention(s) may not always be able to be delivered 

by a physiologist.  In these circumstances, the physiology practitioner should be acutely aware 

of professional boundaries ahead of delivering any intervention. Further, good professional 

practice would be to return to athletes tested and assess how they are doing after the 

intervention. 

 

Therefore, where practitioners recognise fatigue management issues may be having an 

impact on a what it takes to win model, they can employ an optimal practice approach.  That 

is, some circumstances ǿƛƭƭ ǊŜǉǳƛǊŜ ΨōŜǎǘ ǇǊŀŎǘƛŎŜΩ ǘƻ ōŜ ŜƳǇƭƻȅŜŘ ƛΦŜΦ ǇǊƻǘƻŎƻƭ ŦƻǊ ǳǎƛƴƎ 

actiwatches.  However more complex scenarƛƻǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ŀ ƳƻǊŜ ŦƭŜȄƛōƭŜΣ ΨƎƻƻŘ ǇǊŀŎǘƛŎŜΩ 

approach to deliver solutions.  Striving for best practice in scenarios involving high 

performance sport settings will rarely result in it being achieved, given the complex nature of 

elite sporting programmes and the aforementioned multivariable what it takes to win models.  

 

In terms of what is good practice for providing a fatigue management service in elite sport 

and as a consequence of my experiences, I recommend practitioners screen their athletes and 

undertake a programme of sleep quality and movement behaviour measurement through 

both objective and subjective means.  {ǇƻǊǘǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ǇǊƻƎǊŀƳƳŜǎ ƴŜŜŘ ǘƻ ŎƻƴǎƛŘŜǊ 

that the most effective and optimal practice at the beginning of any fatigue management 

programme would be to capture baseline data on normal sleep and movement behaviour 
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practices (ideally at the start of a season) in some form i.e. objective, subjective or both.  

However current practices dictate that this step is often discounted in the haste of attempting 

to establish information for a specific performance issue e.g. sleep responses in a competition 

phase. In addition, I propose that once baseline data has been collated, further analysis should 

be conducted when athletes report a change in sleep, ƻǊ ƛŘŜƴǘƛŦƛŜŘ Ψŀǘ ǊƛǎƪΩ ŀǘƘƭŜǘŜǎ ƴŜŜŘ 

reassessment following intervention(s) or there is a direct performance question relating to 

sleep and movement behaviour e.g. competition at altitude. Using the simplicity of the 

actigraphy technology can aid this process as it turns a rudimentary data capture process into 

a powerful tool for performance gain interventions.  

 

6.6.3 Subjective Questionnaires 

As we learnt in Chapter 5, the gold standard objective sleep measurement tool is PSG, 

however this is impractical as a field measure primarily because it is complicated to administer 

with elite athletes due to the nature of it methodology.  Therefore, the field based method of 

Actigraphy, also described in Chapter 5, provides a valid and reliable measurement tool for 

assessment of athletic sleep.   This, alongside subjective self-report questionnaires, provides 

a comprehensive methodology for data capture, assessment and intervention of both 

subjective and objective sleep and associated movement behaviour.  This is a progressive step 

as it has become clear over recent years that there was a lack of validated subjective analysis 

of sleep alongside the objective assessments that were being conducted within sports.  It is 

proposed that the best method of subjective assessment of sleep is through completion of 

five key self-assessment questionnaires, namely; 1) Pittsburgh Sleep Quality Index, 2) 

Epworth sleepiness scale, 3) Dysfunctional beliefs about sleep, 4) Ford Insomnia Response to 

Stress and 5) the Morningness/Eveningness Questionnaire. Together, these provide a 
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comprehensive assessment of an athletes sleep as they encapsulate sleep practices, quality 

and self-perception of sleep.  However, I suggest that, where completion of all five of these 

questionnaires would be ideal practice, there is the acceptance that this is not always possible 

and a prioritisation of a fewΣ ŀǘ ǘƘŜ ŘƛǎŎǊŜǘƛƻƴ ƻŦ ǘƘŜ {ǇƻǊǘǎΩ ǎŎƛŜƴŎŜ ŀƴŘ ƳŜŘƛŎŀƭ ǘŜŀƳΣ would 

suffice if practitioners were trying to expedite data collection.  A description of the five 

questionnaires is provided below.  

 

Pittsburgh Sleep Quality Index (PSQI) 

A well established and validated self-assessment questionnaire (Buysse et al., 1988) which 

ǇǊƻǾƛŘŜǎ ŀ ǳǎŜŦǳƭ ƛƴǎƛƎƘǘ ƛƴǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎǳōƧŜŎǘƛǾŜ ǎƭŜŜǇ ǉǳŀƭƛǘȅ ŀƴŘ discriminates 

between good and poor sleepers. Sleep quality is a complex phenomenon that involves 

several dimensions, each of which is covered by the PSQI and include subjective sleep quality, 

sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep 

medications, and daytime dysfunction (Buysse et al., 1988).  Individuals answer 19 questions 

relating to their sleep over the past month.  These answers create seven component scores 

covering the dimensions listed above.  The sum of the scores for the seven components yields 

a global score of which generally >5 indicates poor sleep quality.  Where sleep issues have 

been identified through the PSQI, interventions to improve athlete sleep can involve expertise 

from a multitude of Sports Science and Medicine disciplines 

 

Epworth Sleepiness Scale (ESS) (Johns, 1990) 

This relates to sleep debt and is a useful assessment of daytime function. It stems from 

respiratory medicine where it is used predominantly to assess daytime function as a result of 
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sleep loss relating to obstructive sleep apnoea.  Coupled with objective data this can be a 

ǇƻǿŜǊŦǳƭ ǘƻƻƭ ƛƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎƭŜŜǇ ǉǳŀƭƛǘȅΦ  

 

Dysfunctional Beliefs About Sleep (DBAS) 

This is a 28 statement self-assessment questionnaire relating to perceptions of sleep. It 

evaluates sleep-related beliefs, querying ǊŜǎǇƻƴŘŜƴǘǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ ŀƴŘ ŀǘǘƛǘǳŘŜǎ ǊŜƎŀǊŘƛƴƎ 

the causes, consequences, and potential treatments of sleep issues.  The DBAS questionnaire 

Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǘŀǊƎŜǘ ŀǘƘƭŜǘŜǎΩ ŜŘǳŎŀǘƛƻƴ ŀōƻǳǘ ǎƭŜŜǇ ƛΦŜΦ ǿƘŀǘ ƛǘ ƛǎ ƻǊ is not and help dispel 

myths or an indiviŘǳŀƭΩǎ ōŜƭƛŜŦǎ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜƛǊ ǎƭŜŜǇΦ  9ǎǎŜƴǘƛŀƭƭȅ ƛǘ Ŏŀƴ ƘŜƭǇ ǘǊŜŀǘ ǎǳōƧŜŎǘƛǾŜ 

symptoms of poor sleep and be particularly valuable in the formation of cognitive approaches 

to treatment; for example, ŀ ŎƻƎƴƛǘƛǾŜ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ōŜƭƛŜŦǎ ŀōƻǳǘ ǎƭŜŜǇ 

(Shahid et al., 2012).   

