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	Module Learning Outcomes 
(from module syllabus)

	· Critically evaluate the effect of the environment on an individual’s ability to perform exercise 
· Critically discuss the causes of fatigue from a multi-system perspective
· Conduct and evaluate a range of physiological measurement techniques






	
TASK DESCRIPTION




For an event of your choice, critically evaluate the physiological strategies an athlete could utilise prior to and during the the event in order to maximise their performance.

Use current research and literature to support your opinions and make recommendations as to the most appropriate strategy an athlete should follow both before, during and after the event. 

Depending on the type of event you choose, you may wish to review strategies such as:
· Periodisation of training
· Intensity distribution models
· Monitoring of training load, stress and strain (Acute and Chronic workload balance)
· Use of HRV to inform training
· Nutritional periodisation
· Nutritional strategies during the event
· Acclimation/environmental strategies
· Pacing strategies
· Recovery strategies
· (there is no need to review all or even any of these unless you deem it suitable – this is just a suggestion to indicate the types of strategies you might want to consider)

You may structure and format the document as you see fit, however please ensure it includes the following:
· A brief summary of the event itself, including details such as typical intensity/duration of event, predominant energy systems being used, the expected environmental conditions, etc.
· An explanation of the main factors that influence the onset of fatigue in this event, and strategies that can be employed to mitigate/delay this.














	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set; you should make use of scholarly reviews and primary sources, where appropriate (for example, refereed research articles and/or original materials appropriate to the discipline).    You should provide evidence that you have accessed a wide range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 

Guidance specific to this assessment: 
Ensure that you provide supporting references on all advice given – at this level you should be relying almost exclusively on high quality primary research data (journal articles)

2. Knowledge and Understanding Skills
At level 6, you should be able to demonstrate coherent and detailed knowledge and a systematic understanding of the subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline. You should be aware of the uncertainty, ambiguity and limits of knowledge. Your work must demonstrate the growing extent of your knowledge and systematic understanding of concepts and underlying principles associated with the subject area.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. meaningfully to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding; ideally each should be complete and detailed, with comprehensive coverage. 

Guidance specific to this assessment: 
Remember that this is a physiology module, so ensure that you explain the underpinning physiological mechanisms behind the advice you are giving.

3. Cognitive and Intellectual Skills
You should be able to: critically evaluate evidence, arguments, assumptions, abstract concepts and data some of which are at the forefront of a discipline (and that may be incomplete) to devise and sustain arguments, to make judgements and/or solve problems; describe and comment upon particular aspects of current research, or equivalent advanced scholarship, in the discipline Your work must contain evidence of logical, analytical thinking, evaluation and synthesis. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? At all times, you must provide justification for your arguments and judgements.  Evidence that you have reflected upon the ideas of others within the subject area is crucial to you providing a reasoned and informed debate within your work.  Furthermore, you should provide evidence that you are able to make sound judgements and convincing arguments using data and concepts.  Sound, valid conclusions are necessary and must be derived from the content of your work.   Where relevant, alternative solutions and recommendations may be proposed.

Guidance specific to this assessment: 
Ensure you explain and justify all advice given. Some aspects, e.g. causes of fatigue, are contentious areas where there is no widely accepted theory – you need to show that you are aware of different viewpoints, and justify your own conclusions. You should also critically review research papers rather than accepting the conclusions as fact – e.g. if two similar studies show differing findings, can you review their methods and results in order to figure out why they differ, and suggest which finding is most relevant to your chosen context.

4. Practical Skills
At level 6, you should be able to apply the methods and techniques that you have learned to review, consolidate, extend and apply your knowledge and understanding, and to initiate and carry out projects. You will deploy accurately established techniques of analysis and enquiry relevant to the discipline, and apply them in complex and unpredictable contexts, to devise and sustain arguments and/or to solve problems. You should be able to frame appropriate questions to achieve a solution - or identify a range of solutions. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context or circumstances, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts, some of which may be innovative and creative.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  You should show awareness of the limitations of concepts and theories when applied in particular contexts.

Guidance specific to this assessment: 
Ensure that the advice you give is realistic to the situation – for example, there may be a gold-standard method for preparing an athlete for a particular environment, but can this be realistically implemented in the particular scenario you are focussing on?

5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for graduate-level employment requiring the exercise of initiative and personal responsibility and decision-making in complex and unpredictable circumstances.  This includes demonstrating: the learning ability for professional development to advance existing skills and acquire new competences of a professional nature that will enable you to assume significant responsibility within organisations; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; that you can use appropriate media to effectively communicate information, arguments and analysis in a variety of forms to specialist and non-specialist audiences; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.


