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Abstract 

Introduction: ACSM guidelines (ACSM, 2020), state that individuals per week should accumulate 150 minutes of moderate aerobic exercise, 75 minute of vigorous exercise or a mixture of the two, as well as at least two weight baring exercises. The aim of this study is to compare CrossFit to ACSM guidelines, as well as to compare a CrossFit base incremental fitness test to a Vo2 max test for more specific heart rate training zones relative to CrossFit. 
Methods: N=23 participants took part in the study, all participants wore Polar heart rate monitors for 2x 1-hour CrossFit training classes. N=1 participant completed a Vo2 max test and an incremental fitness test to be used as the pilot study for CrossFit specific training zones.
Results: from the results gathered N=23 showed, each participants heart rated varied on their past and current fitness levels. However, as a class time spent in the zones required to reach guidelines where %.  16 minutes 30 seconds in 77% > and 28 minutes 30 seconds in 64-76% > in session 1 and 19 minutes 50 seconds in 77% > and 19 minutes in 64-76% > in session 2.
Discussion: CrossFit training sessions do relate to meeting the current UK government fitness guidelines (Gov.uk. 2019) and ACSM guidelines (ACSM, 2020). Incremental fitness tests do have a role in sport specific testing however validity and reliability needs improving, or the tests need to be set without any altering or results will vary on specific of the sports and movements. 
Conclusion: to conclude you can meet ACSM guidelines via CrossFit as a training method, the amount for 1-hour training session per week to meet the required guidelines is specific per individual. However, from class results, 3-4 sessions per week is the required amount. 
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Introduction

Health and fitness have always played a key role in humans’ survival in life. From early years of cavemen hunting giant beasts to strength and power on the battlefield, to displays of individual strength as the World's Strongest Man. This leads to Greece who were the first nation recorded to use sports and fitness as a competition, which is still used in today’s society, (Kokkinos and Myers, 2019). Fitness has subsequently developed into a lifestyle choice in modern day society with many employers expecting physical ability to be included in the selection process e.g. police, military services and fire fighter. Fire fighters showing better than average results across multiple fitness tests, (Michaelides et al, 2011).

Benefits of improved physical health are not limited to job preference. There is a plethora of evidence supporting the impact of physical activity on health and the subsequent increase in activity and correlation to increase in chronic health conditions, (see Appendix 12). If a 10% extra became physically active it would save up to – 1.3 million lives per year (WHO, 2020), (Gov.uk, 2019), (PHE, 2020) (Hallal and Ramirez, 2015). The current levels of physical activity across UK range from 29% to 64% (see Appendix 13).

Overweight and obesity are a major issue worldwide with stats in 2005 showing 1.6 billion adults being overweight (BMI > 25kg/m²) and 400 million been classified as obese (BMI > 30kg/m²) via body mass index chart (see Appendix 17). These numbers where expected to raise to 2.3 billion adults overweight and 700 million adults classed as obese by 2015, (Malik et al, 2010). Risk of been inactive aside from fatality are numerous, from coronary heart disease, type 2 diabetes and some forms of cancer (breast and colon), (Lee et al, 2012). With inactivity levels been so significant worldwide, increased activity levels will reduce the risk of fatality and risk of multiple diseases, (Lee et al, 2012), (Hallal et al 2012). Exercise is one of two factors that highlight contribute towards reduction in fatality and chronic diseases, nutritional intake, (Enkhmaa et al, 2018).

Individuals who lead a more sedentary lifestyle and job are seen to be a higher risk of cardiovascular disease (CVD) such as obesity and diabetes, (Enkhmaa et al, 2018). More research found that those individuals with a lower energy expenditure had a 60% > of increased risk of CVD, (Paffenbarger et al, 1978). Type 2 diabetes’s and obesity can be reduced by physical activity has been proved to improve blood glucose control and even delay type 2 diabetes, physical activity and weight loss has been shown to decrease the risk of type 2 diabetes by up to %8% in high risk population, (Colberg et al, 2010).

Physiological benefits of aerobic and anaerobic training are intake and use of oxygen delivered to muscles during aerobic exercise and the adaptions to the neuromuscular system from anaerobic training, (Haff and Triplett, 2016). Wider benefits of physical activity are seen in health gains including physical, mental and emotional well-being, (Gov.uk, 2019), (McKinney et al, 2016). Along with benefits, such as social interaction and community cohesion, (Glassman, 2004). There is greater adherence to exercise programmes where there is a social aspect and interaction, (Nielsen et al, 2014), (Morton et al, 2019).

Current International and UK fitness guidelines for adults (aged 19-64 years old) propose adults partake in aerobics, cardiovascular exercise and anaerobic weight baring exercises for periods of times, (WHO, 2020), (Gov.UK, 2019), 150 min of moderate intensity aerobic exercise, 75 minutes of vigorous intensity aerobic exercise or a mixture of the two intensities in a week. Adults should also take part in two weight classes per week such as going to the gym, yoga, carrying shopping bags back from the shop to build strength and reduce atrophy and muscle loss due to age. The overall goal is to reduce time spent inactive, (Gov.UK, 2019), (ACSM, 2020), (WHO, 2020).

The American College of Sports Medicine (ACSM) guidelines is broken down into intensity levels, sedentary, light, moderate, vigorous and very vigorous. (See Appendix 1) These activities are general for those with a low level of knowledge in physical activity, (Gov.UK, 2019). ACSM (2020) work intensity levels are based off an individual’s heart rate. (see Appendix 1). This method of tracking heart rate with a heart rate monitor and intensity levels of aerobic exercise allows individuals to track time spend in each zone and accumulate the 150 /75 minutes of set intensity levels set by ACSM (2020) guidelines. ACSM and the UK government do not specify what forms of functional weight training and aerobic exercise you have to do, instead the only recommend and give advice to those who lack knowledge in this subject, (Gov.UK, 2019), (ACSM, 2020). 

CrossFit is referred to as one of the fastest growing sports in America, (Partridge et al, 2014). CrossFit is a sport/ training programme that attempts to cover 10 fitness domains through its unique training programming. The 10 fitness domains are cardiovascular/respiratory endurance, stamina, strength, flexibility, power, speed, coordination, agility, balance, and accuracy, (Claudino et al 2018). CrossFit’s unique training programme attempt to follow a basis of, ‘constantly varied, high intensity, functional movements’, as its basis of training, prepared for anything with no specific goal in mind, (Glassman, 2004). With typical CrossFit training classes only lasting 1 hour, they are short and time effective, (Crockett et al, 2018), using multiple styles of training in each training session, (Feito et al, 2018).
 
Research on sporting activities and fitness trends are needed to be compared to the current UK government guidelines on physical activity as recommendations are so vague and loose that one individual moderate run maybe another’s vigorous.  The guidelines need to have specific intensity levels that the general public look at and compare their fitness session to or have a set list of activity sessions they can choose from to participate in. 
 
This is important to manage maintain and train individuals with a more direct and stable approach oppose to leaving it to their own knowledge. Current research shows that those individuals who are overweight and lack knowledge have low rates of adherence to exercise and in turn will not meet current UK government fitness recommendations.  
 
Those with knowledge of the benefits of exercise where more likely to adhere and those at risk and have been informed of risk if they do not seek action were also reported to have a high adherence to exercise with supervision, (Barbour and Miller, 2008). 
 
Strategies such as social support for individuals and reinforcement have been shown to be factors that lead to adherence in physical activity, (Picorelli et al, 2014). Although adherence studies on older population where done on home vs group-based exercise classes, results showed 70% rate to class sessions with percentages increasing as mean age decreased throughout studies, (Farrance et al, 2016). Adherence to exercise is seen to be greater in those exercises that are supervised with a coach or trainer present during sessions. (Picorelli et al, 2014). 

CrossFit is a new training trend with CrossFit gyms located in 142 countries worldwide, (Claudio et al, 2018). CrossFit will normally involve a WoD (workout of the day) in which the session involves functional movements performed at high intensity, (Glassman, 2007). CrossFit training uses movements from weightlifting, gymnastics and cardiovascular endurance activities such as rowing, running and cycling, (Fisker et al, 2017).
 
To that extent the aims and objectives of this paper are to compare CrossFit’s unique and functional training programming to the current UK governments guidelines on physical activity. How many CrossFit sessions would an individual need to attend/participate in per week to meet the current UK governments guidelines and what time in each zone does an individual spend time in during a CrossFit training session. 
 
To reach these aims, participants will be recruited from the local CrossFit Gym, the participants must have been training for at least 3 months at the CrossFit gym to be familiar with training routine and mechanic of the movements.  
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Literature Review 

CrossFit is a relatively new sports discipline with over 12,500 affiliates’ around the world (CrossFit Inc, 2017) and an increasingly popular form of training and competition. CrossFit incorporates high intensity, constantly varied, functional movements into training and sport, (Butcher et al, 2015). CrossFit includes aspect of functional training with multiple elements of other training methods such as High intensity interval training (HIIT) and High intensity functional training (HIFT) and incorporates it into their own form of training, (Posnakidis et al, 2020). In 2019 the ACSM worldwide survey of fitness trends results highlighted in 2nd place was group training. 3rd place HIIT. 5th was Bodyweight training and 9th came functional fitness training.  In the top 10 alone 4 of the trends are all aspects that are incorporated into CrossFit training programmes (Thompson, 2018). HIIT is a time effective method of training with demonstrable adaptations neurologically in athletic performance proving its effectiveness as a training method, HIIT training is done with aerobic training methods and equipment such as running, rowing and cycling, (Gibala et al, 2012). Improvements via HIIT have been claimed in literature with only 6 total sessions completed from the study, (Driller et al, 2009). HIFT takes what is viewed as the best aspects of HIIT and utilizes its effects with functional training, (Feito et al, 2018). HIFT takes multi joint movements from aerobic and strength exercises into a single training session, the benefit of this is argued that it can be tailored for all fitness and skill levels. HIFT involves greater muscle recruitment due to a wider range of movements increase aerobic performance, strength and flexibility, (Feito et al, 2018). HIFT improvements in aerobic and functional movements, body weight exercise (push ups, air squats, sit ups), when comparted to normal forms of circuit training, (Heinrich et al, 2012).

HIFT & HIIT

All aspects of HIIT and HIFT are used in CrossFit training programmes, (Glassman, 2007). While incorporating different levels of intensity and duration with multiple aspects of training from mono-structural (running, rowing, swimming) gymnastic movements (push ups, pull ups, muscle ups) and weightlifting movements (snatch, clean and jerk, deadlift), (Glassman, 2007), (Feito et al, 2018).

ACSM guidelines (ACSM, 2019) currently state that a healthy adult should partake in 150 minutes of moderate aerobic exercise, 75 minutes of vigorous aerobic exercise or a mixture of the both and to partake in at least 2 weight bearing exercises (yoga or the gym) per week. A study of N= 2002 showed that 68.1% did not reach the current ACSM guidelines for physical health and activity. Even though during the survey over 50% of participants stated they were aware of the health benefits that comes with been physically active, (Martin et al, 2000). This is supported by further studies reporting less than 21% of the United States adults reach aerobic and muscle strengthening guidelines set by the ACSM, (Heinrich et al, 2017). The findings above state that individuals know and are aware of health benefits from regular exercise and are aware of the current guidelines but are not willing to participate. Government’s need options to encourage people to participate and to meet the guidelines, strategies need to be in place and a better guidance than posters to encourage the public. One of the issues found when reviewing the government recommendations was lack of full publicity and clear definitions for the public to both understand and follow.

