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Title: The potentiation effects of high intensity warm ups in a middle distance context

In previous research (Long & French, 2013a, 2013b, 2013c, 2014a) we have explored how since the start of athletic competition, coaches have attempted to create innovative methods of preparing athletes to perform at their optimum.  Much of the established coach education literature has focused on the effects of long term preparation and planning, now known as Periodization, in terms of how different activities are performed in the weeks and months leading up to a competition (Bompa and Haff, 2009).  

This current research focuses on activities undertaken by athletes under the supervision of coaches immediately prior to performance and in this case we are specifically looking at how mode of warm can produce a potentiation effect. Evidence has suggested that warm ups can both reduce injury (Thacker et al., 2004) and increase both endurance and ‘power’ performance (Young & Behm, 2003).  This being said, we have argued (Long & French, 2013a, 2013b, 2013c) that whilst many of the practices seem not to be new and have been implemented by coaches over a period of time, the effectiveness and scientific underpinnings are only now being understood. More specifically, we have begun to make the argument that it is not only the duration of the warm up which matters but rather the intensity of the warm up undertaken before training and competition. 

In this next section, we explore some of the existing secondary data from the literature which informed our present research hypothesis into warm ups. 

The significance of V02 Kinetics to this study

VO2 kinetics can be defined as the behaviour of O2 uptake from rest to exercise. There are considerable changes in the body’s energy demands at the point of race commencement, with the energy turn over in muscles and metabolic rates increasing up to 10 fold within the first few seconds of the gun being fired. In contrast to this, the speed at which the O2 consumed is effectively used as a fuel in the production of ATP can take up to 2 – 3 mins to reach a constant steady state.  So for the duration of this period, there is a deficit of oxygen and the body produces energy anaerobically which is inefficient and has the potential detrimental effect of interfering with the energy production later in the same race.  There is some debate as to the exact processes by which the VO2 increases following high intensity training.  There is, however, consistency of thought (Wilkerson et al 2004) that this is predominantly a result of the O2 deficit caused by exercise performed above the lactate threshold. The debate arises from whether this effect is a result of biochemical changes as key enzymes activate or whether this achieved through more “functional” changes such as the delivery of blood flow and therefore O2 to the specific muscles that are working (Jones, Koppo and Burnley 2003).   Understanding this and subsequent speeding up the O2 Kinetics is therefore considered as important as VO2Max, Economy of Movement and Lactate Threshold in determining endurance athletes’ performance.

The existing literature  
In looking beyond the literature on track and field athletics, there is a plethora of evidence which suggests that High Intensity Warm Ups are conducive to faster times being produced both in a training context and in the competitive arena. Much of the evidence presented seems to be from the context of cycling. This is perhaps unsurprising given that from a physiological point of view it is relatively easy to test cyclists on either a measured track based circuit or on a stationary bike in the confines of a gymnasium or an ergometer in a lab. 

A decade and a half ago, for instance, in a cycling context, Burnley et al., 2001 found that VO2 response to intensive  exercise was dependent on the intensity of any preceding exercise bout and that the effects on the amplitudes of the phase II and slow VO2 components persisted for at least 12 minutes following prior heavy exercise. A year later, and once again in a cycling context, Burnley et al., 2002 found  that V02 response to intensive  exercise could be markedly altered by both substantial heavy-intensity submaximal preceding exercise and by short duration sprint preceding exercise that induces a residual acidosis and provides an increased availability of lactate. Significantly for our research they found that a more passive mode of warming up raised the temperature of an athlete but had no effect on V02 response. Jones, Koppo & Burnley, 2003 found that 'priming' exercise had the potential to markedly enhance both exercise tolerance and athletic performance. In physiological terms, they found that vigorous warm up exercise results in elevated blood and muscle lactate concentration. This in turn has the potential to produce a VO2 kinetic response that increases aerobic energy turnover when undertaking subsequent high intensity exercise. Jones et al., 2003 suggested that the elevation of blood lactate and early activation of VO2 kinetics, resulted in an increased time to exhaustion during subsequent perimaximal exercise, apparently by facilitating a greater aerobic contribution to the energy requirement of exercise. Perimaximal is exercise which is of a high intensity which is at 100% of VO2 peak (Gerbino et al, 1996).  It is defined as the work rate at which VO2 is at its highest within exercise (W-VO2) (Jones et al 2003).  

More recently, Burnley et al., 2005 discovered that priming exercise conducted in both the ‘moderate’ and ‘high-intensity’ domains could improve so-called ‘severe-intensity’ cycling performance by around 2-3%, thus indicating a potentiation effect.

It would, however, be somewhat misleading to claim that all evidence from the published literature is conclusive. For example, yet again in the context of cycling, Burnley et al., 2000 oversaw results which indicated that phase II V02 kinetics were not speeded by prior intensive exercise, suggesting not so positive effects. This being said one cannot discount the fact that it may have been the protocol which may produce these apparent effects rather than the intensive. 

The question that an appraisal of the above literature leaves us with is basically; can the results of cycling trials be assumed to have a direct applicability to that of a middle distance running context? 

We can get a clue to answering the above question through an appraisal of some existing experimental research already published in the field which has a more direct applicability to track and field running rather than cycling. 
 
 
Experimental Research in a middle distance context for track and field athletics
We have produced research (see Long and French, 2013a, 2013b, 2013c) that has acknowledged that some experimental research already exists suggesting that High Intensity Warm Ups (HInWUs) may improve competitive performance in middle distance events. Drs. Stephen Ingram, Barry Fudge and Jamie Pringle from the English Institute of Sport and Dr. Andrew Jones of Exeter University, 2013 conducted research using an experimental design with a sample of 11 highly trained adult (national and international level) athletes. In this experimental research subjects volunteered to run two 800m time trials on separate days during their ‘competition’ phase of the periodisation cycle. 
Within the two experimental conditions, the ‘control trial’ was characterised by a more traditional ‘active’ warm up which involved a (1) 10 minute self-paced jog, (2) mobility drills and (3) strides. Alternatively, the ‘intervention trial’ was underpinned by the following practice of HInWU ‘priming exercise’ principles.

Figure One: A mode of high intensity warm up.


With the provision of an appropriate recovery period between warm up and time trial, (aligned with regular call room time- which in this study was set at 20 minutes) the results pointed towards enhanced performance over 800m for 7 out of 11 (64%) athletes with an average improvement of 1.2s when using HInWU.  As a result of testing the volume of Oxygen consumed between the two trials it was suggested by Ingram et al., 2013 that the increase in performance is due to the speeding of V02 kinetics and greater oxidative energy contribution to total energy transfer.  The research also suggested that athletes performing HInWU experienced a higher state of mental readiness although there were no specific tests to measure this. 



Primary data collection prior to this project

We took an interest in the field of High Intensity Warm Ups from the early part of 2013. We noted that the research alluded to above, whilst involving high level athletes, did not involve coaches, or coach educators. We, therefore, decided to embark on some research involving the perceptions of these kinds of people in our sport. We embarked upon a triangulation of both face to face and telephone semi-structured interview with a sample of 5 persons – namely one physiologist and four coaches/coach educators. During interview, Loughborough based Dr. Barry Fudge, who advises double Olympic champion Mo Farah, confirmed that the experimental research had demonstrated that the practice of the High Intensity Warm Up had effectively increased the amount of oxygen the body is able to consume, particularly at the start of the race and was therefore instrumental in producing energy in the most efficient way possible. The psychological effects of this practice cannot be underestimated as Fudge additionally confirmed that participants reported a greater “race readiness” after the HInWU, supporting research which has found that the effects may not be solely metabolic.

As well as gaining the views of the respected Fudge, Leeds Beckett-based coach and England Area Coach Mentor, Aaron Thomas was keen to link the physiological principles to his coaching practice by telling us that, “From a physiological point of view HInWU is about priming the enzyme systems. It’s about stimulating the metabolic pathways to work”. He confirmed that the coaching of his wife, Team GB international Charlene Thomas (Wakefield/ Leeds Met University AC) involved utilisation of HInWU. Thomas won the European team championship 1500m in Stockholm in 2011 and boasts a PB of 4m03.64 set in 2013 at a BMC Gold Standard race in Watford. Aaron pointed out that the Moroccan Hicham El Guerrouj (1500m and 5000m Olympic gold in Athens, 2004) was an exponent of this method of warming up. The world record holder for the 1,500m (3m26.00s), one mile (3m43.13s) and 2000m (4m44.79s) reputedly ran two extended strides of around 200 metres at race pace some 5 or 6 minutes prior to competition (Thompson, 2006a).  In this piece, Peter Thompson quotes Dr. Andrew Jones, who has served as Paula Radcliffe’s respected physiologist, as making the point that, “’‘Warm-up’ activity is almost universally performed by athletes prior to their participation in training or competition. However, relatively little is known about the optimal intensity and duration for such exercise, or about the potential mechanisms primed by warm-up that might enhance performance”. So the kind of sentiment expressed in this statement most certainly helped us frame the parameters of this current study.  Additionally, British Milers’ Club President, Dr. Norman Poole, confirmed that his work with 2010 European 800m silver medallist Michael Rimmer was underpinned by these principles.

Former endurance running coach for UK Athletics, until 2000, Malcolm Brown, MBE, currently coaches various members of the British Triathlon squad based at Leeds Beckett University’s High Performance Centre. The man who was Olympic Performance Manager for the 2012 Olympics Games told us that when coaching middle distance running, “I encourage my athletes to get onto the track in the final minutes before competition. In the 800m specifically, I tell them to find their respective lane(s) and to practice running from the start to the breaking point after 100m.  I ask them to do this at their intended race pace. This is something which they repeat 4 times before the actual event itself”.

Having played a pivotal role in guiding Alistair and Jonathan Brownlee to Olympic gold and bronze respectively, Brown continued, “I deliberately get 800m runners to practice these 4 x 100m runs as specified in lane as much for the psychological effect as the physical effect. There is something psychological about 'claiming your lane' in the race. By repeating it 4 times it becomes ingrained. It’s a process of habituation". The description of this habituation effect evokes mental images or the analogy of the proverbial cat marking its territory. There is something territorial about the mind set and body language of the athlete in the minutes before competitive battle.


Our data indicated that the above principles apply equally for junior athletes as UKA Tutor Colin Lancaster who works with predominantly under 17 athletes reflected that, “I used to get athletes doing an active warm up culminating in 60 metre strides before competition I decided to change this as I realised through observation that their 1st repetition in training was relatively ‘sluggish’ compared to their second. Switching them to 2 x 200m at race pace with 2-3 mins in between, was a more productive way of warming up and they reaped the benefits in competition around 10 minutes after the second effort.” Whilst the research tends to focus on adult athletes, the same physiological and psychological principles may apply, although at this stage we could not be sure.  At the very least we began to see that the long term and learned practice of HInWU may prepare athletes of lower chronological, biological and training ages to learn how to chain an effective warm up relatively early in their careers, thus establishing a model of good practice for later career development in athletics.  This being said the distances undertaken by athletes of lower chronological, biological and training ages when undertaking any mode of high intensity warm up must be adjusted accordingly to take into account the principles of long term athlete development which are designed, in part, to prevent injury and to develop long term rather than short term performance. 

How this research informed our Horwill scholarship application

It was decided that, like Ingram et al., 2013, we needed to undertake some form of experimental research involving athlete time trials. After consultation with the BMC Horwill scholarship committee, we decided that our research design would consist of randomised control trials with a cross-over involving one condition of ‘intervention’ and one ‘control’ group.  