Guidance specific to this assessment: 
Present your work in a clearly and ensure the document is structured in a way that is easy to follow.




	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
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Multi-day ULTRA MARATHON in WALES 100km

Introduction to Ultra-marathon and fatigue:
Ultramarathons are any race over marathon distance of 42km (Garbisu-Hualde and Santos-Concejero, 2020). Typically, these races start at 50km and can range up to and beyond 250km and span multiple days. This case study will focus on strategies to enhance performance for a Welsh athlete racing in the UltraX Wales 100km ultra marathon taking place in mid-August. This race has an average temperature of 20-22, average humidity of 75% and elevation of 4,858m over the duration of the multi-stage race. Environment and high volume of exercise put stress on the body which may impact performance (Millet, Hoffman and Morin, 2012). In this case study, a variety of methods to reduce the effects of these stressors on an athlete will be discussed in relation to the sport of Ultra-marathon running.

In a 100km Ultramarathon the main influence of fatigue comes from surpassing the aerobic threshold, causing a build-up of metabolic by products as a result of the production of lactate as the athlete begins to use carbohydrate to fuel their performance (Tiller, 2019). This is why it is important for athletes to maintain sub-lactate threshold intensities for a prolonged period to reduce the production of metabolites such as hydrogen to ensure they can continue to perform with minimal fatigue for a minimum of 6 hours at a time; which is the average completion time for the first 50km in a multi stage race (Spittler and Oberle, 2019). Optimal utilisation of the aerobic respiration system and reduction in time spent using the anaerobic system is key (Garbisu-Hualde and Santos-Concejero, 2020) to sustaining the forementioned submaximal effort over multiple days. 

Peripheral fatigue is an effect of increased workload in which the body cannot maintain homeostasis (Tornero-Aguilera et al., 2022). Increased workload and decrease in the body’s ability to produce the force and energy required for exercise can negatively impact race performance (Tornero-Aguilera et al., 2022). Maintaining an aerobic state is important for minimising this in the early hours of a race (Balducci et al., 2017). If the athlete works at a rate which takes them from steady state to their lactate threshold at Ventilatory threshold 2(VT2) Adenosine Triphosphate is produced via the glycolytic pathway, rather than fat oxidation, which occurs at and below ventilatory threshold one (VT1) (Rontoyannis, Skoulis and Pavlou, 1989). Ventilatory threshold one is where an athlete begins to accumulate lactate and breathing rate increases, signifying an increase in work rate and intensity and can be maintained for 2 or more hours for a trained athlete( (Larumbe-Zabala et al., 2020)).At Ventilatory threshold two, lactate accumulation is significantly higher and intensity is maintainable for just 30 to 60 minutes in trained athletes (Larumbe-Zabala et al., 2020).  However, glycolysis can only be maintained for the time in which the athlete maintains carbohydrate saturation in the working muscles (Naderi et al., 2023a) which is longer during VT1,2 hours, than VT2,30-60 minutes. When muscles become glycogen depleted then fat stores must be utilised to create fuel through the process of fat oxidation (Volek, Noakes and Phinney, 2015) which becomes difficult in VT2 which is at a higher intensity than is desired for fat oxidation often meaning an athlete will ‘hit the wall’ (Tiller, 2019) resulting in reduced performance or failure to complete the race due to extreme fatigue. Without consistent carbohydrate feedings an athlete can deplete carbohydrate stores within an hour (da Fonseca-Engelhardt et al., 2013). This can be combatted by training and nutritional strategies to allow the athlete to utilise their fat stores more efficiently during exercise, encouraging glycogen usage as intensity increases. Risk of muscular and tendon fatigue and injury caused by repeated impacts, inclines and declines are a factor for consideration when preparing this athlete for an ultramarathon  (Hoffman and Krishnan, 2014). Risk of injury increases if training fails to prepare the athlete adequately for the volume during the race. 

In order to adequately prepare for the race, the athlete should take into consideration the training and nutritional protocols that will all mitigate the influence of fatigue and improve performance.

Training volume management:
Training volume is a key factor to consider when preparing for taking on an extreme event such as an ultra-marathon. A study by, Citarella (2021) saw that athletes who covered more kilometres per week in training, saw significantly faster race finish times, however in contrast to this a study by (Costa, Hoffman and Stellingwerff, 2019) showed minimal significance in the effect of training volume and race finish time in trained athletes, this contrast in findings may be due to the participants having different training experiences as Ciatrella (2021) used recreational athletes whereas Costa et al (2019) tested trained athletes. Another factor to consider the potential reasoning behind contrasting outcomes may be due to the participants ability to recover from the increased training volume. Therefor it is important to tailor the training volume to the individual athlete and their acute training load (ATL) which helps to understand the residual effects of exercise in subsequent days by analysing excess post exercise oxygen consumption (Doma et al., 2019). high acute load if not managed with adequate rest can cause overreaching so monitoring this and the Chronic training load is important to ensure the athlete is overreaching in order to cause cardiorespiratory adaptations but not overtraining impacting ability to recover or perform in training.
A method for applying this to training has been outlined by Paquette et al(2020) who suggests that instead of using weekly distance to tailor training, that monthly load should be assessed and as long as the intensity and distance accumulated remains in a positive state of overreaching then a positive impact on performance will occur (Paquette et al., 2020).