 

Ford Insomnia Response to Stress (FIRST) 

A diagnostic self-assessment questionnaire using nine items which measure the propensity 

for disturbed sleep under stress and ultimately can aid in identifying individuals predisposed 

to insomnia. Therefore, it is a standardised measure of individual vulnerability to stress-

induced sleep disturbance, i.e. insomnia (Drake et al., 2008). The instrument tests the 

likelihood that an individual will get sleep disturbances following various stressful events, for 

example in sport this could involve training load increases, selection phases or competition 

phase.   
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Morningness/Eveningness Questionnaire (MEQ) 

This relates to an indiviŘǳŀƭΩǎ ŎƘǊƻƴƻǘȅǇŜΦ  Lǘ ƛǎ ŀ мф-point self-assessment questionnaire 

developed by Horne & Osberg (1976), with its main aim being to measure whether a person's 

circadian rhythm produces peak alertness in the morning, in the evening, or in between.  In 

considering subjective assessment of sleep, it is worth noting that through the PhD I was 

supervising, we discovered that whilst the PSQI was an incredibly useful and valid self-

assessment tool for athlete sleep, it is in fact the Ford Insomnia Response to Stress (FIRST) 

questionnaire which provides the most effective data when used in screening procedures by 

sport science practitioners to identify resilient (but also vulnerable) sleepers among elite 

athlete squads (Gupta et al., 2017).  This is primarily because it identifies Ψreactive sleepersΩ, 

i.e. those who are sensitive to interventions to improve sleep quality. Such information can 

be used to inform targeted sleep management programmes, where hyperarousal is a 

mediating factor for poor sleep quality, but also to identify individuals who are able to extend 

sleep through day-time napping (Gupta et al., 2017).  This discovery was pioneering in that 

for future fatigue management assessment, it changes the subjective screening of sleep from 

traditional PSQI assessment to bespoke analysis of sleep reactivity.  It therefore gives Sports 

Science and Medicine personnel and coaches an awareness of those individual athletes who 

are more likely to be sensitive to sleep disturbances.  Importantly, this does not discriminate 

elite athletes as the sole population experiencing sleep reactivity.  As mentioned in Chapter 

4, the propensity for sleep reactivity can manifest in any number of scenarios (e.g. ballet 

dancers/students), but if an individual with high sleep reactivity finds themselves in an elite 

sporting environment then, potentially, they may not be as robust with their sleep and cope 

less well in the elite sporting environment as opposed to their contemporaries.   
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Another point to consider in providing optimal practice assessment of fatigue management is 

ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ΨǎƭŜŜǇΩ, i.e. pre-competition sleep, pre and post training sleep or sleep 

extension practices, ŜΦƎΦ ƴŀǇǇƛƴƎΦ  Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŀǘƘƭŜǘŜǎΩ ŜƴǾƛǊƻƴƳŜƴǘ ǎƘƻǳƭŘ ŀƭǎƻ ōŜ ǘŀƪŜƴ 

into account, i.e. whether athletes are in their normal training environment, away on training 

camps or at competition (Erlacher, 2011, Silva et al., 2013, Juliff et al., 2015). Where possible, 

baseline assessment of sleep and associated movement behaviour should be determined 

before being assessed under different circumstances. Whilst this may be difficult to achieve 

given the complexity of world class training programmes, it can be planned in effectively with 

good communication between coaching and science and medicine staff.  This is something I 

managed to achieve with British Rowing through having worked with the Sport for a number 

of years before the fatigue management projects began.  This ensured I had the trust and 

respect of peers and coaches.   Finally, any assessment to sleep and movement behaviour 

should be performed over a 2 week period to allow for consistent data capture and it is 

important to recognise that it may be a while before you analyse and use the data, so ensure 

that you have set expectations of the athletes and coaches initially.   

 

6.7 Sleep hygiene 

In providing support to elite athletes and practitioners around the concept of fatigue 

ƳŀƴŀƎŜƳŜƴǘΣ ƻŦ ǎƛƎƴƛŦƛŎŀƴŎŜ Ƙŀǎ ōŜŜƴ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǎƭŜŜǇ ƘȅƎƛŜƴŜΩ ŀǎ ŀ ǇǊƛƳŀǊȅ ŀǊŜŀ ǿƘŜǊŜ 

athletes can improve to enhance their sleep.   This concept encompasses all environmental 

and behavioural aspects of pre-sleep and involves tactics to improve fatigue management.  

Typically, athletes are unaware of simple processes they can implement to improve sleep 

hygiene and ultimately improve their subjective perception and objective quality of sleep.  

From my experience, and if aiming for optimal practice, sleep hygiene should be incorporated 
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into any fatigue management programme with elite athletes (Lastella et al., 2014, Juliff et al., 

2015).  For example, encouraging athletes to adopt practices to placate sleep have been 

ǳǎŜŦǳƭ ŜŘǳŎŀǘƛƻƴŀƭ ǘƻƻƭǎ ǘƘŀǘ ƘŀǾŜ ƘŀŘ ŀ ƭŀǎǘƛƴƎ ŀƴŘ ŘŜŜǇ ƛƳǇŀŎǘ ƻƴ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ƭŀǘŜƴŎȅ 

(time to get to sleep), duration and quality. Examples of methods to improve sleep hygiene 

include sleep behaviour (all aspects in relation to your approach to sleep e.g. strategy, 

routine, hygiene, nutrition and system).  An example of a sleep hygiene education sheet can 

be found in Figure 6.7.  

 

 

Figure 6.7 An example flow diagram for good sleep hygiene. 
*refer to more detailed examples in Appendix 4 
 

6.8 Impact 

Through using a combination of the described self-assessment tools, effective fatigue 

management programmes can be assessed for their ability to decrease any dysfunctional 

beliefs around sleep and as a consequence increase sleep efficiency.  This is exemplified 
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through a short questionnaire asked of elite athletes as part of a studies related to the sleep 

PhD I co-supervised.  Here, over 40 elite athletes were asked to record the impact of an 

intervention (several sleep management education sessions) on their sleep during a) normal 

training and b) a competition phase.  Figures 6.8 and 6.9 display the results from both cohorts.  