We noted that the original experimental research by Ingram et al., 2013 was based on a small scale sample of just 11 athletes. We felt sure that these researchers themselves would acknowledge that from such a small sample, representation of elite athletes and generalisability to the wider middle distance running community is impossible to achieve. Our research proposal recognised the limitations of such a small sample and after consultation with the committee after being awarded the scholarship, aimed for a quota sample of 20 well-trained athletes. We felt that a sample size almost twice as great as the original EIS led research would give us a greater claim towards being able to generalise our findings. 

We made the decision that all of those in our target sample of 20 would be adults aged 18 or over. This was because athletes less than this age have different biological and developmental (emotional) ages as do those above the age of 18 but their status as minors means we considered that they were not really in a position to give informed consent to take part in the study. (Long & French, 2013a, 2015). 

Written informed consent from the participating athletes (See Appendix One) was gained in line with Leeds Metropolitan (now Beckett) University Ethics procedures and approval gained from Leeds Metropolitan (Beckett) University Research Ethics Committee in accordance with the Declaration of Helsinki. It was agreed that subjects would have the right to remove both themselves and their data at any time and up to publication. 

All participants approached were intended to be club, county or regional level athletes and above because the BMC is a middle distance club geared towards ‘performance’ rather than ‘recreational’ athletes and coaches. 

The two gatekeepers for the generation of our sample were Andy Henderson and Aaron Thomas who both currently coach at Beckett University and have large groups of athletes (See Appendix Two).  Prior to the award of the scholarship and at application stage, both indicated an agreement to support. An information sheet was given to Andy and Aaron detailing the purpose, proposed protocol and method of information dissemination.  Informed consent from the athletes was intended to be gathered via information sheet and consent form again detailing the purpose, proposed protocol and method of information dissemination, along with a method of recording that consent is given. 

It was intended that a number of factors be measured to determine the effect of different types of warm up, with results being compared against each other and a control to determine whether there are any statistically significant differences.  The variables of (1) Blood Lactate, (2) Race readiness and (3) Time for completion of 800m time trial were intended to be used as independent variables to determine effect.  We decided to measure lactate because we wanted to see whether a high intensity warm up would increase blood lactate accumulation in comparison with a relatively low intensity warm up prior to competition. Some authors (Anderson et al, 2014, Zois et al, 2015) have argued that blood lactate accumulation needs to be increased as part of a warm up to prime the system. We decided we would wish to measure blood lactate levels post the undertaking of intensive exercise to assess whether having primed the uptake of blood lactate accumulation, whether blood lactate accumulation is reduced during the trial or whether there is a performance increase for the same level of blood lactate accumulation. Lactate is produced from pyruvate as a result of normal body metabolism and although the level is increased during exercise. Blood lactate is usually 1–2 mmol/L at rest, but can rise to over 20 mmol/L during intense exercise.  This rise in level is due to lactate being produced faster that the body can process it. In certain circumstances lactate can be used by the body as an energy source (McArdle, Katch and Katch 2010). ‘Race readiness’ is an inevitably vaguer term because athlete perceptions as to whether they are psychologically ready to undertake vigorous exercise with a performance component which is measured is of course highly subjective and based on ‘feeling’ rather than anything objective. We did however feel that some attempt to incorporate athlete self-perceptions of their own psychological state was of considerable value as this is itself an inherent part of performance in our sport. 

This was a slight but deliberate deviation from the previously alluded to Ingram et al., 2013 design that used a laboratory, treadmill-based protocol to measure incremental increases in blood lactate and VO2 utilisation characteristics.  We recognised that the original research, whilst high in internal validity, was difficult to generalise to a wider audience.  This was due to low participant number and use of treadmill rather than a more natural ‘field-based’ environment.  Although it would be possible to analyse VO2 characteristics in the ‘field’, this would have had to involve the use of a Metamax portable analyser that would be strapped to the athletes during the time trial.  Whilst this would have provided us with VO2 characteristics data, it would compromise running technique/ability and have potentially added extraneous variables to the study.  We, therefore, decided not to attempt to explore this aspect of the Ingram et al., 2013 study, but recognised that this provides scope for further study in the future.  Furthermore, in order to satisfy the principles of both reliability and validity, data was intended to be collected at a consistent time of day, in order to minimise the effects of diurnal variability, using field-based collection procedures to increase both internal and external validity of the design.
  
It was intended that the intended number of 20 athlete participants would be randomly assigned one of two warm up protocols.


Condition 1 – Traditional active warm up – Low Intensity Warm Up (LInWU)

A replication of the study by Ingram et al., 2013 was intended to involve the following:

· 10 min self-paced jog.
· Mobility drills for 10-15 minutes in duration with athlete following their ‘normal’ routine rather than one prescribed by the experimenters. 
· Short strides with walk-back recovery (e.g. 6 x 50 metres) to be effected at faster than intended time trial pace.  

Condition 2- High Intensity Warm Up (HInWU)

A replication of the study by Ingram et al., 2013 was intended to involve the following:

· 10 min self-paced jog.
· Mobility drills as in Condition 1. 
· Short strides as in Condition 1 (at same intensity but less than 6 in terms of volume). 
· 1 x 200m at 800m race pace aimed to elicit the activation of VO2 kinetics.  

With the provision of an appropriate recovery period between warm up and time trial, which was set at 10 minutes or less, it was intended that the athletes would then run an 800m time trial at maximal effort. This was in part to reduce the lowering of core body temperature, which is known to important to have an effect on performance.  Whilst this is different from other studies which have suggested that an interval of between 20 – 40 mins between high intensity warm ups and time trial was appropriate, it was felt that as these time trials were to be set outdoors, the need to maintain a raised core temperature necessitated a slightly shorter recovery period and we felt that this extended time period was too long for any potentiation effect to remain without reactivation.  

In an attempt to control extraneous variables, the procedure was be repeated twice at the same time on different days with each group rotating through both types of conditions as outlined above. Each participant was to be randomly assigned to one of the two groups with athletes completing the conditions in a different order. It was hoped that this would design out the effect of protocol learning across as the two conditions progressed.  It was intended that athletes run a total of 2 time trials between March 2014 and July 2014 with each participant completing all 2 tests within 21 days. As well as taking into account ambient temperature, the March-July window was set because we recognised that in effecting time trials over a middle distance event, that the warmer weather of the Spring and Summer would better facilitate the undertaking of work with a significant speed endurance component. Within this March-July window, we set the 21 day limit for the running of both tests to minimise the effects of periodization as it would be unhelpful to have athletes running one time trial in the winter for example and another in the spring because they would be at markedly different levels of fitness. 

It was intended that lactate be collected using finger-tip or ear lobe prick extraction for subsequent analysis in laboratory and was planned to be collected (a) Immediately prior to warm up, (b) Immediately post warm up and (c) Immediately post time trial.  

Unlike the study by Ingram at al., 2013 we were not content for this present study to be solely reliant on physiology and sports science. We wanted to have the ambition to triangulate our experimental data with athlete self-perceptions of mental state. To this end, athlete psychosocial tests were felt to be important. This was because cognition is a massive factor in athletic performance and having recognised this, we accordingly build it into our research design. (See Long, 2012b, Long & Lowes, 2012a, 2012b, 2012c, Long & Lowes, 2013, 2014).  

The original experimental research led by Ingram et al., 2013 suggested that athletes performing HInWU experienced a higher state of mental readiness. (See Long & French, 2013a, 2013b, 2013c). During interview for our aforementioned papers, Dr Barry Fudge confirmed that participants reported a greater “race readiness” after the HInWU, indicating that the effects may not be solely physically functional and metabolic. The fact that there were no specific tests to measure this in the original EIS led research was something we wished to address in our study. An inventory was intended be administered to all athletes with both short closed quantitative and open-ended qualitative questions recorded on a questionnaire.  Their post time trial completion was used in order to assess perceptions of ‘race readiness’. (See Appendix Three). 

As well as an account of athlete self-perceptions of mental state, we wished to further triangulate our data through development of an enhanced coaching ethnography to build on some of the interviews we did for the aforementioned papers. (see Long & French, 2013a, 2013b, 2013c).

In our aforementioned paper in BMC News (Long & French, 2013a), we were at pains to quote Dr Barry Fudge who was emphatic in stressing, “Whilst physiology has provided some big breakthroughs which have undoubtedly contributed to endurance running in our country, in many ways the coaches are the original innovators and then the sports science catches up with them. Don’t forget that there’s things coaches were doing a decade or so ago which produced results and which are only just being understood by the physiologists of today” (see Long, 2012a). Indeed the great Roger Bannister is famously reputed to have said, back in 1955, that, “The human body is centuries in advance of the physiologist”. This was the rationale why coaching ethnography should be an integral component of the present study. Our original paper (Long & French, 2013a) noted the sheer diversity in terms of how coaches may attempt to induce the potentiation effect. We acknowledged that effecting a clearly set and time-phased HInWU may be much easier to produce at a BMC Grand Prix race compared to an Olympic final for instance where the athlete is shepherded between warm up track and call room and so on. Coaches are great improvisers and to assess the diversity of their practices and the nature of their improvisation we proposed the following:

1. Telephone interviews with a sample of coaches.

We proposed to interview a sample of high profile coaches, coach educators and mentors to assess their perceptions of the way in which they practice High Intensity Warm Ups to a greater or lesser extent. The estimated sample size was a snowball sample of 12 coaches to complement the sample of 4 coaches / coach educators whom we interviewed in our original BMC paper. (Long and French, 2013a). Telephone or electronic interviews were felt to be inexpensive and did not appear to present a major intrusion in the lives of recipients. (See Appendix Four for example consent form). 



2. Observations of coaching practice.

We had to acknowledge that telephone interviews would offer valuable insight into coaching perceptions of practice rather than a direct account of practice itself. The fields of both Sociology and Cultural Studies, however, tell us that what people say is sometimes different to what they actually do in terms of social practice. This is why interviews with a proposed sample of 12 coaches were intended to be triangulated with observations of a sub-sample of at least 4 middle distance and endurance coaches working with athletes in the field. The diversity of practice in terms of how coaches effect warm up practices of varying degrees of intensity was felt to be invaluable in terms of providing context to the experimental design and the athlete psychology parts of the study. (See Appendix Five for coach ethnography consent form). 

As a result we felt that a combination of experimental data, athlete socio-psychological data plus coach ethnography data, could lead to some potential benefits for both the British Milers’ Club and the middle distance community more generally in this country.  
 

Potential benefits of this study

· Raise awareness amongst BMC athletes of the potential benefits of High Intensity Warm Ups. 
· Raise awareness amongst BMC coaches of the potential benefits of High Intensity Warm Ups. 
· Raise awareness amongst the wider athletics community about how priming effects of high intensity warms ups may be beneficial both physiologically and psychologically, thus facilitating enhancement of performance.
· Raise awareness amongst the wider athletics community of the importance of the principle of athlete-centredness in terms of coaching and athlete practices of High Intensity Warm Ups as being diverse and plural rather than singular and monolithic.
· A challenge to both coach and athlete in the wider athletics community to consider the more precise nature of exactly how their warm up is ‘dynamic’ and its efficacy in preparing for what is to follow.

We now report on the conducting and findings of the research, beginning with the experimental data. 


The experimental data

Seventeen athletes (Male n =4, Female n =13, mean age = 24.7 ± 10.6 years ( were recruited from running clubs based in Leeds. Whilst it is noted that there was an unequal gender split, the allocation of genders in each condition was randomised to minimize any effect.  All participants had or were regularly competing at club or regional level competition.  All participants provided their signed informed consent to participate in the research and were debriefed after (See Appendix Six). 