Recovery in training:
Increased training volume also has a risk of injury so pairing this with adequate recovery strategies to ensure that the athlete is receiving the desired adaptations from the training but also recovering for increased distance covered during training to ensure proper intensity is met during training and injury risk is kept at a minimum.

Heart-rate variability:
HRV, is described as heart rate variability, which is the variation in time between each heartbeat and is controlled by the autonomous nervous system, the greater the variation between heart beats the more recovered the athlete is (Saboul et al., 2016). Higher HRV demonstrates the parasympathetic system is in control, this is also known as ‘rest and digest’, signifying the body is recovered and prepared for stressors such as training or competition (van Ravenswaaij-Arts et al., 1993). Whereas lower HRV is indicated by the sympathetic system which is also known as the ‘fight or flight’ response indicating the body is still in recovery from previous stress placed on the body, either through training or other life stresses. Many wearable technologies, such as watches and heart rate monitors can now measure HRV during the time an athlete is asleep. This provides athletes an indication on how prepared their body is to take on stress that day and can alter training if necessary to avoid creating additional fatigue (Seshadri et al., 2019). However, it is important to note that HRV can only provide a representation of the state of the nervous system and cannot account for musculoskeletal factors such as muscle soreness which may outlast the nervous system fatigue (Chuckravanen et al., 2019).Regardless, the main form of fatigue that impacts ultra-distance athletes will be central fatigue, of the cardiorespiratory system (Andreu-Caravaca et al., 2021). For example, it has been shown that undulating periodisation in relation to HRV has an equal training benefit to undulating periodisation without regarding HRV or recovery (Ruiz et al.,2020). HRV measures the effects training has on recovery but also general life stress that may impact the athletes heart rate causing reduced recovery (Kim et al., 2018) a factor that may be overlooked by an athlete. 

HRV specific undulating periodisation is a strategy that could be implemented in training for this athlete. A study conducted by Saboul et al (2016) saw that periodising training correlating to HRV allowed for improved performance as much as pre-determined periodisation. This could be done for this athlete to optimise their training pre-race. For example, the method utilised by Saboul et al (2016) was a week of training consisting of 4 training sessions, two of which were steady state long duration sessions,75+mins, and the other two were shorter in distance but increased intensity ~30mins. This study measured HRV on the morning of training: The athlete would look at their heart rate monitor to see whether their HRV is elevated or lower than its average value, if the HRV was reduced on a day where high intensity was required the athlete would swap to the lower intensity session and revisit their high intensity session when HRV has returned to normal values (Saboul et al., 2016). 

To mitigate the risk of injury and optimise performance in training to create optimal adaptations in response to training it is important for the athlete to know their level of recovery (Javorka et al., 2002). Heart rate Variability has become an increasingly popular and scientifically backed method of doing so. Many wearable devices such as the “WHOOP band” (Støve and Hansen, 2023) can measure the athletes HRV during sleep, meaning they are easily accessible and as long as the athlete uses the same time of day for measurement and any question about accuracy of measures will still show difference in fatigue in the system despite wrist measures being shown to be less accurate than chest straps, however they are more convenient and less of a barrier to measuring the HRV when compared to chest straps .

Strength training for reducing injury risk:
The sport of ultramarathon requires high volumes of running in training and race day. Meaning a high volume of impact on the lower limbs of the athlete increasing risk of injury due to forces through the athletes’ lower limbs upon impact (Johnson et al., 2020). It is important to reduce risk of injury’s that are common amongst ultra-marathons runners, such as pulling a muscle, stress fractures and tendon and ligament tears (Hoffman and Krishnan, 2014). These risks can be reduced by incorporating some resistance training into the athletes weekly training schedule. This method of strength training is widely applied in endurance sports as it improves strength via neuromuscular pathways while minimising the hypertrophic effect, avoiding increasing the mass of the athlete, which would detrimentally effect performance as suggested by Garbisu-Hualde et al (2020). Heavy weights,85-95% of one repetition max, lifted for 3-5 repetitions have been shown to be the most effective way to build strength in muscles and tendons while minimising the fatigue and hypertrophy. Resistance training was also seen to improve running efficiency by 3.5% according to a study by (Lum and Barbosa, 2019)

Nutrition in training:
While training methods are important for improving performance. Nutritional strategies in training, prior to and during the race are also vital for this athlete.