Overall, athletes felt the sleep interventions provided had firstly, a positive impact on their 

wellbeing and or performance(s) and secondly, they used the information during training and 

competition.  Additional feedback was that they would recommend the sleep interventions 

to other athletes, felt the information from the interventions was relevant and therefore felt 

equipped to deal with sleep disturbances as a result of the interventions and would use the 

information again in the future.  Setting expectations also has implications for the success and 

impact of the projects too.  

Figure 6.8 The impact of interventions for sleep education on elite athletes (training) 
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provided in future?

 Do you feel you are unequipped to deal
with sleep disturbances when faced?

Have you previously received information
ŀōƻǳǘ Ƙƻǿ ǘƻ ƳŀƴŀƎŜ ȅƻǳǊ ǎƭŜŜǇ ŘǳǊƛƴƎΧ
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ǎŜǊƛŜǎ ǘƻ ŀ ŦŜƭƭƻǿ ŀǘƘƭŜǘŜ ŦǊƻƳ ŀƴƻǘƘŜǊΧ
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Figure 6.9 The impact of interventions for sleep education on elite athletes (competition) 
 

Alongside educating athletes on good fatigue management strategies, providing objective 

data of their sleep quality and characteristics to pacify fears of poor sleep has also been 

particularly impactful.  A detailed bespoke analysis of results has helped this process, for 

example, providing athletes with their standard deviation (SD) of bed-time across a two-

week period (provides an indication of the level of consistency in athlete bed-times) and 

their standard deviation get-up-times across a two-week period (provides an indication of 

the consistency of athlete get-up-times).   

 

Additional to this has been the ability to illustrate through actograms (demonstrated in 

Chapter 3) and display objective data to athletes regarding their movement behaviour.  This 

is in an attempt to enhance the previous suggestions in Chapter 4 of poor sleep management 

practices existing within the sport industry.  What I endeavoured to do here was enhance 

existing practices and introduce new ones, to ensure education regarding fatigue 

management was a structured process in high performance sport, with information provided 
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as to the most appropriate methods athletes can use to encourage an optimal fatigue 

management strategy whether it be through modifications to their approaches to sleep or 

movement behaviour.  

 

In terms of impact, the manner in which projects are delivered to Sports and individual 

athletes has evolved.  Now it is much more holistic and multidisciplinary in approach.  

However, any project still requires a lead and it is in the domain of fatigue management where 

physiologists can take such a lead.  For reasons already outlined, in Chapters 3, 4 and 6; sleep 

being a psycho-ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ΨƭƻŀŘΩ ƻƴ ŀƴ ŀǘƘƭŜǘŜ ōŜƛƴƎ ƻŦ ǇǊƛƳŀǊȅ 

interest to the physiologist, means they are ideally suited to leading projects relating to 

fatigue management.  This would, without question, be in close collaboration with other 

necessary members of the multidisciplinary support team around a coach and athlete and 

with respect to professional boundaries.  

 

LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƻƴǎƛŘŜǊ that not all sports employ a physiologist so, on occasion, those 

sports would need an appropriate designated practitioner who can have direct collaborations 

with physiologists who hold fatigue management expertise within the high-performance 

sport system.   This is akin to other areas in Sports Science and Medicine where debate exists 

ŀǎ ǘƻ ƻǿƴŜǊǎƘƛǇ ƻŦ ŀƴ ΨŀǊŜŀΩΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜǊŜ ŎƻǊŜ ǎǘŀōƛƭƛǘȅ ŀƴŘ ƭƻǿ ƳƻǘƻǊ ŎƻƴǘǊƻƭ ŀǊŜ 

considered, there is ambiguity between physiotherapists and strength and conditioning 

coaches as to who takes responsibility for the assessment and intervention for improvement 

ƻŦ ŀǘƘƭŜǘŜǎΩ ŎƻǊŜ ǎǘŀōƛƭƛǘȅ ƛǎǎǳŜǎΦ  {ƛƳƛƭŀǊƭȅΣ ƛƴ ƴǳǘǊƛǘƛƻƴ ŀƴŘ ǎǘǊŜƴƎǘƘ ŀƴŘ ŎƻƴŘƛǘƛƻƴƛƴƎ ǘƘŜǊŜ 

can be confusion as to who leads on an intervention to increase lean muscle mass as both 

disciplines contribute significantly to muscle hypertrophy.  Equally worthy disciplines to 
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contribute to the intervention but there remains a lack of transparency about who would 

necessarily lead on the project to improve the issue.   

 

Qualitative feedback (presented in Chapter 7) from those involved in the evolution of the 

concept of fatigue management in high performance sport, has meant that I can confidently 

present the fact that introducing the concept has ultimately been a success.  Similarly, within 

the industry of sleep management, the concept of sleep and sport has had an impact.  Recent 

innovative advances in smart phone applications for management of sleep have been 

developed.  Specifically, tƘŜ ǎƳŀǊǘ ǇƘƻƴŜ ŀǇǇƭƛŎŀǘƛƻƴΣ Ψ{ƭŜŜǇŦǳƭΩΣ ŀ self-help programme for 

insomnia (www.sleepful.me), has been developed through a series of publicly funded 

research studies and clinical trials in the UK and is led by Professor Morgan (co-supervisor to 

the EIS Sleep PhD).  Future plans are to evolve this to a specific application for sporting 

populations and is an example of how this and the EIS sleep PhD have created ideas and 

creativity in the area of athletic sleep.   

 

6.9 Sleep and athletic performance strategy 

As a result of the work described in this chapter and throughout the thesis, I wrote the fatigue 

management strategy for the EIS (Tokyo cycle 2017-2021) (Appendix 4). Key to this process 

was the recruitment of the PhD student as this post increased opportunities for developing 

detailed knowledge and augmented scope for assessment of athletic sleep. From my work 

with elite athletes and the sleep PhD research, it has become abundantly clear that there are 

more questions, beyond the scope of the current sleep PhD, that need to be answered to 

further our knowledge on athletic sleep.  Part of the strategy suggested harnessing existing 

information into a collective format and using for knowledge gain within the industry.  One 

http://www.sleepful.me/
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example of this is to create a normative database for athletic sleep, analyse differences (e.g. 

endurance versus team sport, altitude versus sea level training camp, gender differences) and 

provide pragmatic solutions.  Therefore, a primary aim of the EIS sleep strategy was to provide 

solutions focused on investigating further questions on the topic of fatigue management and 

to future proof the current knowledge so it could be harnessed and utilised for performance 

gains in future Olympic and Paralympic cycles.   