HIIT over a 6-week period in 39 older males, classed as sedentary (62.7 ± 5.2 yrs) and master athletes (61.1 ± 5.4 yrs). Results identified in both inactive males and master athlete males’ improvements in systolic blood pressure, maximal metabolic capacity and maximal heart rate reserve, showing HIIT as a safe and effective training method in both sedentary and active participants, (Grace et al, 2018). This study shows that high intensity interval training on mature adults had significant health benefits and improvements over a 6-week period, regardless of current training status. Age may have a significant factor on results, the study should be replicated on various age groups to see if a similarity in results are achieved with younger sedentary adults and athletes, demonstrating HIIT is an appropriate training method for all age groups.

N = 14 (participants) completed 3 RX (able to complete all movements to the prescribed standard, NOT scaled and prescribed weight) CrossFit benchmark workout of the day WoD’s, (Workout of the day). Age (years), 32.7 ± 5.7. Height (cm), 174.2 ± 9.0. Weight (kg), 81.5 ± 10.9. BMI (kg/m²), 26.8 ± 1.8. CrossFit Experience (months), 46.3 ± 24.2. All participants took part in all 3 training sessions with 48 hours recovery in-betweens. Participants also took part in Vo2 max testing. Results showed CrossFit benchmark WoD’s cannot be predicted from an individual’s Vo2 max, Wingate or other respiratory testing, only whole-body strength can partially predict some benchmark workouts. CrossFit total was the only test that showed a relative relation to predict other CrossFit benchmark workouts, (Butcher et al, 2015). This study shows that Vo2 cannot be a prediction to CrossFit named workouts. Other than those that are specific to generic training such as the CrossFit total, (sum total weight of lifted from, deadlift, back squat and strict shoulder press). Testing available can give a general idea of an individual’s fitness level, however due to CrossFit’s unique training, a more specific CrossFit test would be needed to be conducted to accrue score or results, this would be an area for future research.

N = 13 (participants) (age 28.4 ± 3.8) (BMI 23-27 kg.m-²) whom had trained for more than 6 months training 3-4 per week, took part in 8-week training block in which they completed 3 HIFT sessions per week. Each session participants completed 4 round of 30 seconds workout, 15 seconds rest for 9 separate exercises. Pre and post testing, anthropometric assessments (body mass, body fat, muscle mass). Cardiorespiratory assessment (Vo2 max, max HR). Isokinetic strength (knee flection and extension). Max vertical jump. Upper body strength (1rm bench press). Muscle endurance (max bench press 65% of 1rm and 1 minute max sit ups). Results showed that in aspects of all fitness assessments there where improvements seen overall. Cardiorespiratory fitness increased in Vo2 by 1.9% ± 2.2 ml.kg-¹ min-¹, a significant improvement over 8 weeks of nonspecific training. Body fat decreased by 0.64 ± 1.01kg, however no changes where seen in muscle mass or fat free mass. Other improvements were seen in muscle strength, endurance and power, no significant changes where noted in isokinetic strength assessment.  To conclude over an 8-week period with no other changes to participants lifestyle HIFT has significant improvements to multiple aspects of individuals fitness, (Posnakidis et al, 2020).

Adherence & CrossFit

Adherence to exercise in groups and in CrossFit, with CrossFit becoming a popular training method why do people keep coming back? Unlike other forms of training literature shows that participants from a CrossFit gym are intrinsically motivated, (Ryan and Feito, 2017), (Bycura et al, 2017), (Heinrich et al, 2017), (Bailey et al, 2019).  CrossFit’s training programme is built with the community of the gym in mind, building a network of people that will participant in a daily workout together, regardless of age, gender or other factors everyone will be able to complete it together, (Glassman, 2004). With members of CrossFit gyms reported significant levels of bonding and community belongingness compared to traditional gym members, (Whiteman-Sandland et al, 2018).

Approximate 50% of individuals who start a training programme will quit within the first 6 months, during group physical activity an adherence rate of over 95% was seen in university staff over a 6-month period, (Spink et al, 1992).

In elderly adults factors to effect adherence to physical exercise where proportion of participants taking part/attending a training session, proportions of available classes and training sessions available to attend and average home training sessions per week, however adherence was higher in supervised training programmes, (Picorelli et al, 2014).

Factors that influence adherence to CrossFit training are community building and reduce intimidation to new members making it a friendly place for individuals to come together to train. To facilitate realistic goals for all members of a CrossFit gym and to ensure social support for all members, (Heinrich et al, 2017).

Members of current CrossFit gym’s interviews results lead to a prominent theme in results gathered. Results showed a positive relationship with, Accepting and overcoming challenges, commitment, connections and community, empowerment and transformation, (Ryann et al, 2017). Each section was broken down into sub areas more specific within the questionnaire. Social connection and community are a theme throughout all adherence literature based on CrossFit and is one of the values based on, (Glassman, 2004). All participants from the study identifies a strong bond to their ‘CrossFit family’ and friends, that they would often attend the same training session as friends and ‘looked forward to the time with their CrossFit Family’.  This community feeling evidently leads to a higher adherence rate within the community and support system.

Surveys where used during all studies to determine why individuals continue to train with CrossFit. Motivation to exercise questionnaire found that, intrinsic factors were reported from one study (N=737) showing that those who partake in CrossFit are more focused on the health benefits and personal reasons, this leads to a higher adherence rate to physical activity as reported, (Bycura et al, 2017). Duration and intensity were also noted to be positive factors that influence adherence to CrossFit, (Bycura et al, 2017). The population of this study was adults (over 18 years at least) who took part in CrossFit training, age range varied and had no specific population in mind.  The intervention of the study was participants completed a questionnaire on exercise motivation and why they take part in CrossFit training. The comparison of the study was comparing the data collected with a Pearson correlation. The outcome of the study showed a significant correlation between intensity and frequency and the equipment used. Conclusion was that participants of the study where intrinsically motivated.

Polar

Polar Team and Heart rate monitor T31, (Polar Ltd, 2019). Is a Bluetooth heart rate monitor that sends real time feed to a tablet device with polar team app on, this allows individuals to monitor and record heart rate through physical activity and maintain training zone targets, (Polar Ltd, 2019).

Most literature on the T31 Polar heart rate monitor utilizes the device for exercise evaluation purposes, medical research and validating alternate heart rate monitors (Grace et al, 2018), (Montes and Navalta, 2019). The T31 has been used in studies to compare validity and reliability of multiple styles of heart rate devices such as phone (apple) heart rate system to Hexo skin wearable technology shirts, (Bouts et al, 2018), (Johnstone et al, 2012a), (Johnstone et al, 2012b), (Montes et al, 2015).

When comparing T31 Polar to apples heart rate app and ECG heart rate device a significant correlation between heart rate throughout all stages of exercise was seen between Polar and ECG , however Apples heart rate app showed inconsistent correlations between T31 and only at certain intensity levels was a significant correlation seen, (Bouts et al, 2018).

Although not directly used to compare heart rate of other devices the T31 polar heart rate device was used in three studies as the standard apparatus to use for monitoring participants heart rate through the duration of the testing phases and periods. Leading to its popularity and reliability from other studies, (Johnstone et al, 2012a), (Johnstone et al, 2012b), (Montes et al, 2015).

Polar heart rate monitor is accepted as a precise measurement device however minimal data and literature on reliability exists, (Montes et al, 2019). N=40 took part in a 3-day testing period to test reliability and validity. Results for free roaming and treadmill showed similar results in participants HR, results showing that Polar heart rate device was both reliable and valid in results seen, (Montes et al, 2019). T-31 heart rate monitor through 4 testing stages of aerobic exercise with different watt output showed no difference in results gathered between genders during testing, (Dieli-Conwright et al, 2009), (Montes and Navalta, 2019). The population of the study was young females (n=20) and males (n=20) who had been identified as low risk to health screening questionnaires. The intervention of the study was all participants completed 4 different tests 2 on a track and 2 on a treadmill, heart rate was monitored throughout, testing was completed over a 3-day period. The heart rate was compared between track and treadmill to see if the Polar HR monitor would show a difference. The results showed reliable measures in all 4 tests for walking and jogging in free movement and equipment based physical exercise. 

Polar products are at the front of testing when monitoring participants heart rate. With products coming out to replace outdated one’s literature will constantly change on preference of model however the technology is the same and validity and reliability should stay the same as well. The T31 through current literature is used as a gold standard to test other newer products or methods against showing its reliability and validity to be used for sports testing. This is despite there being little literature supporting these claims. Further research to justify this is an area for future research.

Vo2 Test

Vo2 Max test (maximal oxygen consumption), is defined as the consumption and transportation of oxygen during fatigue and exhaustion physical activity and is related to cardiorespiratory fitness, (Koutlianos et al, 2013). A larger score on a Vo2 max test identifies a better aerobic capacity and lactate threshold, as well as reduced risk on cardiorespiratory disease and mortality, (Scribbans et al, 2016), (Bacon et al, 2013). The American College of Sports Medicine (ACSM, 2019), have published many equations to estimate Vo2 Max without the need of the maximal physical exertion, such as walking, stepping and running, (Glass et al, 2007). Other regression models have been tested to estimate an individual’s Vo2 without completing any physical activity, (Bradshaw et al, 2005).

Vo2 is often used a percentage rate for aerobic training, many studies use a set percentage over a numerous period of week, all aspects of HIIT and continuous training have positive aspects on Vo2 max, (lewis et al, 1983), (Scribbans et al, 2016), (Bacon et al, 2013). Vo2 is also used as a measure of exercise performance in testing, a marker for population-based fitness from a percentage and cardiovascular disease, (Levine, 2008).

The most standardized and most common method used during Vo2 testing are the Douglas air bags and Tissot gasometers, to analysis the air samples from Vo2 over newer methods. However new methods are used, using a closed-loop, self-paced testing model, (Beltz et al, 2016).

However, Vo2 testing is not cost or time effective, equipment lab and staff trained are required, each participant requires a working window of 5-26 minutes, this time does not include warm up and cool down, (Koutlianos et al, 2013). Much of the Vo2 max testing is completed using mono exercises which are more common to testing in a laboratory environment. Newer methods of Vo2 max testing need to be investigated in the CrossFit environment. Male athletes (n=55) (age 28.3 ± 5.6) who competed at national and international level (training experience 15 years ± 10.2 years) at sports took part in the study. Vo2 test was completed by all participants and data collected was used for a regression and to compare ACSM prediction of Vo2. Conclusion was that ACSM equation was not accurate at predicting Vo2 for athletes of the age range tested. Only a regression model was moderately accurate. 

Incremental Test

Incremental functional fitness tests or multistage fitness test (MFT), functional fitness is the ability to perform everyday movements such as walking home from the shops carrying items to standing up out of a chair without any undue fatigue or physical exertion, (Jones and Rikli, 2002). Incremental functional fitness tests are used to prescribe workload, intensity and percentage of training and adaptation to training. However, stages of incremental training can change results due to intensity or duration of stages which may affect validly of results, (Bentley et al, 2007).

