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The Effects of a Heavy Resistance Conditioning Activity on Optimal Recovery Time and Gender: Post Activation Potentiation

Abstract
Objective: The purpose of this study was to investigate the acute effects of hex bar deadlifts on vertical jump performance in male and female collegiate athletes. 
Background: Post activation potentiation is an acute enhancement in performance following a conditioning activity. Although there are many factors which effect the PAP response, research into optimal recovery time and differences in gender are inconsistent and further research is needed into these areas. 
Hypothesis: The hypothesis of this study was that males and females would both display a potentiating response, with females potentiating sooner than males. It was also hypothesised that males would present greater PAP responses than females. 
Methods: 20 collegiate athletes (10 males, 10 females) performed 3 hex bar deadlifts at 93% of their 1Rm. Following the deadlifts, a countermovement jump was performed at 2, 4, 6, 8, 10, 12, 14 and 16 minutes. 
Results: Countermovement jump performance was significantly increase in males at 4 minutes following a deadlift conditioning activity. Females did not display any increase in performance following any of the recovery intervals. Significant differences between genders presented at 4, 8, 10, 12, 14 and 16 minutes. With females displaying a significantly greater reduction in power. 







Introduction
According to Conners et al (2018) athletes are always looking for ways to increase their performance. Strength and conditioning coaches work to improve strength and power as a way of enhancing performance. Power is defined by Kenney et al (2015) as the rate in which work is performed, as a product of force and velocity. It is the explosive aspect of strength. 
An athlete’s ability to produce power in sport is important (NSCA, 2017). NSCA (2017) go on to describe how a basketball players ability to perform a slam dunk or a rugby player having the ability to change direction quickly during a game all comes down to the amount of power they can produce. 
Explosive power is usually assessed as vertical jump, with several measurements which can be taken for this, for example, max power, jump height or rate of force development. This explosive power is an important characteristic within most sports (Dobbs et al, 2019). Therefore, the ability for an athlete to increase their explosive power during training or warm-ups would be of a great advantage during competition. 
There are several different ways in which power can be increased. One method, explained by NSCA (2017) is by increasing the muscular strength of an individual, this can have a positive effect on the increase in power development. Booth and Orr (2016) state that plyometric training is a method which used body weight resistance exercises focusing on explosive force to help increase strength and power performance. A method which has become more popular over the past few years for increasing power performance is post-activation potentiation. Post-activation potentiation (PAP) has been defined by Tillin and Bishop (2009) as ‘a phenomena in which muscular performance is acutely enhanced as a result of their contractile history’. They go on to explain that a conditioning activity must take place to achieve PAP, however, this could be in the form of involuntary tetanic contraction or via maximal voluntary contractions. The current study refers to PAP as the conditioning activity involving a maximal voluntary contraction. 
Sale (2002) states that performance of skeletal muscles is affected by its contractile history. The most obvious effect of this is fatigue which diminishes performance (Sale, 2002). However, there is another effect of contractile history which serves to do the opposite, therefore, enhancing performance; this effect is called post activation potentiation. 
Golas et al (2016) state that if PAP is utilised correctly in power training sessions, it could help to enhance the training stimulus of explosive activities. Golas et al (2016) expand on the previously stated sports which require power by explaining that good performance of track and field sprints, throws, jumps, hurdles and most team sports rely a lot on a need for power.  

Mechanisms
Tillin and Bishop (2009) explain that there are two mechanisms responsible for PAP. These include phosphorylation of myosin regulatory light chains and an increase in the recruitment of higher order motor units. 
Phosphorylation:
Wallace (2019) states that the phosphorylation of regulatory light chains (RCL) is triggered by the enzyme myosin light chain kinase, this is activated when calcium is released during a muscular contraction from the sarcoplasmic reticulum. He goes on to explain how calcium binds to calmodulin, and this then attaches to the myosin light chain kinase, activating the RCL phosphorylation. Tillin and Bishop (2009) expand on this stating that RCL phosphorylation potentiates following contractions due to altering the structure of the myosin head and moving it from the thick filament backbone. It is also understood that myosin light chain kinase is responsible for the production of ATP at the actin-myosin complex, this increase actin-myosin cross bridging (Xenofondos et al, 2010). Also, the myosin light chain kinase, which is responsible for making more ATP available at the actin-myosin complex that, in turn, increases the rate of actin-myosin cross-bridging (Xenofondos et al, 2010).
It is also thought that an increase in the recruitment of higher order motor units can contribute to PAP (Xenofondos et al, 2010). They go on to explain that recruitment of motor units, greater organisation of motor units, increased central nerve impulse and a decrease in presynaptic inhibition are all thought to increase neural activity. Xenofondos et al (2014) develop on this stating that the intensity of a contraction is associated with the size of the recruited motor unit cell bodies. Therefore, by increasing the intensity of a contraction, the number of recruited motor units increase. To recruit fast motor units, the intensity should be high to maximal (Xenofondos et al, 2014), this increases fast-twitch fibres and therefore enhances performance. 
Although there is not a lot of evidence, there is some which explains that changes in pennation angle could also contribute to PAP (Tillin and Bishop, 2009; Suchomel et al, 2016). Golas et al (2016) state that the pennation angle of the muscle reflects the positioning of the muscle fibres in relation to tendons and tissues. The amount of force transmission to the tendon and bones is affected by the pennation angle (Golas et al, 2016). A mechanical advantage to force transmission to the tendon can be seen with a smaller pennation angle (Barbosa et al, 2016). 
Repetitive contractile stimulation can result in a decrease in performance, this is due to fatigue (Robbins, 2005). However, at the same time fatigue is seen, PAP is also elicited (Robbins, 2005). MacIntosh and Rassier (2002) express that contractile activity produces results of both fatigue and PAP. With the two coexisting it is difficult to identify the two processes. (MacIntosh and Rassier (2002) add that the optimal recovery time is dependent upon the decline in PAP and the dissipation of fatigue. Therefore, PAP may only be seen once fatigue has diminished, and may not be seen at all if fatigue lasts longer than the effects of PAP in some individuals (Robbins, 2005). 
There are several factors which may affect how well PAP works for an individual. There have been studies which investigate the effect of PAP on gender (Rixon et al, 2007; Arabatzi et al, 2014), training status (Dobbs et al, 2019; Wilson et al, 2013), recovery time (Kilduff et al, 2008; Jo et al, 2010)  as well as the previously stated ability to dissipate fatigue (MacIntosh and Rassier, 2002; Robbins, 2005). 
It is expressed by Mata et al (2016) that female athletes do not produce as much absolute and relative power than male athletes at the same competitive level. Rixon et al (2007) explain that gender may influence the outcome of PAP due to the gender differences in muscle fibre composition. They go on to state that males have greater a greater type II fibre cross-sectional area and shorter contraction times in comparison to females. However, this causes females to show greater fatigue resistance, this is due to lower twitch ratios (Rixon et al, 2007). 
Recovery time plays a crucial role when trying to enhance performance. Kilduff et al (2008) state that there is still no definitive optimal recovery time required between a conditioning activity and the gain in performance. However, Jo et al (2010) explain that previous literature found recovery of 5 minutes to be enough to see the enhancements in performance. 
Finally, it is also believed that the training status of an individual can contribute to the effects of PAP. Wilson et al (2013) states that trained athletes have a greater fatigue resistance following a conditioning activity, than untrained individuals. Dobbs et al (2019) continues that trained individuals require a higher stimulus to be able to recruit a higher threshold of motor units during PAP, therefore a heavy load of at least 80% is required during the conditioning activity. 