 

In summary, providing optimal practices for fatigue management in elite athletes, ensures 

the innovative approaches used to impact on performance using sleep assessment follow 

approved rigorous scientific technƻƭƻƎƛŜǎ ŀƴŘ ǘŜŎƘƴƛǉǳŜǎΦ  ¢Ƙƛǎ ŜƴǎǳǊŜǎ ΨǎƻǳƴŘ ǎŎƛŜƴŎŜΩ ƛǎ ƛƴ 

place to thoroughly investigate and answer discreet performance questions regarding fatigue 

management.  In line with this, it is imperative that when assessing sleep and associated 

movement behaviour (or any other impact factor on performance), that you ensure you 

understand what you are collecting and why.   

tп ΨΩ¸ŜǎΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǿƘȅ ȅƻǳϥǊŜ ŎƻƭƭŜŎǘƛƴƎ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴΣ ŀƴŘ Ƙƻǿ ƛǘϥǎ ƎƻƛƴƎ ǘƻ 
have a positive impact on their decision-making, is crucialΩΩ. 

 

6.10 Summary 

In this chapter I have provided a summary of my work evolving fatigue management, through 

sleep and movement behaviour assessment, in the high-performance sport industry.  My 

intention was to present how an initial idea from a discreet project that I delivered pre-

London Olympics 2012, has developed into an impactful part of routine practitioner service 

delivery.  The outlined projects, normative data capture on athlete sleep and movement 

behaviour variables and knowledge disseminating platforms have helped to pioneer 
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recognition of fatigue management to be part of the assessment of factors impacting on 

ŀǘƘƭŜǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǳƭǘƛƳŀǘŜƭȅ ΨWhat it Takes to WƛƴΩΦ   

 

Through directing formal education of multidisciplinary practitioners on how to characterise, 

monitor and assess sleep and associated movement behaviour, I have been able to educate, 

system wide, why fatigue management is important and crucially, what is absent in our 

knowledge.  These projects and initiatives have all involved high-level skills in critical and 

innovative thinking, generation of ideas and explanation of scientific principles to high 

performance coaches, athletes and support staff. All have necessitated strong influencing 

skills aimed at harnessing practitioner expertise and professionalism around fatigue 

management. Equally necessary has been an ability to be able to competently critically discuss 

contemporary issues, such as fatigue management and evaluate how such technical and non-

technical practices to enhance management of athletic fatigue can impact and influence 

sporting performance. The process has also required an ability to be solution focused and 

proactive in seeking to collaborate with colleagues to identify performance problems with the 

aim of producing intra or multidisciplinary solutions.   

 

In summary, the discreet and innovative projects presented in this chapter have provided 

examples as to how fatigue management can influence the successful attainment and delivery 

of performance determinants.  This has allowed coaches, athletes and support staff to have 

ŀ ŎƭŜŀǊ ƛƴǎƛƎƘǘ ƛƴǘƻ Ƙƻǿ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǇƻǘŜƴǘƛŀƭƭȅ ƛƳǇŀŎǘǎ ƻƴ ΨWhat it Takes to WƛƴΩ ƛƴ 

a given sport.   
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Chapter 7 General Conclusions and Future Recommendations 

7.1 General conclusions 

This chapter will provide final conclusions drawn against the thesis aims and objectives 

(outlined in the thesis overview and provided below as a reminder), and a summary of the 

process of introducing the concept of fatigue management to the high-performance industry. 

Importantly, it will also elaborate on some future recommendations for research, applied 

practice and an overall strategy to progress fatigue management in high performance sport.   

Thesis objectives: 
1. To ascertain the growth of Sports Science over the last 20 years and how fatigue 

management has emerged as part of the industry development 
 
2. To assess current literature relating to sleep and movement behaviour and athletic 

performance 
 

3. To determine why physiologists should take responsibility for sleep and athletic 
performance measurement and assessment 
 

4. To provide examples of fatigue management projects in high performance sport and 
methods of optimal practice for assessment of fatigue management 
 

5. To make recommendations for future research and applied practice in relation to 
fatigue management of elite athletes 
 

6. To assess the impact of evolving the concept of fatigue management to the UK high 
performance sport industry 

 

I have demonstrated throughout this thesis how the topic of fatigue management has evolved 

in the UK high-performance sport industry.  I have provided examples of how some of the 

¦YΩǎ ƘƛƎƘ-performance sport programmes have engaged with fatigue management as an 

ΨƛƳǇŀŎǘ ŦŀŎǘƻǊΩ ƛƴ ǘƘŜƛǊ Ψ²hat it Takes to WinΩ (WITTW) models, with the ultimate aim of 

providing intelligence for training and performance gains.  To add additional insight, I have 

collated qualitative evidence of the impact of evolving the concept of fatigue management.  

A summation of the narratives obtained from the qualitative piece I conducted (described in 
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Chapter 2) are provided throughout this chapter in Tables 7.1-7.4 and 7.6-7.8.  These verbatim 

quotes provide context to my work in fatigue management within the UK high performance 

sport network and also illustrate the novelty and evolution of the concept of fatigue 

management.  

 

7.1.2 Reflections on the process; success, impact and challenges of evolving the fatigue 

management concept  

 

7.1.2.2 Success and Impact 

The process of recognising the disparity between traditional academic sleep research and 

applied sport and engaging the UK high-performance sport industry to recognise fatigue 

management as a worthwhile contributing factor to performance, has been a complex and 

change orientated issue. This issue has required a step approach involving establishing 

relationships with academics, engaging them with applied sports science work flows, 

assessment of current literature and identification of common links between research and 

applied settings.  Connecting the UK high performance sport industry in an evolving concept, 

has therefore, involved research into what has been done before and holding a critically 

reflective orientation in my positionality.   

 

During the process of championing the new concept of fatigue management (through 

research, developing and leading new ideas and dissemination of knowledge), I achieved 

financial investment for new equipment, training and research through an EIS funded PhD.  

Funding the sleep PhD at the start of a new Olympic and Paralympic cycle (2012-2016), where 
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the opportunities for pioneering ideas were encouraged9, helped to support the importance 

of investigating the sleep and athletic performance relationship.  This was particularly 

pertinent in combination with the fact that there was, traditionally, a general lack of 

awareness by practitioners as to how and why they should consider fatigue management and 

assess sleep and associated movement behaviour.   