Multistage fitness tests can be designed to suit the needs of specific sports in order to indicate if the athlete has the cardiorespiratory capability to cope with the demands of the sport. Specific multistage dance test was designed to see if dancer’s (N=56), aerobic capacity could cope with the demands this principle cane be placed into multiple contexts using specific movements used in their sport. Results of the study showed all participants oxygen requirement and heart rate through 4 stages of the test where different between stages, (Wyon et al, 2003).

Multistage testing and incremental testing are used through testing for maximal and submaximal efforts. Effective for setting a prescribed intensity or weight for training methods due to a percentage of the final effort makes it an effective and uses tool for coaches and trainers. However, validity of the test will vary due to the type of exercise and intensity chosen. MFT can be deigned to more specific sports, stages can gradually get harder to mark an increment in stages and intensity level. This can be tailored to meet specific needs however reliability and validly will vary. This is an area for future research to look into, a set intensity and escalation of stages that can be used as a MFT with participants only picking specific training or movements in them.  Taking forward the suggestions for future research will also bring the available literature up to date.   

Overall, the literature was difficult to find specifically related to CrossFit though this may be expected due to the relative newness of this form of sports development. The research initially found to inform this research dissertation were old and focussed more on mono styles of sports. The availability of peer reviewed research was limited and this need for more robust and published research was identified during the literature searches. It is hoped that the research from this study will start to inform the evidence base and future research studies.
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Participants
Upon ethical approval, (see appendix 18) the independent study could be started, the participant volunteer will be recruited into the pilot study for Aerobic VO2 max testing and incremental functional fitness testing. The pilot study will consist of two, one hour period when a participant will attend testing at the University of Wales Trinity Saint David, Carmarthen Campus, Sports Laboratory were the Investigator of the study and Laboratory Technician will be present. During the two, one hour period VO2 max testing and an incremental functional fitness test will be undertaken on separate days. The Servomex gas analyser requires calibration to ensure correct readings. The machine was calibrated prior to testing by the Laboratory Technician.

Prior to testing commencing the subject completed a familiarisation trial of equipment including explanation of Douglas bag equipment. The participants adjusted the bike accordingly to allow for a near locked out leg on full extension of the pedal. 

The participants’ will have completed a basic health questionnaire PAR-Q (Physical Activity Readiness Questionnaire) and a consent form to ensure there was no underlying health conditions which would prevent participation in the pilot study and to ensure they were comfortable with the procedure, (see Appendix 14), (see Appendix 15).

All volunteer participants for the two CrossFit training sessions will be recruited from CrossFit Carmarthen Gym. They will be able to volunteer to take part in the study if they met the following criteria, training at the CrossFit gym for a period of 3months or above or at another gym that uses the same training method, be aged 18 years or older, completed and read a PAR-Q (see Appendix 14), Consent form (see Appendix 15) and read and accepted the Participant information form (see Appendix 16), results of the PAR-Q show no issues to stop them participating in the study. 

VO2 max test

VO2 is the maximal uptake of oxygen and is recognised as one of the fundamental tests for exercise physiology. VO2 Max testing measures aerobic capacity and cardiac performance and is a recognised valid tool in sports sciences and developing athletic performance. (Hill et al,1923) developed the concept of VO2 max testing in sports when measuring gaseous exchange in runners.

Equipment used for the Aerobic VO2 max testing:
· Heart rate monitor, to monitor subjects heart rate throughout testing, (Polar Ltd, 2019)
· Douglas air bag, to collect expired air samples from the participants, (Harvard Apparatus, 2019)
· Stopwatch, to monitor time due to watt bike been used for repeated intervals.
· Mouthpiece & valve, nose-clip, to allow expired air samples to be collected and to stop the participant breathing through their nose, (Harvard Apparatus, 2019)
· Breathing tube, links the mouthpiece and valve to the Douglas air bag, (Harvard Apparatus, 2019)
· Watt Bike, to conduct the fittest test on, (Wattbike Ltd, 2016).
· Servomex gas analyser, to analysis the air sample for O2 and Co2%, (Servomex Ltd, 2019)
· Dry gas meter and vacuum, to analysis expired air, (Harvard Apparatus, 2019)
· Borg (Rate of Perceived Exertion) RPE scale, to monitor participants perceived extortion.

Cycling Protocol

At all times the subject will be monitored by the investigator or Laboratory technician and the testing will be stopped should any ill effects be seen or displayed.

The participant will start with a minimum of a 4-minute period of low intensity cycling on watt bike pro, (Nottingham, UK). The intensity will be lower than that of the starting intensity for the VO2 max test, generally no gradient level and low cadence level. This warm-up will also allow for the participant to make adjustments to the watt bike such as handlebar height and seat height and to become familiar with the equipment being used during the testing period.

The VO2 max test will begin with a low intensity power output, resistance level one, with the participant cycling at a reps per minute speed, pre-determined depending RPM (Revolutions Per Minute) on age, gender, cardio endurance and current and previous training status. The participant may wish to start on a RPM level that they see their fitness level at, the Laboratory technician and investigator may advise a level appropriate to the fitness level of the subject if they feel it maybe too easy or hard for the participants.

Intensity of the VO2 max test will be achieved via power output on the watt bike pro via increments of 1 on the power/resistance level located on the left-hand side of the watt bike.
The increments of the testing will increase by 1 resistance level every minute, upon reaching 10, the subject will increase reps per minute (RPM) by 5 (example, 75rpm > 80rpm) and the resistance level will drop to 8, this will continue to increase until the participant cannot maintain the RPM or they give up via RPE, (Rate of Perceived Exertion), scheme at which point they will give an indication they have 1 minute left of maximal effort left. During that final minute the subject will do a final maximal effort sprint while breathing into a Douglas airbag for a final air sample.   

A sample of at least 30 second period, of expired air is required during the final workload of the participant, this is why the participant must signal when they feel they have 1 minute of work effort left before failure or fatigue otherwise a true Vo2 Max result may not be obtained from the results gathered. 

Upon completion of the final work effort, (participant completion of VO2 max). The mouthpiece and nose clip are removed. The resistance level on the Watt bike is reduced to 1 and the participant is required to continue to cycle at a much lower RPM level. The subject will be required to continue cycling for a 5-minute period to complete a cooldown reducing heart rate and rate of respiration. After the 5-minute period the participants may get off the Watt bike pro whenever they have recovered.

The equipment used is placed to one side ready to be sanitised and cleaned, the participant once recovered under the supervision of the investigator and/or laboratory technician are able to go and the testing for the day is completed. 

Functional fitness maximal effort testing

Equipment used for the Functional fitness maximal effort testing:
· Heart rate monitor, to monitor participants heart rate throughout testing, (Polar Ltd, 2019)
· Douglas air bag, to collect expired air samples from the participants, (Harvard Apparatus, 2019)
· Stopwatch, to monitor time due to watt bike been used for repeated intervals.
· Mouthpiece & valve, nose-clip, to allow expired air samples to be collected and to stop the participant breathing through their nose, (Harvard Apparatus, 2019)
· Breathing tube, links the mouthpiece and valve to the Douglas air bag, (Harvard Apparatus, 2019)
· Watt Bike, to conduct the fittest test on, (Watt bike Ltd, 2016).
· Servomex gas analyser, to analysis the air sample for o2 and Co2%, (Servomex Ltd, 2019)
· Dry gas meter and vacuum, to analysis expired air, (Harvard Apparatus, 2019)
· Borg RPE (Rate of Perceived Exertion) scale, to monitor participants perceived extortion.
· 2x light (12.5kg), medium (17.5kg), heavy (22.5kg) dumbbells, to conduct the fittest test on, (Mirafit, 2020).
· 1x resistance band (black), to conduct the fittest test on.
· 1x dip belt and 12kg kettlebell, to conduct the fittest test on, (Mirafit, 2020).
· Pull up bar, to conduct the fittest test on.

Functional Fitness Protocol

At all times the participant will be monitored by the investigator or Laboratory technician.

The participant will start with a minimum of a 4-minute period of low intensity mobilisation and warm up with specific actions and movements similar to those that will be used during testing. The intensity of the familiarisation of the movements will be lower than that of the starting pace of the anaerobic VO2 max test. The warmup will also allow for the athlete to adjust grip preference on the pull up bar and adjust dumbbell position during thrusters on their shoulders with a mouthpiece and nose clip in.

The anaerobic VO2 max test will begin with the participant using two, 12.5kg dumbbells to complete 3 minutes of thrusters. 2 minutes 30 to 3 minutes a 30 second air sample will be collected via Douglas air bag, heart rate and RPE scale will also be recorded at 3 minutes.  The participant will then complete 3 minutes of band assisted pull ups. 2 minutes 30 to 3 minutes a 30 second air sample will be collected via Douglas air bag, heart rate and RPE scale will also be recorded at 3 minutes. This will happen for a medium, 17.5kg and heavy 22.5kg weight for both thrusters and body weight and 12kg weighted pull ups.

The increments of testing will increase every 6 minutes and exercise will change every 3 minutes. The participant will conduct 3 minutes of thrusters with 12.5kg weighted dumbbells on each arm. The participant will then conduct 3 minutes of band assisted pull ups. The participant will conduct 3 minutes of thrusters with 17.5kg weighted dumbbells on each arm. The participant will then conduct 3 minutes of body weight pull ups. The participant will conduct 3 minutes of thrusters with 22.5kg weighted dumbbells on each arm. The participant will then conduct 3 minutes of band 12kg weighted pull ups. The participant will have to choose an intensity and pace and maintain it throughout the duration of testing, this will represent RPM on a Watt bike.

The participant may wish to start on an intensity and pace that they see their fitness level at, the Laboratory technician and investigator may advice an intensity and pace they feel suits the participant best if required from the warmup.

The weight of dumbbells and pull ups are chosen to replicate the heaviest RX (the athlete performs all modalities using the prescribed weight and reps), competitive standard weight for single arm dumbbell thrusters and the weighted pull ups represent a weighted vest during workout of the day where a vest is required (7kg female, 10kg male).

Upon completion of the final work effort, (participant completion of VO2 max). The mouthpiece and nose clip are removed. The participant can stop conducting the movement and remove the weight and dip bell from around their hip. The participant will be required to complete a 5-minute cooldown period to lower heart rate reduce breathing to a steady state and stretch of any areas that maybe tight. After the 5-minute period the participant may leave the supervision of the Laboratory technician or investigator whenever they have recovered.

The equipment used is placed to one side ready to be sanitised and cleaned, the subject once recovered under the supervision of the investigator and/or laboratory technician are able to go and the testing for the day is completed.

CrossFit Training sessions Protocol

CrossFit one-hour functional fitness class. All participants will need to sign/ complete an informed consent from (see Appendix 15), physical activity readiness questionnaire (see Appendix 14) and complete and sign the conditions of the participant information sheet (see Appendix 16) which  identifies the sessions aim and objectives that they will be participating in.

All participants will be requires to have age taken, height taken on SECA 213 stadiometer, (Birmingham, UK) and weight taken on the SECA 875 scales, (Birmingham, UK), privately so only the investigator, participant can see the results, a third party member (CrossFit Coach) present in the room during any time that the investigator is alone with a participant during testing.