The aim of this study is to investigate the optimal recovery time for post activation potentiation enhanced performance between genders. To achieve this aim, the objectives are to measure maximal power following a conditioning activity using a force platform. The hypothesis for this study is that maximal power will increase following a conditioning activity. It is also hypothesised that this increase will not be seen straight away but happen after 4 minutes when fatigue dissipates. The null hypothesis is that there is no difference in maximal power following the conditioning activity. 

Literature Review
There are several different methods used when trying to produce PAP effects. These include involuntary tetanic contraction and voluntary contractions. Tillin and Bishop (2009) discuss that PAP is induced using a voluntary conditioning contraction, usually performed at maximal, or near-maximal intensity. PAP has displayed increases in peak force and rate of force development. 
Using PAP as a warm-up technique before competition may be more beneficial than a conventional warm-up, specifically in sports which require explosive movements such as sprinting, throwing and jumping (Tillin and Bishop, 2009). 

Fatigue
Human performance in both males and females during athletic events and daily activities are often limited by fatigue (Hunter, 2016). Fatigability within performance can differ between males and females due to differences in anatomy and physiology. Hunter (2016) expands that males usually have stronger skeletal muscle and more powerful than females, males are more fatigable for sustained contractions at a similar relative intensity than females. 
McCann and Flanagan (2010) state that fatigue exists alongside PAP, following either maximal or near-maximal heavy resistance exercise. However, it is thought that fatigue reduces at a faster rate than PAP (McCann and Flanagan, 2010). Seitz and Haff (2016) further explain that the balance between fatigue and PAP is dependent upon the strength-power-potentiation complex and each individual. 
With fatigue being a large factor, which can influence potentiation, Ditor and Hicks (2000) performed a study to examine the influence of gender on fatigue. Participants underwent a number of intermittent and maximal voluntary contraction testing. After analysis it was suggested that there was no difference between genders on relative fatigability. This finding was important as several studies have stated that females have greater fatigue resistance. 
However, Lessi et al (2017) also conducted a study into the effects of fatigue in the lower limbs and the gender differences into the findings. The testing for fatigability involved 10 bilateral squats, 2 bilateral vertical jumps and 20 step ups. Following this protocol, a single-leg hop was performed. This was repeated until the individual showed reductions in hop distance of at least 20%. The results were conflicting with those found in Ditor and Hicks (2000), finding that males were able to adapt to fatiguing conditions significantly better than females. 
This is important within the studies of PAP due to fatigue having a strong influence on when PAP is elicited. Therefore, several researchers (Crewther et al 2011; Mola et al, 2014 and Arias et al, 2016) have performed studies to help find the optimal recovery time to elicit a potentiation whilst avoiding the effects of fatigue. 
The optimal rest time for PAP remains unknown, however, many studies have investigated different rest periods ranging from around 15 seconds to 20 minutes (Kilduff et al, 2007; Crewther et al, 2011 and Mola et al, 2014). Previous research has reported that females have a greater muscular endurance capacity and therefore, greater fatigue resistance than males (Hakkinen, 1993 and Hunter and Enoka, 2001). Hunter and Enoka (2001) state that although observations have been made for women’s longer muscular endurance, the mechanism for this is still unknown. 

Recovery Time
The body provides short-term muscle memory by the phosphorylation of proteins (MacIntosh et al, 2012). This memory begins to dissipate as dephosphorylation of the regulatory light chains takes place. MacIntosh et al (2012) explain that within 5 to 6 minutes of inactivity, any phosphorylation which was achieved through the conditioning activity is lost. However, previous research has found potentiation which has lasted longer than this period (Kilduff et al, 2007; Crewther et al, 2011). 
Mola et al (2014) conducted a study into the optimal recover time of soccer players. The study investigated PAP over a period of 15 seconds up to twenty minutes. Twenty-two soccer players were randomised into either an experimental or control group and then took part in CMJ baseline testing. The control group performed a CMJ at 15 seconds, 4, 8, 12, 16 and 20 minutes whereas the experimental group performed a 3RM back squat before an identical CMJ protocol. The results of the study found that there were no significant differences between the groups for peak power or jump height and therefore, 3RM back squats failed to enhance CMJ performance. However, the study conducted both the 3RM testing and the experimental session on the same day. This means that the participants may have been fatigued and may not have performed to their best ability during the testing, therefore, making the experiment less reliable. Potentiation may have been seen if these were performed on separate days. 
Kilduff et al (2007) performed the exact same testing protocol, this time participants were recruited from a professional rugby team. The familiarisation and testing days were performed with 48 hours between to allow any fatigue to subside. Kilduff and colleagues found a significant decrease in CMH power following a 15 second rest, there was no significant difference from baseline following 4 minutes of rest. 8 and 12 minutes both displayed significant increases in power when compared to baseline before the power output returned back to similar baseline values at 16 and 20 minutes. 
Although the studies by Mola et al (2014) and Kilduff et al (2007) both conducted the same PAP protocol, very different results were seen between the two, this could suggest that PAP responds differently for different types of sports. 
Similar research was carried out by Crewther et al (2011) who examined the acute effects of back squats on athletic performance. Nine rugby players took part in 3 different protocols on separate days. Testing consisted of baseline testing for one of the three protocols (CMJ, 5- and 10-meter sprints or 3meter sled push), 3RM back squats followed by retesting at 15 seconds, 4, 8, 12 and 16 minutes. The only significant differences after analysis were seen with the CMJ, this potentiation occurred at 4, 8 and 12 minutes. 
In contrast, Arias et al (2016) studied the effects of deadlifts as a stimulus enhance vertical jump performance. Fifteen males visited a lab for testing on 3 separate occasions. The first session was a deadlift 1RM testing session. The following two sessions were either an experimental session or a control session. The experimental session consisted of a baseline vertical jump then 5 repetitions at 85% 1RM, followed by a vertical jump at 15 seconds, 2, 4, 6, 8, 10, 12, 14 and 16 minutes. The control group followed a similar protocol however, instead of the deadlifts they were required to stand still for 10 seconds before performing the vertical jump protocol. A decrease in performance was seen at 15 seconds post conditioning activity in comparison to the control group. 15 seconds also presented lower vertical jump height than 2-16 minutes although were not significant from baseline. This shows that fatigue may have been present immediately following the conditioning activity, however, after fatigue dissipated potentiation was not seen.
Although these studies all used similar protocols and the conditioning activities although different are seen to have the same effects, they do not affect PAP in the same way. Crewther et al (2011) and Arias et al (2016) both performed several experimental sessions; these were performed on separate days making the results more reliable as the fatigue or potentiation from one session would not carry onto the next. However, Arias et al (2016) performed vertical jumps at more intervals that the other two studies and therefore, may not have found a potentiating effect if fatigue may have been present due to the volume of jumps performed.
With these studies all focused on the optimal recovery time for potentiation to become present, it is clear that the time at which potentiation occurs is still unknown. The studies are inconsistent at showing a PAP response, although all studies displayed an initial decrease in performance. 