 

Further to that of others, I myself have had to critically reflect on the area in applied practice 

and articulate to a varied audience (i.e. practitioners, athletes, coaches and performance 

directors), ǿƘȅ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀƴ ƛƳǇŀŎǘ ŦŀŎǘƻǊ ƻƴ ΨǿƘŀǘ ƛǘ 

ǘŀƪŜǎ ǘƻ ǿƛƴΩ ƻƴ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ sporting stage.  I feel that this has been of particular success, 

in the context that, there has been a collective uplift in engagement of fatigue management 

across the UK high performance sport industry. In short, the concept has felt pioneering to 

me personally and to the UK high performance sport sector, since its initial inception (2010) 

and through to observing delivery of live practices of fatigue management projects in the 

current 2020 Tokyo Olympic cycle.  It is a project I have been committed to, embraced and 

relished doing.   

 

My personal reflections of my ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƧŜŎǘǎΩ ƛƳǇŀŎǘ, coupled with the insights 

displayed from my qualitative research and my dissemination of academically and 

professionally valid knowledge to peers within the industry, has allowed for acceptance of 

fatigue management as a novel concept within the UK high performance sport industry. A 

Ψdifferent way of doing thingsΩ was recognised throughout the 2016 Rio Olympic/Paralympic 

                                                           
9 The EIS Physiology PhD model 2012/16 was a new concept in collaboration with EIS Laboratory Technician 

roles.  It worked well to provide research opportunities for those working in posts indirectly linked to Sports.   
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cycle (2012-2016) and was demonstrated to have a direct effect and impact on sportsΩ 

performance programmes.   This has been evidenced by the work presented in this thesis 

(Chapters 4, 6 and 7 in particular) and through anecdotal evidence and personal interactions 

with peers in the UK high performance sport industry. Equally, working hard to focus on 

ŀŎƘƛŜǾƛƴƎ ΨŀǘƘƭŜǘŜ ōǳȅ ƛƴΩ ǘƻ ŀƴȅ fatigue management projects has also been of value to the 

success of any project involving analysis and measurement of sleep and/or movement 

behaviour.  Quotes relating to athlete buy in are presented in Table 7.1.  

Table 7.1 Verbatim quotes relating to athlete buy in to sleep measurement and analysis 

tо ΨΩL ǘƘƛƴƪ ŀǘƘƭŜǘŜǎ ŦƛǊǎǘƭȅ ōǳȅ ƛƴǘƻ ƛǘ [fatigue management], because sleep's one of those 
things that not many people are that aware of, and they have a grasp of how they slept 
when they wake up in the morning, and they know when they can't fall asleep at night or 
they have a particularly bad night's sleep because they're waking up, but to give an athlete 
an opportunity to say we can actually look at your sleep in a bit more depth by simply either 
whatever at all it is, I think that's something that's quite powerful, and athletes buy into 
ǉǳƛǘŜ ǊŜŀŘƛƭȅΣ ōŜŎŀǳǎŜ ƛǘ ƛǎ ǾŜǊȅ ǎƛƳǇƭŜΣ ƛǘϥǎ ƴƻǘ ƛƴǾŀǎƛǾŜΩΩΦ 
 
tо ΨΩ¸ŜǎΣ ǎƻ L ǘƘƛƴƪ ǘƘŀǘϥǎ ǿƘŜƴ ǘƘƛs [fatigue management] can be quite impactful. I think just 
raising that level of awareness, that in itself is probably the biggest thing you can do, and 
dispelling myths, [about sleep] I suppose. Those two things combined are very powerful. So 
when athletes take part in these kind of monitoring exercises, they buy into it quickly, like I 
said before, because it [sleep] is easy to do, and they're fascinated by it [sleep] because 
everyone is fascinated by their sleep, and because at the moment, there seems to be this 
emphasis upon sleep and performance, and how you need to sleep well to perform well. 
They seem to buy into it [sleep] ŜǾŜƴ ƳƻǊŜ ǎƻΧΩΩ 
 
tн ΨΩLŦ ȅƻǳϥǾŜ ŜȄǇƭŀƛƴŜŘ ƛǘ [sleep and movement behaviour assessment] to them, and they 
understand why we're doing it [sleep and movement behaviour assessment], and it's not 
like we do it [sleep and movement behaviour assessment] every day of the year, because 
you know we picked certain times when we were having problems or issues, and had a look 
all the way round the baseline so that we knew what they were like generally. So I think on 
the whole, I think the rowers have become quite accepting of it [sleep and movement 
behaviour assessment] as something that we look at, and if they're struggling to understand 
what's happening, of course if it [sleep and movement behaviour assessment] can help, 
ǘƘŜƴ ǘƘŜȅϥǊŜ ƻǇŜƴ ǘƻ ƛǘΩΩΦ  

 

CŀŎƛƭƛǘŀǘƛƴƎ ǘƘŜ ǇƻǿŜǊŦǳƭ ǎƻǳǊŎŜ ƻŦ ŎƻƴǘŜȄǘǳŀƭ ƛƴǎƛƎƘǘǎ ŦǊƻƳ нл ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ƘƛƎƘ-

performance sport industry (outlined in Chapter 1) was that of the pre-2012 
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Olympic/Paralympic Games pilot work (described in Chapter 6), along with accumulated 

academically and professionally valid knowledge over the London, Rio and Tokyo 

Olympic/Paralympic cycles (2008-2016).  Through the Professional Doctorate I was then able 

to consolidate such experiences and knowledge through thoughts behind new concepts, 

theories and critiques.  As such I have been able to present to a range of audiences and across 

platforms to the UK high-performance sport ƛƴŘǳǎǘǊȅΩǎ ŎƻŀŎƘŜǎΣ ŀǘƘƭŜǘŜǎ ŀƴŘ ǎǳǇǇƻǊǘ ǎǘŀŦŦΣ 

the importance of considering fatigue management and athletic performance in their 

performance planning processes (WITTW models).  This was part of a purposeful approach to 

showcase the impact fatigue management can have on WITTW models and enhance industry 

understanding of the concept of fatigue management.   