Pre-exercise screening was performed using a pre-exercise questionnaire (see Appendix Seven) to identify any pre-existing medical conditions that might be exacerbated by participating in the test and measurements of resting heart rate and blood pressure were taken using a mercury sphygmanometer (Accosan, Dekomet, Harlow, UK) and stethoscope (Littman, Classic II S.E., Neuss, Germany).  Cut off values for participation in the exercise test were a resting heart rate of 100 bpm or above, systolic blood pressure of 140 mmHg or above and a diastolic blood pressure of 90 mmHg or above, as these values would indicate mild hypertension (ACSM, 2013). No athletes were deemed unable to take part in the study following this pre-screening procedure. 






Procedures

Figure 2: The two protocols



All testing took place on the 400m running track at Leeds Beckett University, Headingley Campus, Carnegie Sports Centre between April and July 2014.  Following pre-exercise screening a small (5µl) resting fingertip capillary blood sample was taken and analysed using a Lactate Pro (Akray, Japan) portable blood analyser which has been to be a valid field measure for the assessment of blood lactate (Pyne et al., 2000).  The participants were then assigned on a random basis to either a High Intensity Warm Up (HInWU) or a Low Intensity Warm Up (LInWU) group.  The LInWU group performed their usual warm up routine, which typically did not a high intensity long stride.   A number of athletes included pre-training striding exercises although this tended to be a number of strides not in excess of 50m in duration.  The HInWU group performed their usual mobility drills and short strides plus a 200m effort at their 800m race pace.  As mentioned previously, the rest given to the athletes was sufficient to allow them to recover from the high intensity stride, and was typically between 5 and 10 minutes prior to the time trial in both protocols. In remaining faithful to the principle of athlete centredness, no athlete started the trial until they felt ready to go. (See for example Gerbino et al. (1996); Jones et al. (2003a); Jones et al. (2003b); McArdle et al. (2010) and Wilkerson et al. (2004)).  
 As the tests were conducted outside, however, the duration of this recovery period was adjusted accordingly to maintain core body temperature.  Following the completion of either the LInWU or HInWU the participants then had another fingertip capillary blood sample taken for the analysis of blood Lactate and this was effected as soon as was practically possible after athletes had stepped to the side of the track.   After the blood samples were taken the participants then performed a maximal effort 800m time trial (TT) with performance time being recorded and another blood sample being taken following the TT for the analysis of blood lactate concentration. 

Immediately after the completion of the time trial, a questionnaire was administered containing both Open Text responses and a number of Likert Scales.  The Likert Scales were used to determine perceptions of how they rated the particular warm up, along with their perception of how well they thought that time trial went, having not been made explicitly aware of their finishing time. In addition, the athletes were asked to state any thoughts around that particular type of warm up.

The participants then returned to the track within a two-week period and underwent the alternative warm up procedure with similar time between warm up and commencement of time trial and exactly the same protocol of time trial, lactate and perception testing. The athletes were debriefed according to Leeds Beckett University ethical guidelines (See Appendix Eight).


Statistical Analysis

All statistical analyses were computed using SPSS version 21 (IBM, Armonk, NY, USA), with all statistical significance set at P<0.05. Before analysis, normality and equality of variance of the variables were assessed using a Kolmogorov-Smirnov test. 

Repeated measures ANOVA were used to compare Blood lactate measurements. A Bonferroni post-hoc analysis was used to determine where any significant differences occurred. A paired samples t test was used to compare the TT time for both warm ups. Effect sizes, using Cohen’s d were calculated between Bla and TT time for the comparison of the HInWU and LInWU. For Cohen’s d, a modification to the effect size scale of Cohen (Cohen, 2013) were used and were interpreted as follows: 0 – 0.2 was considered to be a ‘trivial’ effect, 0.2 – 0.6  ‘small’, 0.6 – 1.2  ‘moderate’, 1.2 – 2.0  ‘large’, and >2.0  ‘very large’ effect (Hopkins, 2000). 

A paired samples t test was used to look for different between perceptions of both the perception of time and perception of the warm up and Open Coding was used to analyse the open text responses to identify common themes contained within.

Results of the experimental data

	
	HInWU
	LInWU

	Blood Lactate Levels (Bla)
	
	

	At Rest
	1.58 ± 0.62 mMol.L-1
	1.62 ± 0.73 mMol.L-1

	After Warm Up
	4.40 ± 1.93 mMol.L-1
	2.06 (± 0.72 mMol.L-1

	After Time Trial
	10.42 ± 3.07 mMol.L-1
	10.55 ± 2.73 mMol.L-1

	Time Trial 
	
	

	
	149.45 ± 17.06s
	147.39 ± 15.54



Prior to the commencement of either warm up, the mean Bla concentrations were roughly the same with 1.58 mMol.L-1 (± 0.62 )  for HInWU and 1.62 mMol.L-1 (± 0.73) for the LInWU.   The mean Bla concentrations after the time trials were also very similar with no significant difference found even with tests for size of the sample factored in (Cohen’s d <0.2).     The average score after the time trials with following the HInWU was 10.42 mMol.L-1 (± 3.07) and 10.55 mMol.L-1 (± 2.73) for the LInWU.

However, when looking at the Bla concentrations immediately after the warm ups, there was a statistically significant difference (P<0.05).  Immediately after the HInWU the Bla was found to be 4.40 mMol.L-1 (± 1.93) compared to 2.06 mMol.L-1 (± 0.72) following the LInWU.  This meant that the HInWU produced a significant amount more Bla with this difference being significant even with relatively small groups (Cohen’s d = 1.57).

There was no significant (P>0.05) difference in the time taken for the Time Trial with the HInWU warm up average of 149.45 ± 17.06s and the LInWU achieving 147.39 ± 15.54s.  Although there was a slight difference in average time within the time trial, it was not found to be significant, especially when taking into account the size of the groups within the study (Cohen’s d = 0.079). 

There seems to be no statistically significant difference between their perceptions of how they felt (p = 0.16) or how they perceived they performed (p = 0.45), although the mean scores do suggest that those doing the High Intensity Warm Up reported more favorably across both feelings and performance (6.8 vs. 6.1: 6.53 vs. 6.01).

When interrogating the Open Text responses within the questionnaire, 10 stated they preferred or stated that or that they felt more prepared with the High Intensity Warm Up, with 3 stating they preferred the Lower Intensity Warm Up.  4 did not state a preference.

In summary, the physiology and perception data from the time trials all show no statistically significant difference between HInWU and LInWU.  However, the data suggests there may be differences between the two different warm up protocols although these are not statistically significant.  Time Trials are a fraction slower with HInWU, but the perception data show it is fractionally more favourable.  More than half in the sample (59%) reported a preference toward HInWU following trials, with only 18% stating that they did not prefer that mode of warming up. 

Before we report on the findings form the coaching ethnography side of the research, it is important we mention our invitation to deliver an England Athletics Workshop on the subject of High Intensity Warm Ups as part of the Local Coach Development Programme. Whilst not part of the formal research process, this workshop was instrumental in helping us frame some of the questions asked of coaches in our sample of interviewees at a later date. We undertook this workshop on behalf of the Midlands Area Coach Mentor for Endurance, Geoff James, because we felt it was a great way of promoting not just our own work but also that of the wider ‘BMC Horwill Scholarship Award’. 

England Athletics Workshop. Wednesday 26th February 2014. Alexander stadium.

As well as being part based on a didactic, lecture based delivery to coaching attendees, the framing of the workshop allowed for focus group type discussion of a group which exceeded some 30 coaches as well as there being a small number of athletes in the audience. 
Four important variables emerged from the workshop, namely (a) reasons why we warm up; (b) duration of warm up; (c) chaining of warm up and (d) intensity of warm up. The key things for us to consider as a result of the discussion generated were, firstly, that many coaches still see injury prevention as a primary function of warming up. Secondly, the overwhelming majority of coaches were keen to stress the psychological as well as the physiological benefits of warming up. Thirdly, in terms of the specifics of physiology, muscular activation was by far the most commonly cited benefit of warming up. 

When talk turned to the duration of warm ups undertaken by athletes, significantly there was no agreed duration of time that coaches felt should characterise a warm up. Rightly or wrongly, a significant proportion felt that warming up was dependent upon extraneous variables such as weather conditions. Surprisingly, only a minority openly acknowledged that warm ups needed to be event specific with a minority indicating that the first part of the fitness component of training sessions were being used to proverbially ‘top up’ a warm up. 

When discussions turned to the way in which warm-ups for middle distance and endurance athletes were chained, it was noted that a minority of coaches still held on to the conviction that static stretching should be an inherent part of warm ups. More encouragingly, there was an explicit acknowledgement by some that warm ups have to be athlete-centred. There was an awareness that in some cases both athlete and coach do not have total control over the logistics of their warm up. In terms of proximity to the event, there seemed to be a conviction that there was a ‘correct’ time to warm up before an event rather than a window of opportunity. When fostering a healthier and more productive coaching culture, we felt this latter finding may need further research and a possible challenge to coaches after our research was completed in its entirety. 
In terms of the intensity of warm up, this workshop told us that a minority of coaches still felt that ‘medium’ rather than ‘high intensity’ warm ups were appropriate for middle distance and endurance athletes. We felt this may have been due to the perception that athletes who are warmed up towards the higher end of the intensity spectrum may fatigue during competition itself. Pleasingly there was an awareness of the importance of taking into account chronological, biological and training ages in articulating an appropriate warm up with an athlete. There was some awareness of the need for event specificity in working with athletes to effect efficient warm ups. 
The issues raised at this workshop could be fed into the questioning process for those who engaged with the project as part of the coach ethnography phase which is reported below. 
Coaching Ethnography

We have articulated earlier in this documentation how the coaching ethnography comprised of both interviews (ordinarily telephone or electronic) and observational methods (See Appendices Nine and Ten for coach interview consent and debrief forms respectively).  In reviewing the literature which has been presented earlier in this report, we alluded to the study conducted by the research team (see Ingram et al., 2013) which comprised the now British Athletics Head of Endurance, Dr. Barry Fudge. Many in the sample were aware of this study possibly due to Dr. Fudge’s prominent role as a physiologist and respected figure in the endurance community. Whilst many were intrigued by the findings which point to both the value and utility of High Intensity Warm Ups, some urged caution due to the small-scale nature of this original research. The following comment highlights this sentiment:

"With regards to High Intensity Warm Ups, its early days for me in terms of their understanding and usage. I am familiar with the research carried out by Barry Fudge and others but note that it was based on quite a small sample of athletes and 800 metres for Barry’s study.” 

The coaching ethnography uncovered the following themes:
· Static stretching.
· Guided discovery.
· RAMP.
· Chaining of the warm up.
· Early reps syndrome.
· Transferability from training to racing.
· Psychological as well as physical priming.
· Pace judgement.
· Event specificity.
· Athlete centred.
· Appropriateness for young athletes.
· Length of HInWU strides.
· Climactic conditions. 
· Loss of control in a competitive arena.
· Improvisation in a racing arena. 
· Proximity to competition.


At the heart of the research into High Intensity Warm Ups, is the underlying principle that warm ups need to be active and dynamic rather than passive and static. This research goes way beyond that basic principle in that we are researching warm ups which potentially optimize the physiological function (V02 kinetics) to produce a metabolic response with a concomitant psychological preparation.  