Gender
It is believed that males and females react differently due to a number of factors, for example, fatigue resistance and type II muscle fibres (Rixon et al, 2007). These factors can change whether potentiation is seen at all, or how much potentiation is seen. Rixon et al (2007) state that gender may be a factor which can affect the results of PAP due to the gender differences in muscle fibre composition. They go on to explain that males possess greater type II fibre cross-sectional area and shorter twitch contraction times in comparison to females. However, females show greater fatigue resistance than males due to the lower twitch ratios (Rixon et al, 2007). 
Rixon et al (2007) carried out a study in which thirty participants (males = 15, females = 15) were required to perform three different testing sessions of countermovement jumps. The first was used as a baseline, second was performed after a maximal isometric squat protocol, and the third after a maximal dynamic squat protocol at 90% 1RM. The results found that isometric contractions elicit significantly greater PAP than dynamic contractions. It was also discovered that males performed significantly higher power during the vertical jumps than the females. Although this study found an increase in performance, it is not stated how long the rest interval was between the conditioning activity and ret interval. Both sessions were also performed on the same day and therefore, fatigue may have affected the overall results. On the other hand, Tsolakis et al (2011) executed a study where the aim was to evaluate the influence of gender on PAP for explosive performance on the upper and lower limbs. Thirteen males and ten female fencers volunteered for the study, for the lower limb one of two PAP protocols were followed. The first protocol required participants to perform 3 sets of 5 maximal repetitions of the double legged tuck jump, 60 seconds rest was given between sets. The second protocol involved three maximal isometric holds on an immovable leg press with the knees at 45°, each hold was separated by 15 seconds rest. Before each of these protocols a CMJ baseline score was taken, this was measured again immediately after and at 4, 8- and 12-minutes post conditioning activity. The results indicated that males leg power decreased over time and no significant increases were observed, whereas, females displayed no changes in performance. These studies both contradict each other and make it difficult to fully understand the differences between genders. 
On the other hand, a more recent study by Evetovich et al (2015) investigated the effects of PAP in collegiate athletes and to identify any differences between genders. 20 collegiate track athletes (12 males, 8 females) were recruited for the study. Participants established their 1RM back squat during a familiarisation session. They later returned on another day to perform the PAP protocol. This involved baseline testing of vertical jump, before performing 3 back squats at 85% 1RM. The participants rested for 8 minutes before performing 2 more jumps with 1-minute rest between each jump. The results displayed significant increases in vertical jump performance in both males and females, however, no between gender differences were seen. Although this study found significant increases in performance at 8- and 10-minutes post conditioning activity, with only two post jumps being performed there is limited data on how long this potentiation lasted and if there were any between gender difference at any other time point. This was supported by Wilson et al (2013) who performed a systematic review to evaluate the effects of a several factors on PAP. The review analysed several studies looking into gender and potentiation, with gender being split into three groups (males, females or a combination). After analysis, gender displayed no significant differences between the groups. Males presented an effect size of 0.42, females 0.20 and the combination group 0.21. With systematic reviews analysing large quantities of studies, they usually provide reliable data into the research, with the outcome of this study finding no differences in genders compared to Rixon et al (2007) who found that males presented greater PAP effects than females. 

Other Factors
A big question regarding PAP is what intensity is required for it to be effective. MacIntosh et al (2012) state that twitch can be enhanced by more than 100% immediately following a maximal effort voluntary contraction. However, (Leyva et al, 2016; Kilduff et al, 2007 and Chui et al, 2003) found that this can also be achieved with near maximal contractions. 
A study carried out by Kobal et al (2019) compared the acute effects of half squats with different load intensities (1RM, 3RM and 5RM and 60% 1RM), a different number of sets (1, 2 and 3) on the countermovement jump performance. The study involved 18 college athletes with three years of resistance training experience. Jump height was taken from each jump for further analysis. The results found that there were no significant differences overall between any of the test groups, however, when individuals were studied separately there were differences found in several participants for each test group. This study shows that although overall there were not significant effects of PAP, some participants made improvements and therefore, strength and conditioning coaches should evaluate each individual to tailor training to their personal needs. This study also only investigated jump height and therefore cannot be used as an effective way of analysing PAP as it does not seek to find the effects of power performance. 
Leyva (2016) compared the effects of a deadlift and back squat potentiation on vertical jump performance. Twenty-two resistance trained males took part in the study. Firstly, they determined their 1RM back squat and 1RM deadlift. The following sessions involved 3 countermovement jumps, followed by 3 reps of either back squat or deadlift at 85% of their 1RM. Following the conditioning activity, participants rested for 8 minutes before performing 3 more countermovement jumps. A control session was also performed where the subjects rested instead of doing the conditioning activity. The results displayed significant decreases in jump height for control (pre 62.17cm, post 60.90cm) and squat (pre 62.33cm, post 60.87cm), whereas the deadlift protocol did not significant differ (pre 61.54cm, post 61.47cm). This study, however, did not report power performance, which is one of the main effects of PAP. It may also be suggested from this study that a deadlift is more beneficial than back squats following a conditioning activity. 
A similar study was performed by Scott et al (2017) into the effects of back squat and deadlifts on vertical jump performance. However, the deadlifts within this study used a hex bar instead of a traditional barbell. Ten professional and ten amateur rugby league players were recruited for the study in which they were required to complete 3 reps at 93% of their 1RM of either HBD or back squat, the conditioning activity was then changed on their next testing day. Following the conditioning activity, a countermovement jump was performed at recovery intervals of 2, 4, 6, 8, 10, 12, 14 and 16 minutes. After analysing the data Scott et al (2017) found significant improvements in HBD peak power from baseline at 2 minutes (+6.43%), 4 minutes (+5.01%), and 6 minutes (+6.14%). There were no significant changes from baseline following a back-squat protocol. The studies from Leyva (2016) and Scott et al (2017) contradict each other, with one finding improvements in back squat whilst the other did not. However, Leyva (2016) did not find any significant differences following a deadlift protocol with 8 minutes recovery, these findings were the same at the 8-minute interval for Scott et al (2017). Therefore, this may suggest that if deadlifts to elicit PAP responses, this may dissipate within 8 minutes. 
 A systematic review was carried out by Seitz and Haff (2016) to determine the effects of a conditioning activity on several factors which influence PAP. One of the main factors they investigated was the optimal intensity for producing a PAP response.  After carrying out the systematic review studies, Seitz and Haff (2016) suggested that multiple sets induced a considerably larger PAP effect than single sets (ES=0.69 and 024, respectively). It was also reported that the strength level of the individuals has an influence on PAP responses from different volumes of conditioning activities. 
Training status and the strength of an individual is a factor which is believed to play a key role when trying to enhance performance. It is believed that stronger individuals present greater PAP effects, and a greater fatigue resistance is built through chronic resistance training (Wilson et al, 2013). It is also though that stronger individuals display PAP responses faster than their weaker peers. Seitz and Haff (2016) reported that stronger individuals expressed greater potentiation following a single set (ES=0.44) than multiple sets (ES=0.21), whilst the weaker individuals displayed greater potentiation following multiple sets (ES=0.19). 
Chui et al (2003) investigated the effects of training status on PAP, this involved using two groups; athletic and recreationally trained individuals. The study involved participants performing jump squats followed by either a control warm-up (2 sets of 5 reps unloaded squats and 2 sets of 3 reps of vertical jumps) or a heavy training PAP warm-up (control warm up, followed by 5 sets of 1 repetition at 90% 1RM). The results found athletic individuals to have a significant increase when using loads of 30% and 50% 1RM however, recreationally trained individuals did not show any significant increases. Therefore, they suggested that PAP may be a method for athletic individuals to acutely enhance their explosive strength performance, but this was not the same for recreationally trained individuals.
Following this study, Jo et al (2010) investigated the influence of recovery duration after a conditioning activity in recreationally trained athletes, although they were previously found to not elicit a PAP response by Chui et al (2003). Within the study by Jo et al (2010), 12 males were brought in for a familiarisation session where 1RM back squats were established and familiarisation of the Wingate test. For the experimental session’s subjects performed 5 repetitions back squats at 85% of 1RM, following the conditioning activity a rest of either 5, 10, 15 or 20 minutes was given before performing the Wingate test again. Each rest interval was performed on separate days. The study suggested that although recreationally trained individuals as a group failed to elicit a potentiation with any of the rest intervals, when looked at individually, some of the stronger individuals demonstrated potentiation at some rest intervals. Therefore, by separating the stronger and weaker subjects may have potentiate displayed some PAP responses. Experimental sessions were performed on separate days within this study to eliminate the effects of fatigue and therefore making the study more reliable, this is something that has not been seen in any other studies.  
One mechanism of PAP is the amount of type II fibres an individual possesses. Terzis et al (2012) state that a higher percentage of type II muscle fibres have a beneficial effect on PAP due to their ability to increase the phosphorylation of myosin light chains within the type II fibres. 
A previous report by Sale (2002) explains the role of fibre types on potentiation in more depth, stating that an individual's fibre type distribution is largely determined by their genetic factors as well as age and activity level. He also explains that due to high intensity activities which are required to produce a PAP response already having motor units at or near their highest firing rates during the range that it is thought PAP to be the smallest or absent. He, therefore, puts a statement which states that trying to exhibit PAP within fast fibres seems a ‘waste’ (Sale, 2002). However, previous studies within this literature review have stated that PAP still has an effect and still enhances performance, therefore, athletes should use this to their ability. 
There is a large amount of research into post activation potentiation and its effects on vertical jump performance. However, studies are contradicting with some showing a potentiation whilst others do not, this is believed to be due to several factors which influence the PAP response. With the previous literature being inconsistent there is need for further research into these areas of the effects of rest intervals and gender on PAP responses.  