 

Certainly, the science of sleep and the importance of good sleep for athletes is becoming 

more commonplace in athletic preparation strategies.  Olympic sports such as Gymnastics, 

Sprint Canoe, Cycling, wǳƎōȅ тΩǎ ŀƴŘ wƻǿƛƴƎ now consider fatigue management as part of 

their preparation for major competition and some sports have commendably employed the 

ǳǎŜ ƻŦ ōŜǎǇƻƪŜ ŎƻƳƳŜǊŎƛŀƭ ΨǎƭŜŜǇ ǎȅǎǘŜƳǎΩ ǘƻ ŜƴƘŀƴŎŜ ŀǘƘƭŜǘŜǎΩ ǎƭŜŜǇ ǿƘƛƭǎǘ ŀǿŀȅ ŦǊƻƳ ƘƻƳŜ 

(Littlehales, 2012).  However, what is generally lacking is an evaluation of such practices.  For 

example, where a sport uses fatigue management techniques to capture data on athletic 

sleep, rarely is there a follow up to assess the success of a sport wide intervention.  Evaluation 

of a successful intervention may occur on an individual athlete basis, but there needs to be 

more of a focus on reflections of fatigue management interventions for a whole ǎǉǳŀŘΩǎ 

benefit e.g. British Gymnastics 2016 World Championships Travel Strategy.        
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Nonetheless, engagement in optimal fatigue management practices has had a direct effect 

and impact on UK current applied Sports Science and Medicine practice by opening dialogue 

between coaches, athletes and support staff, identifying potential fatigue management issues 

in individual athleteΩǎ and developing fatigue management education programmes relating to 

different aspects of training and performance (e.g. training versus competition).  Table 7.2 

includes quotes from interviewees regarding the evolution and engagement of the concept 

within the UK high performance sport industry.  

Table 7.2 Verbatim quotes from interviewees regarding the evolution and engagement of 
the concept of fatigue management within the UK high performance sport industry.  

P2 tр ΨΩΧΦΦǿŜϥǾŜ ǊŜŀŎƘŜŘ ŀ Ǉƻƛƴǘ ƛƴ ǘƘŜ [sleep] literature where there's a possibility that 
improved quality sleep can deliver a more integrated performance, but there's also a 
downside, so we're also aware that if there was such a thing as monitoring losses, that 
disturbed sleep, which we're increasingly realising is a constant risk in high performance 
sport, that disturbed sleep might actually detract from marginal gains made in other areas, 
and for me, one of the really interesting aspects of the research that you and myself and L 
have been conducting is the focus it's brought on the downside of the demands of elite 
performance on sleepΩΩ.  
 
P3 ΨΩ¸ŜǎΣ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ Lƴǎǘƛǘǳǘƛƻƴ ŀǊŜ ǎŀȅƛƴƎΣ ϦhYΣ ǘƘƛǎ ŀǊŜŀ ƻŦ ǎƭŜŜǇ ŘŜǎŜǊǾŜǎ ŀ ǎǘǊǳŎǘǳǊŜŘ 
programme of research". OK, there's obviously one something that is good enough to 
research, and we've kind of seen in the last three years that it's [fatigue management] gone 
outside of the PhD into something that's Institution-wide, how it's [fatigue management] 
addressed. So I think that was probably there the tipping point, I think. As soon as the PhD 
was introduced, it kind of tipped over the edge, and now people are kind of jumping on a 
[fatigue management] ƭƛǘǘƭŜ ōƛǘ ƳƻǊŜΩΩΦ 
 
tр ΨΩΧΦwe [PhD student and supervisors] designed a one-day [sleep] workshop which we felt 
delivered most of our messages to date, and reflected the kind of world view of sleep in 
sport. But this is where we developed this idea of we do not big it [fatigue management]  
up, we proportionately deliver messages about sleep, and we focus on solutions rather than 
problematising it [fatigue management]. And it worked, it [workshops] really worked well. 
It worked well for me for two reasons. One of them is because three of us worked well in 
delivering the messages, but the interactions that then developed between trainers, 
between sports physicians, between practitioners and ourselves guaranteed a feedback of 
information that we used to modify our messages, and to develop other messagesΩΩΦ  

 

.ȅ ŜƴŎƻǳǊŀƎƛƴƎ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ ǘƻ ōŜŎƻƳŜ ŀƴ ŜǎǘŀōƭƛǎƘŜŘ ǇŀǊǘ ƻŦ ŀƴ ŀǘƘƭŜǘŜΩǎ 

assessment profile and through the reporting of some projects involving investigations into 
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sleep, associated movement behaviour and athletic performance, the impact of introducing 

this concept becomes apparent.  Overall, introducing the concept of fatigue management, 

through sleep and movement behaviour measurement and analysis, has I believe, advanced 

the understanding of fatigue management in athletic performance and therefore been a 

success.   

 

Critical factors to that success have been as follows. Firstly, and vital to the process, was 

proactively increasing athlete, coach and support staff awareness of fatigue management; 

what it is and how to manage it.  Consecutive to this was an ability to contextualise 

ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǊŜƭŜǾŀƴǘ ŀǳŘƛŜƴŎŜǎ ŀƴŘ Ǝŀƛƴ ŀŘƘŜǊŜƴŎŜ ŀƴŘ Ψōǳȅ-ƛƴΩ ŦǊƻƳ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎΣ 

medical, coaching and athletic populations analysed.    

 

Secondly, using actigraphy to objectively demonstrate to athletes their sleep and movement 

behaviour profiles and by describing fatigue management in such a manner, evaded causing 

alarm, but increased pragmatic decisions made by athletes and coaches in relation to their 

fatigue management.  

 

Further, and critical to the success of my strategy to introduce fatigue management to the UK 

high performance sport system, has been a long-term goal of establishing the EIS site at 

Bisham Abbey as a Centre of Excellence for fatigue management knowledge.  This centre 

would include all aspects relating to sleep and associated movement behaviour and athletic 

performance e.g. sleep extension, circadian rhythm disruption and training versus 

competition.  Through observing impact, exponential increases in project requests involving 

fatigue management and outputs for dissemination of knowledge, it is clear that this has been 
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achieved.  Most recent evidence being advising Team GB/Paralympics GB on their sleep and 

travel plans for the Tokyo 2020 Olympic and Paralympic Games.  For example, the EIS 

wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ¢ŜŀƳΩǎ ŎƻƴǎǳƭǘŀƴŎȅ ǿƻǊƪ ǿƛǘƘ {ǇƻǊǘǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜƛǊ ¢ƻƪȅƻ ǘǊŀǾŜƭ 

strategies.  Additional kudos to this process has been the collaboration with Professor Morgan 

at the Loughborough University Clinical Sleep Research Unit and funding from the EIS itself to 

further disseminate knowledge throughout the system.  Principle means for this being 

through ad hoc consultancy with priority athletes and the aforementioned workshops to 

Sports regarding sleep and athletic performance (Chapter 6).  

 

Table 7.3 outlines some of the quotes from interviewees regarding the impact and success of 

evolving the concept of fatigue management in the UK high performance sport industry. 