1. Static stretching
Peter Thompson, 2006b has spoken about the importance of warming up through mobilization work by arguing the following: “Let’s think of it this way: any individual, whether they are an Olympic athlete or Jim or June in the local club, brings to the start of a training session or a competition a certain range of motion. At this time, before the warm-up, they are not able to access all of it, their current full ROM. The activities in the warm-up should be designed, relative to abilities, to use progressive mobilisation exercises to access the available ROM, not strive to increase the ROM. For athletes pursuing fitness goals, this may be expressed as an ‘active’ warm-up”. For Thompson (2006b: 35), active, dynamic warm ups are about activating functional flexibility. He continued that, ““Dynamic stretching through mobilisation exercises really wakes the neuromuscular system up, to prepare for what is to follow. This involves actively moving your trunk and limbs through the full range of motion that they will be used during the training or competition”.

Whilst the governing body and coach educators have been pushing for the abandonment of static stretching as a mode of warning up, evidence suggests that some coaching subcultures retain a collective belief that static stretching is appropriate as a mode of warming up, which may need to be challenged: 

“At X University, with some of my newer athletes this year, it (HWUs) is something that I will need to develop with those who have come straight from clubs who are used to a bit of static stretching and a couple of strides before launching straight into a session”. 

Whilst static stretching would not have been advocated as the norm for the warm ups being undertaken by their athletes, some in the sample mentioned their athletes were undertaking it to mobilise muscles if for example they were struggling with injury. Take the following quote as an example: 

“We generally don't do static stretching before running but it may be appropriate with athletes who are cross training and have specific niggles or injuries”. 

Some of the high profile coaches in the sample could be described as ‘organic’ coaches in the sense that they were not ‘theorists’ but learned best through experimentation and trial and error. 


2. Guided Discovery. 
Guided Discovery has been an established mode of coaching since the end of the Second World War and was introduced into Physical Education lessons in the 1970s after being endorsed by both the government and Local Education Authorities. This method involves the appropriate use of experimentation and learning by trial and error. The coach in the sample who was yet to experiment with the use of HInWU was herself committed to trying it through a process of Guided Discovery in the future: 

“I may well experiment with it in the future". 

It is at this point that the diversity of active and intense warm of practices first becomes evident:

“High intensity warms ups do have their value but in order to be exactly sure of what they do you'd need to experiment with lactate values are performing different types of warm up”. 

Inevitably, with the nature of experimentation, things will go wrong and some acknowledged this, for example: 

	“Some of it is trial and error and it is possible to overcook it”. 

It is because of the fact that things can go wrong when experimenting with any new coaching method that some coaches seemed keen to experiment in the winter season, away from the track, perhaps when the proverbial stakes were not as high: 

“I have been experimenting with it during the current XC season”. 

This process of Guided Discovery was evident even for one coach in the sample, who wished to retain anonymity, but who had an extensive background in sports science. Take the following statement: 

“I must make it clear that I am somewhat ‘old school’ as regards much of my athletics coaching. Thus, although my Master’s Degree was in Human Biology and I enjoyed over 30 years of invaluable involvement in academic and practical aspects of Sports Science programs at X University, my prevailing conviction is that the larger portion of what I have to offer as a coach has derived from my years of experience of working with and observing athletes and coaches, generation after generation, and the development of a distinctive system and rationale based strongly in common sense. I continue in a spirit of readiness to learn more and of open-mindedness (up to a point) - and believe that science and experience/common sense are a very powerful combination when pointing the same way. Should ‘science’ and experience or common sense point in different directions though, I would almost distrust the science”. 

This reinforces the sentiments of the lead researcher on the ethnography, who was once told by British Athletics Head of Endurance, Dr Barry Fudge that it was the coaches who were the real innovators in the sport, with the sports science catching up with them and providing post hoc rationality later. The said coach continued that: 
 
“In light of the above, it might not be surprising that my approach re warm-up as a coach largely reflects what I learned through a mix of copying, trial and error, and application of common sense over half a century ago”. 

One of the issues which was raised in the original literature based paper which we researched was the issue of active warm ups was the notion of R.A.M.P.





3. RAMP
As we have seen previously, RAMP is an acronym for Raise, Activate, Mobilise and Potentiate, and many of the coaches in the sample were familiar with these principles:
 
"I personally have not used High Intensity Warm Ups but I do indeed follow RAMP principles”. 

The sense of preparing the body for intense exercise that has a significant anaerobic component in terms of utilisation of the lactate energy system was mentioned explicitly by several in the sample: 

“I guess their value (HInWUs) is they get the body ready for intense exercise”. 

"Throughout my coaching career I have always been interested in the use of exercises and drills for injury prevention and improving technique.  It is not, therefore, surprising that my athletes have a thorough exercise routine as part of their warm up. I feel that the dynamic exercises/drills we currently use meet the above criteria and prepare the body for training/racing and can be a useful focus in both these situations”.
 
Discussions around RAMP inevitably led on a consideration of both warm up volume and intensity. One high profile coach felt that a reduction in the volume of work undertaken and duration of warm up time could in fact lead to the practice of a more intense warm-up. This was a consideration when trying to guide an athlete through consecutive rounds of competition at the Glasgow Commonwealth Games in 2014:

“We had also worked at cutting back on overall volume of his warm-ups though, in the light of having to go through the process on 3 consecutive days”. 

When debating the nature of HInWU, the issue of how warm ups are chained and progressed becomes paramount. 




4. Chaining of the warm up
A fascinating insight into the chaining of a warm up and its intensity was offered by former international athlete, in relation to the coaching of own of his own athletes: 

“The transitional point from static to dynamic is stretching>drills>strides. He does some resistance work with a dyna-band elastic loop at about the 2/3rds point in the warm-up. That's based on physio and S&C advice. His strides in flats are 3/4 pace. His final strides in spikes are top speed. I would say this is something that he has changed in the past two years - to go further, quicker and later with these, versus race start time. He spends a couple of minutes with a Powerbreathe device to expand his lungs in the final few minutes. There may not be complete science supporting that but I used to do something similar. The general idea is that your lungs are as prepared as they can be to operate to the max”. 

This kind of practice was endorsed by some other coaches in the sample whose chaining of their athlete warm ups had been clearly thought through, with clear attention to detail: 

“Our warm up routine begins gently with walking stretches, moving on to faster, dynamic, brain to muscle exercises. I always advocate my athletes starting slowly in the warm up phase before a training session. We do walking strides and focus on technical drills such as toe-ups and toe downs. We progress the warm up say from high knees, to alternate knees, what I call chicken runs and then taps on the ground. The warm up ends with three 50m crisp strides and finally a 200m fast stride.” 

In particular it was the early part of training sessions along with the early part of races which was felt to be where HInWU could have a potentially significant effect, in terms of say the first few repetitions of a standard 10x400 session or the first fast 200m of an 800m race. 

5. Early Reps Syndrome. 
Four coaches in the sample made explicit reference to what is colloquially referred to as ‘1st rep syndrome’ amongst other terms used to denote the fact that during a training session athletes may only feel that they have worked their way into feeling comfortable on the 2nd or 3rd repetition of a repetition session. Take the following:

“In a training context I tend to find some athletes are more sluggish than others on the first one or two repetitions so their warm up may need to be longer or more intense”. 

“They (athletes) often find that their 1st 2 or 3 reps are relatively sluggish because their warm up hasn't been adequate”.

One coach in the sample mentioned that this was something that he had experienced as an athlete and could learn from as a coach: 

“In my day if I was doing 2 sets of 4 x 200m and because of this principle it’s not surprise that the second set always felt quicker after you got going in the first set. It’s because the body has already generated lactate and you are ready for it”. 

One interviewee mentioned that speed deficit at the beginning of middle distance races appeared to be a problem and something that HInWU could most certainly help to counteract: 

“Y (a female international 800m runner) - often struggled with the speed and competitiveness of the first 200m of 800m” 

This opens up a much wider debate about the transferability of HInWU in a training and in a racing context and whether there should be any difference in terms of practice.
 
6. Transferability from training to racing.
Some coaches raised the issue of whether a difference between the training and racing contexts existed, noting often subtle variations in coaching prescriptions and athlete practice: 

“You have also got to remember that warms ups for competition may be slightly different from those in training”. 

Others noted a difference in the intensity of warm ups before training in comparison with competitive action: 

“I guess the thing to look at is the extent to which athletes mirror their pre-competition warm up with the one in which the effect in training. There is often a difference and warm ups before training sessions tend to be less intense than the ones which athletes conduct prior to competition”. 

Some made the admission that they deliberately effected differential practices given the demands of the different contexts alluded to:

“I have tended to use them prior to competition rather than prior to training”. 

Whilst some seemed comfortable with a differential level of intensity depending on whether the variable of competition was involved, one interviewee felt strongly that warm up practice prior to training should indeed simulate the same routine to be effected before racing:

“In terms of differences between warming up before competition and compared to warming up before training, there really shouldn't be any in that what we are looking for is the effecting of a routine.” 

It was at this point that the observational visits to Leeds Beckett University, Loughborough University, Birmingham University and Birchfield Harriers were invaluable (See Appendix Eleven for Coaching Consent forms).  Leeds Beckett University was chosen because this is where the experimental side of the research took place which involved the blood lactate testing.  It was also considered to be an excellent place to visit in terms of well-established endurance coaches such as Andy Henderson, Aaron Thomas and Andi Drake, who are all based at Leeds Beckett. Loughborough was visited as it has long been established not only as the country’s premier University athletics club but because it has an international reputation for sports science research to go with it. Birmingham University was chosen for its excellence in endurance running convenience and this is where Matt Long coaches, under Head of Athletics, Luke Gunn, who is an international steeplechaser and Head of Endurance, Bud Baldaro, who has coached more than 60 GB internationals. The University is well established both in sports science research terms and the endurance wing of the athletics club is amongst the best in the country with the men's and women's teams securing a BUCS cross country championships double in the winter of 2015 Birchfield Harriers was also chosen because Matt Long coaches there periodically and it, again, can claim to be one of the country’s premier athletics clubs. Visits to these clubs took place in 2014 and 2015. What emerged from the observations was that athletes often undertook warm ups which were specific to the training session in hand and often did not seem to try and replicate the type of warm up which may be effected before a competition. (See Appendix Twelve for Coach Observation Debrief forms). Due to the variability of practice in the middle distance and endurance groups that were observed, some athletes leaned towards a warm up of moderate intensity whilst others engaged in practices that leant them towards a warm of higher intensity. The observations confirmed that the issue of whether warm ups prior to training should mirror those undertaken prior to competition was indeed an important one. 

The above context raised the issue of the extent to which HInWU could facilitate psychological as well as physiological priming. 


7. Psychological as well as physical priming.
The realisation that athlete psychology is just as important as athlete physiology was felt by some to be indicative of a greater awareness of the role of the mind in sports and a wider cultural shift in coaching over the last decade or so: 

“This being said I do feel that over the last few years greater awareness has been raised amongst coaches in terms of how warm ups at a higher intensity can prepare you for competition both physically and psychologically”. 

One coach in particular felt that HInWU could potentially be invaluable in terms of effecting a productive level of psychological arousal, speaking of these athletes needing to achieve:

	“(the) mental readiness to fight for their life”. 

Getting athletes to effect HInWU was thought to be a practical problem for several coaches, before training:  

“In terms of athlete psychology, they will almost inevitably try and do as little as possible before the main session. Deep down they know it works and I tell them to do it because they need to get out quick be it in the first repetition of a training session or in a race itself”. 

This sort of process was felt to be a problem by some in the competitive context with athletes being keen to proverbially ‘save their energy’ and not wanting to over-tire themselves before the heat of battle: 

“The problem is persuading the athletes to do it pre-race. They are fixated on the idea that it will detract from their performance in competition”. 

The benefits of effecting a HInWU either before warm-ups or competition were not felt to be restricted to matters of physiology and psychology. The issue of pacing was raised by some coaches in the sample. 
 