All participants data will be inserted into an iPad tablet (UWTSD, UK). This will allow each participant to have a personalized profile linked to a heart rate monitor, a Polar team pro, (Kempele, Finland), that they will be wearing via heart rate strap across the sternum. The heart rate strap can be adjusted to allow the participants to move freely without any form of restriction and loose enough to not effect heavy breathing from physical excursion from physical activity. The heart rate monitor itself will be attached to the heart rate strap via two push in clips, participants are able to equipment it themselves or if they require assistant can request a coach or same sex member of the CrossFit gym to assist them in adjusting the strap and placing the heart rate monitor on the strap. Maximal HR was determined from the formula, 220 – participants age, (Butcher et al, 2015).

Once all participants have a profile and heart rate monitors linked up, the CrossFit functional training session will be delivered by the CrossFit level 1 certificated coach’s over a one-hour period. The training session will conduct of a warmup, skill or strength element, conditioning period and cool down as programmed by the CrossFit Carmarthen coach. 

Post training and only once the CrossFit coach has given the end of the training session brief may the participants remove their heart rate monitors and heart rate straps. No data will be shared with the participants unless requested and after post submission. All participants are required to complete a 48 to 72-hours rest period prior to participation in the second functional fitness training session, as per protocol.

Functional fitness training session 1.

	Period
	Time
	Activity

	Warm up
	00:00 - 10:00
	Snatch and clean circle game as a pulse raiser

3 rounds
10 rep’s I’s
10 rep’s Y’s
10 rep’s T’s


	Skill/Strength
	10:00 - 30:00
	4 rounds
10 single arms bent over kettlebell rows
10 dumbbell lateral raises
90 seconds rest between rounds


	Conditioning
	30:00 - 50:00
	For Time
(as fast as possible)
60 calories on a Concept 2 Rower
50 kettlebell swings (Russian) 32kg males/24kg females
40 thrusters 50% of body weight
30 burpees over the barbell


	Cool down
	50:00 - 60:00
	Stretch off



Functional fitness training session 2.

	Period
	Time
	Activity

	Warm up
	00:00 - 10:00
	200m run
3 Inch worms
3 Spiderman T rotations

Barbell warm up
10 RDL
10 Deadlifts
10 Back squats
10 Strict press
10 Front squats
10 Push press


	Skill/Strength
	10:00 - 30:00
	Every 90 seconds for 6 rounds complete clean complex
1 Squat clean
1 Front squat
1 Hang squat clean

“unbroken” don’t put barbell down between reps


	Conditioning
	30:00 - 50:00
	10 rounds for time
10-minute time cap

10 Front squats at 50% of 1rm Front squat
12 Ab mat sit ups


	Cool down
	50:00 - 60:00
	Stretch off




Upon completion of the CrossFit training sessions, any used and borrowed equipment such as heart rate monitors and heart rate straps are to be returned to the Investigator and stored in the correct and appropriate cases. Heart rate straps that have been used are to be placed into the correct storage bag as to not mix used and none used equipment for the second training group.  

[bookmark: _Hlk35866717]Results 

A total of 23 participants (N=23) were recruited into the study. All subjects completed a health questionnaire and there was nothing of significance that would affect participation or the results. Not all participants could attend both CrossFit training sessions. 

The results collected were only partially completed. Two CrossFit Training sessions with participants wearing Polar Team (Polar Ltd, 2019), heart rate monitors over a 60-minute period where completed. The pilot study participant completed the VO2 max test. However, due to the current situation of a pandemic related to a viral infection and immediate closure of the Sports Laboratory at University Wales Trinity Saint David’s, Carmarthen Campus and government guidance of self isolation the pilot study participant was unable to complete an incremental functional fitness based test to simulate work load and effort of a CrossFit session while monitoring heart rate (Polar Ltd, 2019), respiratory throughout (Harvard Apparatus, 2019) and rate of perceived exertion (RPE Borg scale), therefore no data was gathered for this part of the study.

CrossFit Classes 1 & 2

Table 1. CrossFit classes (All), Participants (N), Average HR (%), Maximum HR (%), Calories burnt (Kcal), Time per zone (%).
	
	Participants
(N)
	Average HR
(%)
	Maximum HR
(%)
	Calories burnt
(Kcal)
	Time per zone
(%)

	Session 1
Class 1  
	9
	69
	95
	528
	Zone 1 – 20%
Zone 2 – 24%
Zone 3 – 14%
Zone 4 – 17%
Zone 5 – 13%

	Session 1 class 2
	7
	68
	96
	441
	Zone 1 – 24%
Zone 2 – 20%
Zone 3 – 12%
Zone 4 – 12%
Zone 5 – 16%

	Session 2
class 1
	6
	66
	93
	405
	Zone 1 – 20%
Zone 2 – 24%
Zone 3 – 23%
Zone 4 – 16%
Zone 5 – 3%

	Session 2 class 2
	5
	68
	96
	346
	Zone 1 – 15%
Zone 2 – 23%
Zone 3 – 16%
Zone 4 – 16%
Zone 5 – 13%




Table 2. CrossFit Session 1 class 1, 5pm – 6pm.
	Highest average HR%
	Highest maximal HR%
	Highest time in HR 77%>
	Lowest time in HR 77%>
	Highest time in HR 64-76%
	Lowest time in HR 64-76%

	82
	104
	31m 09 sec
	9 m 35 sec
	27 m 01 sec
	9m 37 sec



Table 3. CrossFit Session 1 class 2, 6pm – 7pm.
	Highest average HR%
	Highest maximal HR%
	Highest time in HR 77%>
	Lowest time in HR 77%>
	Highest time in HR 64-76%
	Lowest time in HR 64-76%

	80
	119
	26m 59 sec
	11 m 52 sec
	33m 35 sec
	6 m 04 sec



Table 4. CrossFit Session 2 class 1, 5pm – 6pm.
	Highest average HR%
	Highest maximal HR%
	Highest time in HR 77%>
	Lowest time in HR 77%>
	Highest time in HR 64-76%
	Lowest time in HR 64-76%

	72
	104
	13m 41 sec
	6 m 19 sec
	36 m 29 sec
	10 m 28 sec



Table 5. CrossFit Session 2 class 2, 6pm – 7pm.
	Highest average HR%
	Highest maximal HR%
	Highest time in HR 77%>
	Lowest time in HR 77%>
	Highest time in HR 64-76%
	Lowest time in HR 64-76%

	80
	100
	22m 24 sec
	9 m 11 sec
	19 m 59 sec
	10 m 25 sec




The results from each individual CrossFit class (as seen above) was broken down into average and maximal results from the class. The heart rate recording is presented in percentage and time in minutes and seconds. ACSM guidelines on heart rate percentage (HR%) (Appendix 1) state which percentage is the equivalent to appropriate zone. Current UK Government guidelines use these zones for moderate and vigorous intensity levels for aerobic exercise.


Table 6. Paired Samples Statistics.
CrossFit Training session 1 and 2, Average heart rate, Maximal heart rate, Mean, Standard Deviation and Standard error mean.
	
	
	Mean
	Std. Deviation
	Std. Error Mean

	Pair 1
	AHR1
	67.00
	6.36
	2.25

	
	AHR2
	69.00
	6.07
	2.14

	Pair 2 
	MHR1
	97.12
	9.29
	3.28

	
	MHR2
	95.37
	5.37
	1.89



Table 7. Paired Samples Test.
CrossFit Training session 1 and 2, Average heart rate, Maximal heart rate, Mean, Standard Deviation and Standard error mean.
	
	
	Mean
	Std. Deviation
	Std. Error Mean
	Sig (2-tailed)

	Pair 1
	AHR1-AHR2
	-2.00
	6.14
	2.17
	.388

	Pair 2
	MHR1-MHR2
	1.75
	8.87
	3.19
	.594



A paired samples T-test was conducted with all average and maximal heart rate date collected from participants from both CrossFit training sessions. Table 6 shows, the paired sample statics shows the mean, standard deviation and standard mean error from both classes of the two CrossFit training sessions. 

The paired samples t-test shows (table 7) average (AHR) and maximal heart rate (MHR), mean, standard deviation and error. AHR, (M -2.00, Std 6.14 ± 2.17) MHR, (M 1.75, Std 8.87 ± 3.19). Showing that there is no significant difference in participants heart rates between the 2 CrossFit training sessions. Session 1, Sig 0.388 and session 2, Sig 0.594. 

ACSM HR% zones Moderate 64-76% of maximal heart rate and Vigorous 77-95% of maximal heart rate when compared to 2 CrossFit training sessions.

ACSM guideline maximal heart rate percentage differs to polar team app with zone and intensity level percentage having a significant difference. Due to polar team not allowing custom heart rate zones ACSM moderate (as seen in the table below) was most represented by Polar training zone 2 and 3, ACSM vigorous + was most represented by training zones 4 and 5.  

 
	ACSM – guidelines on activity level %
	Polar team app

	% HR Max
	% HR Max

	Very light - <37
	Zone 1 – 50-60%

	Light 36-45
	Zone 2 60-70%

	Moderate 64-76
	Zone 3 70-80%

	Vigorous 77-95
	Zone 4 80-90%

	Maximal 96>
	Zone 5 90-100%





Session 1, average heart rate percent 81% and maximal heart rate percent 112%. The training session demonstrated recorded average heart rate throughout was classed as vigorous and maximal heartrate over 100% of age predicted heart rate, (See appendix 3, 4 & 5).

Session 2, average heart rate percent 76% and maximal heart rate percent 102%.  The training session demonstrated average heart rate recorded throughout was classed as moderate and maximal heart rate over 100% of age predicted heart rate, with some time of the class been spent in vigorous intensity zone, (See appendix 6 & 7).

Not only did Class 1 and 2 display significant differences in average and maximal heart rate, time in zone varied significantly for a 60-minute period. Each individual athlete heart zone varied on age predicted heart rate. Results show as a class it will relate to government guidelines as a group with low inaccurate results, individual results show more accurately time spent in each zone. 

Individual results from CrossFit Session 1, N = 16 and CrossFit Session 2, N = 11. Showed individual participants heart rates varied widely while conducting the same CrossFit training session.

Significant differences were noticed in strength and skill work to conditioning.  CrossFit Session 1 compared 2 participants (see appendix 8 & 9) over 60 minute period. Participant A heart rate only raised to 88% with an average of 59%, 08:40 minutes in zone 4 and 5, vigorous ACSM and only 13:04 minutes in moderate. Whereas Participant B results showed maximal heart rate of 104% with an average of 82%, 31:09 minutes in zone 4 and 5, vigorous ACSM and 21:07 minutes in moderate.

Participant A, Heart rate graph.
[image: ]

Participant B, Heart rate graph.
[image: ]

CrossFit Session 2 showed similar results when comparing 2 Participants (see appendix 10 & 11) over 60 minutes Participant C heart rate only raised to 90% with an average of 58%, 11:09 minutes in zone 4 and 5, vigorous ACSM and only 08:59 minutes in moderate. Whereas Participant D results showed maximal heart rate of 97% with an average of 70%, 11:14 minutes in zone 4 and 5, vigorous ACSM and 22:40 minutes in moderate.

Participant C, Heart rate graph.
[image: ]

Participant D, Heart rate graph.
[image: ]

The results demonstrate that the heart rate during functional fitness class regardless of load and intensity varies for individual based on physicals characteristics and pre/current established conditioning. CrossFit sessions can relate to current government physical activity guidelines and ACSM intensity levels this will vary from individual to individual.