Table 7.3 Interviewee responses regarding impact and success of evolving fatigue 
management as a concept 

tм ΨΩL ǘƘƛƴƪ ǘƘŜǊŜϥǎ ŀƴ ŀǿŀǊŜƴŜǎǎ ƴƻǿ ώƻŦ ŦŀǘƛƎǳŜ ƳŀƴŀƎŜƳŜƴǘ], and it's, I think it will, when 
we [practitioners] reflect back after, I think it will be that thing of the [Olympic] cycle. You 
know when you have something, and everyone goes, "Actually, that [fatigue management] 
ǿŀǎ ǇǊƻōŀōƭȅ ǘƘŜ ōƛƎƎŜǎǘ ƭŜŀǊƴƛƴƎ ŎǳǊǾŜ ƛƴ ŀ ƭƻǘ ƻŦ ǎǇƻǊǘΩΩΦ 
 
tп ΨΩΧǿŜ ώǇǊŀŎǘƛǘƛƻƴŜǊǎϐ looked at some sleep profiles ten days before we got on a long-haul 
flight going to Brazil, and we saw a gender-specific issue, again with a very small subject 
group, but on the back of that I've heard a few other conversations of other sports when 
I've chatted to them about it [fatigue management], and it kind of makes sense. So that 
information has led to us changing flight times before the pre- [Olympic] DŀƳŜǎ ŎŀƳǇΩΩΦ 
 
tп ΨΩ¸ŜǎΣ ǿƛǘƘƻǳǘ ŀ ŘƻǳōǘΦ Lǘ [sleep] unlocks a lot of conversations with coaches around really 
specifically looking at the work to rest ratios on day one to three when you land in an 
environment, and yes, without that information, it [fatigue management] would have been 
just a conversation, without necessarily any weighting towards it [fatigue management]ΩΩΦ 
 
tо ΨΩ¸ŜǎΣ ǿƘŜƴ ƛǘ [a sleep project] is managed carefully, and athletes' expectations are set 
beforehand, and they adhere to what they're meant to be doing properly, and then they 
give you the information back, and that information is interpreted, and the message is 
presented, a kind of not overemphasised, and everything's done kind of that way, it [fatigue 
management] ǿƻǊƪǎ ǊŜŀƭƭȅ ǿŜƭƭΩΩ  
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tп ΨΩL ǘƘƛƴƪ L ǿƻǳƭŘ ǇǊƻōŀōƭȅ ǾƛŜǿ ǘƘƛǎ ǿƻǊƪ Ŧƭƻǿ [sleep] as pretty high up in terms of value 
add to sports, so sports invest in the institute from a practitioner perspective, but also 
expect to get auxiliary benefits by investing in an institute, and I see this work flow 
particularly as something that has a start and an ending to it, so it doesn't elongate and blur 
those, and I think it's [fatigue management] been a quite nice little package that can be 
delivered across a number of sports, and has been done, so without necessarily requiring 
too much follow up on the back of the information there, and it [fatigue management] can 
ƘŀǾŜ ǊŜƭŀǘƛǾŜƭȅ ǉǳƛŎƪ ƛƳǇŀŎǘΩΩΦ 
 
P4 ΨΩLƳǇŀŎǘ ƛǎ ǇǊƛƳŀǊƛƭȅ ŀǊƻǳƴŘ ǊŜŀǎǎǳǊŀƴŎŜΦ ²ith some of the athletes, it's making them 
feel that they're normal. There's been a couple of specific examples where lifestyle has 
impacted on sleep, but understanding what that looked like would not have been achieved 
without looking at the sleep before or after itΦΩΩ 
 
tо ΨΩ{ƻ ǘƘŜƴΣ ǘƘŜȅ [athletes] basically just wore sleep watches, and that was it. Now they 
[athletes] get an online survey which has a questionnaire side to it, they would wear the 
sleep watches, and the emphasis is not entirely on the sleep watches. Now it's kind of this 
is a part of it [fatigue management], not the entire assessment package. There's also this 
side to it, and when it all comes back, it's presented in a much more holistic way that will 
probably involve different practitioners and different disciplines, as opposed to just me 
ƎƻƛƴƎ ƛƴ ŀƴŘ ǘŀƭƪƛƴƎ ŀōƻǳǘ ǎƭŜŜǇΩΩΦ 
 
tн ΨΩL ǘƘƛƴƪ ǘƘŜ [sleep] analysis allows us [Sports Science and Medicine support team], to 
have some discussions with the rowers which we perhaps could not have before. It 
introduces the concept of how do you prepare to sleep, why have you got such variable 
bedtimes, what are you doing in your life outside of rowing, which they may not have felt 
that they wanted to talk to us about, or we may not have felt we had the right to go and 
enquire about, but having data which showed maybe they were variable, or they were going 
to bed extremely late and not getting much sleep, then we had an introduction to discuss 
such things with them. But it also raised for us the possibility that there were other things 
going on that they might not be dealing with, like restless sleep, and were there family issues 
or issues in their lives which actually they weren't in control of. And so that raised us [Sports 
Science and Medicine support team], again, the opportunity to have a discussion, and ask 
ǘƘŜƳ ǘƻ ǾƻƭǳƴǘŜŜǊ ǘƘƛƴƎǎ ǘƻ ǳǎ ǿƘƛŎƘ ǘƘŜȅ Ƴŀȅ ƴƻǘ ƘŀǾŜ ŦŜƭǘ ǘƘŜȅ ŎƻǳƭŘ ǘŀƭƪ ŀōƻǳǘ ōŜŦƻǊŜΩΩΦ  

 

7.1.2.3 Challenges and Adversities 

Principle challenges identified by athletes were primarily centred around a perceived lack of 

privacy; athletes needed to feel practitioners were not over scrutinising them.  As coaches 

and practitioners already assess such large portions of an athleteΩs overall training regime, 

their sleep is often the last area of their lives that is not assessed and measured.  Therefore, 

in my work with athletes, I had to be careful to educate athletes, via group workshops ahead 
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of individual actigraphy assessments, as to why I was gathering information on their fatigue 

management and how the data could be used to aid training and performance.  

 

Delivering one of the initial education workshops to British Rowing was, in part, a success as 

well as a challenge, as the Chief Coach, who I was working with, planned the workshops 

directly into the training programme.  This was a personal achievement in my relationship 

with the Chief Coach who rarely scheduled anything else into their training programmes.  This 

sent a message to the squad in question that the Chief Coach believed the fatigue 

management concept to be important and therefore they should follow suit.  