Method
Research Design
The research design follows a similar study carried out by Scott et al (2017) who investigated whether HBD reduced the rest interval needed to produce a PAP effect in comparison to the BS. This study was replicated in terms of the HBD however, BS were not used as part of this study as they did not indicate any effect on PAP during the study by Scott et al (2017). A HBD was chosen over a back squat as it is an easier movement to coach and learn for individuals who do not have much resistance training experience (Starrett and Cordoza, 2015). A deadlift is a similar movement to a squat and activates the same muscles however, a deadlift allows for less pressure on the spine and therefore there is less risk of injury to collegiate athletes following a HBD protocol if carried out safely and correctly (Lockie and Lazar, 2017). Participants were required to attend two sessions, one familiarisation session and one experimental session. 

Ethics
Ethical approval was needed before the study could take place (see Appendix 1). This was carried out using the PG2/ E1 form provided by the University of Wales, Trinity Saint David. To ensure ethics were adhered to, the BASES Code of Conduct was followed throughout the study. BASES (2017) state that participants must be given informed consent about what they were requirements to do throughout the study, that their results would stay confidential and that only the investigator would know each participant’s individual results. Participants were made aware that they were able to withdraw from the study at any point if they wished to do so and there would be no negative consequences to this decision. The ethics also follows the Data Protection Act 1998. Professionalism was maintained throughout the study; the paramount concern was the well-being of the investigator, safety and working practices were kept at a high standard and the investigator was fit to operate effectively and professionally (BASES, 2017). 

Participants
Twenty participants (10 males, 10 females) were recruited from University of Wales, Trinity Saint David’s sports teams. All participants volunteered to take part in the study. To be eligible to partake in the study, participants must have been over the age of 18 and have no lower limb injuries within the past 6 months. Data was collected on all participants with mean age (males = 23.3yrs ± 2.3yrs, females = 21.4yrs ± 0.8yr), height (males = 173.2cm ± 6.2cm, females = 161.5cm ± 3.7cm) and weight (males = 82.3kg ± 13.2kg, females = 61.3kg ± 5.7kg). 

Equipment 
Participants’ height was measured using a Seca 217 stadiometer (Seca Ltd, Birmingham, UK) and weight using the Seca 813 digital floor scale (Seca Ltd, Birmingham, UK). During testing, the HUR Platfrom, ALU 4 was used to measure the mean power produced from each countermovement jump. Power is being measured within this study as post activation potentiation is an increase in power which causes an enhancement in performance (Tillin and Bishop, 2009). A hex bar and bumper plates were also used to enable the HBD to be performed. A timer was used to time the rest intervals between the conditioning activity and the CMJs. All equipment was calibrated, and safety checked before each testing session.
 
Procedure
The testing was split into two sessions, a familiarisation and an experimental session. All participants were asked to refrain from any alcohol, caffeine and strenuous physical activity for 24 hours prior to each session. A PAR-Q (see appendix 2), participant information sheet (see appendix 3) and consent form (see appendix 4) was given to each participant to complete before any testing could take place. 

Familiarisation Session
All participants were required to attend a familiarisation session before they were able to take part in the experimental session. This session involved anthropometric measurements (height and weight), determination of 1RM HBD and familiarisation of the CMJ. Both HBD and CMJ were demonstrated and given verbal instructions so the participants were fully aware of the movements. This helped to reduce the risk of injuries, as the correct technique was then followed. 
Before carrying out the 1RM testing and the CMJs, participants took part in a standardised warm-up. This involved a 3-minute cycle on a Wattbike ergometer (Wattbike Ltd, Nottingham, UK) at a low intensity, this was then followed up by dynamic stretching, focusing on the muscles associated with HBD. 
Stretches: Spiderman with T-Rotation, Inchworms, Downward Dog into Upward Dog.
These exercises focused on the lower back, hamstrings and hips as these are the essential muscle areas for deadlifts. 
1RM Protocol: 
Scott et al (2017) state that they conducted their 1RM testing following the NSCA guidelines. However, as these do not state the HBD technique, a protocol by Shepard and Goss (2017) was followed for the HBD technique whilst using the weight increase and rest intervals of the NSCA guidelines (Brown, 2007). Following the warm-up, participants underwent 1RM HBD testing. To start this process, participants began with a warm-up set at a low resistance, which enabled them to complete 5-10 repetitions. After a few minutes rest, more weight was added to the bar and 3-5 repetitions were completed. After a further rest, more weight was added which would only allow for 1 repetition. If this was successful, weight was gradually increased, and participants would complete another 1 repetition. This was completed until the participant was unable to lift the weight (Brown, 2007). 
To perform the HBD, participants were required to stand in the middle of the hex bar. The participant was required to squat down and hold both handgrips on each side of the bar, hand placement was in the middle of the handgrips. The hips were lowered, chest spread and eyes looking forward. Using the legs, the participants lifted the bar, keeping the chest up. Once the participant was fully extended at the knees and hips, they had completed one repetition. To perform the next repetition the participant proceeded to squat back down into the original starting position. This followed the technique stated by Shepard and Goss (2017). 
CMJ Protocol: 
The CMJ was performed using the same protocol used in the study by Scott et al (2017). The participant started in a standing position, they then flexed their knees to approximately 90°, this was followed by an upward explosive movement at a maximal effort. To ensure the power produced only came from the lower limbs, the hands were placed on the hips during the whole movement to avoid an arm swing. Instructions were given to participants to ensure they kept their legs straight during the jump and landed in the same position as their take-off. By landing in the same position as their take-off, with the knees bent, this minimised the risk of injury. 

Experimental Session
Participants took part in a standardised warm-up; this was the same warm-up used within the familiarisation session. A baseline CMJ was first taken, to achieve this each participant performed 3 CMJs, each separated by a 2-minute rest. The best CMJ was then recorded as a baseline and kept for comparisons post-testing. After a baseline CMJ was distinguished, participants then performed 3 repetitions of the HBD at 93% 1RM. Following the HBD, a CMJ was performed on the force platform at recovery intervals of 2, 4, 6, 8, 10, 12, 14 and 16 minutes. After each CMJ the participant returned to the centre of the force platform and prepared for the next jump. 

Reliability and Validity 
To ensure reliability and validity throughout the study, several steps were followed. This involved both sessions being carried out at the same time with adequate rests and recovery time between the sessions. Participants were given 72 hours between sessions to ensure they had fully recovered and had overcome any DOMs presenting following the 1RM testing. The same tester was used across both sessions for all participants, to ensure testing was consistent. The same equipment was also used for every testing session, this equipment was calibrated, and safety checked before each session. 