VO2 Max & Incremental Functional Fitness-Based Test

A participant completed a VO2 Max test as a pilot study, results gathered from this identified the Participants VO2 max to be 49.0 ml/kg/m, maximum heart rate 175 beats per minute (BPM), 100% of the athletes’ heart rate. Average heart rate 138 bpm, 79% of their max heart rate. When compared to The Physical Fitness Specialist Certification Manual (1997) VO2 Max norm table, (see appendix 2) the participant results showed excellent when compared to normative data.

Due to the pandemic and restrictive isolation guidelines causing the closure of UWTSD laboratory/testing facilities the 2nd incremental functional fitness test was unable to be completed.

As no results were able to be collected for the incremental functional fitness-based test, the data and results gathered from the pilot studies Vo2 max test no comparison was able to be made to the incremental functional fitness-based test.

Data analysis using statistical software (SPSS) was to be undertaking. The data was to be analysed using a Paired sample T- test to establish if Vo2 max and an incremental functional fitness test had any correlation in Vo2 and heart rate. This would have established:
1. any correlation of change from one exercise to the other; does heart rate stay reliable and steadily increase as a Vo2 or does it vary as intensity stops and starts. 2. The reliability of incremental functional fitness test is when compared to the Vo2 max test.


Discussion 

The outline of this study was to compare CrossFit training sessions to current ACSM guidelines by comparing heart rates of participants of CrossFit classes to the heart rates zones of ACSM. The  findings will be compared to current recommendations to assess CrossFit’s relationship to the guidelines and if so how many training session a week are required to reach current ACSM fitness guidelines.
The main findings of this study were to compare a Vo2 max test to an incremental functional fitness test based on CrossFit movements which will outline specific heart rate zones from a comparison between the two. The results from the incremental fitness will allow specific heart rate zones during the CrossFit training classes to monitor heart rate.
Although there are current ACSM guidelines (ACSM, 2019) and government recommendation on physical fitness activity levels (Gov.uk, 2019), the population find training methods more suited to them and not what is recommedned (Gov.uk, 2019). The results  from this study demonstrated that heart rate varies massively between  individual during the CrossFit training class. Each participants heart rate was unique and while some participants hit over a 100% of their predicted Vo2 others only reached 90%, (see appendix 8 ,9, 10 and 11). The heart rate during exercise is an important factor to consider when trying to reach exercise guidelines, intensity and type, which all play a vital health impact  on the population reaching these.
The study design was to complete a pilot study then progress to a detailed study with 24 participants toal, this would be achieved by repeating two sets of data gathering of 12 participants in each group. This would equate to 48 sessions of monitoring being completed.

Vo2 and Incremental Fitness Test
A pilot study, with a volunteer participant from Carmarthen CrossFit gym, was initially completed due to restrictions of participants and Laboratory time and availability of equipment.   The pilot study allowed for one participant to attend the Labarotary at Trinity St Davids Campus and complete 2 fitness tests, over a 48 hour period, their results were the baseline for all participants to be compared to.
The data gathered was to be compared using SPSS, paired samples t-test, (statistical analysis software). The t-test would compare the pilot studies results from maximal and average heart rate during all 3 stages of the incremental fitness test and the most relevant stage of the Vo2 max. Dry bag meter volume (+1.8L) between the incremental fitness test and the Vo2 max will also be compared in a t-test, the test will show if there is a significant correlation in results, if so then the incremental fitness test will have a positive outcome showing a sport specific test that can show athletes heart rate and Vo2 for CrossFit. 
The T-test was to compare the pilot studies average and maximal heart rate and expired air throughout different stages of the Vo2 max test and incremental functional fitness test, to establish any correlation between the two tests and the appropriates stages of guidelines. This would relate current Vo2 max data, (Beltz et al, 2016), and relationship with a functional test (Wyon et al, 2003). Incremental multistage fitness tests (MFT) have been used to create training tests more specific to sports and events to simulate movements and allow for a system to test athletes. The MFT was designed to test participants Vo2 and compare to a specific MFT based on the physical demands of CrossFit and monitor HR.
The participants Vo2 results show their results from the initial test to be 49.0, compared to the normative data table (see appendix 2), this identifies  the participant as excellent when compared to the general population.
This data would be used in similar methods to that of Wyon et al (2003), their results showing heart rate response to increasingly harder dance routine and specific techniques and movments, similar to an increase in weight during CrossFit specific movements.

CrossFit and ACSM Guidelines
The findings from the data analysis will be used to compare all participants from the two CrossFit training sessions to the participant from the pilot studies results. This method is not as accurate as testing each individual participant however it is time effect and allows a more accurate range of heart rate training zones specific to CrossFit training instead of Aerobic exercise. With a larger time frame and more availability of equipment, a deeper research could be conducted for a more accurate relationship between CrossFit and government guidelines, (WHO, 2020), (Gov.UK, 2019).
The results show that on a class basis depending on the structure of the training programme in 2 CrossFit training sessions an individual can complete 2 weight baring / training sessions per week and throughout the class with an elevated heart rate they can accumulate time towards 75 minutes vigorous aerobic exercise, 150 minutes moderate aerobic exercise or a mixture of the two, (WHO, 2020), (Gov.UK, 2019).
The paired sample t- test showed no significant difference between all participants heart rates between the first CrossFit training session and the second CrossFit training session. As a class (table 4 and 5), the average heart rate was 81% and 76% of age predicted heart rate of the polar team app. When compared to ACSM guidelines % of activity level this equates to Moderate 64-76% to Vigorous 77-95%.  During CrossFit training session 1 participants spent an average of 16 minutes 30 seconds in 77% > and 28 minutes 30 seconds in 64-76% >.  CrossFit training session 2 participants spent an average of 19 minutes 50 seconds in 77% > and 19 minutes in 64-76% >.  This related to current ACSM guidelines showing that CrossFit as a class will relate to the weekly recommended physical activity recommendations. With 3-4 CrossFit training sessions been enough to rachieve national recommendations.

Limitations
Should be noted that due to the viral infection, Covid - 19, University of Wales Trinity Saint David’s shut down all facilities with immediate effect from Sunday 15th March till further notice on advice from the UK government. Facilities would not re-open until further notice. Due to this worldwide pandemic, not all data was able to be collected resulting in limited results. As only part of the testing was completed it should be advised that more evidence is needed, completion of the initial fitness tests completed for the pilot study to compare a Vo2 max test and an incremental functional fitness test.    
Limitations of the study varied on different aspects of testing. More participant to collect heart rate data, allowing for a larger variety of information would get a more accurate result. This could be done by allowing for a longer duration of testing or by approaching other local CrossFit affiliates. However, due to many CrossFit affiliates following their own training programme this may affect the results depending on their own personal goals and aims from their current block of training.
Time frame to test all participants in a Vo2 max test and an incremental functional fitness test would allow for all participants to have their own heart rate zones specific to CrossFit’s training style of HIFT. However, this method would be time consuming and would not be cost effect. It would need an extensive testing time frame depending on the size of the study been carried out.  
 A lack of literature and studies on ACSM guidelines and CrossFit is available currently. This is a area that requires further research and investigating to be done to relate the training style to recommendations for the general public on training. As well as no access to meaningful data from similar research methods which could have been analysed due to limits on newer field of CrossFit.
There was a limited option to change the methodology of research due to use of heart rate monitor and need for Vo2 max testing. Consideration to vary research through questionnaires was not appropriate as enough data would not be gathered in the time frame remaining. 
Conclusion 

CrossFit is a popular growing training trend that takes aspects of multiple training styles with many been regular training methods in a worldwide survey on training popularity. The current literature available on CrossFit shows that is a popular training method and a growing sport with more and amore CrossFit affiliates opening worldwide. With its unique training method and aspects of already popular methods such as HIIT and HIFT CrossFit is a suitable and safe method for people to use to reach the current UK government guidelines on fitness. 

However the literature on CrossFit relating to current ACSM guidelines and CrossFit training session been monitored for heart rate results are limited the results gathered form the study show that CrossFit is relatable to guidelines with one session adding to the recommended aerobic weekly timeframe and classing as a weight baring session. Each CrossFit class is unique with heart rate varying on the planning however each participant during the study showed time in each zone. With 3-4 1-hour session needed per week to meet guidelines it is a viable choice of exercise. 

Not only does CrossFit relate to ACSM guidelines the literature available shows that’s adherence to CrossFit is high with a community support group from their priers to support them while training. It has shown to be a unique and effective training method for all populations with the principle and core of training being good movement pattern. 
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Appendices 

Appendix 1. 
ACSM guidelines, what the Maximal heart rate percentage is for intensity levels as sated by ACSM on their website. 
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Appendix 2. 
[image: ]The Physical Fitness Specialist Certification Manual, Male Vo2 Max Norm Table.











Appendix 3.
CrossFit Session 1 class 1, 5pm – 6pm. Class HR data & Zone percentage. N1-6.
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Appendix 4. 
CrossFit Session 1 class 1, 5pm – 6pm. Class HR data & Zone percentage. N7-9.
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Appendix 5. 
CrossFit Session 1 class 2, 6pm – 7pm. Class HR data & Zone percentage.
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Appendix 6.
CrossFit Session 2 class 1, 5pm – 6pm. Class HR data & Zone percentage.
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Appendix 7. 
CrossFit Session 2 class 2, 6pm – 7pm. Class HR data & Zone percentage.
[image: ]




















Appendix 8.
Participant CrossFit session 1. Avg HR %, Max HR %, Calories, Time in zones (time & percentage) and heart rate graph.
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Appendix 9.
Participant CrossFit session 1. Avg HR %, Max HR %, Calories, Time in zones (time & percentage) and heart rate graph.
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Appendix 10.
Participant CrossFit session 2. Avg HR %, Max HR %, Calories, Time in zones (time & percentage) and heart rate graph.
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Appendix 11.
Participant CrossFit session 2. Avg HR %, Max HR %, Calories, Time in zones (time & percentage) and heart rate graph.
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Appendix 12.
Reduction in Chronic conditions expected with increase in physical activity.

	Condition
	 %

	Type 2 diabetes
	40

	Coronary heart disease
	35

	Depression
	30

	Breast and Colon cancer
	20

	Joint and Back Pain
	25

	Falls, fractures and head injuries
	30

	
	

	Premature mortality - Worldwide
	9%

	Premature mortality - UK
	16.9%


PHE (Brisk walking ref, NIMBS ref)


Impact of inactivity on chronic conditions

	Condition
	 %

	Type 2 diabetes
	7

	Coronary heart disease
	6

	Depression
	

	Breast and Colon cancer
	10

	
	

	Falls, fractures and head injuries
	Unknown

	
	

	Premature mortality - Worldwide
	9%

	Premature mortality - UK
	16.9%


NIMBS ref

Appendix 13.
Physical Active adults across UK.

	
	Male %
	Female %
	Combined %

	England
	67
	55
	59

	Northern Ireland
	60
	47
	53

	Scotland
	71
	58
	64

	Wales
	37
	23
	29


GoPA Cards ref

Appendix 14.
PAR-Q Form.