 

Further challenges were the fact that athletes may attempt to skew data by seeking to falsify 

the actigraphy assessment.  Careful explanation of the reasons why fatigue management was 

being assessed and expectation management would negate this from happening.  

 

In line with this ǿŀǎ ǘƘŜ Ψǎƻ ǿƘŀǘΩ ǉǳŜǎǘƛƻƴΦ  aŜŀƴƛƴƎ ŎƻŀŎƘŜǎ ǿƻǳƭŘ ŀǎƪΣ άǿŜ ŀƭƭ ǎƭŜŜǇ ǎƻ ǿƘȅ 

Řƻ ǿŜ ƴŜŜŘ ǘƻ ŀǎǎŜǎǎ ƛǘέΚ  Another uncertainty was whether coaches and athletes would 

engage with the concept given that there was no direct quantifiable link to performance 

enhancement?   Here, concise explanations and practice-based evidence helped to engage 

relevant parties.   

 

The process also involved an element of risk in that I did not know if other Sports Science and 

Medicine ŘƛǎŎƛǇƭƛƴŜǎ ǿƻǳƭŘ Ψōǳȅ ƛƴΩ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘΦ  I also had to ensure that the concept of 

fatigue management was not ΨƻǾŜǊ-ŜƳǇƘŀǎƛǎŜŘΩΦ  tǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƳŜǎǎŀƎŜ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ƪŜȅ 

to the success of any fatigue management project. Instinct and intuition provided a large part 
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of my motivation to be proactive and drive the change in practice as I knew the consequences 

of including fatigue management in athlete assessment would be of benefit to performance 

programmes.   

 

However, we were a product of our own success and whilst the UK high performance sport 

system bought into sleep and movement behaviour as worthy impact factors on performance 

and worth monitoring, the demand often exceeded the resources available to deliver such 

support.  The нлмс ΨǎƭŜŜǇ roadshowsΩ helped initially in terms of educating practitioners on 

what sleep was and the various options available to them to capture data on sleep and 

movement behaviour in line with their Sport(s) Ψ²hat it Takes to WinΩ ό²L¢¢²ύ models.  

However, this did not prevent Sports contacting myself or my PhD student for direct help in 

delivering sleep projects.  The demand for this became too much at times and was not a good 

use of our time as some {ǇƻǊǘǎ ƘŀŘƴΩǘ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ŀƭƛƎƴŜŘ ǎƭŜŜǇ ǉǳŜǊƛŜǎ ǘƻ ǘƘŜƛǊ ²L¢¢² 

models, nor did it develop our technical knowledge of Sleep as a lot of the work was repetitive 

in nature.  This unfortunately led to some adversities in terms of relationships with Sports and 

their practitioners having to understand their WITTW models better to make more informed 

decisions as to the priority areas in their Sports performance programmes.  Further, at times, 

too many people became involved in projects as there was, in some cases, duplicity and 

confusion in leadership and guidance of practitioner.  Following the Rio 2016 Olympic Games, 

the restructure of ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΩǎ DƻǾŜǊƴƛƴƎ .ƻŘƛŜǎ ƻŦ {ǇƻǊǘ ŀƴŘ ǘƘŜ 9L{Ωǎ ƘƛƎƘ 

performance support management stream, helped to clarify some of this confusion.    

 

The difficulties in resource demands coincided with matters of expectation management.  For 

example, I had to consider the fact that practitioners receiving information on the sleep and 
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downtime practices of their athletes, potentially may fail to contextualise information 

gathered against training plans and this could potentially affect any athlete and coach 

engagement.  With this in mind, I had to be succinct and transparent about how practitioners 

(me) were going to analyse and use the data, particularly as there was the potential for a large 

amount of both subjective and objective data generated.   

 

The demographic of the athlete population in certain sports also presented some challenges.  

For example, in one sport where a fatigue management project was delivered as a result of 

the workshops presented (outlined in Chapter 6), the athletes were from a challenging socio-

economic background.  Consequently, good sleep and downtime routines had perhaps been 

either been non-existent in their development as a young athlete or at the very least were 

not seen as a priority by coaching staff.  

 

A greater, though typical challenge to elite athlete sleep, arises from international 

competition, and consequent travel fatigue and circadian desynchrony. This was particularly 

pertinent to the Rio 2016 and Tokyo 2020 Olympic cycles.  Therefore, the challenge was to 

educate practitioners as to the benefits of gaining baseline data in the normal training 

environment ahead of initiating projects relating to potential issues involving long haul travel.   

 

In line with long haul travel data collection, a particular adversity in relation to the Rio 2016 

Olympic Games and sleep and movement behaviour projects, was a project I discussed with 

Team GB in relation to support staff and assessment of their fatigue management practices 

ŘǳǊƛƴƎ ΨDŀƳŜǎ ¢ƛƳŜΩ.  This idea stemmed from my conversations, in the lead into the Rio 2016 

Olympic Games, with members of the Team GB (and Paralympic GB) leadership teams and 
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key Sport and EIS Sports Science and Medicine personnel.  Given the success of the sleep 

projects with some Sports, people in leadership positions for Team GB had rightly questioned 

whether we should collect data on Team GB support staff during this crucial phase of the 

Olympic cycle.  The aim being this would provide intelligence on the sleep and downtime 

practices of support staff ŘǳǊƛƴƎ ΨDŀƳŜǎ ¢ƛƳŜΩ, highlight any individuals with sleep issues and 

help in the preparation of future Team GB support staff in terms of optimal working 

performance and their overall health and wellbeing during this critical phase.  The project 

gained some momentum in that I scoped out the logistics of providing resources to be able 

to collect the relevant data for such a project (e.g. actiwatches, online questionnaires, staff 

availability for analysis and reporting).  However, the timing of the project was deemed to be 

too close to the start of the Rio 2016 Olympic Games and was therefore postponed, with 

recognition it would provide valuable information if such a project was launched in the future.  

I therefore suggested that instead, the EIS and Team GB run a pilot project with the upcoming 

Winter Olympics (PyeongChang 2018) and/or the 2018 Commonwealth Games (Gold Coast 

2018), as both events involved eastward long haul travel and could provide valuable 

intelligence ahead of the Tokyo 2020 Olympic Games.  This idea failed to gather momentum 

as I subsequently left the EIS and have been on maternity leave 2017/18 and, so far as I am 

aware, no one else took responsibility for it within either organisation.    

 

Table 7.4 represents some of the intervieweesΩ perceptions of the challenges and adversities 

faced with the evolution of the fatigue management concept. 

 

 