Data Analysis
Data was collected using pen and paper during each session. Data produced by the force platform was also saved onto a computer, which was later transferred onto a USB device for safe and secure storage. IBM SPPS Statistics Software was used for data analysis. An ANOVA was used to calculate the differences in force production between each rest interval. Bakdash and Marusich (2017) explains that an ANOVA is a statistical analysis which determines differences within a group for two or more measures. This tells us whether any pair of means among the groups are significantly different from the other. Following the ANOVA, Independent T-tests will be performed for each rest interval, allowing comparisons between genders. This will tell us if there are any rest intervals in which genders were significantly different from each other. For this study, the P value was set at 95%, this meant that results would not be obtained by chance. The significant set at 0.05 meant anything with a correlation of p<0.05 was significant between the two results. All data was reported as a mean ± standard deviation. 

Results
Twenty participants completed 3 reps of hex bar deadlifts at 93% of their 1RM, followed by a countermovement jump every 2 minutes for a total period of 16 minutes. Max power (W) was calculated for each jump using the force platform. To analyse the data collected, a repeated measures ANOVA was used, this compared the mean power of all the males or females CMJ scores following each rest interval to find any effects of PAP at each stage. An independent t-test was then carried out to compare the males and females against each other following each rest interval, this analysed if there were any significant differences between the genders. Maximal power was compared following 8 CMJs in comparison to baseline scores for each gender, out of all sixteen results there was only 1 which presented a PAP effect. 
Following the familiarisation session results of weight and 1RM HBD were first analysed. Males (n=10) weighed 82.3 ± 13.2. Females (n=10) weighed 61.3kg ± 5.7kg. After, 1RM HBD were performed, males had a mean 1RM HBD of 148.25kg ± 33.17kg, females had a mean of 69.25kg ± 17.00kg. The highest score for the 1RM HBD was 200KG for the males and 92.5KG for the females.

Mean Power
Two different ANOVAs were performed to compare mean power at baseline to mean power at each rest interval. One ANOA compared the males mean power and the other compared females. 










Figure 1: Graph showing mean power of genders at each rest interval

The results of these showed where enhancements or declines in performance occurred during the study. The pairwise comparisons for the males, displayed an improvement in baseline CMJ mean power following HBD at four minutes. This improvement was seen to be statistically significant (P<0.05). However, there was no significant difference between baseline and any other rest interval. The pairwise comparison for the females, however, did not display any significant differences between baseline and each of the rest intervals (P>0.05). Therefore, females did not present any PAP results between two and sixteen minutes.
Figure 1 shows a graph highlighting the mean power of each gender at baseline and each rest interval. The graph suggests that males have a greater power during CMJs before and after a conditioning activity. The males only present one finding which is higher than their baseline, this is the 4-minute rest interval which displayed as significant following analysis. The females, however, have no points above the baseline score, however minutes 6 and 8 were close to baseline yet still not significant. 

 Changes in Power

Figure 2: Mean percentage changes in power from baseline and rest intervals
	
	2 Mins
	4 Mins
	6 Mins
	8 Mins
	10 Mins
	12 Mins
	14 Mins
	16 Mins

	Males
	-3.94
	1.94
	-0.23
	-1.70
	-1.22
	-1.87
	-3.35
	-4.98

	Females
	-8.10
	-5.63
	-1.53
	-0.71
	-5.64
	-2.12
	-1.44
	-2.59



Table 2: Changes in power between baseline and rest interval presented as a percentage
Table 2 explains the mean power changes in each gender as a percentage. The females experience a much greater decrease in power than the males immediately after the conditioning activity. This pattern is followed until 8 minutes where the females experience their near PAP effect before this enhancement decreases again. Looking at the males, the potentiation can be seen only at 4 minutes, although at 6 minutes the percentage decrease is near baseline, however, did not show as significant. Following these two rest intervals their percentages start to decrease again with their greatest decrease occurring at 16 minutes. The decrease in performance seen at 14 and 16 minutes in the males is greater than the decrease seen within the females.
Figure 2 displays these changes in mean power a little simpler. It can be seen that males start with a greater mean power; this is maintained for 4 out of 8 rest intervals. 
Males vs Females
To allow comparisons between the genders, the difference between baseline and each rest interval was calculated. These results were then entered into SPSS for an independent t-test to be carried out.
	
	Two Mins
	Four Mins
	Six Mins
	Eight Mins
	Ten Mins
	Twelve Mins
	Fourteen Mins
	Sixteen Mins

	Significance
	.445
	.000
	.082
	.001
	.000
	.005
	.000
	.000

	Male Mean and SD
	-183.56 ± 77.08
	90.25 ± 12.77
	-10.75 ± 28.8
	-79.07 ± 39.12
	-56.66 ± 27.77
	-87.06 ± 23.42
	-156.01 ± 22.06
	-232.06 ± 49.11

	Female Mean and SD
	-204.60 ± 36.14
	-142.18 ± 74.77
	-38.51 ± 38.02
	-17.97 ± 27.74
	-142.32 ± 36.95
	-53.57 ± 23.02
	-36.42 ± 25.65
	-65.49 ± 24.86


Table 1: Results of Independent t-tests at each rest interval
Table 1 shows the mean ± standard deviation of the independent t-tests carried out to find any differences between baseline and each rest interval in males and females. The results show that out of 8 rest intervals 6 intervals were significantly different between the genders. These significant differences were found at 4, 8, 10, 12, 14 and 16 minutes. At minutes 2 and 6, both males and females presented similar differences and therefore, no significant difference between genders were found at these rest intervals. The largest mean for the females was at 2 minutes showing that their biggest drop in performance from baseline occurred 2 minutes after the conditioning activity. Whereas, the males’ largest mean occurred sixteen minutes after the conditioning activity. 
At 8 minutes, the females mean was at its lowest for all rest intervals. This is where they were closest to a PAP result however, the findings were still negative and therefore, did not produce the PAP effect expected. The significant difference found at this rest interval during the independent t-test shows that females produced greater results than males at this interval.

Discussion
Both fatigue and potentiation have shown to coexist following a conditioning activity. Although there are several studies into the recovery time required for PAP to be present, there is still little evidence for the optimal recovery time to allow the greatest enhancements in performance (Seitz and Haff, 2015). Therefore, a study was carried out into the optimal recovery time for PAP response and the gender differences between these, with the hypothesis that potentiation would be seen following at least 4 minutes of recovery. The study required the participants to perform a CMJ before and 2, 4, 6, 8, 10, 12, 14 and 16 minutes after 3 HBDs at 93% 1RM. This study presented two main findings, one of the potentiation responses and the other of the differences between gender. Males produced a potentiation 4 minutes post conditioning activity, therefore, supporting the hypothesis of this study. However, females did not present any potentiation following any of the rest intervals. It was also found that females displayed a much greater decrease in performance in comparison to males, immediately following the conditioning activity. 