8.  Pace judgment.
It was felt by some in the sample that athletes of younger chronological years and perhaps with a relatively low training age, would benefit from the tactical as well as the physiological benefits that effective pace judgement could bring. Pace judgement was explicitly mentioned by two interviewees:  

“It’s not just about the physiology, but for me I think it’s so important for younger athletes to get their race pace right and High Intensity Warm Ups give you that opportunity. The under 15s we have worked with may need to run 100m strides 2 or 3 times before they get their pace judgement right before a session or a race”. (If taught running rhythms in training – no need to do it in the warm up. The principle of only doing in warm up what is skilled – it is not a time for learning. That should be in the unit that follows the warm up so that there is a gradual migration over time of activities done in the skills unit, to the fitness unit and then when, well-learnt and skilled, to the warm up.)
 
The ability of HInWU to play an inherent part in the coach helping to educate the young, developing athlete in terms of learning race pace specificity was felt to be key by others: 

“I have to be more prescriptive with younger athletes as I feel they may lack pace judgement both in terms of races and in their approach to warms ups too. A coach working on young athlete perceptions of pace judgement is very important in my opinion”. 

Whilst younger athletes should focus on working the foundational and fundamental stages of athletic development, the issue of HInWU being able to assist in the facilitation of pace judgement is inextricably linked to the associated issue of getting athletes accustomed to race pace specificity, which is of course event specific. 


9.  Event specificity.
The sheer diversity of events that cover the remit of the BMC was mentioned by some as being highly relevant in terms of effecting differential warm up practice: 

"Warm ups have to be event specific even when talking about the endurance events.  A warm up for an 800m may be materially different from a warm up for one of my athletes about to run a 5000m”. 

What did seem to emerge from the interviews was the conviction by many that HInWU were more appropriate for the middle distance rather than endurance events:

“I have tended to use them (HInWU) for Y (female international middle distance athlete) in particular for 800m races and not for 1500m or 3000m races.”

“Whilst a High Intensity Warm Up may be appropriate for an 800m race, it certainly may not be appropriate before an athlete attempts to run a marathon”. 

The latter quote was implicitly endorsed by an interviewee who was a former GB international and who varies both the length and intensity of the warm up when coaching one of his athletes, who has run 800m in a major championships: 

“The shorter the race, the longer the warm-up. For some marathons that I did, especially warm weather Championships, the level of running in warm-up was almost nil. For a 400m race, and sometimes a key 800m, ‘P’ has extended his warm up period from 30 mins to more than 50 mins this year”. 

This being said an interesting perspective was gained from a coach working with international race walkers. Whilst all of his walkers were taking part in events from 3k and upwards, it was felt that HInWU could be effective for 3k and 10k rather than the much longer walks of 20k or 50k:

“The principle is the intensity of the efforts and the duration of them. I've been using this type of warm up for some of my walkers in training for the past 4 or 5 years or so. Some of the athletes who've used it include British record holder ‘B’ who has placed well in international competitions in recent years. Another example would be ‘C’ who has placed well over 10k events internationally in recent years. The interesting point is that someone like ‘C’ would tend to use a High Intensity Warm Up for events like 3-5 km that are closer to V02 max. It’s less important when one is race walking say over 20k or 50km. Another example of someone who would use a variant of a High Intensity Warm Up is the ‘D’, competed at both the London Olympics in the 2013 World Championships in Moscow over 50 km. Once again it’s dependent on what event the race walker is undertaking". 

The golden principle espoused by some in the sample was that the shorter the event, the more intense the HInWU needed to be. This being said some argue that HInWU were by no means redundant for events over 3k: 

“For something more aerobically based like a 3,000m race, the same principle applies but in practice ‘E’ would run a couple of high intensity efforts of between 80-100 metres. This is because the event is less intense compared to an 800m where he will be working for less than 2 minutes”. 

“With regards to active warm ups, I think the guiding principle my fellow coach and I follow is that the intensity of the warm up should vary to equate with the intensity of work we are undertaking.” 


Perhaps surprisingly, the use of HInWU was not restricted to those racing on the track but it also would seem to have an application across other running disciplines on other surfaces- in the following instance- mountain running- an event traditionally associated with strength endurance rather than the kind of speed endurance needed for middle distance running: 

“Athletes I coach who have used this include ‘S’ who got a medal in the WMRA World Mountain Running Championships in Poland in September 2013.  In addition there's ‘L’ who ran at those same mountain running world championships. There's also ‘O’, who was selected to run in the world youth championships".  

This was confirmed by another coach who had worked with elite level mountain runners:
“As a coach and team manager with the England junior mountain running team, I still adhere to this principle and we teach the value of athletes increasing the intensity of their warm ups at the training camps we run”.

The issue of making warm ups both technically relevant as well as intense enough to potentiate the physiological requirements of the forthcoming competition was raised by one particular coach who was working with an international junior athlete: 
With regards to ‘Q’, who ran in the steeplechase at the world junior championships in Oregon last year, we have got her to run a 200m stride before competition in the 3,000m chase. This being said again the warm up has to be event specific so we will incorporate hurdle drills as part of it”. 

Whilst some coaches felt more comfortable in terms of working on HInWU with their middle distance athletes, they did tend to feel that through Guided Discovery they would continue their journey into potentially experimenting with athletes in other events including the longer distances. Take the following: 
“I have only ever used the specific inclusion of such a ‘one-off’ completion of competition warm-up with 800m runners, never with my 1500m or 5000m runners although I have thought about it a fair amount”.  

“In terms of my own coaching, the question I have been asking myself is 'Can I develop it and apply the principles of priming the energy systems for improved performance to XC running' and other events beyond 800?”
 
Taking into consideration event specificity was also linked to the issue of adapting warm ups appropriately at various points of the periodisation cycle. Consider the following viewpoint: 

“I guess with middle distance athletes doing more volume based aerobic endurance work in the winter, High Intensity Warm Ups are less of an issue at that point in the periodization cycle”. 

As well as being event specific, the notion that warm-ups should always be athlete-centred was an inherent part of the responses given by interviewees.

10. Athlete-centred.
The importance of coaches retaining the principle of athlete-centredness in their work was referred to by Thompson, 2005, p46 who asked the following rhetorical question: “But how do you know if your warm up routine is optimum for preparing both the body and the mind of your athletes? Do you have any other activities before the physical part of the warm up begins? Do you have a different routine for each athlete and do they have a different routine before training than before competition, or does your group adopt the ‘one size fits all’ approach to each athlete and to each situation?”

In our own research, the feeling that even HInWU needed to accommodate individual need was explicitly espoused by 6 interviewees in the sample because athletes are inevitably diverse in terms of both their physiological and psychological needs: 

“Warming up has to be athlete centred as there will always be individual variation because a lot of it is actually about mental preparation for what's ahead”. 

For some, individual variation would always be underpinned by the golden principle of warm ups that were active: 

“I believe in giving the athletes I coach the freedom to adapt a warm up in a variety of ways as long as they are adhering to the principle of kick starting the aerobic energy system and running strides which are race pace specific”. 

It was noted by others that some athletes were perhaps naturally a little more mobile than others and any lack of mobility needed to be compensated for during the warm ups: 

“It's important to be athlete centred. If, for instance I have an athlete who is a little stiffer compared to some, I may get him to do a little more mobility work during the warm up phase, compared to others in the group”. 

Some coaches in the sample were not only athlete-centred, but were keen to go so far as to encourage athlete ownership of warm ups, in the following ways: 

“High Intensity Warm Ups are something which I have allowed my athletes themselves to develop.” 

“In general, I have allowed my athletes to develop/modify their own warm ups, with some discussion re optimisation, and made my own suggestions where I felt appropriate - regarding volume/intensity of run and striders and re volume and intensity of stretches/drills/exercises”. 

In addition to the use of Guided Discovery by the coach, one coach advocated the same principle should apply to athletes in terms of their taking ownership of warm ups:
“I'm a great believer that they, as athletes, should be in charge of what they do so I favour the use of Guided Discovery. They can come up with their own warm ups whilst adhering to the principle”. 

Part of being athlete-centred involved acknowledging that athletes are a diverse bunch with different needs. This inevitably led to a discussion of whether HInWUs were appropriate for less biologically mature athletes with less well developed lactate (linking) energy systems.

11. Appropriateness for young athletes.
When discussing their appropriates for athletes of a less chronological age who were perhaps less biologically developed than others of a similar age, responses tended to link back in to what we have previously considered in relation to pace judgement. This tells us that the technical aspects of running cannot be divorced from the physiological aspects of running in terms of long term athlete development: 

“As well as the practical side I worry that there is a danger that young athletes can and will 'overcook' it and they will run too hard too close to the race”. 

Some coaches were keen to stress that the effecting of HInWU needed a slightly different practice for younger athletes compared to senior athletes and that this needed constant monitoring because of athletes developing at differential rates especially around puberty. The following is indicative of this feeling: 

“So for a senior it will be 30s at say 10-k race pace perhaps a little faster. Is that pace intensive enough? - Something I am exploring. I believe the effects of a High Intensity Warm Up can last up to 45 minutes. In addition I've used it with ‘F’ who placed well in the Southern counties in 2014. I am also trying it with my younger athletes aged 15-16 some who are competitive at the national top end in their age groups like ‘R’.  For a junior man it may be 30s at 8-10k cross-country race pace. It’s more difficult to get it right with younger athletes because their performances (but perceptions of paces self-adjusts to fitness and improving capacities) can improve substantially over the course of a season and so effectively I have to constantly re-evaluate their warm ups in terms of intensity and their mind-set. I tend to be able to leave more mature athletes to their own devices in terms of devising their warm ups within an agreed overall approach”. 

As well as the feeling that more mature athletes could self-regulate their use of warm ups. One of the critical points of discussion during the interviews focussed on the length of the stride or strides undertaken in order to effect a HInWU for athletes. 

12. Length of HInWU stride(s).
When discussing length of the specific stride or strides which ordinarily take place after mobilisation drills in terms of the chaining of the warm up, the answers given by coaches reveal a wide diversity of practice. Once again the principle of athlete-centredness was an ever present: 
“Typically my athletes at ‘B’ University AC will do 12-15 minutes of steady running before moving on to drills and then strides. These strides tend to be between 60m and 80m in duration and some athletes will want to do longer strides and others more shorter ones”. 

11 out of the 14 coaches in the sample specifically raised the point that the length of strides effected was dependent on the availability of space especially in a competition context: 

“So we work on high intensities but often breaking the High Intensity Warm Up into segments. They may run for example 4 x 60 to 80 metres and have a quick turnaround in between each effort performed at a rapid pace.  The aim being to get something like 30 seconds of high level work done in as continuous block as is possible but taking into account whatever space is available”. 

Notably there were those in the sample whose HInWU strides were much shorter than the experimental intervention made in the research by Ingram et al (2013), which of course involved a 200m effort:
  
“The warm up simply has got to be appropriate for the session which you about to undertake. So if we are working on the track with our athletes it’s likely that a High Intensity Warm Up will be used. In practice I have used 100m run at 800m race pace before a session”.

“We started including 150m at 400m pace about 45 mins pre-race”.

For some coaches, rather than being preoccupied with the distance being covered in HInWU stride or strides, they were more concerned with the time which the said effort took. Take the following: 

"In a race walking context, I haven't got the athletes who I work with necessarily doing a High Intensity Warm Up over 200m. I have worked them for example doing two efforts of 30 seconds”. 

This was a necessity for coaches intent on their athletes effecting a HInWU away from the track:

“For example I've been getting ‘G’, an English national cross county junior champion, to run 30s at his XC race pace.” 