[image: ]
PAR-Q Questionnaire Form 
	 
	                               Personal Details 

	First Name: 
	 

	Last Name: 
	 

	Student Number: 
	 

	Course:  
	 

	Gender: 
	 


 
Please answer the following questions fully and truthfully as it may affect our safety whilst exercising. 
· Has a doctor told you that you have a heart condition AND must seek medical                          advice before participating in regular exercise?                   YES/NO 
· Do you feel pain in your chest when you perform physical activity?                                YES/NO 
· Have you ever had a chest pain when you perform physical activity?                             YES/NO 
· Do you lose your balance due to dizziness or do you ever lose consciousness?            YES/NO 
· Do you have a bone or joint condition that could be made worse                                                                 through physical activity?                                                                                                         YES/NO 
· Are you currently taking any medication for high blood pressure?                                  YES/NO 
· Are you currently taking any medication for a heart problem?                                         YES/NO 
· Do you take any other medications on a regular basis?                                                      YES/NO 
· Have you had any recent surgery?                                                                                          YES/NO 
· Do you have any chronic health conditions such as asthma, diabetes?                           YES/NO 
· Women only: Are you pregnant or have you given birth in the last 6 months?             YES/NO 
· Are you currently suffering from any lower limb injury?                                       YES/NO 
· Are you currently recovering/rehabilitating from any current/past injury?       YES/NO 
 
NOTE: Blood pressure will be taken before testing to see if you will be allowed to continue with the session. 
 
 
 
[image: ] 
If you have answered YES to any of these then please give details below. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
If you have answered YES to one or more of these questions, then it would be advisable to talk to your doctor before starting exercise. 
 
Please comment below if you have any further information regarding your health, physical or otherwise, that has not been covered by the above questions (i.e. past or present injuries): 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
 
Signature:Date: 







Appendix 15.
Consent Form. 

Consent Form
	Please tick the appropriate boxes
	YES
	NO

	I have read and understood the participant information sheet provided to me by the researcher
	
	

	I have been given the opportunity to ask any questions I have about the testing to be conducted.
	
	

	I agree to take part in the study explained in the participant information sheet. 
	
	

	I understand that the study will include:
· Collection of sensitive information 
· Use of heart rate monitors while conducting physical activity 
· Monitoring of myself during physical activity 
· Risk of Dom’s and/or injury during physical activity 
· Potential of 1RM during physical activity
	
	

	I understand that my personal data and results will not be revealed to anyone other than the investigator.
	
	

	I understand that taking part is voluntary and that I can withdraw at any time without giving reasons to why. 
	
	



Name of Participant			Signature			Date


Name of Researcher			Signature			Date

For any further information, please contact:
Robert Shaw 
07479868998
1701251@student.uwtsd.ac.uk	


Using the scaled and stadiometer at the gym, please use and record height and weight.  

	D/O/B
	Height
	Weight

	
	
	





Appendix 16.
Participant Information Sheet. 

Participant Information Sheet

You have been invited to take part in a dissertation study. Before you decide if you wish to do so, it is necessary that you understand what is required and why the study is being carried out. It is essential that you take your time to read the information provided and ask any questions if there is something which has not been made clear. 

This study aims to investigate the correlation between a 1-hour CrossFit training session and current UK government guidelines for physical activity. Current UK government guiltiness require all adults ages 18-65 to complete 150 minutes of moderate intensity aerobic exercise a week, 75 minutes of vigorous intensity or a mixture of the both. They also require that a minimum of at least 2 weight bearing exercises are completed a week, such as the gym, carrying heavy shopping bags. We hope to monitor physical activity levels during CrossFit in order to see how it would relate to those guidelines. 

As a member of CrossFit Carmarthen and have currently been training for at least 3 months, you have been asked to participate in this study. The decision to take part in the study is entirely up to you. If you wish to take part you will keep a copy of this form to refer to in the future, you will also be given a consent form to sign to say you wish to partake in testing. If you agree to take part, then decide later you do not wish to anymore, you are able to withdraw from the study at any time without judgement or effecting the study. 

If you wish to take part, you will be given a consent form and PAR-Q to fill in. Once completed you will be asked to attend two session. The first and second session, you will be given time to complete basic information to which the investigator will create a profile to which a heart rate polar team pro will be linked up to. You will be required to wear the heart rate for the full 60-minute duration of the CrossFit session. During some movements may be required to change your position to reduce risk of injury while wearing the heart rate monitor. 

Participating in this study should not cause any serious harm. The risks associated with wearing a heart rate monitor and lifting heavy weights, conducting gymnastic movements will be nothing to which could not happen regardless. The CrossFit training session will be conducted by Coach’s and the 60-minute training session will be a programmed WoD, clear instructions and demonstrations will be provided to ensure you become familiar with this. 

All data collected in this study will be kept confidential and safe using the Data Protection Act. Your results will be unidentifiable to other people, using number IDs instead of your name. You will not know what number ID you are; however, you will be given the opportunity to receive your own results if you wish. This study has been ethically approved by a lecturer within the Sport Health and Outdoor Education department of University of Wales Trinity Saint David. 

If you have any further questions regarding this study, please contact:
Robert Shaw 
07479868998
1701251@student.uwtsd.ac.uk

Appendix 17.
NHS Body Mass Index (BMI) Chart.
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Appendix 18.
Ethics Form
APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  


SECTION A: About You (Principal Researcher)

	Full Name:
	Robert Shaw

	Tick all boxes which apply:

	Member of staff:
	☐	Student:
	☒	Honorary research fellow:
	☐


	Faculty/School/Centre:
	School of Sport, Health and Outdoor Education 

	Campus:
	Carmarthen

	E-mail address:
	1701251@student.uwtsd.ac.uk

	Contact Telephone Number:
	07479868998

	For students:

	Student Number:
	1701251
	Undergraduate
	☒
	Programme of Study:
	Sports Science 
	Taught Postgraduate
	☐
	Director of Studies/Supervisor:
	Geraint Forster
	Research
	☐


SECTION B: Approval for Research Activity

	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	     
	Date

	If Yes, please indicate source of approval (and date where known):
	Research Degrees Committee
	☐	

	
	Faculty Research Committee
	☐	

	
	Dissertation supervisor  

	☒	28/01/20


Approval in principle must be obtained from the relevant source prior to seeking ethical approval.

SECTION C:  External Ethical Guidance Materials

	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	University of Wales, Trinity Saint David Ethics Website
	☒
	CrossFit, Certificate-Courses, Level-1, Code of Conduct
	☒

	BASES, code of conduct, https://www.bases.org.uk/imgs/bases_code_of_conduct872.pdf
	☒




SECTION D: External Collaborative Research Activity

	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	
If Yes, please provide the name of the external organisation and name and contact details for the main contact person:

	Institution
	

	Contact person name
	

	Contact person e-mail address
	



Where research activity is carried out in collaboration with an external organisation
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☒

	If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity

	Indicative title:
	CrossFit relationship to UK governments physical guidelines 

	Proposed start date:
	 03/02/2020
	Proposed end date:
	24/04/2020

	Purpose of research activity (including aims and objectives)
Outline the purpose, aims and objectives of the research activity, including key research questions. Show briefly how existing research has informed the proposed activity and explain what the research activity will add and how it addresses an area of importance. (Maximum 300 words)

	
The aim of this study is to compare Functional fitness training (CrossFit) to current UK fitness guidelines for adults 19-64 years old. Each week, adults should accumulate at least 150 minutes of moderate intensity activity or 75 minutes of vigorous intensity activity or a combination of both moderate and vigorous activity. Adult’s should also do weight bearing exercises at least twice a week to build strength and reduce atrophy and muscle loss due to age, (Gov.uk 9th Jan 2020 & 19th Sep 2020).

Having athletes who have participated in functional fitness or/and CrossFit based training for 3 months or more and have no current or previous injury within the last 6 months wear heart rate monitors while participating in a 1-hour CrossFit training session and monitor intensity and time spent in each aerobic training zone and to monitor is the session is aerobic or anaerobically based comparing results gathered to UK fitness guidelines to see if 1 CrossFit session can be classified as moderate or vigorous activity and a weight bearing exercise based session. 

If the results show that one high intensity functional fitness-based session is equivalent to 60 minutes of vigorous and moderate intensity and a weight bearing training session, those individuals who are short on time to train or those who prefer not to can reach current guidelines in an easier method and a shorter duration. 



	Proposed methods
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. (Maximum 600 words)

	
An athlete from CrossFit will be the main subject of the study conducting a pilot study of their results gathered from 2 maximal effort tests. 

The athlete will participate in a V02 max test. The athlete may stop at any point during testing. The athlete will cycle at a pre established rpm for 3 minutes, every 3 minutes the resistance will be increased by 1. Until the athlete can’t maintain the rpm they are required to. 2-3 minutes the athletes will be required to wear a nose clip and place a mouthpiece in, the expired air will be collected in a Douglas air bag.  

The athlete will participate in a V02 max test, based off aerobic exercises, thrusters and pull ups. The athlete may stop at any point during testing. The athlete will conduct 3 minutes of each selected functional fitness exercise. 2-3 minutes the athlete will wear a nose clip and mouthpiece and air samples will be collected. The athlete will then move onto the second exercise and complete the same method. 

The athlete will complete each exercise 3 times, each time progressively getting harder.
Movement 1, thrusters. 0-3 minutes light weight, 3-6 minutes moderate weight, 6-9 minutes heavy weight. 
Movement 2 pull ups.  0-3 minutes banded assistive, 3-6 minutes body weight, 6-9 minutes weighted pull ups.


Athletes at CrossFit Carmarthen will be asked to wear a Polar Team Pro heart rate monitor and height, weight and age to be recorded to create profiles of the athletes to monitor heart rate and time spent in each heart rate zone during a 1-hour training period.  






	Location of research activity
Identify all locations where research activity will take place.

	UWTSD, SHOE facility, Lab
CrossFit Carmarthen Gym

(this box should expand as you type)

	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural sensitivities or vulnerabilities of participants.

	
N/A

(this box should expand as you type)




SECTION F: Scope of Research Activity

	Will the research activity include:
	
YES
	
NO

	Use of a questionnaire or similar research instrument?
	☐
	☒

	Use of interviews?
	☐
	☒

	Use of diaries?
	☐
	☒

	Participant observation with their knowledge?
	☒
	☐

	Participant observation without their knowledge?
	☐
	☒

	Use of video or audio recording?
	☐
	☒

	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☒
	☐

	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	Investigation of participants involved in illegal activities?
	☐
	☒

	Use of procedures that involve deception?
	☐
	☒

	Administration of any substance, agent or placebo?
	☐
	☒

	Working with live vertebrate animals?
	☐
	☒

	Other primary data collection methods, please explain in this box



	☐
	☐



If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 


SECTION G: Intended Participants

	Who are the intended participants:
	
YES
	
NO

	Students or staff at the University?
	☐
	☒

	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	Vulnerable adults?
	☐
	☒

	Children under 18?
	☐
	☒

	Prisoners?
	☐
	☒

	Young offenders?
	☐
	☒

	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	People engaged in illegal activities?
	☐
	☒

	Others (please identify):


	☐
	☒



	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	
Participants will be current members of CrossFit Carmarthen, with at least 3 months of weight training and CrossFit training. Familiar with functional fitness movement patterns. Participants will be recruited via verbal dialog in a gym-based environment and will be informed/advertised via social media platform (Facebook and Instagram). Estimated participants numbers are 20 male and females. Participant numbers may very due to personal reasons, however speaking to potential participants, it will be spoken of the importance to attend both training sessions if possible. 

this box should expand as you type)



	Information for participants:
	
YES
	NO
	
N/A

	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	Will you obtain written consent for participation?
	☒
	☐
	☐

	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☐
	☐
	☒

	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	If NO to any of above questions, please give an explanation 

	
No Questionnaires are in use. 