Optimal Recovery Time
Previous studies have investigated the optimal recovery time for PAP effects due, with the majority of rest intervals being carried out on the same session (Kilduff et al, 2007; Tsolakis et al, 2011 and Mola et al, 2014), with only one study being found with rest intervals being performed on separate days (Jo et al, 2010). In the current study males exhibited a potentiation following a 4-minute rest, whereas, females displayed no potentiation after any of the rest intervals. This recovery time for males was difference to those seen in the literature, with Kilduff et al (2007) reporting optimal recovery in males between 8 and 12 minutes and de Assis Ferreira et al (2012) reporting a potentiation after 7 minutes of recovery. 
Crewther et al (2011) used different rest intervals to investigate at what time athletes would potentiate best, the different rest intervals were all performed during the same testing session, similarly to the current study. Increases were seen at 4 minutes in both the Crewther et al (2011) study and the current study involving the males, however, similar findings were not seen at 8 and 12 minutes unlike the other study. Therefore, in the current study, the fatigue which was previously thought to be a reason for potentiation not to be seen past 8 minutes due to previous countermovement jumps may not be the reason effects were not found. 
Heavy resistance exercises produce both fatigue and potentiation. With the effects of fatigue being thought to be more predominant directly following the exercise, then potentiation being seen when the fatigue begins to dissipate, with the belief that potentiation lasts longer (McCann and Flanagan, 2010). Crewther et al (2011) experienced a significant decrease in performance after a 15s rest following a conditioning activity, this then became a significant increase from baseline at 4, 8 and 12 minutes and then significantly decreasing again at 16 minutes. A significant decrease following straight after a conditioning activity was also reported by Kilduff et al (2007) significant increase in peak power were reported at 8 and 12 minutes before decreasing at 16 and 20 minutes. The results of the current study follow similar patterns to those of Kilduff et al (2007) and Crewther et al (2011) with the results decreasing before a potentiation was found in the males at 4 minutes and a near potentiation was found in the females at 8 minutes before the potentiation started to decrease again after these were seen. Although a similar pattern can be seen in other studies, the potentiation seen in the males did not last as long as previous studies. A number of factors could affect this, for example, too high an intensity, the training status of the individuals or the individual’s characteristics.  
Previous research has shown that training status can potentially affect the PAP response, with stronger individuals presenting greater PAP effects (Chiu et al, 2003; Rixon et al, 2007 and Wilson et al, 2013). With trained individuals presenting greater regulatory myosin light chain phosphorylation and greater amounts of type II fibres, meaning these individuals could have greater potentiation capability (Wallace et al, 2019). Wilson et al (2013) also suggested that chronic resistance training increases an individual’s fatigue resistance. The current study did not consider the training status of each individual, all participants were required to be within a collegiate sports team before being able to partake in the study. These sports teams do not take part in resistance training and therefore, any which is carried out is done on an individuals’ basis. With this taken into consideration, a potential reason for the lack of potentiation found within the current study could be due to the training status of the participants, especially if resistance training is not usually part of their active lifestyles. 
Another factor to be considered when looking at the PAP response within this study is the myosin regulatory light chains. MacIntosh et al (2012) states that the muscle memory influencing PAP starts to dissipate as the dephosphorylation of the RLC takes place, this occurs following 5-6 minutes of inactivity. Therefore, any potentiation which occurs due to the conditioning activity should occur before this time. With males presenting PAP at 4 minutes this study would agree with MacIntosh et al (2012). With such a short time frame for PAP response to occur, this may not benefit all athletes if carried out within a warm-up. This phosphorylation of regulatory light chains is activated by the enhancement of type II muscle fibres (Terzis et al, 2012). Muscles with a higher percentage of type II fibres have displayed greater PAP effects (Sale, 2002). He further explains that fibre type distribution is determined mainly by gender but can also be influenced by activity levels, this has previously been mentioned as something which was not taken into consideration within this study and therefore, may be a factor playing a role in the effects of PAP within the current study. 

Gender
Both males and females displayed different decreases in power throughout the experimental session. Gender differences have been reported to influence the PAP response within some studies (Tsolakis et al, 2011 and Senefeld et al, 2013). 
Chiu et al (2003) suggested that the stronger individuals and those with greater amounts of type II fibres may respond to a conditioning activity better than their peers. This may explain why the males potentiated and the females did not, with (Rixon et al, 2007) suggesting that males on average have a greater percentage of type II fibres than females.  
The current study disagrees with the findings reported by Wilson et al (2013) during a systematic review, which stated that there were no significant differences between genders. The current study, however, found significant differences between the genders at 6 out of 8 rest intervals measured. These significant differences between genders were observed at 4, 8, 10, 12, 14 and 16 minutes. Although, there may be some reasoning as to why these results were displayed. 
Males displayed greater decrease in performance than females at fourteen and sixteen minutes. This may follow the suggestion by Tisolakis et al (2011) that stronger individuals may present a greater decrease in peak power. Therefore, as the males presented as stronger during the familiarisation session of this current study this may be one explanation. Another explanation for these findings may be due to fatigue, as females have previously displayed greater fatigue resistance than males (Ditor and Hicks et al, 2000). 
Lessi et al (2017) found that males were able to adapt better to a fatigue condition than females, this contradicts Ditor and Hicks et al (2000) and may suggest why the males did not achieve the greatest decrease in power over the testing intervals during the current study, with the females presenting the greatest decrease in power over all rest intervals at 2 minutes post conditioning activity. 
The percentage decrease seen from baseline in comparison to each rest interval was seen to be much greater in the females than the males (-8.10 and -3.94, respectively) at 2 minutes following the conditioning activity. Numerous studies suggest that females have a greater muscular endurance capacity in comparison to males (Hakkinen, 1993 and Hunter and Enoka, 2001). However, this would potentially lead to females being less fatigued following the same set of exercises as males. The current study does not support this statement with the females presenting greater fatigue at the beginning of the study. However, towards the end of the session males show a greater decrease in power percentages from baseline than the females. This greater muscular endurance capacity in females may explain why these figures have been observed with muscular endurance being used throughout the whole experimental protocol. 

Other Factors Affecting PAP
Heavy conditioning activities have shown to improve vertical jump performance (Crewther et al, 2011 and Scott et al, 2017). In contrast, previous studies have also found no difference in vertical jump performance following a heavy conditioning activity (Tsolakis et al, 2011 and Leyva, 2016). The current study found only one rest interval with the males to be significant, this being a lot less than found in the other studies. This, therefore, may be due to the intensity of the conditioning activity. 
Although males demonstrate PAP after a 4-minute rest interval, in comparison to other studies this PAP response only lasting one-time frame is small. With Dobb et al (2019) suggesting 3 to 7 minutes being the optimal recovery time and Kilduff et al (2007) suggesting that between 8 and 12 minutes were the optimal recovery time. Therefore, the current study is supported by Dobbs et al (2019) to some extent with males potentiating within the time frame suggested.
Evetovich et al (2015) displayed a potentiation following 3 back squats at 85% 1RM, this produced a significant potentiation in vertical and horizontal jump performance in both male and female collegiate athletes. This study was similar to the current study, only using a different percentage of 1RM, however, different outcomes were made. Therefore, a higher percentage may have caused too much fatigue and overpowered the effects of PAP from being displayed. However, this is contradicted by Scott et al (2016) who investigated 3 reps at 93% of 1RM and used HBS and back squats as their conditioning activities. His study suggested that these amount of reps at this intensity allowed HBD to produce greater PAP responses than those seen when using a back squat. However, even with these reps and sets being replicated within the current study, the results were not similar for the HBD. 
Research suggests that high intensities of (>80%) is optimal for a potentiating effect on performance when compared to low and moderate intensities (Tillin and Bishop, 2009). Seitz and Haff’s (2016) study support this, showing a much larger effect size with high intensity in comparison to moderate intensity (ES=0.41, ES = 0.19, respectively). 
Seitz and Haff (2016) also suggested than an RM load may present greater PAP effects in stronger individuals due to the ability to resist fatigue and the greater recruitment of type II fibres. The current study however, used reps at a high percentage of RM rather than using a given RM and therefore may be another reason as to why potentiation was not seen as expected. Arias et al (2016) found that a lower percentage at a higher repetition (1x5 at 85% 1RM) of deadlifts did not display any PAP effect following up a vertical jump every 2 minutes for 16 minutes. This rest protocol was the same used within the current study, the only difference being the intensity of the conditioning activity. Therefore, this may suggest that a higher percentage of 1RM with a lower repetition may be more beneficial to elicit PAP. Leyva (2016) also used hex bar deadlifts for their study into PAP, although it was suggested that 3 reps at 85% 1RM did not cause any changes in performance and therefore vertical jump height was maintained. As PAP was seen at 4 minutes rest with the males, the higher intensity used within this study of 3 reps at 93% 1RM resulted in PAP and supports previous research that higher intensities of near maximal load produced PAP responses. 
Inconsistencies which have been observed could be down to the individuals fatigue resistance and their individual time to potentiate. Previous studies have found that individuals have shown to potentiate when the overall group outcomes do not show to be significant (Joe et al, 2010; Mola et al, 2014 and Kobal et al, 2019).