Longer strides as advocated by Ingram et al., 2013 and his team of researchers did appear to be normal practice prior to competition for some coaches and their athletes: 

“I have used it with my own son ‘J’. For instance before he ran a 1500m in the Northern championships at Sheffield, I had him run 2-3 high intensity efforts of 200m. Going down the back straight of the 200m indoor track he'd be running pretty much flat out for around 55 metres or so”.

“In terms of strides before a session or a race for that matter, my athletes tend to run 3 relatively short strides of around 50 metres in duration. I am aware of the longer stride of around 200m which is said to add value if undertaken at race pace and have attempted to use it.” 

In addition, some coaches advocated HInWU strides well in excess of 200m. Take the following as evidence: 

“’H’ often runs a 300m at metric mile pace before his 1,500m races whereas ‘T’ prefers a 200m effort before his 1,500m/ mile races”. 

"I believe in High Intensity Warm Ups. My athletes may run steadily for 15 minutes but the last 3 minutes of their warm up run will be at tempo pace. Then they do drills, followed by short to longer strides including a 300 metre effort. This 300 metre effort is what you could refer to as a 'good stride' rather than it being at maximum effort. They may run the 300m in around 50 seconds for instance. After this process of 'getting things firing' they have a 200 metre jog recovery and then it’s pretty much straight into the session”. 

There was, however, some evidence that coaches modified or adapted the length of stride that their athletes typically effected in training, to that which they undertook in competition. For example, the same coach continued that: 

“In terms of the competitive arena itself many of my athletes use a 150 metre stride before they race. This could be one stride but some prefer to do 2 with a jog back recovery.” 

For some interviewees, length and intensity of HInWU was dependent on extraneous factors that whilst they were beyond their control, were something that they felt the need to respond to. 

13. Climactic conditions.
Taking into account the variables of temperature and climactic conditions was something that 3 interviewees specifically mentioned in relation to modifying or adapting warm ups appropriately: 

“For example, in hot and humid conditions I've witnessed ‘U’ (a University based internationally respected coach) avoiding any sort of warm up in preparing an athlete for an international 5,000m race. Due to the weather conditions and the fact that it was anticipated that the early pace be relatively steady, he deliberately tried to keep the body temperature of the athlete low, knowing that they could work their way into a 5,000m race over the first 2 or 3 laps". 

“My athletes like ‘G’, do use High Intensity Warm Ups during the track season such as for 1500metres but his overall warm up will be tweaked to the temperature and other conditions experienced”. 

Coaches tended to never lose sight of the fact that any warm up is a means to an end – that end being a more efficient performance in competition – rather than an end in itself. Doing the minimum necessary to fire the system and achieve a priming effect was thought to be relevant for some particularly in championship competition involving rounds: 

“In general I have been happy if athletes keep their warm ups to an ‘effective minimum’ in terms of energy effort saving, especially through rounds and in case of hot/humid conditions.”
 
Indeed the demands of the competitive arena we never too far from the forefront of the minds of the coaches spoken to for this research.


14. Loss of control in competitive arena.
Accessibility of the track prior to competition was a huge logistical problem for coaches to adapt to and two coaches explicitly mentioned that it threatened to curtail attempts to effect a HInWU:

“The athletes I coach tend to run steadily for between 7-10 minutes before working on effecting dynamic drills. The specific problem I have with HInWUs is that access to the track to perform a measured 200m warm up is very difficult in lots of environments apart from elite competition when athletes have access to a warm up track. You can try and run 200m by the side of a track but it’s not ideal.” 

There seemed to be a perception that the higher the level of competition, particularly in international terms, then the harder it was to retain a sense of control over the warm up of one’s athlete in a competitive arena, with the demands of the call room and so on: 

“My athlete ‘I’ who took bronze in the IAAF World Youth championships several years ago has used it as have others I have worked with. The problem is in a major championship environment it’s hard to get both the time and space to manage your High Intensity Warm Up as the control is taken away from you. It’s much easier to do it at say a BMC meeting”. 

“In terms of the window of 20-40 minutes before competition where a HInWU can be effected, don't forget that at championships the call up room often disrupts planned warm up. In an ideal situation I would have athletes doing high intensity strides around 20 minutes before the race”. 

Coaches, by their very nature, have to be of a pragmatic disposition, so what the interviews revealed was an ability for them to adapt to these challenges by means of improvisation. 

15. Improvisation in a racing arena. 
The ability of the coach to proverbially ‘think one one’s feet’ and to respond to the challenges of a given environment was raised by 6 interviewees in the sample and is evident in the followings statements: 
“We had to improvise because obviously there was no warm up track but we worked the outside lane around the top bend while other races were going on. It worked and she ended up running a massive pb of over 800m just over a month after she had run her previous pb of 2:07 at a BMC regional race at Birmingham University.” 

"In terms of a 200m or 300m High Intensity Warm Up I've often found that difficult to effect in logistical terms due to lack of space, at least close enough to the race. As a coach you have to be a pragmatist and work with the available space which you have.” 

Some coaches in the sample would simply take their athlete away from the track in order to effect a HInWU:

“It doesn't have to be done on a track as it can be done on another surface if logistics dictate this.” 

Pleasingly coaches who expressed an opinion on the matter, seemed to infer that the loss of control over athlete warm ups in major competition was something which they could work with and respond positively to. Take the following sentiments: 

“The bigger the race, the longer the time spent in call rooms so the more important it is to be able to adapt this routine to fit the allotted timetable”.

“The major challenge is still in the competitive arena at championship level competition. In Zurich for example at the 2014 European championships, we found the warm up track was a drive away from the main stadium, so the 1st call for warm up was 50 minutes before the race. You have to learn to adapt and to change to these kind of circumstances which are beyond your immediate control”. 

“Of course the warm up areas and timings are controlled in major championship competitions so what I've tended to do is have my athlete do something like 4 x 50m back to back sprints as a variation on the principle of High Intensity Warm Ups.”

Directly linked to potential loss of control over warm ups and the need for coaches to both adapt and improvise, was the issue of the proximity of the HInWU to competition and particularly the effecting of the long stride or strides. 

16. Proximity to competition. 
Once again there was relatively wide variation in terms of diversity of coaching practice in the context of timing before competition:  

“Of course this can be difficult with major
championships due to officials intervening at various points
but wherever possible we have done this 10-15 mins before a
competition if logistics allow for it”. 

“With a middle distance race I have found my athletes spending longer warming up because they have one chance to get it right between 2 and 4 minutes of running or so whereas in a training context they can work their way into the session more over a period of time. In terms of experimenting explicitly with HInWU I tried one with my athlete ‘Z’ (a BUCS champion). When racing over 800m she was struggling to get into the early part of two laps races and this mirrored her tendency to come good in the latter part of training sessions so we had her running 3 reps of around 150 metres at 800m race pace about 15 minutes before a BMC regional race in 2012”. 

For some it was slightly longer than 15 minutes before competition: 

“In an ideal situation I would have athletes doing high intensity strides around 20 minutes before the race”. 

“He'd do this within the window of 30-20 minutes before the race. Certainly a High Intensity Warm Up wouldn't be effected closer than 15 minutes before the race. Anything closer than 15 minutes before the race would be him reverting to shorter strides of 60 metres or so.” 

Some coaches seemed to feel that 20 minutes prior to competition was a healthy time to effect the HInWU whilst being cognizant of the fact that research indicated there was a window of opportunity rather than a so-called ‘magic’ moment: 
“For example I've been getting ‘G’ (a BUCS silver medallist) to run 30s at his xc race pace around 20 minutes before his races…So for a senior it will be 30s at say 10-k race pace perhaps a little faster. Is that pace intensive enough? - Something I am exploring. I believe the effects of a High Intensity Warm Up can last up to 45 minutes. In addition I've used it with ‘M’ who came placed highly in the Southern counties in 2014”.
  
Other coaches were keen to utilise the fuller window of opportunity available to them to enable their athletes to effect a HInWU much further away from competition. The following is an illustration of this: 

“ ‘R’ - used 1500m at race pace in his warm up about 40mins before the Commonwealth Games Final which included his fastest ever final 200m”.
 
Discussions about adaptation and improvisation in the context of the proximity of HInWU to competition open up the wider debate about the future of HInWU.

The Future of HInWUs

What seems to have emerged from this ethnographic account is that there is a gap between the theory, an individual’s understanding of the theory and the practice of HInWUs as summed up by the following comment: 

“I guess ultimately I do understand the concept but it’s just the application which can be problematic”.
 
In some ways the view expressed above is indicative of the gap between sports science discourse and coaching and coach education discourses. This is why those who advocate the principles and practice of HInWU still have much to do in terms of winning the proverbial ‘’hearts and minds’ of coaches. For many a continued journey of Guided Discovery is likely to take place as can be seen in the sentiments of the following: 

"I have used High Intensity Warm Ups a little bit although I have to say I'm not 100% convinced about their value as yet”.



Discussion

In terms of assessing the implications of this current research, it is significant that the present study exceeded the scope of that of the original one conducted by Ingram et al., 2013. Whist the original study cited was based on a sample of 11 athletes, our present study involved 17 athletes, representing a 35% increase in sample size. This being said, due to both funding implications and the difficulties of asking athletes to take part in time trials for the purposes of experimentation, it should be emphasized that our own sample is still a relatively small scale and localized one. We cannot make exaggerated claims from our data, in the sense of attempting to claim that the results can be generalised to all middle distance athletes across the UK. (See for example Altman et al, 1998). Whilst we were keen to try and strive for a gender balance in our study, practicalities in fact meant that our sample was heavily in favour of females rather than males. 

The experimental side of this research suggests that the High Intensity Warm Up condition did increase measurements of blood lactate, indicating a possibility that subsequent performance could be improved.  This confirms the findings of the original study by Ingram et al., 2013 which pointed to a similar effect as measured by V02 max rather than blood lactate. 

Unlike the research by Ingram et al., 2013 our data shows that there was no significant difference between the time taken to run the trials when having performed a High Intensity Warm Up compared to a Low Intensity Warm Up. So whilst the High Intensity Warm Ups would appear to produce physiological indicators of improved performance, there would appear to be little evidence of this within this study. There may be a variety of reasons for this including (a) variable weather conditions between the two days on which the time trails were effected- extraneous factors such as temperature and wind will inevitably have had an impact on respective time trial performance. Additionally the time trials were undertaken by athletes within a two-week period between April and July 2014. Some will have inevitably had heavier and lighter training loads before one experimental condition compared to another and so on. Some will have been relatively well rested for a time trial but perhaps less well rested for another. Whilst athletes knew in advance they were undertaking a time trial, the researchers for both practical and ethical reasons had no input in terms of what training they had undertaken in the days leading up to the respective trials. The fact that the time trial results did not produce on average enhanced performance times when undertaking a HInWU suggests that both more research and indeed practical experimentation by coaches is needed in terms of manipulating timings of HInWU stride and commencement of the 1st repetition in training or indeed competition. 

Significantly, however, there was evidence which suggested that for suggested that for 59% of the sample, the HInWU condition effected a psychological priming effect. This is important in terms of preparing the athlete for both the rigours of training and the challenges of competition. This being said, whilst HInWUs may exert a priming effect psychologically as well as physically, the coaches in our sample still perceived there to be a problem of athletes trying to conserve energy pre-race, meaning that they may unwittingly fear that a HInWU may tire them out. 