(this box should expand as you type)






	Information for participants:
	
YES
	NO
	
N/A

	Will participants be paid?
	☐
	☒
	☐

	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	If YES to any question, please provide full details 

	
Polar Team Pro heart rate monitors are to be worn during 2x functional fitness training sessions. 
Polar Team Pro heart rate monitors are to be worn during 2x aerobic and anaerobic maximal testing. 
Watt bike pro will be used for Vo2 aerobic max testing.
Pull up bar and dumbbells for anaerobic Vo2 max testing.
Douglas bag used to collect 60 second air samples from the Vo2 testing. 
Stopwatch, to monitor time.
Mouthpiece & valve to create a seal to collect a full 60 second air sample. 
Nose-clip to stop the athlete breathing through their nose during 60 second air sample collection.
Servomex gas analyser, to analyse the samples collected. 
Dry gas meter, to analyse the samples collected.
Borg RPE scale, to monitor athlete intensity. 




(this box should expand as you type)





SECTION H: Anticipated Risks

	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	Full risk assessment completed and appended? 

Yes                               ☐
 No                                   ☒


	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	
DOMs: Delayed onset muscle soreness, participants might develop DOM’s depending on the CrossFit session. An appropriate warm up and cool down will be conducted to reduce risk of DOM’s and injury. A coach will be present at all time to ensure correct and safe technique is used.

HR monitors: participants will be wearing a HR monitor for 1-hour periods. They must ensure not to hit it off any bars, weight or other equipment that may cause it to press into the sternum causing physical harm. Extra caution and constant reminders will be used to reduce risk of injury. 

Emotional distress: due to the volume and intensity of training participants may feel emotional distress. To mitigate the risk support if needed and participants may stop at any time if they need to. 

Physical harm: under fatigue if technique fails participants may drop the weight, let go of the pull up bar, they may fall or knock the participant causing physical harm. Coaches are present to reduce load and intensity id participants fail to meet standards. Coach’s are present to teach participants how to bail or drop weights in a safe manor. 

Transfer of personal data: personal data when transferred will always be kept on the testers. Laptop will be in a secure bag, paper documents will be in a folder in a secure bag. The bag will always be with the tester, when left alone it will be locked inside an office inside a locked house. 

Sensitive information: will be confidential between tester and participant only, no sharing of data or information will be passed on at any time. Data will be stored safely in a locked office which the tester alone has keys to.  

High-intensity exercise using cycle ergometer (Wingate): the participant may feel sick dizzy and lightheaded, they may feel fatigue and muscle soreness, a correct warm up and cool down will be used to reduce muscle soreness, appropriate time to rest and fluids after testing will be given by choice. Technique will be demonstrated to the participant prior and will be enforced during testing. 

Maximal aerobic test (VO2max/peak): the participant may feel sick dizzy and lightheaded, they may feel fatigue and muscle soreness, a correct warm up and cool down will be used to reduce muscle soreness, appropriate time to rest and fluids after testing will be given by choice. Technique will be demonstrated to the participant prior and will be enforced during testing. 


Prolonged exercise: the participant may feel sick dizzy and lightheaded, they may feel fatigue and muscle soreness, a correct warm up and cool down will be used to reduce muscle soreness, appropriate time to rest and fluids after testing will be given by choice. Technique will be demonstrated to the participant prior and will be enforced during testing. 

Blood pressure: will be taken from the pilot study participant, the procedure will be explained to them however if they do not follow procedure, circulation may be restricted. The procedure will be explained, and they may stop at any time if they so choose. 

Sterilisation procedures: all equipment will be cleaned with appropriate cleaning products and rinsed clear after cleaning and before use to ensure no chemicals are left on the equipment. 

Strength testing (External Resistance): the participant may feel sick dizzy and lightheaded, they may feel fatigue and muscle soreness, a correct warm up and cool down will be used to reduce muscle soreness, appropriate time to rest and fluids after testing will be given by choice. Technique will be demonstrated to the participant prior and will be enforced during testing. 


Body composition: participant from the pilot study will be asked to conduct a body composition on a Tanita and height and weight recorded. This data will only be shared between the participant and tester. The data will be stored in a file in a locked room and not shared with external parties. 

(this box should expand as you type)

	

	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	N/A

(this box should expand as you type)

	

	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
Risk to investigator physical harm, during testing the investigator must ensure a safe distance from participants when lifting weight or conducting movements to mitigate the risk of objects falling or been dropped on the investigator or collations between participants and investigator. 

Risk to investigator credibility, during testing a witness should be present for submaximal testing, and during height, weight and age gathering at the CrossFit gym to ensure no false claims are made towards the investigator. 


(this box should expand as you type)

	

	University/institutional risks
For example: adverse publicity, financial loss, data protection

	

Risk to University, the investigator will take appropriate actions to act in a professional and polite manor to all participants, the investigator will always have a 3rd party member, lab tech/ CrossFit coach present when conducting all testing and if any information is required from participants. 

There will be no adverse risk to the university or finical loss sue to all participants been volunteers.
There will be no risk to data protection as data protection act 1998 will be followed through out testing.  

(this box should expand as you type)

	

	Adverse outcomes
List measures put in place to limit any adverse effects or outcomes of research activity where appropriate. Include any emergency protocols. 

	
Weather: due to rain and flooding, all exercise and testing will be stopped and be re-arranged at a later date. 

(this box should expand as you type)





	Disclosure and Barring Service

	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	


YES
	


NO
	


N/A

	Has a DBS certificate been obtained?
	☒
	☐
	☐




SECTION I: Feedback, Consent and Confidentiality

	Feedback
What feedback will be provided to participants, how will this be done and when? 

	
No feedback will be given unless the participants request it prior. 


	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded.

	
Consent will be acquired via a consent form, written. All participants will be informed of what is expected and if they wish to stop, they may. Participants will also complete a PAR-Q to screen for any risk that may cause injury, hard or show they have been injured in the last 6 months. 

Each session will be explained to participants, that height weight and age is required to create a profile on polar team pro, they need to wear a HR monitor for the full duration and once cooled down they may remove it. 

Sub maximal testing, the participant will be informed of the standard of which they must maintain during both aerobic and anaerobic maximal testing, apparatus used will be presented to the participants to allow them to try it and become comfortable with the equipment. 



	

	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
Participants data will be recorded down with names, however only testers will know the identity and results of those individuals, records will only show N (number of participants that took part). No names or specific data will be presented or shared from this study.

(this box should expand as you type)






SECTION J: Data Protection and Storage

In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	
	YES
	NO

	Does the research activity involve personal data (as defined by the Data Protection Act)?
“personal data” means data which relate to a living individual who can be identified—
(a) from those data, or
(b) from those data and other information which is in the possession of, or is likely to come into the possession of, the data controller, and includes any expression of opinion about the individual and any indication of the intentions of the data controller or any other person in respect of the individual.
	☒
	☐

	If YES, provide a description of the data and explain why this data needs to be collected:

	
Age, Height and Weight will collected from the participants for the polar team and for mean and average scores.

(this box should expand as you type)

	

	Does it involve sensitive personal data (as defined by the Data Protection Act)?
“Sensitive personal data” means personal data consisting of information as to –
(a) the racial or ethnic origin of the data subject,
(b) his political opinions,
(c ) his religious beliefs or other beliefs of a similar nature,
(d) whether he is a member of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) his physical or mental health or condition,
(f) his sexual life,
(g) the commission or alleged commission by him of any offence, or
(h) any proceedings for any offence committed or alleged to have been committed by him, the disposal of such proceedings or the sentence of any court in such proceedings.
	☒
	☐

	If YES, provide a description of the data and explain why this data needs to be collected:

	
Physical data will be collected from all participants from 2x 1 hour training sessions.  

(this box should expand as you type)



	Will the research activity involve storing personal data on one of the following:
	YES
	NO

	Manual files (i.e. in paper form)?
	☒
	☐

	University computers?
	☒
	☐

	Private company computers?
	☒
	☐

	Home or other personal computers?
	☐
	☒

	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	“Cloud” storage or websites?
	☐
	☒

	Other – specify:

	☐
	☒

	For all stored data, explain the measures in place to ensure data confidentiality, including details of password protection, encryption and anonymisation:

	

All paper copies of data will be stored in a file in a locked draw in a private room which will be locked when the main researcher of the study is not present. Laptop and personal PC are in a study, this is locked when not in use. University tablet will be used to collect data, the data will be transferred straight to a private PC then wiped clear of all sensitive data. Laptop and PC have passwords on and will follow data protection act. 




	Will the research activity involve any of the following activities:
	YES
	NO

	Electronic transfer of data in any form?
	☒
	☐

	Sharing of data with others at the University?
	☐
	☒

	Sharing of data with other organisations?
	☐
	☒

	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	Publication of data that might allow identification of individuals?
	☐
	☒

	Use of data management system?
	☐
	☒

	Data archiving?
	☐
	☒

	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the Data Protection Act (and/or any international equivalent):

	
Transfer will be from tablet to a private PC. Once transferred the data will be wiped from the public tablet. 





	List all who will have access to the data generated by the research activity:

	
Robert Shaw (investigator)
Dissertation supervisor
Moderator
External examiner



	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
Robert Shaw (investigator)

(this box should expand as you type)

	

	Give details of data storage arrangements, including where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	
Paper form will be stored in a file in a locked draw in a locked study.
Electronic data will be stored on a file on a password protected PC in a locked study.   

(this box should expand as you type)




SECTION K: Declaration

	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice

	Signature of applicant: 
	
	Date:
	



For students:
	Director of Studies/Supervisor:
	Geraint Forster 

	Signature:
	

	Date:
	



For staff:
	Head of School/Assistant Dean:
	

	Signature:
	


	Date:
	




Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☒
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	
I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)


	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Head of School.




	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.



STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.

This form is available electronically from the Academic Office web pages: http://www.uwtsd.ac.uk/academic-office/

Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Faculty procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Faculties.  Faculties will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Faculty will refer these to the University Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.   

Notes for guidance in completion of this form

Section A:  About You
Please complete all relevant sections

Section B:  Approval for research activity
Research proposals must be approved in principle before applying for Ethical Approval.  The proposal approval only becomes final when the ethical approval is received.  

The process for proposal approval varies according the individual and programme of study:
· Research students, by application on form PG1 to the Research Degrees Committee
· Taught students by review of research proposal within Faculties (Faculties provide specific details of these processes)
· Staff, by agreement by the Head of School/Assistant Dean

Section C:  External Ethical Guidance materials
Many discipline areas are required to operate with the discipline specific codes of research ethics (for example health, psychology, education etc.), any such codes must be listed and you must tick to confirm that you have consulted with these.

Section D:  External Collaborative Research Activity
Provide details of the external collaborative partners, where appropriate you might want to submit a copy of the external collaboration agreement with the Ethical Approval Form.  If the partner requires the research to be subject to its own internal Ethical approval process then please provide details of that process and a copy of any final (or interim) approvals received from the organisation.