Limitations
All participants were advised not to consume any caffeine or alcohol for 24 hours prior to the experimental session. This was implemented to make the results more reliable. Mielgo-Ayuso et al (2019) state that caffeine is supplement which helps to improve physical performance. The advice to avoid caffeine prior to the experimental protocol meant that there would be no effects occurring from other aids. However, with this only being given as advice some individuals may not have adhered to this. 
Recent exercise is a factor which can affect the overall outcome of the study. Delayed onset of muscle soreness (DOMS) can range from mild irritation to severe pain within the muscles which have been worked and can form a psychological barrier which limits performance for several days (Petrofsky et al, 2017). It was essential that DOMS was not present whilst individuals were performing their testing session. To avoid this, testing was not carried out on a Thursday as the university sports teams frequently had matches on Wednesday. However, with training taking place on different days for each sports teams and individuals playing sports outside of university it was not possible to completely eliminate this. However, each rest interval was performed on the same day, this may have led to fatigue from previous jumps or due to the number of jumps required and this limiting the potentiation that could have been displayed. 
Within the study, statistics were only carried out within groups. Previous studies have investigated individual PAP responses as well as group responses (Jo et al, 2010; Mola et al, 2014 and Kobal et al, 2019). Therefore, PAP may have been seen more frequently if the study also investigated individuals when there was not an overall PAP response. By implementing a strict procedure which states the individuals could not partake in exercise for 48 hours prior to testing, this may have made the study more reliable. 
The main limitation of this study was the measurements taken for statistical analysis. Although PAP is an enhancement in power, previous studies have taken numerous measurements, for example, rate of force development and jump height. This would have allowed for further analysis to be carried out and increases in performance to be seen in other areas. 

Practical Applications
The results suggest that PAP is not seen within females and performance is only enhanced at 4 minutes for male collegiate athletes. Strength and conditioning coaches or athletes who use PAP within their training or as a warm-up method should be aware that heavy resistance exercises do not always cause a potentiating effect. There are also a number of factors which can affect the PAP response and therefore, they should be cautious of these, including the fatigue resistance and rest interval required by the individual to achieve performance enhancements. If PAP is a method which coaches wish to use, they should take individual characteristics into account to ensure a response is being met. 

Future Research
In the future, athletes may benefit from PAP being investigated within a specific sport, this would allow specific recommendations for those athletes within that specific sport rather than sports in general. 
With the majority of previous studies investigating optimal recovery times within the same study, there is a need for further research which study rest intervals on separate days. Therefore, eliminating the risk of fatigue being carried from the previous jump. 
Other factors which could affect PAP could also be considered within the research. As there are not many accessible studies using hex bar deadlifts as a conditioning activity for PAP, there is a need into future research regarding the optimal intensity to elicit the enhancements in performance as well as what works best for more trained individuals. This would especially be beneficial for athletes who are returning from injury as squats and deadlifts are similar movements and hex bar deadlifts are safer option than traditional barbell deadlifts with less pressure be being placed on the back. 


Conclusion
In conclusion, the aim of this study was to investigate the effects of a heavy resistance hex bar deadlift protocol on countermovement jump performance with a focus on rest intervals and gender differences. Firstly, mean power was investigated with the comparisons at each rest interval to baseline. It was expected that mean power would increase in both males and females, with males presenting higher power than females. This study however, found that only males had an increase in mean power, with his being seen at 4 minutes only. Suggesting that potentiation did not last as long as expected. Secondly, differences between genders were observed at each rest interval. Males and females presented significant differences at six out of eight rest intervals. Therefore, this study suggests that post activation potentiation is only beneficial for collegiate male athletes following a heavy hex bar deadlift protocol and 4 minutes rest. Some individuals may have presented PAP at different rest intervals; however, this is something which needs to be investigated in future research. 
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Appendices
Appendix 1:
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:
	Paige Summers

	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:
	1400995@student.uwtsd.ac.uk

	Contact Telephone Number:
	07719288383

	For students:

	Student Number:
	1400995
	Undergraduate
	☒
	Programme of Study:
	Bsc Sports and Exercise 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 

	☒	03/02/2020


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
	☒
	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:
	The effects of hex bar deadlifts on post activation potentiation between genders. 

	Proposed start date:
	1st November 2019
	Proposed end date:
	24th April 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 will be to find if there is a gender difference in post activation potentiation caused by hex bar deadlifts. The hypothesis is that males would present with a greater PAP effect following the conditioning activity. This hypothesis comes from men being able to produce more absolute and relative power than women (John et al, 2016) and PAP studies showing that stronger individuals present greater PAP results. 

This study will be of benefit to strength and conditioning coaches who could use PAP as part of a warm-up or training to enable their athletes to reach their maximal potential to help further improve performance for competitions. 

PAP is described as an acute phenomenon which increase muscular strength and power which is caused by high-intensity conditioning exercise (Grey, 2018). 
Strength and power are important in all sports, with many sports performance being influenced by rate of force development. These sports include, track and field, throws, jumps and most team sports (Gotas et al, 2016). Therefore, by using an effective PAP activity during training sessions this would allow the athletes to train for a short period of time with greater strength and power and therefore, would help to result in greater strength and power over the long-term.  

Research into the effects of PAP is still unclear and there is a need for more research.
(this box should expand as you type)

	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)

	Participants:
20 adults (10 male and 10 female) will be recruited for this study. All participants will be over the age of 18 and be a member of a sports team within University of Wales Trinity Saint David. Participants will be informed of the testing protocol and what is involved along with any potential risks. Informed consent and physical activity readiness questionnaires (PARQ) will be completed by each participant prior to the study commencing. 

The study will follow similar methods of that previously carried out by Scott et al (2016). 

Familirisation Session: 
Participants’ anthropometric measurements and 1RM hexbar deadlifts will be establishes during this session. Stature and mass measurements will be recorded for each of the participants. A general RAMP warm-up will take place before the familirisation of the CMJs begin. CMJs will be demonstrated and explained before the participants can familiarise themselves under supervision. 
Once participants are comfortable with the CMJs they will move onto the 1RM hexbar deadlift (HBD). A specific warm-up with take place to ensure the participants are prepared and to prevent any injuries. The HBD will be demonstrated and explained to each participant and they will have time to practise the movement before building weight up to their 1RM. 
There will be at least 72 hours between the familirisation and the experimental sessions. Participants will also be reminded to refrain from caffeine, alcohol and any strenuous activity during this time. This will allow for reliability of the study. 

Experimental session: 
Participants will be given a standardised warm up. Once participants are warmed up, they will stand in the middle of the HUR, AUL 4 force plate and perform 3 maximal CMJs, participants will be given a 2-minute rest interval between each jump. The peak CMJ from each participant will be recorded as their baseline. Using the force plate the peak rate of force development (PRFD), peak force (PF) and time to PF (TPF) will be calculated for each participants baseline CMJ. 

After a barbell warm-up participant will perform their set of 3 repetitions at 93% of their 1RM HBD. Once the ser of HBD has been completed a CMJ will be performed at recovery intervals of 2, 4, 6, 8, 10, 12 14 and 16 minutes. Between each jump, participants will regain their balance and reset their feet in the centre of the force plate ready to perform the next jump.