The coaching ethnography leads us to suggest that the distance of the HInWU stride can be further manipulated by coaches prior to both training and competition. It does not have to be an effort of 200m as was the case in the experimental research conducted by Ingram et al., 2013 and which was replicated in our present study. In addition evidence suggests that coaches should manipulate the intensity of the HInWU stride further. It does not have to be run at race pace- perhaps a HInWU stride to be effected over an appropriate distance in excess of race pace in order to produce an appropriate potentiation effect. The timing of the HInWU prior to training and/ or competition can and should also be manipulated to see which window of time works for athletes. In a competitive environment we have looked how the coach and athlete have a struggle to maintain control of the timing of the warm up due to the demands of the call room and track availability. 

It appears evident from the data that the coaches who were interviewed in the sample, tended to follow British Athletics guidance concerning the redundancy of static stretching as a mode of warming up. It would appear that Guided Discovery seems to be dominant mode of coaching practice in terms of effecting warm ups. The chaining of the warm up in terms of how to mix a HInWU stride or strides with shorter strides and mobility drills appeared paramount in the minds of the coaches. 

One of the major findings of the research, which needs to be debated, is the fact that whilst coaches appear to be ‘sold’ that HInWUs can assist in terms of possible potentiation effect before training, they did not always practice this before training. This was something that the observational side of the study revealed in terms of the observations made in 2014 at Leeds Beckett University, Perry Barr, Loughborough and Birmingham Universities. Coaches did not always effect a HInWU in the same way in training, as they would do with their athletes in the context of competition. This opens up a debate as to whether HInWUs before training need to be the same as they are before competition. Obviously, it depends on how the training session is geared towards developing the interplay of the lactate and the aerobic energy systems. The debate focuses upon whether it is important that pre-training warm up mirrors pre-competition warm up in terms of the habituation effect.  Alternatively, it could be argued that demands of training and the competitive arena are different and therefore warm ups should be diverse and differ slightly, accordingly. 

What emerged from the interviews was that HInWUs can help coaches build knowledge of pace judgement with athletes particularly of a relatively low training and developmental age. So, in effect, as well as physiological and psychological priming, HInWUs can assist with tactical development, if indeed the HInWU reinforces previous learnt pace patterns). Event specificity was something which emerged from the interviews with coaches stressing that the term ‘endurance’ covers a range of events and therefore there can be no proverbial ‘one size fits all’ warm up. In addition, HInWUs must be athlete-centred and take into account fitness and the biological, developmental and training ages of those undertaking them. What may work for one athlete may not work for another and so on. 

Whilst coaches cannot control so-called ‘extraneous variables’ such as climactic conditions and their apparent loss of control over timings in some high status competitive environments because of the requirements of call up rooms and so on, the evidence suggests that their key skill of improvisation is paramount in this context.  Therefore, the development of resilience and an ability to adapt is key within athletes.

Both the philosophy and diverse coaching practices of HInWU would appear to be here to stay for the foreseeable future, at least until there is a paradigm shift in both physiology and coaching pedagogy. 

Conclusions

We divide our conclusions into (a) items for consideration and (b) recommendations for action. The former are intended to be generic issues that this research has raised rather than perhaps offered a resolution to. The latter are intended to be specific, tangible and pragmatic things that both coaches and athletes can do in order to challenge their current athletic practices. 

Items for Consideration

1. This research encountered the difficulty of getting athletes to take part in time trials for the purposes of experimental research. 
2. Measures of both V02 max (as researched by Ingram et al., 2013) and of blood lactate (as measured in this study) point to a probable physiological potentiation effect. 
3. The effecting of a HInWU prior to time trial will not automatically produce a superior performance compared to the undertaking of a LInWU. 
4. Evidence suggests HInWUs are conducive to producing psychological and as well as probable physiological potentiation effects.  However, coaching perceptions were that athletes were still sometimes unwilling to effect a HInWU before competition due to fear of over-fatigue.
5. More physiological research is needed in order to ascertain the optimum timings between the conducting of the HInWU strides and training and competition. 
6. More physiological research is needed in order to ascertain the optimum length of HInWU strides before training and competition.
7. More physiological research is needed to ascertain the optimum intensity of HInWU strides before training and competition.
8. Guided Discovery rather than the pursuit of textbook-based theory, would appear to be the main way in which coaches are learning about developing effective warm ups. 
9. There was good awareness amongst coaches that HInWUs could help prepare the body for intense exercise. 
10. The chaining of warm ups for coaches in terms of ordering mobility drills, short strides and HInWUs stride or strides appears to be paramount. 
11. Debate continues as to whether HInWU effected before training needs to replicate that which takes place before competition. 
12. Evidence suggests that as well as facilitating both physiological and psychological priming, that HInWUs can engender tactical awareness especially among younger athletes, this aiding the development tactically. 
13. Event specificity has to be considered when coaches work with the athlete to set a HInWU.
14. The principle of ‘athlete-centredness’ should remain at the heart of HInWU practice.
15. Coaches cannot control but can, indeed, respond appropriately to ‘extraneous variables’ such as climactic conditions and loss of control over timings in certain competition arenas.
Recommendations for Action

1. Coaches should continue to use a process of guided discovery in order to attempt to ascertain, for their athlete(s), the optimum timing between the conducting of a HInWU stride and competition. 
2. Coaches should continue to use a process of guided discovery in order to ascertain for their athletes(s) the optimum distance of HInWU stride before training and competition.
3. Coaches should continue to use a process of guided discovery in order to ascertain for their athletes(s) the optimum intensity of HInWU strides before training and competition. 
4. Coaches should consider promoting the psychological and well as the physiological benefits of HInWUs in terms of the priming effect that they can exert mentally.
5. Coaches should consider utilising High Intensity Warm Ups during training in order to help build awareness of pace making and race pace specificity. 
6. Coaches should remember the principle of event specificity when working with their athletes to effect HInWUs. 
7. Coaches should retain faithfulness to the golden principle of ‘athlete-centredness’ when setting appropriate warm ups. 
8. Coaches can improvise to respond to ‘extraneous variables’ such as climatic conditions and loss of control in the competition arena. 
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Appendices

Appendix One: 

Athlete participant information sheet and written consent form

Dear athlete,

Thank you for agreeing to take part in the two time trials over 800m within the space of 21 days. 

This research conducted by Dr Matt Long and Jamie French is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Matt and Jamie are exploring the diversity of ways in which athletes warm up prior to middle distance competition. They will share best practice amongst athletes and coaches when their research is completed.

It is important to notify you that your participation in these two time trials is entirely voluntary. You are under no obligation to perform either or both of the trials. In addition if you feel ill or injured during or in between the two trials please inform your coach who will make an appropriate intervention and withdraw your participation. 

We are requesting your consent to the taking of a total of 6 blood lactate samples. Fingertip or ear lobe prick extractions will be undertaken by qualified staff (a) before you warm up, (b) after you warm up and (c) after your time trials.  Your involvement in two time trials, will result in a total of 6 samples taken (3 on each occasion). 

After you have performed the trials you will be presented with a self-administered questionnaire which you should fill in as soon as you have cooled down and recovered. The questionnaire is to assess how the warm up and subsequent time trial made you feel mentally. After you have completed it please return to the coach supervising your time trial who will return this to Matt and Jamie.

Anything written about your time trial performances, blood lactate readings and questionnaire will be strictly anonymised. The researchers will ask your coach to provide details about (a) your gender (b) your age and (c) your PB for 800m. The above data will be destroyed and blood samples disposed of safely once the research is complete. 

It is anticipated that the findings will be published in BMC News in October 2014. Should you wish to withdraw your data from the study please feel free to contact Matt or Jamie using the email addresses below before 31st August 2014.   Please remember Matt and Jamie are keen to share their findings with you so feel free to contact them at any point after your participation in the research and they will provide you with a PDF of the research.

Please sign below to indicate your informed consent to participation and give this form back to your coach.

Signature:…………………………………………………………………………

Researcher contacts:

Dr. Matt Long email matt@mattlong.wanadoo.co.uk

Appendix Two:

Gatekeeper participant consent form

Dear Andy and Aaron,

Thank you so much for collaborating with research being conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE. The researchers have approached you with a view to securing the following:

1. The participation of 20 athletes in two 800m time trials to be conducted between March 1st 2014 and July 31st 2014.
2. Your athletes will be randomly assigned to one of two time trial conditions by the researchers and are to complete both trials within a 21 day period.
3. You will oversee the conducting of a relevant and specified warm up for each time trial.
4. You will be present when blood lactate is taken from your athletes (a) prior to warm up; (b) after warm up and (c) after the time trial itself.
5. If at any time your athletes feel ill during the taking of blood lactate samples using the finger tip or ear lobe prick methods then they will be withdrawn from the study.
6. If at any time during the warm up or the running of the trials that athletes report injury, they will be withdrawn from the study with their welfare taking priority. 
7. You will be responsible for timing and recording your athletes during the trials.
8. Data about the gender, age and 800m PB of your athletes will be recorded by the researchers but will be anonymised in the findings. No athletes will be named in publications.
9. You should try and ensure that athletes complete a post time trial questionnaire after both trials to explore psychological components of warm ups.
10. The aforementioned questionnaire should be returned to you and then passed on to Jamie French.
11. You should be reassured that all data stored be it (a) anonymised athlete data; (b) time trial data; (c) blood lactate samples and (d) post time trial questionnaires – will be stored securely under data protection and other relevant protocols and then destroyed after an appropriate period of time when the research is complete.
If at any time during this research process between March 1st and July 31st, session you wish to withdraw your support as a gatekeeper this will be respected. We acknowledge you are kindly volunteering of your time ad appreciate this. You have the right to withdraw your involvement at any time.  It is anticipated that the findings will be published in BMC News around October 2014. If you as a coach want to be named in the published findings we can do this as a way of thanking you for your time. If alternatively you wish to remain anonymous like your athletes then this too will be respected.
Please sign below to indicate your written, informed consent in supporting this research:

Andy Henderson     …………………………………………………………………..

Aaron Thomas        ……………………………………………………………………

Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk and Jamie French email J.French@leedsmet.ac.uk

Appendix Three: 

Athlete post time trial questionnaire

	Participant No
	
	Warm Up Cond
	
	Group
	
	Date
	



British Milers Club
Frank Horwill Scholarship
High Intensity Warm Ups 

Athlete Post-Time Trial Questionnaire

· How would you rate the way you FELT during the time trail?  Please tick one box only.  10 indicates that you could not have felt better and 1 indicates you could not  have felt worse

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	
	
	
	
	
	
	
	



· How would you rate the TIME achieved during the time trial?  Please tick one box only.  10 indicates that you could not have felt better and 1 indicates you could not  have felt worse
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	
	
	
	
	
	
	
	



· What one thing were you pleased about in terms of the time trial?
	




	
· What one thing did not go so well which you think you need to work on in the future?
	




	
	Yes
	No

	
	


· Reflecting on the Time Trial, do you feel the type of warm up you undertook adequately prepared you for the time trial?


· How would you personally have preferred to warm up given the choice? 
	






Thank you for completing the questionnaire, if you have any questions please do not hesitate to ask  . . . . ?

Appendix Four

Coach participant information sheet and written consent form

Dear coach,

Thank you so much for agreeing to take part in  research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Matt and Jamie are exploring the diversity of ways in which athletes warm up prior to middle distance competition. They are hoping to be able to share best practice amongst athletes and coaches when their findings are published.

The above being said, please be clear that your participation as an interviewee is entirely voluntary. You can terminate the interview in its entirety at any stage. Additionally there may be questions which you do not wish to answer or explore with the interviewer. You are under no obligation to do so. 

You will be asked to take part in a semi structured interview of between 10-20 minutes in duration. This interview will be administered face to face or via telephone. It will not be tape recorded with the interviewer preferring to take notes.  All questions will be geared towards exploring how you attempt to effect warm ups with middle distance athletes you currently work with or have worked with in the past. 