Gastrointestinal discomfort during a race is one a reason why athletes will withdraw from a race, coming second to dehydration(Costa, Hoffman and Stellingwerff, 2019). It is important that the athlete trials supplements, gels, and other foods they may bring with them on their race to fuel them; or trial the supplements that are being supplied by the organisers during training. This is important for athletes to train their gut to adjust to the ingestion of unknown foods as well as a high-volume of carbohydrates (Naderi et al., 2023b). It is important to do this as if an athlete trials a new type of carbohydrate drink, they are not used to they may not digest it well and undigested carbohydrates alter the osmotic load of the bowel which attracts water and electrolytes causing abdominal pain and potentially diarrhoea (Jeukendrup, 2010).

During training, one method that can be used to assist in the athlete utilising fat stores for longer distance running is the “sleep low, train low method” in which the athletes consume little to no carbohydrate before sleeping, then will perform training as normal the next morning, not replenishing the carbohydrate stores. In this carbohydrate depleted state athletes adapt to reduced carbohydrate availability therefore become more efficient at fat oxidation  (Waterworth et al., 2020). This would be a beneficial method for this athlete during the long steady state exercise they will be undertaking on race day in order to ensure carbohydrate stores are maintained for the most difficult elements of the race  (Maunder et al., 2022).

Pre-Race nutrition strategies:
The week prior to the race it is vital that athletes saturate the muscle glycogen stores, saturating the muscles with glycogen means that it is readily available to be used in exercise (Koenig et al., 2019).This can be done via a method known as carbohydrate loading (Bussau et al., 2002). This is where 24-48hours prior to the race the dietary recommendations suggest that athletes should consume around 10grams of carbohydrate per kilogram of bodyweight (Burke et al., 2011). 
Due to the intensity of the race, restoration of glycogen stores is important. The night prior to day 1 and between stages is an important point in which refuelling and carbohydrate loading strategies can be implemented (Iwayama et al., 2022). This can be done by high intakes of high carbohydrate foods, ensuring they are foods that are easily digestible and savoury as most of the carbohydrate intake during the actual racing time will be flavoured with sweet flavourings, so will aid in reducing taste fatigue  (Blennerhassett, McNaughton and Sparks, 2019)which happens intra race where athletes do not want to take on any more carbohydrates as they can no longer tolerate such a high concentrate of sweetness.



Intra-race nutrition strategies:
During an ultramarathon athletes may lose up to 4% loss in bodyweight. This is due to the high energy requirements, for example athletes running 50km races may expend 5,000-7,000 Kcals (Blennerhassett, McNaughton and Sparks, 2019), variation in energy expenditure can be derived from time to completion of the race and mass and fitness of the athlete (Garbisu-Hualde and Santos-Concejero, 2020). Without an adequate intra-race nutritional protocol, the athlete may risk severe fatigue and not finishing the race, injury or causing harm to their health (Hoffman and Krishnan, 2014). To ensure adequate carbohydrate levels athletes should aim to consume a total of 90grams of carbohydrate per hour( (Rowlands et al., 2015)), however consuming those 90g as glucose is not beneficial, this is due to the reduced digestive ability and risk of gastrointestinal discomfort with this volume of just glucose (Jeukendrup, 2010). Instead, athletes should prioritise 60g as glucose and 30g as fructose(Rowlands et al., 2015). This combination of glucose and fructose has been demonstrated on multiple occasions to increase performance (Blennerhassett, McNaughton and Sparks, 2019). Some studies have also seen that this combination of glucose and fructose is beneficial for recovery as it accelerates post exercise glycogen repletion rates from the liver (Blennerhassett, McNaughton and Sparks, 2019).King et al (2019) investigated if higher doses of fructose and glucose would improve performance, but saw that 100g split between glucose and fructose saw that it increased muscle glycogen reliance and reduced time trial performance. 

To conclude, it is vital that this athlete considers both nutritional and training strategies to enhance performance and recovery; including HRV based undulating periodisation during training leading up to the marathon as well as implementing an increased training volume. Nutritionally, the athlete should consider the sleep low train low method during training, and contrastingly use the method of carbohydrate loading pre-race, as well as ensuring regular consumption of 60grams of glucose and 30grams of fructose every hour during the race. These combining methods should enhance the athlete’s performance and reduce risk of injury and increase likelihood of race competition.
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