Section E:  Details of Research Activity
Remember that the individuals reviewing this Ethical Approval Form may not have seen your research proposal, and also may not be experts in the specific area of your research.  The information provided should therefore be jargon free and clearly stated.
Indicative Title:  please use the same title as used on the research proposal.
Purpose:  the Ethical approval process will want to ensure that the methods you propose are adequate and appropriate to address the research aims and objectives.  Excessive additional data collection can be seen as unethical.
Proposed Methods:  the Ethical approval process seeks to ensure that you understand the methods that are intended, and that the implementation of those methods will be appropriate and without unnecessary impact on respondents.  Please be specific.
Location:  this needs to mention geographical location and also local situation (for example, within Local Authority Offices in Cardiff, using a private room but close to other individuals).  If you are collecting data within an organisational setting then you need to explain the permissions that you have obtained to do this.
Research Activity outside of the UK:  please complete this section in detail, and note any guidance you have received.  Also describe your own familiarity (or not) with the location that you will be utilising.





Section F:  Scope of Research Activity
Please tick ALL of the research activities that might be undertaken.   If any additional types of activity are intended then please add an extra box and describe these.
If you have answered no to all questions in F then sections G and J do not need to be completed.  Section H should be considered, and may be completed.  Signatures are still required in section K.

Section G:  Intended Participants
Please tick all categories that might apply.
Numbers & Source:  if you are using a series of different methods or research activities please list numbers for each stage/phase.  Be clear about how you will find respondents.   Will you use intermediaries, and if so how?  How will you ensure compliance with your sampling strategy?
Information for participants:  all participants should be appropriately informed about the research, what is expected of them and what will happen to the information that they provide.  The Ethical review process does not ask to see this documentation, but requires this to be reviewed and approved by the Director of Studies in the case of research students, the supervisor/module tutor in relation to students on taught programmes and the Head of School/Assistant Dean in relation to staff research.

Section H:  Anticipate Risks
All research carries some level of risk.  The answers you provide to questions in this section will be reviewed to ensure that you have an appropriate understanding of the type of risks involved and how you can mitigate against these risks. If you have completed a full risk assessment, as required for example for laboratory work, field work, clinical tests, diving operations, or by a collaborative partner, you may append that to this form.  In that case, please tick the box indicating this has been provided.  You will not then be required to complete Section H.
Risk to participants   Think very carefully about how your actions/questions/discussions might affect the people you are involving as participants.  You might identify the risk as small but it would still be a risk.  Many types of question have the potential to make respondents less content with their life / job; you need to recognise and try to ameliorate any such effects
If these are business owners, time with you may reduce profit.  
In some locations physical risk is very real to both participants and yourself, please consider this.
Risk to you, the researcher   Think about where you will meet people, if there are any dangers involved in the location.  If you are meeting people as individuals think about using a public place.  In general do not visit people in their own homes or remote locations.  If you are talking to individuals about certain issues think about how their responses might affect you emotionally.  What about the risk of collecting insufficient data?
Risk to the University   When undertaking your research, you are acting as a member of the University (student or staff).  Professionalism is important, so it is important to be well organised and well prepared. Punctuality, clarity etc. are all part of this.  What will you do to ensure this?  You must ensure you do not harm the good name of the University in any way and do nothing to undermine the reputation of the research it conducts and sponsors.  Upholding high standards of conduct and integrity are vital in this regard. You must also conduct the research in such a way to minimise the potential for claims of negligence made against the University, its researchers and any collaborating individual or organisation. In this respect you should always comply with ethical, legal and professional frameworks, obligations and standards as required by statutory and regulatory authorities, as well as the university’s Research Integrity and Ethics Code of Practice.  Research misconduct in this respect can take many forms, including:
· fabrication: making up results or other outputs (eg, artefacts) and presenting them as if they were real
· falsification: manipulating research processes or changing or omitting data without good cause
· plagiarism: using other people’s material without giving proper credit
· failure to meet ethical, legal and professional obligations: for example failure to declare competing interests; misrepresentation of involvement or authorship; misrepresentation of interests; breach of confidentiality; lack of informed consent; misuse of personal data; and abuse of research subjects or material
· improper dealing with allegations of misconduct: failing to address possible infringements such as attempts to cover up misconduct and reprisals against whistle-blowers

Adverse Outcomes.  Think carefully about the possibilities, and cover here

Section I:  Feedback, Consent and Confidentiality
Feedback to participants:  outline your approach.   Will interview transcripts be shared with respondents to check accuracy?  Will summaries of questionnaire analysis be made available to respondents in some way?   Will an overview report be provided?  How and when?
Informed consent:   Draft letter / e-mail / or heading (or footer) section of questionnaire must be approved by DoS/supervisor (if research student), supervisor/module tutor if taught student, or Head of School / Assistant Dean if a member of staff.
Confidentiality/Anonymity.  Explain clearly how you will ensure confidentiality and anonymity.

Section J:  Data Protection and Storage
Before completing this section it is necessary to read the University’s Research Data Management information.   The questions that follow are designed to ensure compliance with the Data Protection Act as well as established research protocols.

Many research activities will involve electronic transfer of data and use of data management systems in the summarisation and analysis of data.  You will need to explain these in relation to compliance with the Data Protection Act.
Think carefully about who will have access to your data, this will include supervisors and examiners. Also that a thesis will be made available via the University library and the British Library system.  If you are seeking an access bar for a period of time after completion then mention it here.  If you will provide a copy of your findings, or intend to give a presentation, to a facilitating/ supporting/accessing organisation then explain that in this section.  But also think about the general principle of data sharing, as explained in the Research Data Management information.
In terms of storage of data please ensure security, and also mitigate against loss of data.

Section K:  Declaration
Ensure the appropriate countersignatures have been provided
Look carefully at the checklist and ensure that you comply with and tick all that are relevant to your research.
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R, Maximal HR; %6HR, prcent of maximal HR; HRR, HR reserve; Vs, Maximal oxygen uptake; %V0yo, percent of maximal axygen uptake; VO,R, exygen Uptake fesenve; RPE, ratings of perceived exertion (48]

What do you need to know in order to write

TnﬁL

O Type here to search (©

o

1436
200 T

AO zW)





image8.png
13 Email - Paige Summers (140099 X @ Normative datafor VO2Max X+ =

C @ Notsecure | machars.net/v02max.htm * 6

Apps @ YouTube | Interventions o pre.. = Best Chocolate Cho.. &3 Effectiveness of lfe..

Normative data for VO2max

Female (values in mi/kg/min)

Male (values in mi/kg/min)

Table Refarance: The Physical Fitness Specialst Cartfication Manual, The Cooper Institute for Asrobics Research, Dallas TX, revised 1957 printed in Advance Fitness Assessmant & Exercise Prescription, 3rd Edition, Vivian H. Heyward, 1998.p48

I
D
L]

O Type here to search (©





image9.png
i | | l

BB A B A

@

9

TOTAL PLAYERS

HANNAH
D

JONATHAN
D

ANGHARAD
EVANS

JAKE

CHRIS
JONES

JACK
MACON

69

AVERAGE [%]

72

AVERAGE [%]

82

AVERAGE [%]

65

AVERAGE [%]

64

AVERAGE [%]

66

AVERAGE [%]

66

AVERAGE [%]

n

AVERAGE [%]

95

MAXIMUM [%]

96

MAXIMUM [%]

104

MAXIMUM [%]

90

MAXIMUM [%]

90

MAXIMUM [%]

93

MAXIMUM [%]

95

MAXIMUM [%]

96

MAXIMUM [%]

SESSION SUMMARY

CALORIES [KCAL]

426

CALORIES [KCAL]

780

CALORIES [KCAL]

589

CALORIES [KCAL]

349

CALORIES [KCAL]

539

CALORIES [KCAL]

4

CALORIES [KCAL]

679

CALORIES [KCAL]




image10.png
TOTAL PLAYERS AVERAGE [%]

7// b AVEKAGE %]
_,.’ D"’Ec“" sznAG? ["/5.,1
7_,, “"SV'E:,?D AVEHA(E [g].
7_,’ "‘I_KE AVERAG? [%61
_,.’ f:}éz sznAG? ["/6.,1

a , ,::-::" AVERA(Z [:/I..]
7"’ SUPMATMGEERS AVERAZ[H/'sl

O) 3 ’ s;" AVERA(? ["/8.,1

THOMAS

MAXIMUM [%]
NIAXINIUM %]

90

MAXIMUM [%]

90

MAXIMUM [%]

93

MAXIMUM [%]

95

MAXIMUM [%]

96

MAXIMUM [%]

99

MAXIMUM [%]

90

MAXIMUM [%]

SESSION SUMMARY

CALORIES [KCAL]
GALUKIES |KGAL|

589

CALORIES [KCAL]

349

CALORIES [KCAL]

539

CALORIES [KCAL]

541

CALORIES [KCAL]

679

CALORIES [KCAL]

435

CALORIES [KCAL]

412

CALORIES [KCAL]

3 14%
2 24%




image11.png
SESSION SUMMARY

7 68 96

TOTAL PLAYERS AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

’ - 62 93 334
_ PRevias AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
, - 59 77 234
- DBI;;"IA AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
’ 1 61 96 305
_ B AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
’ - 68 91 624
_ e AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
, - 80 119 555
- ’f:;r::é: AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
’ - 73 98 434
_ st AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]
’ - 65 96 601
@ - ROBERT AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

SHAW





image12.png
SESSION SUMMARY
SESSION NAME

Berlin

6 66 93 405

TOTAL PLAVERS AVERAGE [%] MAXIMUM [%] CALORIES[KCAL]

' - 70 90 338
R AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

' - 69 89 609
pune AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

e 59 88 259
“"E‘*v"A‘:"‘s“" AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

) - 72 104 607
j’:"“éi AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

' - 70 97 371
"J‘:)T":EL;E AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]

e - 59 88 248

0} "jg:g:‘ AVERAGE [%] MAXIMUM [%] CALORIES [KCAL]





image13.png
UNITED
KINGDOM

Berlin

5 Mar 2020
18:07 - 18:50

5

TOTAL PLAYERS

OLIVIA
BENNETT

1

CATRIN
DAVIES

MARTHA
MATHIAS

STEPH
MORGAN

ROBERT
SHAW

68

AVERAGE [%]

68

AVERAGE [%]

64

AVERAGE [%]

60

AVERAGE [%]

80

AVERAGE [%]

70

AVERAGE [%]

96

MAXIMUM [%]

93

MAXIMUM [%]

95

MAXIMUM [%]

96

MAXIMUM [%]

100

MAXIMUM [%]

97

MAXIMUM [%]

346

CALORIES [KCAL]

303

CALORIES [KCAL]

242

CALORIES [KCAL]

304

CALORIES [KCAL]

372

CALORIES [KCAL]

512

CALORIES [KCAL]





image14.png
N Prifysgol Cymru
3N ¥ Drindod Dewi Sant
S University of Wales

Trinity Saint David




image15.jpg
Your height in feet and inches

6'6

6'5

6'4

&

511

510

59

41

4'10

Your weight in kilograms

40 50 60 70 80 90 100 110 120 130 140 150 160 170
Under Healthy |
weight weight

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Your weight in stones

200
198
196
194
192
190
188
186
184
182
180
178
176
174
172
170
168
166
164
162
160
158
156
154
152
150
148

Your height in centimetres




image1.jpeg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David




image2.gif
Prifysgol Cymru
¥ Drindod Dew Sant

N University of Wales
Trinity Saint David