Anything you say about athletes you are or have worked with will be anonymised. No athletes will be named in the published findings of this study. This being said if you as a coach wish to be named as a participant in the study we will respect this as a way of valuing you giving voluntarily of your time. Alternatively if you wish to remain anonymous this will be respected.  

It is anticipated that the findings will be published in BMC News around October 2014. Should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. Additionally Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

Please sign below to indicate your informed consent to participation.

Signature:…………………………………………………………………………

Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk


Appendix Five: 

Coach observation participant consent form

Dear coach,

Thank you for agreeing to take part in research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

You will be observed during your administration of a session involving a warm up with at least one or a group of your athletes. You should warm them up as you normally would and not let the fact that you are being observed impact on your coaching practice. You are not being evaluated or judged as a coach, you are simply being observed. 

If at any time during the session you or any one of your athletes feels uncomfortable then you should tell the observer who will terminate the observation and withdraw. Your participation and that of your athletes is entirely voluntary and we respect this. 

It is anticipated that the findings will be published in BMC News around October 2014.  Your athlete(s) will not be named in the published research findings and their names will be anonymised. If you as a coach want to be named in the published findings we can do this as a way of thanking you for your time. If alternatively you wish to remain anonymous like your athletes then this too will be respected.

We remind you that should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. All notes taken during the observation will be safely secured in line with data protection law and destroyed after an appropriate period of time when the research is complete. Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

Please sign below to indicate your written, informed consent:

…………………………………………………………………..
Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk

Appendix Six:

Athlete participant debrief form

Dear athlete,

Thank you so much for taking part in two time trials over 800m within the space of 21 days and for completing and returning to your coach the self-administered questionnaire.  

You will recall that this research conducted by Dr Matt Long and Jamie French is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Matt and Jamie are exploring the diversity of ways in which athletes warm up prior to middle distance competition. They are hoping to be able to share best practice amongst athletes and coaches when their findings are published.
We reiterate that anything written about your time trial and questionnaire will be strictly anonymised. We are in the process of recording details about (a) your gender (b) your age (c) your PB for 800m together with the results of the two time trials, your completed questionnaire and the total of 6 blood lactate samples taken.  Whilst this data is anonymised it is not confidential in the sense that details will be used in the published research findings.

We remind you that should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this.

Remember that as a research participant rather than a ‘subject’, Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

We thank you greatly for your contribution to research designed to enhance middle distance running in the UK and beyond.
Yours sincerely

Dr Matt Long and Jamie French.

Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk

Appendix Seven: 

Physical Activity Readiness
Questionnaire - PAR-Q (Revised - July 2007)

PAR-Q & YOU
(A Questionnaire for People Aged 15 to 69)
Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most people. However, some people should check with their doctor before they start becoming much more physically active.

If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If you are between the ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. If you are over 69 years of
age, and you are not used to being very active, check with your doctor.

Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one
honestly : Check YES or NO.

YES NO
􀂆 􀂆

Has your doctor ever said that you have a heart condition and that you should only do physical activity recommended by a doctor?

􀂆 􀂆 Do you feel pain in your chest when you do physical activity?
􀂆 􀂆 In the past month, have you had chest pain when you were not doing physical activity?
􀂆 􀂆 Do you lose your balance because of dizziness or do you ever lose consciousness?
􀂆 􀂆
Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a change in your
physical activity?
􀂆 􀂆 Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart condition?
􀂆 􀂆 Do you know of any other reason why you should not do physical activity?

If YES to one or more questions
you answered

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or
BEFORE you have a fitness appraisal. Tell your doctor about the PAR-Q and which questions you answered YES.

􀁹 You may be able to do any activity you want - as long as you start slowly and build up gradually.
Or, you may need to restrict your activities to those which are safe for you. Talk with your doctor
about the kinds of activities you wish to participate in and follow his/her advice.
􀁹 Find out which community programs are safe and helpful for you.

NO to all questions 􀃎 DELAY BECOMING MUCH MORE ACTIVE:

If you answered NO honestly to all PAR-Q questions, you can be
reasonably sure that you can :
􀁹 start becoming much more physically active - begin slowly
􀁹 if you are not feeling well because of a temporary illness
such as a cold or a fever - wait until you feel better; or
􀁹 if you are or may be pregnant - talk to your doctor before
you start becoming more active.
and build up gradually. This is the safest and easiest way
to go.
􀁹 take part in a fitness appraisal - this is an excellent way to
determine your basic fitness so that you can plan the best
way for you to live actively. It is also highly recommended
that you have your blood pressure evaluated. If your
reading is over 144/94, talk with your doctor before you start
becoming much more physically active.

Please note: If your health changes so that you then answer
"YES" to any of the above questions, tell your fitness or health
professional. Ask whether you should change your physical
activity plan.
Informed Use of the PAR-Q: The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for
persons who undertake physical activity, and if in doubt after completing this questionnaire, consult your doctor prior to physical activity.

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.
NOTE: If the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this
section may be used for legal or administrative purposes.
“I have read, understood and completed this questionnaire. Any questions I had were answered to my full satisfaction.”
Signature: Identity Document No.:
Name: Date:
Signature of Parent or Guardian: Witness:
(for participants under the age of majority)
Note: 1.The information provided on this form will only be used for the application for use of Leisure and Cultural Services Department’s Fitness
Rooms and enrolment of recreation and sports activities. For correction of or access to personal data collected by means of this form,
please contact staff of the enrollment counter/district.
2.If you answer “yes” to one or more questions in the “PAR-Q & YOU”, your physical condition may not be suitable for taking part in the
activity concerned. For safety’s sake, you should consult a doctor in advance and produce a medical certificate upon enrolment or hire of
fitness equipment to prove that you are physically fit for taking part in the activity. If you fail to produce a medical certificate, you must
submit the completed Declaration upon enrolment or hire of fitness equipment.
©Canadian Society for Exercise Physiology Supported by: Health Canada Physical Activity Readiness
Questionnaire - PAR-Q
(Revised - July 2007)
fitness equipment to prove that you are physically fit for taking part in the activity. If you fail to produce a medical certificate, you must
submit the completed Declaration upon enrolment or hire of fitness equipment.
©Canadian Society for Exercise Physiology Supported by: Health Canada

Appendix Eight:

Athlete participant debrief form

Dear athlete,

Thank you so much for taking part in two time trials over 800m within the space of 21 days and for completing and returning to your coach the self administered questionnaire.  

You will recall that this research conducted by Dr Matt Long and Jamie French is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Matt and Jamie are exploring the diversity of ways in which athletes warm up prior to middle distance competition. They are hoping to be able to share best practice amongst athletes and coaches when their findings are published.

We reiterate that anything written about your time trial and questionnaire will be strictly anonymised. We are in the process of recording details about (a) your gender (b) your age (c) your PB for 800m together with the results of the two time trials, your completed questionnaire and the total of 6 blood lactate samples taken.  Whilst this data is anonymised it is not confidential in the sense that details will be used in the published research findings.

We remind you that should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this.

Remember that as a research participant rather than a ‘subject’, Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

We thank you greatly for your contribution to research designed to enhance middle distance running in the UK and beyond.

Yours sincerely

Dr Matt Long and Jamie French.

Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk

Appendix Nine: Coach participant information sheet and written consent form

Dear coach,

Thank you so much for agreeing to take part in  research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Matt and Jamie are exploring the diversity of ways in which athletes warm up prior to middle distance competition. They are hoping to be able to share best practice amongst athletes and coaches when their findings are published.

The above being said, please be clear that your participation as an interviewee is entirely voluntary. You can terminate the interview in its entirety at any stage. Additionally there may be questions which you do not wish to answer or explore with the interviewer. You are under no obligation to do so. 

You will be asked to take part in a semi structured interview of between 10-20 minutes in duration. This interview will be administered face to face or via telephone. It will not be tape recorded with the interviewer preferring to take notes.  All questions will be geared towards exploring how you attempt to effect warm ups with middle distance athletes you currently work with or have worked with in the past. 

Anything you say about athletes you are or have worked with will be anonymised. No athletes will be named in the published findings of this study. This being said if you as a coach wish to be named as a participant in the study we will respect this as a way of valuing you giving voluntarily of your time. Alternatively if you wish to remain anonymous this will be respected.  

It is anticipated that the findings will be published in BMC News around October 2014. Should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. Additionally Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

Please sign below to indicate your informed consent to participation.

Signature:…………………………………………………………………………
Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk


Appendix Ten: Coach interview debrief form

Dear coach,

Thank you so much for having taken part in research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

Can we take this opportunity to reassure you that anything you have said about athletes you are or have worked with will be anonymised. No athletes will be named in the published findings of this study.  As a coach you will have indicated to the interviewer whether you wish to remain anonymous or to be publicly credited for having taken part.

We told you that it is anticipated that the findings will be published in BMC News around October 2014.  We remind you that should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. All notes taken will be safely secured in line with data protection law and destroyed after an appropriate period of time when the research is complete. Matt and Jamie reiterate their keenness to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

Researcher contacts:

Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk


Appendix Eleven: Coach observation consent form


Dear coach,
Thank you for agreeing to take part in research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.
You will be observed during your administration of a session involving a warm up with at least one or a group of your athletes. You should warm them up as you normally would and not let the fact that you are being observed impact on your coaching practice. You are not being evaluated or judged as a coach, you are simply being observed. 
If at any time during the session you or any one of your athletes feels uncomfortable then you should tell the observer who will terminate the observation and withdraw. Your participation and that of your athletes is entirely voluntary and we respect this. 
It is anticipated that the findings will be published in BMC News around October 2014.  Your athlete(s) will not be named in the published research findings and their names will be anonymised. If you as a coach want to be named in the published findings we can do this as a way of thanking you for your time. If alternatively you wish to remain anonymous like your athletes then this too will be respected.
We remind you that should you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. All notes taken during the observation will be safely secured in line with data protection law and destroyed after an appropriate period of time when the research is complete. Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.
Please sign below to indicate your written, informed consent:

…………………………………………………………………..
Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk

Appendix Twelve: Coach Observation Debrief Form

Dear coach,

Thank you again for having taken part in research being  conducted by Dr Matt Long and Jamie French, which is being funded by The British Milers Club who award a scholarship annually in memory of their late co-founder, Frank Horwill MBE.

May we reassure you that you were not being evaluated or judged as a coach, you were simply being observed.  

We remind you that it is anticipated that the findings will be published in BMC News around October 2014.  Your athlete(s) will not be named in the published research findings and their names will be anonymised. You will have indicated to the observer by now whether you wish to be named as a coach in the published findings or to remain anonymous.

Once again if you wish to withdraw your data from the study please feel free to contact Matt or Jamie as researchers using the email addresses below and provided this is done before 31st August 2014 they will respect this. We reiterate that all notes taken during the observation will be safely secured in line with data protection law and destroyed after an appropriate period of time when the research is complete. In addition having given up your time, Matt and Jamie are keen to share their findings with you. Feel free to contact them at any point after your participation in the research and they will duly provide you with a PDF of the published article in due course.

Many thanks for your co-operation.

Yours sincerely,


Dr. Matt Long and Jamie French

Researcher contacts:
Dr. Matt Long email matt@mattlong.wanadoo.co.uk
Jamie French email J.French@leedsmet.ac.uk

Resting lactate tested


Warm Up (Randomly assigned HInWU or LInWU)


Re-test of lactate


Completion of Race Readiness inventory


Completion of time trial after period of no less than 5 min


Third test of lactate


Tests repeated two weeks later with other warm up protocol





















1.  10 min self-paced jog


2. Mobility drills


3. Strides


4. High intensity 200m run @ race pace
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