CMJ technique: The CMJ will follow the same protocol as that used by Scott et al (2016). The hands will always remain on the hips to ensure power is only provided by the lower limbs. Participants will be allowed to flex their knees before exploding upwards into their maximal effort CMJ. Participants will be encouraged to bend their knees during the landing phase to minimise the risk of injury. 

HBD technique: Scott et al (2016) did not state the technique which they followed to perform the HBD. However, they are usually always performed in the same way. To perform the HBD the participant will stand in the centre of the hex bar with legs shoulder width part. They will squat down to hold onto the handgrips with hands in the middle. Keeping the chest high and eye forward the participant will push up through the legs into a standing position, keeping the back straight always. After full extension of the hips and legs has been achieved the participant will lower the bar back down and return to the squat position (Shepard and Goss, 2017, p.87). 
(this box should expand as you type)



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

	University of Wales, Trinity Saint David 
Studio and Sports Centre. 
(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? 

	20 participants (male and female) all over the age of 18 who play sport for University of Wales Trinity Saint David. 

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 

	


(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 

	Force platform for measuring the countermovement jump.


(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

	1RM testing always have some risk to the individual. However, specific warm-ups, demonstrations, instructions and supervision will always be provided to keep these risks to a minimum. 
Participants may experience delayed onset of muscle soreness (DOMS) in the following day as the deadlifts performed will be at a heavy weight for the individual participants, to minimise the risks of this, cool downs will be provided to the participants and stretching will be carried out following the testing. 
A risk assessment has previously been carried out by the university; all procedures will be followed to prevent these risks e.g. having support staff available when strength testing. 
In case of any risks which cannot be avoided by myself, the risk assessment will again be followed. For example, this may be the fire alarm going off, therefore the emergency procedure provided by the UWTSD lab will be followed. 

(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

	There will always be a risk as an investigator that a participant may make accusations of physical harm. Therefore, to minimise this risk the investigator will never be in a room alone with a participant. 

(this box should expand as you type)

	

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

	There will be no risk of adverse publicity or financial loss to the university as this research will come at no cost as participants will all be volunteers and the equipment used will already be at hand. Data protection will also not be a risk as the Data Protection Act (1998) will be followed. 

(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. 

	The investigator will be first aid trained so if there were any injuries or emergency situations to occur these would be able to be handled. Emergency action plans will also be put in place by UWTSD as to what procedures should be followed if there was an emergency whilst within the premises e.g. fire. 

(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? 

	Participants will have the option to receive feedback on their test results if they wish. If the participant wishes to receive their results a meeting can be set up to provide this one-one. 


 (this box should expand as you type)

	

	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.

	A written consent form will be made by the investigator, this form will state everything the participant needs to know about the research study and what the procedure involves. Participants will also be informed that they are able to withdraw from the study at any time and this will not affect the study. The participant signs if they understand and agree with what they have read.


 (this box should expand as you type)

	

	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 will be anonymised with numbers instead of names e.g. Participant 1. This means that only the investigator will be aware of who each participant is. All data will be kept confidential and secure and only be shared with the individual participant if they wish to know their results. 

(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:

	Height, weight, age and gender will be required from the participants. 
(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:

	A PAR-Q form will be required from each participant, this requires physical health conditions to be outlined. 
(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:

	Results will be written on paper as the tests are being conducted, this will then be transferred onto a laptop and backed up via a USB. The laptop and the USB will both be password protected to ensure access cannot be made by others, following the Data Protection Act. 



(this box should expand as you type)


	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):

	Data will be transferred on to a laptop and USB storage device, these will both be password protected to follow the Data Protection Act. 

Excel will be used to manage the data; this will be stored securely on the laptop. 



(this box should expand as you type)



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

	Myself, my supervisor (Geraint Forster), the dissertation moderator and external supervisor. 


(this box should expand as you type)

	

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

	Myself (investigator) will be the only person with access and control of the data which is gathered during testing. 


(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.  

	Data will be stored on the investigator’s personal laptop and USB device; these will both be password protected. Data will be kept for 2 years and no longer than necessary. Data will be stored on Excel as tables with all results of participants, this will then be transferred into SPSS Data Analysis.  



(this box should expand as you type)
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Appendix 3:
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 post-activation potentiation (PAP) effects on rest intervals between genders. PAP allows for an acute enhanced power performance and can be used to increase training intensity and therefore hopefully increase long-term power. 

As a member of one of University of Wales Trinity Saint David’s sports teams, 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. 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 session, you will be given time to familiarise yourself with the counter-movement jump, this movement will be demonstrated so you are aware of the requirements. Following this, a 1RM hex bar deadlift will be performed. Again, the movement will be demonstrated, and you will be given time to practice the movement before adding weight and building to your 1RM. A 1RM is the maximum weight you can lift for 1 repetition. The second session will be the experimental session, for this you will be required to perform 3 CMJs on a force platform, your best jump will be recorded as a baseline score for later comparisons. You will then perform 3 hex bar deadlifts at 93% of your 1RM. Following this set, a CMJ will be performed at 2, 4, 6, 8, 10, 12, 14- and 16-minutes post deadlifts. Each CMJ will be recorded for further analysis. 

Participating in this study should not cause any serious harm. The risks associated with a 1RM and lifting heavy weights will be nothing that you are unfamiliar with as a sports student. The hex bar deadlift may be a movement you have not performed before however, clear instructions and demonstrations will be provided to ensure you become familiar with this. 
On the other hand, this study may help the way sports use PAP to increase power before a training session. This might in the long-term be beneficial to you within your sporting performance. 

All data collected in this study will be kept confidential and safe in adherence with 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. Results of the study will only be shared with university staff and external examiners. 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:
Paige Summers
1400995@student.uwtsd.ac.uk

















Appendix 4:
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 study
	
	

	I agree to take part in the study
	
	

	I understand that the study will include:
           1RM testing
           Measurements of force production
	
	

	I understand that my personal data and results will not be revealed to anyone other than the researcher and the university staff 
	
	

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



Name of Participant			Signature			Date


Name of Researcher			Signature			Date


For any further information, please contact:
Paige Summers
1400995@student.uwtsd.ac.uk	

Male	Baseline	2	4	6	8	10	12	14	16	4656.62	4473.0600000000004	4746.87	4645.87	4577.55	4599.96	4569.5600000000004	4500.6099999999997	4424.5600000000004	Female	Baseline	2	4	6	8	10	12	14	16	2525.58	2320.6799999999998	2383.4	2487.06	2507.61	2383.2600000000002	2472.0100000000002	2489.16	2460.09	Time	Baseline	2	4	6	8	10	12	14	16	0	2	4	6	8	10	12	14	16	Rest Interval


Power (W)




Males	2	4	6	8	10	12	14	16	-3.94	1.94	-0.23	-1.7	-1.22	-1.87	-3.35	-4.9800000000000004	Females	2	4	6	8	10	12	14	16	-8.1	-5.63	-1.53	-0.71	-5.64	-2.12	-1.44	-2.59	Time (M)


Power Changes (%)
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SECTION K: Declaration

The information which | have provided is correct and complete to the best of my knowledge. | 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 | hereby confirm that | 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: | / / % / ZO

For students:
Director of Studies/Supervisor: SENRANT Sl e

Signature: | ///é’

Date: = ////;//L o

For staff:
Head of School/Assistant
Dean:

Signature:
Date:

Checklist: Please complete the checklist below to ensure that you have completed the form
accordmg to the guidelines and attached any required documentation:

. X | | have read the guidance notes supplied before completing the form.

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

| confirm that the research activity has received approval in principle

| 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)

| 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.

‘| 1 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.

July 2017 12 Ethical Approval Form v6
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